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e As part of a treatment regimen containing
doxorubicin, cyclophosphamide, and paclitaxel for
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breast cancer.

¢ As a single agent, for the adjuvant treatment of
HER2-overexpressing node-negative (ER/PR
negative or with one high-risk feature) or node-
positive breast cancer, following multi-modality
anthracycline based therapy.

Metastatic Breast Cancer

¢ In combination with paclitaxel is indicated for
treatment of HER2-overexpressing metastatic breast
cancer.

¢ As a single agent for treatment of HER2-
overexpressing breast cancer in patients who have
recerved one of more chemotherapy regimens for
metastatic disease.
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I Fsublic Health Service

Food and Drug Administration
Rockville, MD 20857

Our STN: BL 103792/5175

Genentech/ Incorporated u '

Attention: Todd Rich, MD. | JAN 1 8 2008
Senior Director, Regulatory Affairs - )

1 DNA Way, MS #242

South San Francisco, CA 94080-4990

Dear Dr. R]Ch

Your request to supplement your biologics llcense appheatlon for trastuzumab (Herceptin) to
revise the indication for use as a single agent, for the adjuvant treatment of HER2-
overexpressing node-negative (ER/PR negative or with one hlgh—rlsk feature) or node-positive

; breast cancer, following multl-modallty anthracyclme based therapy has been approved.

All apphcatlons for new active mgredlents new dosage forms, new indications, new routes of
administration, and’new dosmg regimens ar¢ required to contain an assessment of the safety and
effectiveness of the product in pedlatne patients unless this requirement is waived or deferred

' We are waiving the pediatric study requ1rement for this application.

- We acknowledge that the Highlights section of the package insert currently meets the half page
requirement so a waiver of this requlrement is not needed at this time.

- We acknowledge your written commitments to prowde additional information on ongoing
studies and to conduct postmarketmg studies as described in your letters of January 18, 2008 as
outlined below: : ,

& 5

'Postmarketihg' Study Cemmitinen_ts subject to reporting req uirements of 21 CFR 601.70.

1. Toprovide a final clinical study report (CSR) of the safety and efficacy of 2-years of
trastuzumab treatment in Study BO16348 (HERA)in order to provide a final analysis of
cardiac toxicity based on serial ejection fraction monitoring, characterizing the cumulative -

vincidence, severity, duratlon and reversibility. The final study report will include the.
primary datasets and programs for generation of analyses analyses will include, but not be
limited to the analyses described in the statistical analysis plan. The final CSR will be-
submitted by December 31, 2013. If the results from the 2-year trastuzumab arm are

' released by the IDMC at the interim ana]y51s then the final CSR wnll be submitted by
December 31, 2009.



http:of21CFR601.70

——

Page 2 — BL 103792/5175

- 2. > To prov1de updated safety 1nforrnat10n of the observatron and 1-year trastuzumab arms in

 Study BO16348 (HERA). Interim cardiac safety updates (ndrratives ‘of new primary or
secondary cardiac events) will be provided on an annual basis beginning in December

- 2008 and continuing until the time of the final'CSR, which will be submitted by December
'31,2013. Ifthe results from the 2- -year trastuzumab arm are released by the IDMC at the
1nter1m analysrs then the CSR will be submitted by December 31, 2009.

3. To submit a protocol for review for a prospectrvely and act1vely enrolled pregnancy
' registry that will collect information assessing pregnancy complications and birth _
outcomes in women with breast cancer exposed to a Herceptin-containing regimen pri.or to
conception or during pregnancy. Notice of a pregnancy registry and the telephone contact
-number will be included in the package insett. A proposal, including a prospective -
protocol for FDA review will be submitted to FDA by June 30, 2008. The registry will
become active by December 31, 2008 and 1nter1m reports of all data- collected will be
submitted on an annual basis to FDA through December 31, 2019
o

4. - To conduct a QT protocol accordmg to the pr1nc1ples of ICH El4: The Clinical .
Evaluation of QT/QTc Interval Prolongatlon and Proarrhythmic Potential for Non-
Antiarrhythmic Drugs (Section IID) in a minimum of 50 subjects receiving trastuzumab.
A detailed protocol for this study will be submitted by September 30, 2008. The study
will be initiated by March 31, 2009, and will be completed by 31 March, 2013. A ﬁnal

» study report will be submrtted by September 30, 2013. A supplement with rev1sed
labelmg, if apphcable will be submitted by March 31,2014. S !

We request that you submit cl1n1cal protocols to your IND, with a cross-reference letter to. th1s

biologics license appllcatlon (BLA), STN BL 103792. Submit nonclinical and chemistry, '

mariufacturing, and controls protocols and all study final reports to your BLA STN BL 103792.

Please use the following designators to label prominently all submissions, including

| supplements relatmg to these postmarketmg study comm1tments as appropnate N

Postmarketm’g Study Commitment Protocol . S

Postmarketing Study Commitment - Final Study Report o
- Postmarketing Study Correspondence :

Annual Status Report of Postmarketmg Study Comm1tments

_ i L, -
" For each postmarketmg study subJ ect to the reportmg requirements of 21 CFR 601.70, you must
describe the status in an-annual report on postmarketmg studres for this product. . The status

report for each study should mclude

- mformatron to 1dent1fy and describe the postmarketing commrtment

. the original schedule for the commitment,

o the status of the comm1tment (i.e. pending, ongomg, delayed termmated or
'  submitted), \

. -an explanation of the status 1nclud1ng, for cl1n1cal studres the pat1ent accrual rate

(i.e. number enrolled to date and the total planned enrollment) and-
; v

i
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. “arevised schedule if the study schedule has changed and an expl_a‘nation of the
basis for the revision.

As described in 21 CFR 601.70(¢), we may publicly disclose information regarding these
postmarketing studies on our Web site (http://www.fda.gov/cder/pme/default.htm). Please refer
to the February 2006 Guidance for Industry: Reports on the Status of Postmarketing Study '
Commitments - Implementation of Section 130 of the Food and Drug Administration
Modernization Act of 1997 (see http [IWwWw. fda gov/cder/ ,qu1dance/55 69nl. htm) for further
information. s - . , : N

Within 21 days of the date of this letter submlt content of labellng [21 CFR 601.14(b)] in
structured product labeling (SPL) format, as described at
http://www.fda.gov/oc/datacouncil/spl. html, that is identical in content to the enclosed labellng)
text. Upon receipt, we will transmit that version to the National Library of Medicine for public
dissemination. - For administrative purposes, please designate this submission “Product
Correspondence — Final SPL for approved STN BL 103792/5175.” In addition, within 21 days
of the date of this letter, amend any pending supplement(s) for th1s BLA with content of labellng
in SPL. format to 1nclude the changes approved in thls supplement.

"You may submit draft copies of the proposed 1ntroductory advertising and promotional labeling
with a cover letter requesting advisory comments to the Food and Drug Administration, Center
for Drug Evaluation and Research, Division of Drug Marketing, Advertlslng and
Communication, 5901-B Ammendale Road, Beltsville, MD 20705-1266. Final printed
advertising and promotional labeling should be submitted at the tlme of initial dissemination,
'accompamed by a FDA Form 2253. )

All promotronal claims must be consistent with and not contrary to approved labeling. You

should not make a comparative p promotlonal claim or claim of superiority over other products

unless you have substantlal evidence to support that claim.

7

Please refer to http://www.fda. ,qov/cder/blologlcs/default htm for 1nformat10n regardlng
therapeutic blologrcal products 1nclud1ng the addresses for subm1ss1ons '

Th1s_1nfonnat10n will be included in your biologics lrcense apphcat1on file.

Sincerely, A

2o iy

Patr1c1a Keegan M D.

Director

Division of Biologic Oncology Products
Office of Oncology Drug Products
Center for Drug Evaluation and Research

1

) .
~

Enclosure: Package Insert Labeling.
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FDA APPROVED: 1-18-08
1.14.1.2 Annotated Draft Labeling Text
HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
Herceptin safely and effectively. See full prescribing information for
Herceptin.

HERCEPTIN® (Trastuzumab)
Intravenous Infusion
Initial U.S. Approval: 1998

WARNING
CARDIOMYOPATHY, INFUSION REACTIONS,
and PULMONARY TOXICITY

See full prescribing information for complete boxed warning
Cardiomyopathy: Herceptin can result in sub-clinical and clinical cardiac
failure manifesting as CHF, and decreased LVEF, with greatest risk when
administered concurrently with anthracyclines. Evaluate cardiac function priof
to and during treatment. Discontinue Herceptin for cardiomyopathy. (5.1, 2.2)

Infusion reactions, Pulmonary toxicity: Discontinue Herceptin for
anaphylaxis, angioedema, interstitial pneumonitis, or acute respiratory distress|

syndrome. (5.2, 5.4)

RECENT MAJOR CHANGES-+--------cenmecmemenmees

Indications and Usage, Adjuvant Treatment of Breast Cancer (1 1) 01/2008
Dosage and Administration, Recommended Doses and Schedules (2.1) ~ 01/2008
Dosage and Administration, Dose Modifications (2.2) 01/2008
Warnings and Precautions, Cardiomyopathy (5 1) 01/2008
Warnings and Precautions, Interstitial Pneumonitis (5.4) 01/2008
Warnings and Precautions, Embryo-Fetal Toxicity (5.6) 01/2008

--------------------------- INDICATIONS AND USAGE
Herceptin is a HER2/neu receptor antagonist indicated for the treatment of
HER?2 overexpressing breast cancer (1.1, 1.2).

For intravenous (1V) infusion only. Do not administer as an IV push
or bolus (5.2).
Adjuvant Treatment of HER2-Overexpressing Breast Cancer (2.1)
Administer at either:
o [nitial dose of 4 mg/kg over 90 minute IV infusion, then 2 mg/kg over
30 minute IV infusion weekly for 52 weeks.

e Or, initial dose of 8 mg/kg over 90 minutes IV infusion, then 6 mg/kg over
90 minutes IV infusion every three weeks for 52 weeks.

Metastatic HER2-Overexpressing Breast Cancer (2.1)

o Initial dose of 4 mg/kg as a 90 minute IV infusion followed by subsequent
weekly doses of 2 mg/kg as 30 minute I'V infusions (as tolerated).

e Multidose vial nominally containing 440 mg Herceptin as a lyophilized,
sterile powder. (3)

CONTRAINDICATIONS

e None. (4)

e Cardiomyopathy (5.1, 6.1)

o Infusion Reactions (5.2, 6.1)

e Pulmonary Toxicity (5.4, 6.1)

o Exacerbation of Chemotherapy-Induced Neutropenia (5.3, 6.1)

e HER?2 testing should be performed by laboratories with demonstrated
proficiency. (5.5)

e May cause oligohydramnios and fetal harm when administered to a
pregnant woman. Pregnancy registry available. (5.6, 8.1)

ADVERSE REACTIONS

Adjuvant Breast Cancer

o Adverse reactions (>2% higher incidence with Herceptin-containing
treatment compared with control treatment) are fatigue, infection,
neutropenia, anemia, myalgia, dyspnea, rash/desquamation, headache,
diarrhea, and nausea. (6 1)

Metastatic Breast Cancer

e Adverse reactions (> 15% incidence with Herceptin monotherapy or>5%
with Herceptin/ paclitaxel) are nausea, fever, infection, rash, increased
cough, vomiting, diarrhea, headache, and anemia. (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact Genentech at
1-888-835-2555 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

See 17 for PATIENT COUNSELING INFORMATION.

Revised: 01/2008

FULL PRESCRIBING INFORMATION: CONTENTS*

WARNING - CARDIOMYOPATHY, INFUSION REACTIONS,
PULMONARY TOXICITY
1 INDICATIONS AND USAGE
11  Adjuvant Breast Cancer
12 Metastatic Breast Cancer
2 DOSAGE AND ADMINISTRATION
21  Recommended Doses and Schedules
22 Dose Modifications
23 Preparation for Administration
DOSAGE FORMS AND STRENGTHS
CONTRAINDICATIONS
5 WARNINGS AND PRECAUTIONS
51  Cardiomyopathy
52  Infusion Reactions
53  Exacerbation of Chemotherapy-Induced Neutropenia
5.4  Pulmonary Toxicity
55  HER2 Testing
5.6  Embryo-Fetal Toxicity
6 ADVERSE REACTIONS
61  Clinical Trials Experience
62  Immunogenicity
63  Post-Marketing Experience
7 DRUG INTERACTIONS

A~ w

U.S. BL 103792/5175 Amendment: Trastuzumab—Genentech, Inc.

8 USE IN SPECIFIC POPULATIONS
81  Pregnancy
83  Nursing Mothers
8.4  Pediatric Use
85  Geriatric Use
10 OVERDOSAGE
11 DESCRIPTION
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
12.2  Pharmacokinetics
13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
13.2  Animal Toxicology and/or Pharmacology
14 CLINICAL STUDIES
14.1 Adjuvant Breast Cancer
14.2 Metastatic Breast Cancer
16 HOW SUPPLIED/STORAGE AND HANDLING
16.1 How Supplied
16.2  Stability and Storage
17 PATIENT COUNSELING INFORMATION
* Sections or subsections omitted from the Full Prescribing Information are
not listed.
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www.fda.gov/medwatch

FULL PRESCRIBING INFORMATION

WARNING

CARDIOMYOPATHY, INFUSION REACTIONS,
and PULMONARY TOXICITY

Cardiomyopathy

Herceptin can result in sub-clinical and clinical cardiac failure manifesting|
as CHF and decreased LVEF. The incidence and severity of left ventricular
cardiac dysfunction was highest in patients who received Herceptin
concurrently with anthracycline-containing chemotherapy regimens.

Evaluate left ventricular function in all patients prior to and during
treatment with Herceptin. Discontinue Herceptin treatment in patients
receiving adjuvant therapy and strongly consider discontinuation of Herceptin
treatment in patients with metastatic breast cancer for clinically significant
decrease in left ventricular function. [see Warnings and Precautions (5.1)
and Dosage and Administration (2.2)]

Infusion Reactions; Pulmonary Toxicity

Herceptin administration can result in serious infusion reactions and
pulmonary toxicity. Fatal infusion reactions have been reported. In most
cases, symptoms occurred during or within 24 hours of administration of
Herceptin. Herceptin infusion should be interrupted for patients experiencing
dyspnea or clinically significant hypotension. Patients should be monitored
until signs and symptoms completely resolve. Discontinue Herceptin for
infusion reactions manifesting as anaphylaxis, angioedema, interstitial
pneumonitis, or acute respiratory distress syndrome. [see Warnings and
Precautions (5.2, 5.4)]

1 INDICATIONS AND USAGE

1.1 Adjuvant Breast Cancer
Herceptin is indicated:

o As part of a treatment regimen containing doxorubicin, cyclophosphamide,
and paclitaxel for the adjuvant treatment of HER2-overexpressing, breast
cancer.

o As asingle agent, for the adjuvant treatment of HER2-overexpressing
node-negative (ER/PR negative or with one high-risk feature) or node-
positive breast cancer, following multi-modality anthracycline based
therapy. [see Clinical Studies (14.1)]

1.2 Metastatic Breast Cancer
Herceptin is indicated:
¢ In combination with paclitaxel is indicated for treatment of
HER2-overexpressing metastatic breast cancer
e As asingle agent for treatment of HER2-overexpressing breast cancer in
patients who have received one or more chemotherapy regimens for
metastatic disease.

2  DOSAGE AND ADMINISTRATION

2.1 Recommended Doses and Schedules
Do not administer as an intravenous push or bolus. Do not mix Herceptin
with other drugs.

Adjuvant Treatment, Breast Cancer

Administer according to one of the following doses and schedules:

o [Initiate Herceptin following completion of anthracycline and concurrently
with paclitaxel for the first 12 weeks. Administer Herceptin at an initial
dose of 4 mg/kg as a 90 minute intravenous infusion followed by
subsequent once weekly doses of 2 mg/kg as 30 minute intravenous
infusions, as tolerated, for a total of 52 doses. [see Dose Modifications
(2.2)]

o Initiate Herceptin following completion of all chemotherapy. Administer
Herceptin at an initial dose of 8 mg/kg followed by subsequent doses of
6 mg/kg every three weeks for a total of 17 doses (52 weeks of therapy).
Administer all doses >4 mg/kg as 90 minute intravenous infusions. [see
Dose Modifications (2.2)]

Metastatic Treatment, Breast Cancer

Administer Herceptin, alone or in combination with paclitaxel, at an initial
dose of 4 mg/kg as a 90 minute intravenous infusion followed by subsequent
once weekly doses of 2 mg/kg as 30 minute intravenous infusions until
disease progression.

U.S. BL 103792/5175 Amendment: Trastuzumab—Genentech, Inc.

2.2 Dose Modifications

Infusion Reactions

[see Boxed Warning, Warnings and Precautions (5.2)]

e Decrease the rate of infusion for mild or moderate infusion reactions

o Interrupt the infusion in patients with dyspnea or clinically significant
hypotension

o Discontinue Herceptin for severe or life-threatening infusion reactions.

Cardiomyopathy
[see Boxed Warning, Warnings and Precautions (5.1)]

Assess left ventricular ejection fraction (LVEF) prior to initiation of
Herceptin and at regular intervals during treatment. Withhold Herceptin
dosing for at least 4 weeks for either of the following:

e >16% absolute decrease in LVEF from pre-treatment values

e LVEF below institutional limits of normal and >10% absolute decrease in
LVEF from pretreatment values.

o Herceptin may be resumed if, within 4-8 weeks, the LVEF returns to
normal limits and the absolute decrease from baseline is <15%.

e Permanently discontinue Herceptin for a persistent (>8 weeks) LVEF
decline or for suspension of Herceptin dosing on more than 3 occasions for
cardiomyopathy.

2.3 Preparation for Administration

Reconstitution

Reconstitute each 440 mg vial of Herceptin with 20 mL of Bacteriostatic
Water for Injection (BWFI), USP, containing 1.1% benzyl alcohol as a
preservative to yield a multi-dose solution containing 21 mg/mL Trastuzumab.
In patients with known hypersensitivity to benzyl alcohol, reconstitute with
20 mL of Sterile Water for Injection (SWFI) without preservative to yield a
single use solution.

Use appropriate aseptic technique when performing the following
reconstitution steps:

o Using a sterile syringe, slowly inject the 20 mL of diluent into the vial
containing the lyophilized cake of Herceptin. The stream of diluent should
be directed into the lyophilized cake.

o Swirl the vial gently to aid reconstitution. DO NOT SHAKE.

o Slight foaming of the product may be present upon reconstitution. Allow
the vial to stand undisturbed for approximately 5 minutes.

e Parenteral drug products should be inspected visually for particulate matter
and discoloration prior to administration, whenever solution and container
permit. Inspect visually for particulates and discoloration. The solution
should be free of visible particulates, clear to slightly opalescent and
colorless to pale yellow.

o Store reconstituted Herceptin at 2-8° C; discard unused Herceptin after
28 days. If Herceptin is reconstituted with SWEI without preservative, use
immediately and discard any unused portion.

Dilution

e Determine the dose (mg) of Herceptin [see Dosage and Administration
(2.1)]. Calculate the volume of the 21 mg/mL reconstituted Herceptin
solution needed, withdraw this amount from the vial and add it to an
infusion bag containing 250 mL of 0.9% Sodium Chloride Injection, USP.
DO NOT USE DEXTROSE (5%) SOLUTION.

o Gently invert the bag to mix the solution.

3 DOSAGE FORMS AND STRENGTHS
440 mg lyophilized powder per multi-use vial.

4 CONTRAINDICATIONS
None.

5  WARNINGS AND PRECAUTIONS

5.1 Cardiomyopathy

Herceptin can cause left ventricular cardiac dysfunction, arrhythmias,
hypertension, disabling cardiac failure, cardiomyopathy, and cardiac death
[see Boxed Warning Cardiomyopathy]. Herceptin can also cause a
symptomatic decline in left ventricular ejection fraction (LVEF).

There is a 4-6 fold increase in the incidence of symptomatic myocardial
dysfunction among patients receiving Herceptin as a single agent or in
combination therapy compared with those not receiving Herceptin. The
highest absolute incidence occurs when Herceptin is administered with an
anthracycline.

Withhold Herceptin for > 16% absolute decrease in LVEF from
pre-treatment values or an LVEF value below institutional limits of normal
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and >10% absolute decrease in LVEF from pretreatment values. [see Dosage
and Administration (2.2)] The safety of continuation or resumption of
Herceptin in patients with Herceptin-induced left ventricular cardiac
dysfunction has not been studied.

Cardiac Monitoring
Conduct thorough cardiac assessment, including history, physical
examination, and determination of LVEF by echocardiogram or MUGA scan,
prior to the first dose of Herceptin. The following schedule was used to
monitor cardiac function in clinical studies:
e Baseline LVEF measurement immediately prior to initiation of Herceptin
e LVEF measurements every 3 months during and upon completion of
Herceptin
o LVEF measurements every 6 months for at least 2 years following
completion of Herceptin
o Repeat LVEF measurement at 4 week intervals if Herceptin is withheld for
significant left ventricular cardiac dysfunction [see Dosage and
Administration (2.2)]

In Study 1, 16% (136/844) of patients discontinued Herceptin due to

clinical evidence of myocardial dysfunction or significant decline in LVEF.

In Study 3, the number of patients who discontinued Herceptin due to
cardiac toxicity was 2.6% (44/1678).

Among 32 patients receiving adjuvant chemotherapy (Studies 1 and 2)
who developed congestive heart failure, one patient died of cardiomyopathy
and all other patients were receiving cardiac medication at last follow-up.
Approximately half of the surviving patients had recovery to a normal LVEF
(defined as >50%) on continuing medical management at the time of last
follow-up. The safety of continuation or resumption of Herceptin in patients
with Herceptin-induced left ventricular cardiac dysfunction has not been
studied.

Incidence of Congestive Heart F;lautileei:.l Adjuvant Breast Cancer Studies
Incidence
Study Event Herceptin Control
1&2 Congestive heart failure* 2% (32/1677)  0.4% (7/1600)
3 Congestive heart failure 2% (30/1678) 0.3% (5/1708)

*Includes 1 patient with fatal cardiomyopathy.

Table 2
Incidence of Cardiac Dysfunction* in Metastatic Breast Cancer Studies

Incidence
NYHA I-IV NYHA 1I-IV
Study Event Herceptin ~ Control ~ Herceptin ~ Control
4 Cardiac
. 28% 7% 19% 3%
(AC) Dysfunction
4 Cardiac
. . 11% 1% 4% 1%
(paclitaxel) Dysfunction
5 Cardiac - 7% N/A 5% N/A
Dysfunction**

* Congestive heart failure or significant asymptomatic decrease in LVEF

** Includes 1 patient with fatal cardiomyopathy.

5.2 Infusion Reactions

Infusion reactions consist of a symptom complex characterized by fever
and chills, and on occasion included nausea, vomiting, pain (in some cases at
tumor sites), headache, dizziness, dyspnea, hypotension, rash, and asthenia.
[see Adverse Reactions (6.1)].
U.S. BL 103792/5175 Amendment: Trastuzumab—Genentech, Inc.

In postmarketing reports, serious and fatal infusion reactions have been
reported. Severe reactions which include bronchospasm, anaphylaxis,
angioedema, hypoxia, and severe hypotension, were usually reported during
or immediately following the initial infusion. However, the onset and clinical
course were variable including progressive worsening, initial improvement
followed by clinical deterioration, or delayed post-infusion events with rapid
clinical deterioration. For fatal events, death occurred within hours to days
following a serious infusion reaction.

Interrupt Herceptin infusion in all patients experiencing dyspnea,
clinically significant hypotension, and intervention of medical therapy
administered, which may include: epinephrine, corticosteroids,
diphenhydramine, bronchodilators, and oxygen. Patients should be evaluated
and carefully monitored until complete resolution of signs and symptoms.
Permanent discontinuation should be strongly considered in all patients with
severe infusion reactions.

There are no data regarding the most appropriate method of identification
of patients who may safely be retreated with Herceptin after experiencing a
severe infusion reaction. Prior to resumption of Herceptin infusion, the
majority of patients who experienced a severe infusion reaction were
pre-medicated with antihistamines and/or corticosteroids. While some
patients tolerated Herceptin infusions, others had recurrent severe infusion
reactions despite pre-medications.

5.3 Exacerbation of Chemotherapy-Induced Neutropenia

In randomized, controlled clinical trials in women with metastatic breast
cancer, the per-patient incidences of NCI CTC Grade 3-4 neutropenia and of
febrile neutropenia were higher in patients receiving Herceptin in combination
with myelosuppressive chemotherapy as compared to those who received
chemotherapy alone. The incidence of septic death was not significantly
increased. [see Adverse Reactions (6.1)].

5.4 Pulmonary Toxicity

Herceptin use can result in serious and fatal pulmonary toxicity.
Pulmonary toxicity includes dyspnea, interstitial pneumonitis, pulmonary
infiltrates, pleural effusions, non-cardiogenic pulmonary edema, pulmonary
insufficiency and hypoxia, acute respiratory distress syndrome, and
pulmonary fibrosis. Such events can occur as sequelae of infusion reactions
[see Warnings and Precautions (5.2)]. Patients with symptomatic intrinsic
lung disease or with extensive tumor involvement of the lungs, resulting in
dyspnea at rest, appear to have more severe toxicity.

5.5 HER2 Testing

Detection of HER2 protein overexpression is necessary for selection of
patients appropriate for Herceptin therapy because these are the only patients
studied and for whom benefit has been shown. Assessment for HER2
overexpression and of HER2 gene amplification should be performed by
laboratories with demonstrated proficiency in the specific technology being
utilized. Improper assay performance, including use of suboptimally fixed
tissue, failure to utilize specified reagents, deviation from specific assay
instructions, and failure to include appropriate controls for assay validation,
can lead to unreliable results.

Several FDA-approved commercial assays are available to aid in the
selection of patients for Herceptin therapy. These include HercepTest™ and
Pathway® HER-2/neu (IHC assays) and PathVysion® and HER2 FISH
pharmDx™ (FISH assays). Users should refer to the package inserts of
specific assay kits for information on the validation and performance of each
assay.

Limitations in assay precision (particularly for the IHC method) and in the
direct linkage between assay result and overexpression of the Herceptin target
(for the FISH method) make it inadvisable to rely on a single method to rule
out potential Herceptin benefit. A negative FISH result does not rule out
HER?2 overexpression and potential benefit from Herceptin. Treatment
outcomes for metastatic breast cancer (Study 4) as a function of IHC and
FISH testing are provided in Table 9. Treatment outcomes for adjuvant breast
cancer (Studies 2 and 3) as a function of IHC and FISH testing are provided in
Table 7.

HER2 Protein Overexpression Detection Methods

HER?2 protein overexpression can be established by measuring HER2
protein using an THC method. HercepTest®, one test approved for this use,
was assessed for concordance with the Clinical Trial Assay (CTA), using
tumor specimens collected and stored independently from those obtained in
Herceptin clinical studies in women with metastatic breast cancer. Data are
provided in the package insert for HercepTest®.

HER2 Gene Amplification Detection Method
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The presence of HER2 protein overexpression and gene amplification are
highly correlated, therefore the use of FISH to detect gene amplification may
be employed for selection of patients appropriate for Herceptin therapy.
PathVysion®, one test approved for this use, was evaluated in an exploratory,
retrospective assessment of available CTA 2+ or 3+ tumor specimens
collected as part of patient screening for clinical studies in metastatic breast
cancer (Studies 4 and 5). Data are provided in the package insert for
PathVysion®.

5.6 Embryo-Fetal Toxicity (Pregnancy Category D)

Herceptin can cause fetal harm when administered to a pregnant woman.
Post-marketing case reports suggest that Herceptin use during pregnancy
increases the risk of oligohydramnios during the second and third trimesters.
If Herceptin is used during pregnancy or if a woman becomes pregnant while
taking Herceptin, she should be apprised of the potential hazard to a fetus.
[see Use in Specific Populations (8.1)].

6  ADVERSE REACTIONS

The following adverse reactions are discussed in greater detail in other

sections of the label:

e Cardiomyopathy [see Warnings and Precautions (5.1)]

o Infusion reactions [see Warnings and Precautions (5.2)]

e Exacerbation of chemotherapy-induced neutropenia [see Warnings and
Precautions (5.3)]

e Pulmonary toxicity [see Warnings and Precautions (5.4)]

The most common adverse reactions in patients receiving Herceptin are
fever, nausea, vomiting, infusion reactions, diarrhea, infections, increased

cough, headache, fatigue, dyspnea, rash, neutropenia, anemia, and myalgia.

Adverse reactions requiring interruption or discontinuation of Herceptin
treatment include CHEF, significant decline in left ventricular cardiac
function, severe infusion reactions, and pulmonary toxicity [see Dosage
and Administration (2.2)].

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions,
adverse reaction rates observed in the clinical trials of a drug cannot be
directly compared to rates in the clinical trials of another drug and may not
reflect the rates observed in practice.

Adjuvant Breast Cancer Studies

The data below reflect exposure to Herceptin across three randomized,
open-label studies, Studies 1, 2, and 3, with (n=3355) or without (n= 3308)
trastuzumab in the adjuvant treatment of breast cancer.

The data summarized in Table 3 below, from Study 3, reflect exposure to
Herceptin in 1678 patients; the median treatment duration was 51 weeks and
median number of infusions was 18. Among the 3386 patients enrolled in
Study 3, the median age was 49 years (range: 21 to 80 years), 83% of patients
were Caucasian, and 13% were Asian.

Table 3
Adverse Reactions for Study 3, All Grades*:

Table 3 (cont’d)
Adverse Reactions for Study 3, All Grades*:

MedDRA (v. 7.1) 1 Year Herceptin Observation

Adverse Event Preferred Term (n=1678) (n=1708)
Cardiac
Hypertension 64 (4%) 35 (2%)
Dizziness 60 (4%) 29 (2%)
Ejection Fraction Decreased 58 (3.5%) 11 (0.6%)
Palpitations 48 (3%) 12 (0.7%)
Cardiac Arrhythmias** 40 3%) 17 (1%)
Cardiac Failure Congestive 30 (2%) 5(0.3%)
Cardiac Failure 9 (0.5%) 4(0.2%)
Cardiac Disorder 5(0.3%) 0 (0%)
Ventricular Dysfunction 4(0.2%) 0 (0%)

Respiratory Thoracic Mediastinal Disorders
Nasopharyngitis 135 (8%) 43 (3%)

MedDRA (v. 7.1) 1 Year Herceptin Observation

Adverse Event Preferred Term (n=1678) (n=1708)
Cough 81 (5%) 34 (2%)
Influenza 70 (4%) 9 (0.5%)
Dyspnea 57 (3%) 26 (2%)
URI 46 (3%) 20 (1%)
Rhinitis 36 (2%) 6 (0.4%)
Pharyngolaryngeal Pain 32 (2%) 8 (0.5%)
Sinusitis 26 (2%) 5(0.3%)
Epistaxis 25 (2%) 1 (0.06%)
Pulmonary Hypertension 4(0.2%) 0 (0%)
Interstitial Pneumonitis 4 (0.2%) 0 (0%)
Gastrointestinal Disorders
Diarrhea 123 (7%) 16 (1%)
Nausea 108 (6%) 19 (1%)
Vomiting 58 (3.5%) 10 (0.6%)
Constipation 33 (2%) 17 (1%)
Dyspepsia 30 (2%) 9 (0.5%)
Upper Abdominal Pain 29 (2%) 15 (1%)
Musculoskeletal & Connective Tissue Disorders
Arthralgia 137 (8%) 98 (6%)
Back Pain 91 (5%) 58 3%)
Myalgia 63 (4%) 17 (1%)
Bone Pain 49 (3%) 26 (2%)
Muscle Spasm 46 (3%) 3(0.2%)
Nervous System Disorders
Headache 162 (10%) 49 (3%)
Paraesthesia 29 (2%) 11 (0.6%)
Skin & Subcutaneous Tissue Disorders
Rash 70 (4%) 10 (.6%)
Nail Disorders 43 (2%) 0 (0%)
Pruritis 40 (2%) 10 (0.6%)
General Disorders
Pyrexia 100 (6%) 6 (0.4%)
Edema Peripheral 79 (5%) 37 (2%)
Chills 85 (5%) 0 (0%)
Aesthenia 75 (4.5%) 30 2%)
Influenza-like Illness 40 (2%) 3(0.2%)
Sudden Death 1 (.06%) 0 (0%)
Infections
Nasopharyngitis 135 (8%) 43 (3%)
UTI 39 3%) 13 (0.8%)
Immune System Disorders
Hypersensitivity 10 (0.6%) 1 (0.06%)
Autoimmune Thyroiditis 4 (0.3%) 0 (0%)
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* The incidence of Grade 3/4 adverse reactions was <1% in both arms for
each listed term.

** Higher level grouping term.

The data from Studies 1 and 2 were obtained from 3206 patients enrolled,
of which 1635 patients received Herceptin; the median treatment duration was
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50 weeks. The median age was 49.0 years (range: 24-80); 84% of patients
were White, and 7% were Black, 4% were Hispanic, and 4% were Asian.

In Study 1, only Grade 3-5 adverse events, treatment-related Grade 2
events, and Grade 2-5 dyspnea were collected during and for up to 3 months
following protocol-specified treatment. The following non-cardiac adverse
reactions of Grade 2-5 occurred at an incidence of at least 2% greater among
patients randomized to Herceptin plus chemotherapy as compared to
chemotherapy alone: arthralgia (31% vs. 28%), fatigue (28% vs. 22%),
infection (22% vs. 14%), hot flashes (17% vs. 15%), anemia (13% vs. 7%),
dyspnea (12% vs. 4%), rash/desquamation (11% vs. 7%), neutropenia (7% vs.
5%), headache (6% vs. 4%), and insomnia (3.7% vs. 1.5%). The majority of
these events were Grade 2 in severity.

In Study 2, data collection was limited to the following
investigator-attributed treatment-related adverse reactions NCI-CTC Grade 4
and 5 hematologic toxicities, Grade 3—5 non-hematologic toxicities, selected
Grade 2-5 toxicities associated with taxanes (myalgia, arthralgias, nail
changes, motor neuropathy, sensory neuropathy) and Grade 1-5 cardiac
toxicities occurring during chemotherapy and/or Herceptin treatment.

The following non-cardiac adverse reactions of Grade 2—5 occurred at an
incidence of at least 2% greater among patients randomized to Herceptin plus
chemotherapy as compared to chemotherapy alone: arthralgia (11% vs. 8.4%),
myalgia (10% vs. 8%), nail changes (9% vs. 7%), and dyspnea (2.5% vs.
0.1%). The majority of these events were Grade 2 in severity.

Metastatic Breast Cancer Studies

The data below reflect exposure to Herceptin in one randomized, open-
label study, Study 4, of chemotherapy with (n=235) or without (n=234)
trastuzumab in patients with metastatic breast cancer, and one single-arm
study (Study 5; n=222) in patients with metastatic breast cancer. Data in
Table 4 are based on Studies 4 and 5.

Among the 464 patients treated in Study 4, the median age was 52 years
(range: 25-77 years). Eighty-nine percent were White, 5% Black, 1% Asian
and 5% other racial/ethnic groups. All patients received 4 mg/kg initial dose
of Herceptin followed by 2 mg/kg weekly. The percentages of patients who
received Herceptin treatment for >6 months and > 12 months were 58% and
9%, respectively.

Among the 352 patients treated in single agent studies (213 patients from
Study 5), the median age was 50 years (range 28—86 years), 100% had breast
cancer, 86% were White, 3% were Black, 3% were Asian, and 8% in other
racial/ethnic groups. Most of the patients received 4 mg/kg initial dose of
Herceptin followed by 2 mg/kg weekly. The percentages of patients who
received Herceptin treatment for >6 months and >12 months were 31% and
16%, respectively.

Table 4
Per-Patient Incidence of Adverse Reactions Occurring in >5% of
Patients in Uncontrolled Studies or at Increased Incidence in the
Herceptin Arm (Studies 4 and 5) (Percent of Patients)

Table 4 (cont’d)

Per-Patient Incidence of Adverse Events Occurring in >5% of
Patients in Uncontrolled Studies or at Increased Incidence in the
Herceptin Arm (Studies 4 and 5) (Percent of Patients)

Herceptin

Single + Paclitaxel Herceptin ~ AC

Agent*  Paclitaxel Alone +AC Alone

n=352 n=91 n=95 n=143 n=135

Body as a Whole

Pain 47 61 62 57 42
Asthenia 42 62 57 54 55
Fever 36 49 23 56 34
Chills 32 41 4 35 11
Headache 26 36 28 44 31
Abdominal pain 22 34 22 23 18
Back pain 22 34 30 27 15
Infection 20 47 27 47 31
Flu syndrome 10 12 5 12 6
Accidental injury 6 13 3 9 4
Allergic reaction 3 8 2 4 2

Herceptin
Single + Paclitaxel Herceptin ~ AC
Agent* Paclitaxel Alone +AC Alone
n=352 n=91 n=95 n=143 n=135
Cardiovascular
Tachycardia 5 12 4 10 5
Congestive heart 7 11 1 28 7
failure
Digestive
Nausea 33 51 9 76 77
Diarrhea 25 45 29 45 26
Vomiting 23 37 28 53 49
Nausea and 8 14 11 18 9
vomiting
Anorexia 14 24 16 31 26
Heme & Lymphatic
Anemia 4 14 9 36 26
Leukopenia 3 24 17 52 34
Metabolic
Peripheral edema 10 22 20 20 17
Edema 8 10 8 11 5
Musculoskeletal
Bone pain 7 24 18 7 7
Arthralgia 6 37 21 8 9
Nervous
Insomnia 14 25 13 29 15
Dizziness 13 22 24 24 18
Paresthesia 9 48 39 17 11
Depression 6 12 13 20 12
Peripheral neuritis 2 23 16 2 2
Neuropathy 1 13 5 4 4
Respiratory
Cough increased 26 41 22 43 29
Dyspnea 22 27 26 42 25
Rhinitis 14 22 5 22 16
Pharyngitis 12 22 14 30 18
Sinusitis 9 21 7 13 6
Skin
Rash 18 38 18 27 17
Herpes simplex 2 12 3 7 9
Acne 2 11 3 3 <1
Urogenital
Urinary tract 5 18 14 13 7

infection
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* Data for Herceptin single agent were from 4 studies, including 213

patients from Study 5.
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The following subsections provide additional detail regarding adverse
reactions observed in clinical trials of adjuvant breast, metastatic breast
cancer, or post-marketing experience.

Cardiomyopathy

Serial measurement of cardiac function (LVEF) was obtained in clinical
trials in the adjuvant treatment of breast cancer. In Study 3, the median
duration of follow-up was 12.6 months (12.4 months in the observation arm;
12.6 months in the 1-year Herceptin arm); and in Studies 1 and 2, 23 months
in the AC-T arm, 24 months in the AC-T arm. In Studies 1 and 2, 6% of
patients were not permitted to initiate Herceptin following completion of AC
chemotherapy due to cardiac dysfunction (LVEF <50% or > 15 point decline
in LVEF from baseline to end of AC). Following initiation of Herceptin
therapy, the incidence of new-onset dose-limiting myocardial dysfunction was
higher among patients receiving Herceptin and paclitaxel as compared to
those receiving paclitaxel alone in Studies 1 and 2m and in patients receiving
Herceptin monotherapy compared to observation in Study 3 (see Table 5,
Figures 1 and 2).

Table 5
Per-patient Incidence of New Onset
Myocardial Dysfunction (by LVEF) Studies 1, 2 and 3

Studies 1 and 2 Study 3
L AC-TH AC-T Herceptin ~ Observation
Criteria (n=1606) (n=1488) (n=1678) (n=1708)
Post-baseline LVEF 22.8% 9.1% 8.6% 2.7%
<50% (366) (136) (144) (46)
LVEF<50% and 18.3% 5.4% 7.0% 2.0%
>10% decrease from (294) (81) (118) (35)
baseline
LVEF<50% and 11.7% 2.2% 3.8% 1.2%
>16% decrease from (188) (33) (64) (20)
baseline
LVEF absolute 33.4% 18.3% 22.4% 11.9%
decrease of >10%, (536) (272) (376) (204)
<20%
LVEEF absolute 9.2% 2.4% 35% 1.2%
decrease >20% (148) (36) (59) 210
Figure 1

Studies 1 and 2: Cumulative Incidence of Time to First LVEF
Decline of >10 Percentage Points from Baseline and to
Below 50% with Death as a Competing Risk Event
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Figure 2
Study 3: Cumulative Incidence of Time to First LVEF
Decline of >10 Percentage Points from Baseline and to
Below 50% with Death as a Competing Risk Event
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The incidence of treatment emergent congestive heart failure among
patients in the metastatic breast cancer trials was classified for severity using
the New York Heart Association classification system (I-1V, where IV is the
most severe level of cardiac failure) (see Table 2). In the metastatic breast
cancer trials the probability of cardiac dysfunction was highest in patients who
received Herceptin concurrently with anthracyclines.

Infusion Reactions

During the first infusion with Herceptin, the symptoms most commonly
reported were chills and fever, occurring in approximately 40% of patients in
clinical trials. Symptoms were treated with acetaminophen, diphenhydramine,
and meperidine (with or without reduction in the rate of Herceptin infusion);
permanent discontinuation of Herceptin for infusional toxicity was required in
< 1% of patients. Other signs and/or symptoms may include nausea,
vomiting, pain (in some cases at tumor sites), rigors, headache, dizziness,
dyspnea, hypotension, elevated blood pressure, rash, and asthenia. Infusional
toxicity occurred in 21% and 35% of patients, and was severe in 1.4% and 9%
of patients, on second or subsequent Herceptin infusions administered as
monotherapy or in combination with chemotherapy, respectively. In the
post-marketing setting, severe infusion reactions, including hypersensitivity,
anaphylaxis, and angioedema have been reported.

Anemia

In randomized controlled clinical trials, the overall incidence of anemia
(30% vs. 21% [Study 4]), of selected NCI CTC Grade 2—5 anemia (12.5% vs.
6.6% [Study 1]), and of anemia requiring transfusions (0.1% vs. 0 patients
[Study 2]) were increased in patients receiving Herceptin and chemotherapy
compared with those receiving chemotherapy alone. Following the
administration of Herceptin as a single agent (Study 5), the incidence of
NCI-CTC Grade 3 anemia was < 1%.

Neutropenia

In randomized controlled clinical trials in the adjuvant setting, the
incidence of selected NCI CTC Grade 4—5 neutropenia (2% vs. 0.7%
[Study 2]) and of selected Grade 2—5 neutropenia (7.1% vs. 4.5 % [Study 1])
were increased in patients receiving Herceptin and chemotherapy compared
with those receiving chemotherapy alone. In a randomized, controlled trial in
patients with metastatic breast cancer, the incidences of NCI-CTC Grade 3/4
neutropenia (32% vs. 22%) and of febrile neutropenia (23% vs. 17%) were
also increased in patients randomized to Herceptin in combination with
myelosuppressive chemotherapy as compared to chemotherapy alone.

Infection

The overall incidences of infection (46% vs. 30% [Study 4]), of selected
NCI-CTC Grade 2-5 infection/febrile neutropenia (22% vs. 14% [Study 1])
and of selected Grade 3—5 infection/febrile neutropenia (3.3% vs. 1.4%)
[Study 2]), were higher in patients receiving Herceptin and chemotherapy
compared with those receiving chemotherapy alone. The most common site
of infections in the adjuvant setting involved the upper respiratory tract, skin,
and urinary tract.

In a randomized, controlled trial in treatment of metastatic breast cancer,
the reported incidence of febrile neutropenia was higher (23% vs. 17%) in
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patients receiving Herceptin in combination with myelosuppressive
chemotherapy as compared to chemotherapy alone.

Pulmonary Toxicity

Adjuvant Breast Cancer

Among women receiving adjuvant therapy for breast cancer, the incidence
of selected NCI-CTC Grade 2—5 pulmonary toxicity (14% vs. 5% [Study 1])
and of selected NCI-CTC Grade 3—5 pulmonary toxicity and spontaneous
reported Grade 2 dyspnea (3.4 % vs. 1% [Study 2]) was higher in patients
receiving Herceptin and chemotherapy compared with chemotherapy alone.
The most common pulmonary toxicity was dyspnea (NCI-CTC Grade 2-5:
12% vs. 4% [Study 1]; NCI-CTC Grade 2-5: 2.5% vs. 0.1% [Study 2]).

Pneumonitis/pulmonary infiltrates occurred in 0.7% of patients receiving
Herceptin compared with 0.3% of those receiving chemotherapy alone. Fatal
respiratory failure occurred in 3 patients receiving Herceptin, one as a
component of multi-organ system failure, as compared to 1 patient receiving
chemotherapy alone.

In Study 3, there were 4 cases of pneumonitis in Herceptin-treated patients
compared to none in the control arm.

Metastatic Breast Cancer

Among women receiving Herceptin for treatment of metastatic breast
cancer, the incidence of pulmonary toxicity was also increased. Pulmonary
adverse events have been reported in the post-marketing experience as part of
the symptom complex of infusion reactions. Pulmonary events include
bronchospasm, hypoxia, dyspnea, pulmonary infiltrates, pleural effusions,
non-cardiogenic pulmonary edema, and acute respiratory distress syndrome.
For a detailed description, see Warnings and Precautions (5.4).

Thrombosis/Embolism

In 3 randomized, controlled clinical trials, the incidence of thrombotic
adverse events was higher in patients receiving Herceptin and chemotherapy
compared to chemotherapy alone in two studies (3.0% vs. 1.3% [Study 1] and
2.1% vs. 0% [Study 4]).

Diarrhea

Among women receiving adjuvant therapy for breast cancer, the incidence
of NCI-CTC Grade 2-5 diarrhea (6.2% vs. 4.8% [Study 1]) and of NCI-CTC
Grade 35 diarrhea (1.6% vs. 0% [Study 2]), and of grade 1-4 diarrhea (7%
vs. 1% [Study 3]) were higher in patients receiving Herceptin as compared to
controls. Of patients receiving Herceptin as a single agent for the treatment of
metastatic breast cancer, 25% experienced diarrhea. An increased incidence
of diarrhea was observed in patients receiving Herceptin in combination with
chemotherapy for treatment of metastatic breast cancer.

Glomerulopathy

In the postmarketing setting, rare cases of nephrotic syndrome with
pathologic evidence of glomerulopathy have been reported. The time to onset
ranged from 4 months to approximately 18 months from initiation of
Herceptin therapy. Pathologic findings included membranous
glomerulonephritis, focal glomerulosclerosis, and fibrillary
glomerulonephritis. Complications included volume overload and congestive
heart failure.

6.2 Immunogenicity

As with all therapeutic proteins, there is a potential for immunogenicity.
Among 903 women with metastatic breast cancer, human anti-human
antibody (HAHA) to Herceptin was detected in one patient using an
enzyme-linked immunosorbent assay (ELISA). This patient did not
experience an allergic reaction. Samples for assessment of HAHA were not
collected in studies of adjuvant breast cancer.

The incidence of antibody formation is highly dependent on the sensitivity
and the specificity of the assay. Additionally, the observed incidence of
antibody (including neutralizing antibody) positivity in an assay may be
influenced by several factors including assay methodology, sample handling,
timing of sample collection, concomitant medications, and underlying disease.
For these reasons, comparison of the incidence of antibodies to Herceptin with
the incidence of antibodies to other products may be misleading.

6.3 Post-Marketing Experience

The following adverse reactions have been identified during post approval
use of Herceptin. Because these reactions are reported voluntarily from a
population of uncertain size, it is not always possible to reliably estimate their
frequency or establish a causal relationship to drug exposure.
o Infusion reaction [see Warnings and Precautions (5.2)]
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e Oligohydramnios [see Warnings and Precautions (5.6)]
¢ Glomerulopathy

7  DRUG INTERACTIONS

In clinical studies, administration of paclitaxel in combination with
Herceptin resulted in a 1.5-fold increase in Trastuzumab serum levels [see
Clinical Pharmacology (12.3)].
In drug interaction studies, the pharmacokinetics of docetaxel and paclitaxel
were not altered when each was administered in combination with Herceptin.

8  USE IN SPECIFIC POPULATIONS

8.1 Pregnancy
Teratogenic Effects: Category D [see Warnings and Precautions (5.6)]

Herceptin can cause fetal harm when administered to a pregnant woman.
Post-marketing case reports suggest that Herceptin use during pregnancy
increases the risk for oligohydramnios during the second and third trimester.
If Herceptin is used during pregnancy or if a woman becomes pregnant while
taking Herceptin, she should be apprised of the potential hazard to a fetus.

In the postmarketing setting, oligohydramnios was reported in women
who received Herceptin during pregnancy, either alone or in combination with
chemotherapy. In half of these women, amniotic fluid index increased after
Herceptin was stopped. In one case, Herceptin was resumed after the
amniotic fluid index improved, and oligohydramnios recurred.

Women using Herceptin during pregnancy should be monitored for
oligohydramnios. If oligohydramnios occurs, fetal testing should be done that
is appropriate for gestational age and consistent with community standards of
care. Additional intravenous (IV) hydration has been helpful when
oligohydramnios has occurred following administration of other
chemotherapy agents, however the effects of additional IV hydration with
Herceptin treatment are not known.

Reproduction studies in cynomolgus monkeys at doses up to 25 times the
recommended weekly human dose of 2 mg/kg trastuzumab and have revealed
no evidence of harm to the fetus. However, HER2 protein expression is high
in many embryonic tissues including cardiac and neural tissues; in mutant
mice lacking HER2, embryos died in early gestation. Placental transfer of
trastuzumab during the early (Days 20-50 of gestation) and late (Days 1200
150 of gestation) fetal development period was observed in monkeys. [See
Nonclinical Toxicology (13.2)]

Because animal reproduction studies are not always predictive of human
response, Herceptin should be used during pregnancy only if the potential
benefit to the mother justifies the potential risk to the fetus.

Registry

Pregnant women with breast cancer who are using Herceptin are
encouraged to enroll in the Cancer and Childbirth Registry: phone 1-800-690(]
6720.

8.3 Nursing Mothers

It is not known whether Herceptin is excreted in human milk, but human
IgG is excreted in human milk. Published data suggest that breast milk
antibodies do not enter the neonatal and infant circulation in substantial
amounts.

Trastuzumab was present in the breast milk of lactating cynomolgus
monkeys given 12.5 times the recommended weekly human dose of 2 mg/kg
of Herceptin. Infant monkeys with detectable serum levels of trastuzumab did
not have any adverse effects on growth or development from birth to 3 months
of age; however, trastuzumab levels in animal breast milk may not accurately
reflect human breast milk levels.

Because many drugs are secreted in human milk and because of the
potential for serious adverse reactions in nursing infants from Herceptin, a
decision should be made whether to discontinue nursing, or discontinue drug,
taking into account the elimination half-life of trastuzumab and the
importance of the drug to the mother.

8.4 Pediatric Use
The safety and effectiveness of Herceptin in pediatric patients has not
been established.

8.5 Geriatric Use

Herceptin has been administered to 377 patients who were 65 years of age
or over (244 in the adjuvant treatment and 133 in metastatic breast cancer
treatment settings). The risk of cardiac dysfunction was increased in geriatric
patients as compared to younger patients in both those receiving treatment for
metastatic disease in Studies 4 and 5, or adjuvant therapy in Studies 1 and 2.
Aside from cardiac dysfunction, limitations in data collection and differences
in study design of the 3 studies of Herceptin in adjuvant treatment of breast
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cancer preclude a determination of whether the toxicity profile of Herceptin in
older patients is different from younger patients. The reported clinical
experience is not adequate to determine whether the efficacy improvements
(ORR, TTP, OS, DFS) of Herceptin treatment in older patients is different
from that observed in patients <65 years of age for metastatic disease and
adjuvant treatment.

10 OVERDOSAGE
There is no experience with overdosage in human clinical trials. Single
doses higher than 8mg/kg have not been tested.

11 DESCRIPTION

Herceptin (Trastuzumab) is a humanized 1gG1 kappa monoclonal antibody
that selectively binds with high affinity to the extracellular domain of the
human epidermal growth factor receptor 2 protein, HER2. Trastuzumab is
produced by recombinant DNA technology in a mammalian cell (Chinese
Hamster Ovary) culture containing the antibiotic gentamicin. Gentamicin is
not detectable in the final product.

Herceptin is a sterile, white to pale yellow, preservative-free lyophilized
powder for intravenous administration. Each multi-use vial of Herceptin
contains 440 mg Trastuzumab, 400 mg o,o-trehalose dihydrate, 9.9 mg
L-histidine HCI, 6.4 mg L-histidine, and 1.8 mg polysorbate 20, USP.
Reconstitution with 20 mL of the appropriate diluent (BWFI or SWFI) yields
a solution containing 21 mg/mL Trastuzumab, at a pH of approximately 6.

12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

The HER?2 (or c-erbB2) proto-oncogene encodes a transmembrane
receptor protein of 185 kDa, which is structurally related to the epidermal
growth factor receptor. Herceptin has been shown, in both in vitro assays and
in animals, to inhibit the proliferation of human tumor cells that overexpress
HER2.

Herceptin is a mediator of antibody-dependent cellular cytotoxicity
(ADCQ). In vitro, Herceptin-mediated ADCC has been shown to be
preferentially exerted on HER2 overexpressing cancer cells compared with
cancer cells that do not overexpress HER2.

12.2 Pharmacokinetics

The pharmacokinetics of trastuzumab were studied in women with
metastatic breast cancer. Short duration intravenous infusions of 10 to
500 mg Herceptin once weekly demonstrated dose-dependent
pharmacokinetics. Mean half-life increased and clearance decreased with
increasing dose level. The half-life averaged 2 and 12 days at the 10 and
500 mg dose levels, respectively. The volume of distribution of trastuzumab
was approximately that of serum volume (44 mL/kg). At the highest weekly
dose studied (500 mg), mean peak serum concentrations were 377 mcg/mL.

In studies using an initial dose of 4 mg/kg followed by a weekly dose of
2 mg/kg, a mean half-life of 6 days (range 1-32 days) was observed. Between
weeks 16 and 32, trastuzumab serum concentrations reached a steady state
with mean trough and peak concentrations of approximately 79 mcg/mL and
123 meg/mL, respectively.

In a study of women receiving adjuvant therapy for breast cancer, a mean
half-life of trastuzumab of 16 days (range: 11-23 days) was observed after an
initial dose of 8 mg/kg followed by a dose of 6 mg/kg every three weeks.
Between weeks 6 and 37, trastuzumab serum concentrations reached a
steady-state with mean trough and peak concentrations of 63 mcg/mL and
216 mcg/mL, respectively.

Sixty-four percent (286/447) of women with metastatic breast cancer had
detectable circulating extracellular domain of the HER2 receptor (shed
antigen), which ranged as high as 1880 ng/mL (median 11 ng/mL). Patients
with higher baseline shed antigen levels were more likely to have lower serum
trough concentrations.

Data suggest that the disposition of trastuzumab is not altered based on
age or serum creatinine (< 2.0 mg creatinine/dL).

Mean serum trough concentrations of trastuzumab, when administered in
combination with paclitaxel, were consistently elevated approximately
1.5-fold as compared with serum concentrations of trastuzumab when used in
combination with anthracycline plus cyclophosphamide. In clinical studies in
HER2+ metastatic breast cancer where Herceptin was administered in
combination with paclitaxel, in combination with docetaxel, or in combination
with paclitaxel and doxorubicin, Herceptin did not appear to alter the plasma
concentrations of these chemotherapeutic agents, or the metabolites that were
analyzed.

U.S. BL 103792/5175 Amendment: Trastuzumab—Genentech, Inc.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Herceptin has not been tested for carcinogenic potential.

No evidence of mutagenic activity was observed when trastuzumab was
tested in the standard Ames bacterial and human peripheral blood lymphocyte
mutagenicity assays, at concentrations of up to 5000 mcg/mL. In an in vivo
micronucleus assay, no evidence of chromosomal damage to mouse bone
marrow cells was observed following bolus intravenous doses of up to
118 mg/kg Herceptin.

A fertility study conducted in female cynomolgus monkeys at doses up to
25 times the weekly recommended human dose of 2 mg/kg trastuzumab and
has revealed no evidence of impaired fertility, as measured by menstrual cycle
duration and female sex hormone levels. Studies to evaluate the effects of
trastuzumab on male fertility have not been conducted.

13.2 Animal Toxicology and/or Pharmacology

Reproductive Toxicology Studies

Reproductive toxicology studies have been conducted in cynomolgus
monkeys at doses up to 25 times the weekly recommended human dose of 2
mg/kg Herceptin and have revealed no evidence of impaired fertility or harm
to the fetus. However, HER2 protein expression is high in many embryonic
tissues including cardiac and neural tissues; in mutant mice lacking HER2,
embryos died in early gestation. Placental transfer of Herceptin during the
early (Days 20-50 of gestation) and late (Days 120-150 of gestation) fetal
development period was observed in monkeys.

14  CLINICAL STUDIES

14.1 Adjuvant Breast Cancer

The safety and efficacy of Herceptin in women receiving adjuvant
chemotherapy for HER-2 overexpressing breast cancer, were evaluated in an
integrated analysis of two randomized, open-label, clinical trials (Studies 1
and 2) with a total of 3752 women and in a third randomized, open-label,
clinical trial (Study 3) with a total of 3386 women.

In Studies 1 and 2, breast tumor specimens were required to show HER2
overexpression (3+ by IHC) or gene amplification (by FISH). HER2 testing
was verified by a central laboratory prior to randomization (Study 2) or was
required to be performed at a reference laboratory (Study 1). Patients with a
history of active cardiac disease based on symptoms, abnormal
electrocardiographic, radiologic, or left ventricular ejection fraction findings
or uncontrolled hypertension (diastolic > 100 mmHg or systolic > 200 mmHg)
were not eligible.

Patients were randomized (1:1) to receive doxorubicin and
cyclophosphamide followed by paclitaxel (AC—paclitaxel) alone or
paclitaxel plus Herceptin (AC—paclitaxel + Herceptin). In both trials,
patients received four 21-day cycles of doxorubicin 60 mg/m?and
cyclophosphamide 600 mg/m?. Paclitaxel was administered either weekly
(80 mg/m?) or every 3 weeks (175 mg/m?) for a total of 12 weeks in Study 1;
paclitaxel was administered only by the weekly schedule in Study 2.
Herceptin was administered at 4 mg/kg on the day of initiation of paclitaxel
and then at a dose of 2 mg/kg weekly for a total of 52 weeks. Herceptin
treatment was permanently discontinued in patients who developed congestive
heart failure, or persistent/recurrent LVEF decline [see Dosage and
Administration (2.2)]. Radiation therapy, if administered, was initiated after
the completion of chemotherapy. Patients with ER+ and/or PR+ tumors
received hormonal therapy. Disease-free survival (DFS), defined as the time
from randomization to recurrence, occurrence of contralateral breast cancer,
other second primary cancer, or death, was the primary endpoint of the
combined efficacy analysis.

A total of 3752 patients were included in the efficacy analyses. The data
from both arms in Study 1 and two of the three study arms in Study 2 were
pooled for efficacy analyses. Of these patients, the median age was 49 years
(range, 22—80 years; 6% > 65 years), 84% were white, 7% black, 4%
Hispanic, and 4% Asian/Pacific Islander. Disease characteristics included
90% infiltrating ductal histology, 38% T1, 91% nodal involvement, 27%
intermediate and 66% high grade pathology, and 53% ER+ and/or PR+
tumors. At the time of randomization 53% of the population were to receive
paclitaxel on a weekly regimen, and the remainder were to receive a q3 week
schedule of paclitaxel.

In Study 3, breast tumor specimens were required to show HER2
overexpression (3+ by IHC) or gene amplification (by FISH) as determined at
a central laboratory. Patients with node-negative disease were required to
have >Tlc primary tumor. Patients with a history of congestive heart failure
or LVEF <55%, uncontrolled arrhythmias, angina requiring medication,
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clinically significant valvular heart disease, evidence of transmural infarction
on ECG, poorly controlled hypertension (systolic>180 mm Hg or diastolic
>100 mm Hg) were not eligible.

Patients were randomized (1:1) upon completion of definitive surgery, and
at least four cycles of chemotherapy; to receive no additional treatment
(n=1693) or 1 year of Herceptin treatment (n=1693). Patients undergoing a
lumpectomy had also completed standard radiotherapy. Patients with ER+
and/or PgR+ disease received systemic adjuvant hormonal therapy at
investigator discretion. Herceptin was administered with an initial dose of
8 mg/kg followed by subsequent doses of 6 mg/kg once every three weeks for
a total of 52 weeks. The primary endpoint was disease-free survival (DFS),
defined as in Studies 1 and 2.

Among the 3386 patients randomized to the two treatment arms, the
median age was 49 years (range 21-80), 83% were Caucasian, and 13% were
Asian. Disease characteristics: 94% infiltrating ductal carcinoma, 50% ER+
and/or PgR+, 57% node positive, 32% node negative, and in 11% of patients,
nodal status was not assessable due to prior neo-adjuvant chemotherapy.
Ninety-six percent (1055/1098 of patients with node-negative disease had
high-risk features: among the 1098 patients with node-negative disease, 49%
(543) were ER— and PgR—, and 47% (512) were ER and or PgR+ and had at
least one of the following high-risk features: pathological tumor size greater
than 2 cm, Grade 2-3, or age <35 years. Prior to randomization, 94% of
patients had received anthracycline-based chemotherapy regimens.

The results for DFS for the integrated analysis of Studies 1 and 2 (Figure
3) and the analysis of DFS results in Studies 1 and 2, and Study 3 are
presented in Table 7. Across studies 1 and 2, there were insufficient numbers
of patients within each of the following subgroups to determine if the
treatment effect was different from that of the overall patient population:
patients with node negative disease, patients with low tumor grade, and
patients within specific ethnic/racial subgroups (Black, Hispanic,
Asian/Pacific Islander patients). In Study 3, there were insufficient numbers
of patients within each of the following subgroups to determine if the
treatment effect was different from that of the overall patient population:
patients with low tumor grade, within specific ethnic/racial subgroups (Black
or Hispanic patients), or > 65 years of age.

Table 6
Efficacy Results from Adjuvant Treatment of
Breast Cancer (Studies 1 + 2 and Study 3)

Study 1 +2 Study 3
AC— AC— Chemo— Chemo—
Herceptin + T T Herceptin Observation

(n=1872)  (=1880) (n=1693) (n = 1693)

Primary Endpoint

DEFS events 133 261 127 219
Hazard ratio 0.48° 0.54
(95% CI) (0.39, 0.59) (0.44, 0.67)
p-value <0.0001° <0.0001°

Secondary Endpoints

Deaths 62 92 31 40
Hazard ratio
05% CI 0.67 0.75
p-value Ns¢ NS¢

CI=confidence interval.

* Hazard ratio estimated by Cox regression stratified by clinical trial,
intended paclitaxel schedule, number of positive nodes, and hormone
receptor status.

® stratified log-rank test.

¢ log-rank test.

¢ NS= non-significant.

U.S. BL 103792/5175 Amendment: Trastuzumab—Genentech, Inc.

Figure 3
Duration of Disease-Free Survival in
Patients with Adjuvant Treatment of Breast Cancer (Studies 1 and 2)
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Exploratory analyses of DFS as a function of HER2 overexpression or
gene amplification were conducted for patients in Studies 2 and 3, where
central laboratory testing data were available. The results are shown in
Table 7. The number of events in Study 2 was small with the exception of the
IHC 3+/FISH+ subgroup, which constituted 81% of those with data.
Definitive conclusions cannot be drawn regarding efficacy within other
subgroups due to the small number of events. The number of events in Study
3 was adequate to demonstrate significant effects on DFS in the IHC 3+/FISH
unknown and the FISH +/IHC unknown subgroups.

Table 7
Treatment Outcomes in Studies 2 and 3 as a Function of
HER?2 Overexpression or Amplification

Study 2 Study 3
Number Hazard Ratio Number Hazard Ratio
HER2 Assay of DFS of DFS
Result* Patients (95% CI) Patients (95% CI)
IHC 3+
FISH (+) 1170 0.42 91 0.56
(0.27,0.64) (0.13,2.50)
FISH (-) 51 0.71 8 ———-
(0.04, 11.79)
FISH Unknown 51 0.69 2258 0.53
(0.09, 5.14) (0.41, 0.69)
IHC <3+/ 174 1.01 299 ~ 0.53
FISH (+) (0.18, 5.65) (0.20, 1.42)
THC unknown / e 724 0.59
FISH (+) (0.38,0.93)

* THC by HercepTest, FISH by PathVysion as performed at a central
laboratory.

~ All cases in this category in study 3 were IHC 2+ .

14.2 Metastatic Breast Cancer

The safety and efficacy of Herceptin in treatment of women with
metastatic breast cancer were studied in a randomized, controlled clinical trial
in combination with chemotherapy (Study 4, n=469 patients) and an
open-label single agent clinical trial (Study 5, n=222 patients). Both trials
studied patients with metastatic breast cancer whose tumors overexpress the
HER?2 protein. Patients were eligible if they had 2 or 3 levels of
overexpression (based on a 0 to 3 scale) by immunohistochemical assessment
of tumor tissue performed by a central testing lab.

Previously Untreated Metastatic Breast Cancer (Study 4)
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Study 4 was a multicenter, randomized, open-label clinical trial conducted
in 469 women with metastatic breast cancer who had not been previously
treated with chemotherapy for metastatic disease. Tumor specimens were
tested by IHC (Clinical Trial Assay, CTA) and scored as 0, 1+, 2+, or 3+, with
3+ indicating the strongest positivity. Only patients with 2+ or 3+ positive
tumors were eligible (about 33% of those screened). Patients were
randomized to receive chemotherapy alone or in combination with Herceptin
given intravenously as a 4 mg/kg loading dose followed by weekly doses of
Herceptin at 2 mg/kg. For those who had received prior anthracycline therapy
in the adjuvant setting, chemotherapy consisted of paclitaxel (175 mg/m?* over
3 hours every 21 days for at least six cycles); for all other patients,
chemotherapy consisted of anthracycline plus cyclophosphamide (AC:
doxorubicin 60 mg/m’ or epirubicin 75 mg/m* plus 600 mg/m>
cyclophosphamide every 21 days for six cycles). Sixty-five percent of
patients randomized to receive chemotherapy alone in this study received
Herceptin at the time of disease progression as part of a separate extension
study.

Based upon the determination by an independent response evaluation
committee the patients randomized to Herceptin and chemotherapy
experienced a significantly longer median time to disease progression, a
higher overall response rate (ORR), and a longer median duration of response,
as compared with patients randomized to chemotherapy alone. Patients
randomized to Herceptin and chemotherapy also had a longer median survival
(see Table 8). These treatment effects were observed both in patients who
received Herceptin plus paclitaxel and in those who received Herceptin plus
AC; however the magnitude of the effects was greater in the paclitaxel
subgroup.

Table 8
Study 4: Efficacy Results in
First-Line Treatment for Metastatic Breast Cancer

Combined Results Paclitaxel Subgroup AC Subgroup

Treatment Effects in Study 4 as a

Table 9

Function of HER2 Overexpression or Amplification

Relative Risk** for
Number of Time to Disease Relative Risk** for

HER2 Assay Patients Progression Mortality

Result (N) (95% CI) (95% CI)
CTA 2+ or 3+ 469 0.49 (0.40, 0.61) 0.80 (0.64, 1.00)
FISH (+)* 325 0.44 (0.34, 0.57) 0.70 (0.53, 0.91)
FISH (-)* 126 0.62 (0.42, 0.94) 1.06 (0.70, 1.63)
CTA 2+ 120 0.76 (0.50, 1.15) 1.26 (0.82,1.94)
FISH (+) 32 0.54 (0.21, 1.35) 1.31(0.53,3.27)
FISH (-) 83 0.77 (0.48, 1.25) 1.11 (0.68, 1.82)
CTA 3+ 349 0.42 (0.33, 0.54) 0.70 (0.51, 0.90)
FISH (+) 293 0.42 (0.32, 0.55) 0.67 (0.51, 0.89)
FISH (-) 43 0.43 (0.20, 0.94) 0.88 (0.39, 1.98)

* FISH testing results were available for 451 of the 469 patients enrolled

on study.

** The relative risk represents the risk of progression or death in the
Herceptin plus chemotherapy arm versus the chemotherapy arm.

Previously Treated Metastatic Breast Cancer (Study 5)

Herceptin was studied as a single agent in a multicenter, open-label,
single-arm clinical trial (Study 5) in patients with HER2 overexpressing
metastatic breast cancer who had relapsed following one or two prior
chemotherapy regimens for metastatic disease. Of 222 patients enrolled,
66% had received prior adjuvant chemotherapy, 68% had received two prior
chemotherapy regimens for metastatic disease, and 25% had received prior
myeloablative treatment with hematopoietic rescue. Patients were treated
with a loading dose of 4 mg/kg IV followed by weekly doses of Herceptin at

2 mg/kg IV.

The ORR (complete response-+partial response), as determined by an
independent Response Evaluation Committee, was 14%, with a 2% complete
response rate and a 12% partial response rate. Complete responses were
observed only in patients with disease limited to skin and lymph nodes. The
overall response rate in patients whose tumors tested as CTA 3+ was 18%
while in those that tested as CTA 2+, it was 6%.

16 HOW SUPPLIED/STORAGE AND HANDLING

16.1 How Supplied

Herceptin
+All All Herceptin
Chemo-  Chemo- + Herceptin
therapy therapy  Paclitaxel Paclitaxel +AC? AC
(n=235) (n=234) (0m=92) (=96) (@n=143) (n=138)
Primary Endpoint
Median 7.2 4.5 6.7 2.5 7.6 5.7
TTP(mos)"*
95% CI 7,8 4,5 5,10 2,4 7,9 5,7
p-value <0.0001 <0.0001 0.002
Secondary Endpoints
Overall 45 29 38 15 50 38
Response Rate”
95% CI 39,51 23,35 28,48 8,22 42,58 30, 46
p-value © <0.001 <0.001 0.10
Median Resp
Duration 8.3 5.8 8.3 4.3 8.4 6.4
mos)™®
2% 15% 615 4,8 5,11 4,7 6,15 4,8
quartile
Med Survival
mos)’ 25.1 20.3 22.1 18.4 26.8 214
95% CI 22,30 17,24 17,29 13,24 23,33 18,27
p-value* 0.05 0.17 0.16

* AC = Anthracycline (doxorubicin or epirubicin) and cyclophosphamide.
® Assessed by an independent Response Evaluation Committee.

¢ Kaplan-Meier Estimate.
¢ log-rank test.
¢ y2-test.

Data from Study 4 suggest that the beneficial treatment effects were
largely limited to patients with the highest level of HER2 protein

overexpression (3+) (see Table 9).
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Herceptin is supplied in a multi-use vial containing 440 mg Trastuzumab
as a lyophilized sterile powder, under vacuum. Each carton contains one vial
Herceptin® and one vial (20 mL) of Bacteriostatic Water for Injection
(BWFI), USP, containing 1.1% benzyl alcohol as a preservative. NDC
50242-134-68.

16.2 Stability and Storage

Vials of Herceptin are stable at 2—8 C (36—46 F) prior to reconstitution.
Do not use beyond the expiration date stamped on the vial. A vial of
Herceptin reconstituted with BWFI, as supplied, is stable for 28 days after
reconstitution when stored refrigerated at 2—8 C (36—46 F). Discard any
remaining multi-dose reconstituted solution after 28 days. A vial of Herceptin
reconstituted with unpreserved SWFI (not supplied) should be used
immediately and any unused portion discarded. Do Not Freeze Herceptin
following reconstitution or dilution.

The solution of Herceptin for infusion diluted in polyvinylchloride or
polyethylene bags containing 0.9% Sodium Chloride Injection, USP, should
be stored at 2—8 C (36—46 F) for no more than 24 hours prior to use.

17  PATIENT COUNSELING INFORMATION
e Advise patients to contact a health care profession immediately for any of

the following: new onset or worsening shortness of breath, cough, swelling
of the ankles/legs, swelling of the face, palpitations, weight gain of more



than 5 pounds in 24 hours, dizziness or loss of consciousness [see Boxed
Warning Cardiomyopathy].

e Advise women with reproductive potential to use effective contraceptive
methods during treatment and for a minimum of six months following
Herceptin [see Pregnancy (8.1)].

e Encourage pregnant women who are using Herceptin to enroll in the
Cancer and Childbirth Registry [see Pregnancy (8.1)].

HERCEPTIN® [Trastuzumab]

Manufactured by:

Genentech, Inc. 4839800
1 DNA Way

South San Francisco, CA 94080-4990 ©2006 Genentech, Inc.
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Action: Approval

1. Introduction to Review

This efficacy supplement contained the results of a second randomized, multicenter, open-
label trial (HERA trial, also referred to as BO 16348) evaluating the safety and efficacy of
Herceptin in combination with standard adjuvant treatments in 3386 women with early stage
(surgically respectable) HER2-overexpression breast cancer. This adequate and well-
controlled trial was conducted by a European consortium of investigators and was not-
submitted to or conducted under the US IND for Herceptin (trastuzumab). It confirms the
efficacy of Herceptin (a clinically important increase in disease-free survival) in women with
HER2-overexpressing and surgically respectable breast cancer demonstrated in the joint
analysis of NSABP B31 and NCCTG N9831; this joing analysis supported the initial labeling
expansion for Herceptin, as an adjunct to surgery, chemotherapy, and if appropriate radiation
and hormonal therapy, for the adjuvant treatment of HER2-overexpressing breast cancer (BL
STN 103792.5150). The HERA study was well-conducted and the study design was valid and
appropriate to establish treatment effects. As discussed in detail in Ms. Fedenko’s review, the
primary endpoint of disease-free survival (DFS), is a composite endpoints that has been
generally accepted by the Agency as appropriate to determine clinical benefit in the adjuvant
treatment of breast and colon cancers. Given the compelling results, in terms of magnitude of
effect on DFS, robustness of results across important patient subgroups as well as consistency
with findings in the joint analysis of NSABP B31 and NCCTG N9831, this single study is
sufficient to support expand product labeling to a subset of women with node-negative breast
cancer and to support a new dose and schedule of Herceptin. There was no disagreement
among the reviewers regarding recommendations for approval of the application.

Aspects of this application that are specifically addressed in greater detail in this review:

BL STN 103792/5175
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1) Assessment of the tolerability and pharmacokmetlcs of a new dose and schedule of
Herceptin

2) Efficacy in a new patient sub; group, patients with node-negative disease

3) Safety assessment of Herceptin given as a single agent or with hormonal therapy rather
than in combination with' taxane chemotherapy, with spe01ﬁc focus on characterizing
incidence, severity and time-to-onset of myocard1a1 dysfunction

4) Evaluation of safety signals identified in the clinical study and spontaneous post-marketmg

- safety reports, which included oligohydramnios/ effects on fetal/infant outcomes and

. interstitial pnuemonitis

5) Evaluation and characterization of drug 1nteract10ns and 1mpact of circulating HER2

receptor on pharmacokinetics. :

2. Baekground/Regulatory History/Previous Actions/Foreign Regulatory Actions/Status

The sole efficacy study provided to extend the currently approved indication of adjuvant
treatment of HER-2 over-expressing breast cancer to patients with high-risk, >T1cNO breast
cancer and to support a new dose and schedule of Herceptin for adjuvant treatment of breast
cancer is Study BO 16348, also known as the HERA study. This study was supported
financially by Roche (the European marketer of trastuzumab) and conducted by a consortium
of investigators (BIG) outside the US. The clinical study protocol was first submitted to FDA
after data analysis and prior to submission of the efficacy supplement to facilitate pre-BLS
discussions. Although not reviewed by FDA prior to or during initiation, FDA acknowledged
that the study adequate in design and the reported study results sufficiently compelling to be
likely to support labeling expansion.

The review of the efficacy supplement was complicated by issues with regard to database
structure (which was rectified early in the review) and failure to submit all protocol
amendments (which was identified late in the initial review). This led to requests for
additional data late in the review cycle which were classified as a ma_]or amendment that
extended the PDUFA goal date.

3. CMC/MicrobiolOgy/Device

CMC review was conducted to ensure that the produet used in the clinical trial (Herceptin
manufactured at a non-US licensed site in Europe (Roche-manufactured material at Penzberg
fac111ty) was sufficiently comparable to the US manufactured product to support extrapolation
of study results to the U.S. population. The assessment was based on information submitted by
amendment to the application describing differences in manufacturing process and

v biochemical comparability data. The CMC reviewer (Wendy Weinberg, Ph.D.) concluded that
comparability was sufficient to permit such extrapolation. Because of the new dose/ schedule,
which results in a two-fold higher dose of Herceptin on the first infusion, Dr. Weinberg
assessed and confirmed that acceptability of the endotoxin level based on current standards (5
EU/kg). Dr. Weinberg also concurred with categorical exclusion, as requested by the
applicant.
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In addition, Ms Colleen Hoyt of the Manufacturing Assessment and Preapproval Compliance
Branch confirmed that there are no pending or ongoing compliance actions or investigations to
prevent approval. The Genentech, Vacaville, CA manufacturing site inspected on 9/22-29/06
and Wyeth Biopharma, Andover, MA, was inspected on 9/18-27/07; both sites were found to
be acceptable.

4. Nonclinical Pharmacology/Tbxicology

No non-clinical studies were submitted, and such studies were not required, to support this
efficacy supplement. Anne Pilaro, Ph.D. reviewed previously submitted non-clinical study
reports to ensure that final product labeling, revised under this application to comply with 21
CFR 201.57 and recently pubhshed Guidances for Industry on product labeling, was accurate
and complete.

5. Clinical Pharmacology/Biopharmaceutics

A review of Clinical Pharmacology was conducted by Angela Men, M.D., Ph.D., and was

amended to consider supplemental information provided late in the review in justification of

requested labeling. Dr. Men’s review evaluated pharmacokinetic data from three clinical trials

in support of the following new dosing regimen:

e Herceptin administered at an 8 mg/kg initial dose as a 90-minute intravenous infusion
followed by 6 mg/kg administered every 3 weeks as 60 minute intravenous infusions. for a

~ total of one year of treatment.

This application contained data from a pharmacokinetic (PK) sub-study within the HERA trial

(BO 16348) and data from two additional studies in patients with metastatlc breast cancer

(WO 16229 and BO 15935). : ,

Key design elements of the study design and pharmacokinetic data collection for each of these
trials, as abstracted from Dr. Men’s review, are reproduced below

e The HERA study is an ongoing, randomized, three-arm, open-label, multicenter study
comparing 1 or 2:years of treatment with Herceptin versus observation. For the HERA PK
substudy, data have been analyzed for 44 patients randomized to the 1-year treatment arm
only. Blood samples for Herceptin serum concentration analysis were collected pre-dose
and extensively from 1.5 hours to 21 days post-dose during Cycles 1 and 13. During Cycle
18, the final administration of Herceptin for patients in the 1-year treatment arm, samples
were collected pre-dose and extensively from 1.5 hours to 42 days post-dose. In addition, a
pre-dose sample was drawn on Day 1 of Cycle 3.

e Study WO 16229 is an open-label, single-arm study of efficacy and safety. Trough
concentrations of Herceptin were collected. The first loading dose of Herceptin was 8
mg/kg, followed 3 weeks later by 6 mg/kg and given thereafter every 3 weeks.

e Study BO15935 is an open label PK study. A loading dose of 8mg/kg of Herceptin was
given i.v. on Day 1 and thereafter a dose of 6mg/kg was administered i.v. every three
weeks. For the first cycle, paclitaxel was given 24 h before Herceptin administration.
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Thereafter, Herceptin was administered together with paclitaxel (175mg/m?) every three
weeks for seven cycles (Cycles 2-8). Herceptin was then continued every three weeks until
progression of disease or until the patient left the study. Patients continuing Herceptin
beyond Cycle 16 entered an extension protocol. The PK parameters were compared
between cycles 4 and 12 for Herceptin and between cycles 1 and 4 for paclitaxel.

5L

5.2

General clinical pharmacology/biopharmaceutics considerations, including
metabolism, half-life, food effects, variability of bioavailability, and pha.rmacologlc
properties other than those related to therapeutic effect.

Dr. Men’s review confirmed the applicant’s characterization of the pharmacokinetic
profile of single agent Herceptin in the proposed dosing regimen. Specifically, she
confirmed that the mean half-life is 16.2 days (range: 11.0 - 22.8 days) and
steady-state concentrations were achieved between weeks 6 and 37, with mean trough
and peak concentrations of 63 meg/mL and 216 meg/mL, respectively.

Drug-drug interactions

Dr. Men noted that pharmacokinetic interactions were explored in one of the PK
studies conducted in combination with taxane chemotherapy. The study results
showed that, on average, paclitaxel Cnay and systemic exposure was 15% lower when
administered in combination with Herceptin compared to that administered alone. Dr.
Men noted that “since efficacy has been demonstrated in the combination therapy,
these observed PK difference is not considered clinically significant.” The conclusion
that efficacy is not impacted has been demonstrated in the original approval (STN
103792.0) in patients with metastatic disease and in patients receiving adjuvant
chemotherapy (STN 103792.5150) in which substantial efficacy was demonstrated
with the addition of Herceptin to paclitaxel.

FDA requested data to support of specific labeling statements in the Clinical
Pharmacology section of the label regarding the effect on shed target’antigen
(extracellular domain of the HER2 receptor) on Herceptin pharmacokinetics. Given
the limited sample size studied and inconsistent results, no conclusions could be drawn
with respect to the relationship between circulating extracellular domain of the HER2
receptor and Herceptin serum trough concentration or clinical responses of Herceptin
using data from Studies BO15935 and WO16229. While lower trough levels are

- observed with the highest shed antigen levels, © @

53.

Pathway of Elimination
No data were provided on pathway of elimination; this issue was adequately addressed
in the original approval for this license application.

. Demographic interactions/special populations:

No population PK data were provided in this application, but have been reviewed
under previous supplements to this license application.
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Based on subgroup analyses, there is no evidence of differences in drug safety or
efficacy in older as compared to younger (<65 years) women. All indications for
Herceptin occur primarily in adult women, so assessment by gender and in children
are not relevant.

5.5. Thorough QT study or other QT assessment:
Studies to assess impact of Herceptin on QT have not been performed. The applicant
has agreed to conduct such studies under a post-marketing commitment (PMC #4) to
this application.

5.6. Notable issues

A TCUUCS5ICA addlt

6. Clinical/Statistical
6.1. General Discussion
The application is supported by a single, randomized, multicenter clinical trial for an
expansion of a previously approved indication (adjuvant treatment of HER2-
overexpressing breast cancer). The design of the study, including primary endpoint, posed
no concerns. The results were robust, observed across all relevant patients subgroups, and
were clinically significant. Patients were randomized at the completion of
adjuvant/neoadjuvant chemotherapy, surgical resection and radiotherapy. As noted, novel
features of the HERA trial were inclusion of women with node negative disease and those
receiving neoadjuvant chemotherapy. All patients with node-negative disease were
required to have primary tumors 2T1¢ and meet the following definition of high-risk
disease (ER and PR negative or ER-positive/ PgR-positive with at least one of the
following: pT > 2 cm, histologic grade 2-3, or age <35 years).

The one-year Herceptin and the observation arms were well balanced for all important
prognostic characteristics. The ITT population consisted primarily of younger women
(median age 49 years) with good performance status (90% ECOG PS 0), and three-quarters
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were from Europe, the Nordic countries or Canada. “Across tumor characteristics there was
a fairly equal distribution of across nodal risk groups with approximately 10% of women
who received neo-adjuvant therapy and approximately one-third each with high-risk node
negative disease, 1-3 positive nodes, and >4 positive lymph nodes and median pathologic
tumor size was 22 mm. Among 1098 women with node-negative disease, 49% (543) had
estrogen and progresterone receptor negative tumors and 47% (512) had ER and/or PgR+
tumors with at least one high-risk feature.- : '

Prior to randomization, 94% of patients had received anthracycline-based chemotherapy
regimens. Approximately two-thirds received anthracycline, but non-taxane-containing
adjuvant chemotherapy and approximately 25% received anthracycline- and taxane-based
adjuvant chemotherapy (the current standard of care in the United States). Definitive
surgical treatment consisted of modified radical mastectomy in approximately half the
patients and lumpectomy in approximately one quarter and 96% underwent axillary node
dissection; three-quarters of the patients also received radiotherapy.

The median duration of follow-up was similar in the 1-year Herceptin (12.65 months) and
observation (12.42 months) arms, however the proportion of patients with DFS events was
lower (7.5% vs. 12.9%) in the Herceptin arm compared to the observation arm. At the
time of the interim analysis, there was a 46% reduction in the risk of disease progression or
death (DFS) among patients receiving Herceptin for up to one year. The Kaplan-Meier

~ curves for DFS begin to separate at approximately 4-6 months and remain separated with
up to two years of follow-up, beyond which there is 1nsufﬁc1ent data to prov1de reasonable
estlmates

Primary Efficacy Analysis on Disease Free Survival

Observation “1-yr Herceptin
. N=1693 N=1693
Number of Patients with DFS events | 219 (12.9%) 127 (7.5%) .
Hazard ratio® 0.54
95% CI : (0.44, 0.67)
p-value (log-rank) , .. <0.0001

. CI=confidence interval;* Efficacy relative to control arm; unstratified Cox regression model

This beneficial treatment effect on DF S is consistent across various subgroups, including
those defined by age (<65 vs. >65 yrs), race (Caucasion vs. non-Caucas1an [predominantly
Asians]), and nodal status (none, 1-3, >4).

Recurrence-Free Surv1va1 (RFS) was a pre-specified secondary efficacy endpoint stated in
the protocol which is calculated from date of randomization to the date of the first local,
regional, or distant tumor recurrence or death. The results of RFS comparison show
nominally statistically significant advantage in favor.of Herceptin arm (p<0.0001;
HR=0.51, [95% CI: 0.40, 0.64]).
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Distant Disease-Free Survival (DDFS) was an additional, secondary efficacy endpoint pre-
specified in the protocol. (DDFS) was calculated from the date of randomization to the
first distant tumor recurrence, second primary cancer, or contralateral breast cancer, or
death, whichever occurred first. Local and regional recurrences are not considered events
in the calculation of DDFS. The results of the DDFS comparison also show nominally
statistically significant advantage in favor of 1-year Herceptin arm (p<0. (}01 stratified log-
rank test; HR=0.50, [95% CI: 0.39, 0.64])

6.2. Efficacy

6.2.1.

6.2.2.

6.2.3.

Dose identification/selection and limitations

The dose and schedule selected is based on pharmacologic modeling, iz

__ | . The basis
for this trough level is derived from non-clinical studies, however, the relevance
of this non-clinical data to clinical safety and efficacy is not known and has not
been established.

Phase 3/essential clinical studies, including design and analytic features

The primary efficacy study is an open-label, randomized, dose-ranging and
observational controlled trial, in which Herceptin is given as an adjunct to the
current standard of care (surgery, radiotherapy, chemotherapy, and in ER/PgR-
positive patients, hormonal therapy) The comparator arm represents the
standard of care.

The primary and several key secondary composite efficacy endpoints provide
mutually supportive evidence that Herceptin delays the time to disease
recurrence, second primary breast cancer, or death (disease-free survival
[DES]), an endpoint that is an accepted measure of clinical benefit in supporting
claims of efficacy for adjuvant treatment of solid tumors. Although the study
arms were not blinded to treatment assignment, the diagnosis of recurrence is
often pathologically confirmed and care in the confirmation of such events is
generally more stringent because of the clinical importance of such a finding in
terms of patient outcomes and management. Typically, the Agency has not
required an independent radiologic/clinical confirmation of disease recurrence
as it does for disease progression in metastatic solid tumors in open-label
efficacy trials. There were too few deaths at the time of the interim analysis for
DFS to conduct a meaningful analysis of overall survival (OS) for efficacy.
Data regarding survival provided in the application are reviewed for safety
signals whereas an analysis of OS for efficacy will be provided under an agreed
upon PMC, when the specified number of deaths triggers a protocol-specified
analysis for treatment effect.

Other efficacy studies

No additional efficacy studies were provided, however the findings in the
HERA trial are consistent with the findings in the NCCTG N9831 and NSABP
B31 joint analysis which supported the efficacy supplement (STN
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103792.5150) for adjuvant treatment of HER2 oVerexpressing breast cancer
using -a weekly Herceptin dosing regimen.’

6.2.4. Discussion of primary and secondary reviewers’ comments and conclusions
- The primary and secondary clinical and statistical reviewers recommended
approval, under the final labeling and associated post-marketing commitments.

6.2.5. Pediatric use/PREA waivers/deferrals
A wavier from the requirement to conduct pediatric studies under PREA has
been granted because the indicated disease does not occur in children.

6.2.6. Notable issues _

No data were provided in the clinical study report for one of the two treatment

- arms in the HERA trial.; this was the study arm that utilized a longer duration
of Herceptin therapy (2 years of treatment). This information was requested by
FDA prior to and during the review of this application, however the study
steering committee refused to release the data to Roche, the supporting
.corporate entity. The applicant (Genentech) has obtained agreement from the

- study steering commitment to provide the results from this study arm in the
future. The applicant will submit a final clinical study report containing data
from the 2-year treatment arm under an agreed-upon post-marketmg
commitment.

6.3. Safety
6.3.1. General safety considerations

The safety dataset includes information from 1672 women, of whom at least
half received all planned treatment. The study required routine collection of
biochemical and hematology laboratory values and regularly scheduled clinic
visits in both treatment arms. The frequency of assessment (clinic visits) was
higher in the Herceptin arm, thus any bias in safety data collection tends to
favor the control rather than the treatment arm. In addition, serial assessment of
serial left ventricular ejection fractions (LVEF) were obtained in both treatment
arms to assess for impact on myocardial function. The frequency of cardiac
assessments was sufficient to detect subclinical disease and the frequency of
clinic visits was sufficient to assess for overt/symptomatic cardiomyopathy.
Non-laboratory adverse event data was coded in MedDRA version 7.1 for all 5
levels of the hierarchy, which permitted analysis using standard medical queries
and laboratory data were provided in uniform units of measure. -

In the 120-day safety update, there was inclusion of safety data obtained
beyond the data cut-off point. This issue was problematic in that a protocol
amendment activated after the date of database cut-off, permitted cross-over of
patients in the control arm to treatment and re-randomization of patients in the
one-year arm to one or to two years of treatment. Resolution of these issues
prolonged the time to completion of the review of this supplement.
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6.3.2. Safety findings from submitted clinical trials
Safety information was provided only from the HERA trial (BO 16348). The
safety database included 1678 patients in the Herceptin group, consisting of all
patients who received one or more doses of Herceptin regardless of
randomization assignment, and 1708 patients in the observation group,
consisting of all patients who did not receive Herceptin prior to disease-
progression or analysis data cut-off date of March 2005, regardless of
randomization assignment. In this population, the most common (= 5%)
adverse reations in the Herceptin-treated patients were headache, arthralgia,
nasopharyngitis, fatigue, diarrhea, nausea, pyrexia, back pain, and chills.

The most serious adverse reaction is cardiomyopathy, which was also the most
common reason for study treatment discontinuation and for dose modification.
As observed in previous studies, the incidence of clinically symptomatic
cardiomyopathy was increased by approximately 6-fold (2% [30/1678] vs.
0.3% [5/1708]) in Herceptin-treated patients compared with controls and the
incidence of objective evidence of myocardial dysfunction (LVEF <50% with
>16% decline compared to baseline LVEF) was increased by three-fold (3.8%
'[64/1678] vs. 1.2% [20/1708]). The incidence of NCI CTC grades 1 and 2
cardiomyopathy were approximately 2-fold higher among Herceptin-treated
patients compared with controls. '

An additional serious adverse reaction of Herceptin that was identified in the
HERA study and further confirmed by review of spontaneous post-marketing
adverse reaction reports, was pulmonary signs and symptoms falling under the
general term of interstitial lung disease (4 cases in Herceptin-treated patients
compared with none in the observation group). This finding has also been
observed in other studies, however routine evaluation with radiologic studies
and pathologic evaluation is uncommon, thus the specific pathology is
uncertain. '

In addition, a review was conducted of post-marketing reports of pregnancy
occurring in women receiving Herceptin, based on the likelihood of pregnancy
in women receiving adjuvant chemotherapy and to follow-up on inconclusive
reports of oligohydramnios in women receiving Herceptin in combination with
multiple other drugs, including anti-neoplastic therapy. In this review, new
cases of oligohydramnios, including compelling reports of positive rechallenge
and dechallenge, were identified in women receiving single agent Herceptin.
The mechanism by which Herceptin may cause these findings is not
established, however effects on fetal development and nephrotoxic effects have
been postulated. Based on these reports, product labeling has been
strengthened and updated with this information and directions for patient
monitoring and management. The applicant has also agreed to establish a
registry for collection of data on maternal, fetal, and infant outcomes in women
who use Herceptin during pregnancy.
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6.3.3. Safety update

At FDA’s request during a pre-submission meeting, the safety update which

- was submitted on April 20, 2007, was to be limited to case report forms and
narrative summaries for previously unreported serious and unexpected adverse
events. It was upon review of this submission that FDA first became aware of
post-analysis amendments permitting cross-over and re-randomization, as
discussed in 6.3.1 of this summary review memo, since some reports contained
adverse events in patients originally randomized to observation who
subsequently received Herceptin or among patients in the one-year arm who
were re-randomized to two years of Herceptin. No substantive new
information was provided in the 120-day safety update, however the
information raised concerns about loss of control and one-year treatment arms
for future comparisons of incidence rates and determination of long-term or
delayed toxicities through this loss of randomized comparator groups.

6.3.4. Immunogenicity, where pertinent
The protocol did not require the collection of baseline and serial post-treatment
samples to assess for anti-product antibodies. Given the efficacy results and
lack of safety signals regarding immunogenic responses, the lack of such data
was not considered important enough to impact a decision regarding approval

- of this supplemental indication.

6.3.5. Special safety concerns
Safety concerns of special interest include the myocardial dysfunction,
interstitial lung disease/interstitial pneumonitis, and adverse outcomes in
pregnant women using Herceptin, including oligohydramnios and impaired
maternal, fetal, and infant outcomes. '

6.3.6. Discussion of primary and secondary reviewers’ comments and conclusions
The primary and secondary reviewers concurred that the risks of treatment are
manageable or monitorable in the short-term. Further, the clinical reviewers
agree that these risks are acceptable in light of the benefits, however continued
assessment is necessary to evaluate for delayed effects, particularly myocardial
dysfunction. These data will be collected and provided under agreed-upon
post-marketing commitments associated with this application and BL STN
103792.5150.

6.3.7. Notable issues :
There were no additional issues regarding safety beyond those discussed in
earlier sections of this summary review memo. .

6.4. Clinical Microbiology
Clinical microbiology data were not provided or requested for inclusion because such
data are not relevant to this product or proposed indication.
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7.

Advisory Committee Meeting

An advisory committee meeting was not convened because of the magnitude and
statistically robust effects on disease-free survival which were compelling as well asl
consistent with results in the adjuvant patient population reviewed under BL STN
103792.5150 and supported by clinical efficacy data in patients with metastatic disease
(original approval) and no safety findings were identified in the application which were
considered to potentially outweigh the benefits of treatment.

Risk Minimization Action Plan
8.1. General considerations on the need for, and goals of, any RiskMAP
No formal RiskMAP was developed; Safety concerns (cardiac toxicity and
pregnancy/fetal outcomes) will be further assessed under agreed-upon post-marketing
commifments for long-term study data and data collection within a pregnancy registry.
8.2. Important issues
No additional issues.

Other Regulatory Issues
9.1. Application Integrity Policy (AIP) _None identified.
9.2. Exclusmty/patent issues — Not apphcable for products regulated under the PHS Act.

10. Financial Disclosure

There was no evidence of substantive financial conflicts of interest as self-reportcd by study
investigators. Reporting information was generally complete. In addition, given the size of
the study and the small percentage of study subjects enrolled at any individual site, the study
results could not have been impacted by individual investigators/clinical study sites.

11. Labeling

11.1. Proprietary name
: The proprietary name was approved in 1998 and no new safety concerns(e.g.,
medication errors) have arisen with the current name..
11.2. Physician labeling
All major issues were resolved. A summary of changes and rationale are listed
below:
Indications and Usage
e Added indication for use following adjuvant chemotherapy, modified
applicant’s proposed wording ®@ for consistency
with other approved indications, we
: , and added clarifying
description of the node-negative patient population “>T1c, high risk” to
specify subpopulation in which benefit is demonstrated.
e Revised this section for brevity and critical elcments
Dosage and Administration
e Deleted initial capitalized statement for brevity )

e Revised section 2.1 for brevity, critical content, and active voice. O®
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e Revised Section 2.2 for brevity, critical content, and active voice; deleted
®@

e Revised section 2.3 for brevity, critical content and active voice. Moved
statement on inspection of particulates; added storage information following
reconstitution; : _ O

Dosage Forms and Strengths

s Revised for brevity and critical content

Warnings and Precautions _

~ @ Section 5.1 revised to include new information from Study 3; Study 3

information integrated with Study 1 & 2 data; revised for brevity, critical

content, and active voice. Re-ordered to provide described steps to be taken
to reduce toxicity to early in section. Data regarding incidence of
significant/symptomatic cardiomyopathy for all studies changed from text
to tabular format for prominence and more rapid communication.

Information on )

= Section 5.2 revised for brevity and critical information; second sentence in

"~ last paragraph deleted because of redundancy with last sentence in last
paragraph. |
Section 5.3 revised for brevity and critical information

» Section 5.4 added “interstitial” before pneumonitis as reports in study 3 and
AERS mapped to the MedDRA higher level term “interstitial lung disease™.
Because ILD.should be pathologically confirmed (which did not happen in
the clinical studies), such events are classified as interstitial pneumonitis
throughout the PL.

* Section 5.5 revised to include information e

regarding the importance of assay methodology in interpreting
results; revised for brevity and critical information (removed sentences 2
and 3 from first paragraph)

e Section 5.6 (Embryofetal toxicity) added to Warnings and Precautions
section with change in pregnancy category from C to D.

Adverse Reactions

¢ Revised for consistency with Guidance documents, to first summarize most
serious and most common adverse reactions. _

e Data from clinical studies summarized under section 6.1 with adjuvant and
metastatic disease treatment studies combined under this section. Tables
presenting adverse reactions moved to front of this section and more
detailed discussion of specific adverse reactions follow i
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®® table from Study 3, as

Study 3 had longer and more complete patient follow-up and more complete
assessment of all adverse reactions.
Supplementary information from Studies 1 & 2 described in text. In
description of cardiomyopathy, b

replaced with data on objective LVEF findings and
integrated with results of Study 3. Interpretation of LVEF data more readily
understandable, can be displayed consistently across studies, and not
filtered by interpretations of symptoms. Included figures with time-to-first
LVEF event to provide information cardiac risks over time from Study 3
and Studies 1 & 2, as easier to read/interpret than previous tables with
similar information.
Subsection on pulmonary toxicity revised to more clearly identify events in
the adjuvant and metastatic disease settings.
Remaining subsections revised to include any new information from Study
3 and for brevity and critical information.
Added Section 6.3 on Post-Marketing| o

Drug Interactions

Revised to include information from pharmacokinetic studies in this
application, evaluating effects of Herceptin on docetaxel and on pacl;taxel
pharmacokinetics.

Use in Specific Population

Section 8.1 changed to pregnancy category D based on additional reports
with single agent Herceptin of oligohydramnios. Updated to reflect
additional reports, to describe patient management and monitoring, and to
recommend that pregnancy women enroll in Cancer and Childbirth
Registry.

Section 8.3 revised to provide more detail on NHP studies and to clarify
likelihood of exposure to infants based on published information.

Description

Revised for brevity and critical content.

Clinical Pharmacology

Section 12.1 revised for brevity; non-essential information on &
deleted. Title of section changed
for consistency with Guidance documents and labeling regulations.

Section 12.2 revised to include pharmacokinetic information from Study 3,
to include results of studies assessing effects of highest levels of HER2-
receptor shed antigen on trastuzumab pharmacokinetics, and to include
information on effects of trastuzumab on taxane pharmacokmetl.c profile.

Nonclinical Toxicology

®® Studies to assess mutagenesis revised for
brevity and critical information. Information on fertility studies revised to
include information regarding aspect of fertility evaluated and lack of
information in males. _
Added subsection 13.2 on reproductive toxicology and moved information
previously described in Pregnancy section (8.1).
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Clinical Studies

e Retitled sections for easier identification of section of interest.

e Integrated information on Studies 1,2, and 3 in the same section (14.1).
o ®® for brevity
®®  Added details regarding study design/node negative

patient population, for Study 3. LA

¢ Re-ordered tables in section 14.2 so that Herceptin column comes first

(before control arm)
. @

@

How Supplied

e Minor revisions for clarity

Patient Counseling

e Revised for brevity and active voice

11.3. Carton and immediate container labels
No concerns were noted regarding carton or container labels
11.4. Patient labeling/Medication guide
Neither patient labeling nor a medication guide was considered for this agent,
which must be administered in a hospital or clinic infusion center.
12. DSI Audits

Biomonitoring inspections were not requested because of the large number of study sites with
relatively few patients enrolled per site, such that no one site could have substantially altered
study findings. In addition, the results of these trial are consistent with safety and efficacy
findings in previous controlled trials in the adjuvant and metastatic disease setting, which are
mutually supportive of each other. '

13. Conclusions and Recommendations

13»1.’

13.2.

Regulatory action -

All members of the review team (primary and secondary reviewers)
recommended approval. My recommendation is also for approval with revised
labeling and post-marketing commitments as agreed-upon with the applicant.

Safety concerns to be followed postmarketing

The primary safety concern in this population would be those which result in
death or long-term disability. The major toxicity which falls into this category
is myocardial dysfunction, a previously well-known adverse reaction of
Herceptin. The mechanism by which Herceptin causes this effect is unknown.
The incidence and severity of myocardial dysfunction during or shortly
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following completion of Herceptin has been roughly determined in several
settings, however late effects and long-term outcomes are less well known and
will be evaluated under post-marketing commitments with continued patient
monitoring in this and in other clinical trials.

Two additional safety concerns will also be further evaluated: 1) the risks and
maternal/fetal/infant outcomes of oligohydramnios in pregnant women using
Herceptin, under PMC #3 and 2) the risks of interstitial lung disease, which is
best evaluated in future controlled clinical trials, supplemented by regular re-
assessment of spontaneous post-marketing reports. .

13.3. Risk Minimization Action Plan, if any
In consultation with the Maternal Health Team (Dr. Karen Feibus) and as
agreed to by Genentech, Inc., product labeling was updated in include new
information regarding reports of oligohydramnios, with specific
recommendations for patient management and monitoring in pregnant women
who elect to continue Herceptin. In addition, Genentech has committed to the
following commitment (PMC #3, below) in order to gather more detailed
information and track outcomes in pregnant women using Herceptin in a patient

registry:

e To submit a protocol for review for a prospectively and actively enrolled
pregnancy registry that will collect information assessing pregnancy
complications and birth outcomes in women with breast cancer exposed to a
Herceptin-containing regimen prior to conception or during pregnancy.
Notice of a pregnancy registry and the telephone contact number will be
included in the package insert. A proposal, including a prospective protocol
for FDA review will be submitted to FDA by June 30, 2008. The registry
will become active by December 31, 2008, and interim reports of all data
collected will be submitted on an annual basis to FDA through December
31,20109. '

134. Postmarketing studies
13.4.1. Required studies:
There are no required studies under PREA because the indication approved is
expected to occur very rarely if at all in children. The approval for this
supplement was granted under regular approval and they required studies under
21 CFR 601 Subpart E do not apply.

13.4.2. Commitments (PMCs)
PMC #1 (below) was requested by FDA because of concerns that the optimal
duration of Herceptin therapy has not been established and the findings of the
2-yr arm should address whether a longer duration is more or less effective and
whether such prolonged use substantially increases toxicity.
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13.4.3
13.5.

13.6.

To provide a final clinical study report (CSR) of the safety and efficacy of
2-years of trastuzumab treatment in Study BO16348 (HERA)in order to
provide a final analysis of cardiac toxicity based on serial ejection fraction
monitoring, characterizing the cumulative incidence, severity, duration and
reversibility. The final study report will include the primary datasets and
programs for generation of analyses; analyses will include, but not be
limited to the analyses described in the statistical analysis plan. The final

- CSR will be submitted by December 31, 2013. If the results from the 2-

year trastuzumab arm are released by the IDMC at the interim analysis, then
the final CSR will be submitted by December 31, 2009.

PMC #2 (below) was requested by FDA to allow further characterization of the
delayed toxicity, specifically with relationship new or worsening cardiac

‘toxicity over time, in women receiving up to one year of Herceptin.

To provide updated safety information of the observation and 1-year
trastuzumab arms in Study BO16348 (HERA). Interim cardiac safety
updates (narratives of new primary or secondary cardiac events) will be
provided on an annual basis beginning in December 2008 and continuing
until the time of the final CSR, which will be submitted by December 31,
2013. If the results from the 2-year trastuzumab arm are released by the
IDMC at the interim ana1y31s then the CSR will be submitted by December
31, 2009.

PMC #4 (below) was requested by FDA to assess for potential effects on
cardiac conduction, in accordance with ICH E14 guidance.

To conduct a QT protocol according to the principles of ICH E14: The
Clinical Evaluation of QT/QTc Interval Prolongation and Proarrhythmic
Potential for Non-Antiarrhythmic Drugs (Section IID) in a minimum of 50
subjects receiving trastuzumab. A detailed protocol for this study will be
submitted by September 30, 2008. The study will be initiated by March 31,
2009, and will be completed by 31 March, 2013. A final study report will
be submitted by September 30, 2013. A supplement with rev1sed labeling,
if applicable, will be submitted by March 31, 2014.

. Other agreements: None

Summary of reviewers’ comments: None

Comments to be conveyed to the applicant: None
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1. EXECUTIVE SUMMARY

1.1 Recommendation on Regulatory Action

It is the recommendation of this reviewer to approve the BLA efficacy supplement STN
103792/5175, for the use of HERCEPTIN™ (Trastuzumab), at the recommended dose for
early stage HER2-overexpressing breast cancer for both node positive and node negative
-disease greater than one centimeter, following multi-modality, anthracycline based
chemotherapy. '

The recommendation for approval is based on the interim results comparing two of the
three, protocol-specified treatment arms in Study BO16348 (HERA); the comparison is
between patients randomized to 1-year of Herceptin post-chemotherapy or to no Herceptin
therapy (referred to as “observation only”). HERA is single, randomized, open label,
multicenter study conducted outside the United States. With a total of 3386 women
randomized between the two arms, the study demonstrated a clinically important and
statistically significant prolongation in disease free survival (DFS), (p<0.0001 based on
log-rank test; hazard ratio=0.54, 95%CI=[0.44, 0.67]). This manifested as an absolute
difference in K-M estimated 2-year DFS of 7.6% , favoring the 1-year Herceptin arm. An
unplanned analysis of overall survival, conducted at the time of the interim analysis of DFS
at FDA’s request, did not suggest worse survival in the Herceptin treatment arm. This is a
supplemental application for an agent previously approved for treatment of metastatic
breast cancer and adjuvant therapy in node positive breast cancer. Safety signals contained
in this submission are similar to those previously identified; the most important toxicity of
HERCEPTIN™ is cardiomyopathy, which can be fatal and serious. In addition the
following safety signals were identified or better characterized:

e The risk of a clinically important reduction in left ventricular ejection fraction
(LVEF) of below 50% and ten percentage points below baseline LVEF, which is
three times higher than the risk of cardiomyopathy in patients receiving not
Herceptin.

e Pregnancy category was elevated to a D from a B based on compelling post
marketing data for oligohydramnios in dechallenge and rechallenge of Herceptin
and a pregnancy registry commitment from the applicant.

Hypertension and arrhythmias was added to warnings and precautions of the label.
¢ Interstitial pneumonitis was added to the black box warning.

1.2 Recommendation on Postmarketing Actions

1.2.1 Risk Management Activity

The planned risk management activities include an agreed-upon PMC for collection of
additional information on risks of Herceptin to pregnant women and fetuses.

To submit a protocol for review for a prospectively and actively enrolled pregnancy
registry that will collect information assessing pregnancy complications and birth
outcomes in women with breast cancer exposed to a Herceptin-containing regimen
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prior to conception or during pregnancy. Notice of a pregnancy registry and the
telephone contact number will be included in the package insert. A proposal, including
a prospective protocol for FDA review will be submitted to FDA by June 30, 2008.
The registry will become active by December 31, 2008, and interim reports of all data
collected will be submitted on an annual basis to FDA through December 31, 2019.

This PMC was generated in conjunction with consultants from the Maternal-Fetal Health
Team. For details, see consult reviews by Dr. Karen Feibus.

1.2.2 Required Phase 4 Commitments

There are no post-marketing commitments required because regular approval is
granted under 21 CFR 601 and a waiver is granted for required PMCs under PREA
because the indication (HER-2 overexpressing, surgically resected breast cancer)
does not occur in the pediatric population.

1.2.3 Other Phase 4 Requests

1.

Safety and Efficacy of the 2-year Trastuzumab Arm in HERA

To provide a final clinical study report (CSR) of the safety and efficacy of 2-years
of trastuzumab treatment in Study BO16348 (HERA)in order to provide a final
analysis of cardiac toxicity based on serial ejection fraction monitoring,
characterizing the cumulative incidence, severity, duration and reversibility. The
final study report will include the primary datasets and programs for generation of
analyses; analyses will include, but not be limited to the analyses described in the
statistical analysis plan. The final CSR will be submitted by December 31,2013. If
the results from the 2-year trastuzumab arm are released by the IDMC at the interim
analysis, then the final CSR will be submitted by December 31, 2009.

Updated Safety of the Observation and 1-year Trastuzumab Arms in HERA
To provide updated safety information of the observation and 1-year trastuzumab
arms in Study BO16348 (HERA). Interim cardiac safety updates (narratives of new
primary or secondary cardiac events) will be provided on an annual basis beginning
in December 2008 and continuing until the time of the final CSR, which will be
submitted by December 31, 2013. If the results from the 2-year trastuzumab arm
are released by the IDMC at the interim analysis, then the CSR will be submitted by
December 31, 2009.

To perform a QT Study

To conduct a QT protocol according to the principles of ICH E14: The Clinical
Evaluation of QT/QTc Interval Prolongation and Proarrhythmic Potential for Non-
Antiarrhythmic Drugs (Section IID) in a minimum of 50 subjects receiving
trastuzumab. A detailed protocol for this study will be submitted by September 30,
2008. The study will be initiated by March 31, 2009, and will be completed by
March 31, 2013. A final study report will be submitted by September-30, 2013. A
supplement with revised labeling, if applicable, will be submitted by March 31,
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2014.

1.3 Summary of Clinical Fmdmgs

1.3.1 Brief Overview of Chmcal Program

Trastuzumab is a recombinant DNA-derived humanized monoclonal antibody that
selectively binds with high affinity to the extracellular domain of the human epidermal
growth factor receptor 2 protein, HER2. The antibody is an IgG, kappa that contains
human framework regions with the complimentarity-determining regions of a murine
antibody (4D5) that binds to HER2. rastuzumab is produced by a mammalian cell
(Chinese Hamster Ovary [CHOY}) suspension culture in a nutrient medium containing the
antibiotic gentamicin. Gentamicin is not detectable in the final product. The only route of
administration is intravenous.  The requested indication is for adjuvant treatment of
primary invasive breast cancer in tumors that overexpress HER2, and have either node
positive or high-risk, node-negative disease. Herceptin is administered every three weeks
for 52 weeks, initiated after surgical resection and completion of (neo) adjuvant
chemotherapy and radiation,.

The clinical program leading to this submission consisted of a single trial conducted
outside the United States. The applicant submitted interim results of study BO16348, the
Herceptin Adjuvant (HERA) trial was an international, multi-center, open-labeled
randomized three-arm trial comparing 1 year and 2 years of Herceptin to observation
alone. This study was conducted in multiple centers outside the United States and was
supported by F. Hoffman-La Roche, the European marketer of trastuzumab. The applicant
for this efficacy supplement is Genentech Oncology, the U.S. license holder. .

The clinical prdtoéol for the HERA study was not submitted to the US IND until 2006,
after the conduct of the interim analysis and dissemination of the study results and thus no
Special Protocol Assessment (SPA) was requested or performed for study BO16348
(HERA).

The BO16348 trial was a randomized, open-label, three arm study comparing the addition
of either 1 year or 2 years of Herceptin following completion of chemotherapy to no
additional treatment (observation) after completion of the standard of care (surgery,
adjuvant chemotherapy) for the adjuvant treatment of women with surgically resectable,
HER2-overexpressing breast cancer. Women in all three arms were also to receive, as
appropriate, hormonal therapy and radiation in accordance with the standard of care, based
on surgical treatment/results and estrogen or progesterone receptor expression in the

~ tumor. There were a total of 5079 women enrolled and randomized to one of the three
study arms. The total number of subjects registered and randomized to the one-year
Herceptin and to the “no Herceptin™ (observation) arms was 3386; this constitute the
intent-to-treat population evaluated in analyses of efficacy. The intent to treat population
contained 1693 subjects each in the observation and one-year Herceptin arms. The safety
analysis population consisted of treatment administered rather than assigned, with 1708
women who received no Herceptin evaluated for safety in the observation group and 1678
women who received one or more doses of Herceptin evaluated in the Herceptin treatment
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group.

This is the second trial demonstrating a clinically meaningful and highly significant
improvement in disease-free survival with the addition of Herceptin to adjuvant
chemotherapy for the treatment of HER2 overexpressing breast cancer. The safety and
efficacy results of BO16348 (HERA) trial are consistent with the findings of the joint
analysis of NSABP-B31 and NCCTG N9831, which supported the first labeling expansion
of Herceptin for adjuvant treatment of HER-2 positive breast cancer.

This application supports further expansion of the label to include adjuvant treatment of
women with early-stage, node- negative HER2-overexpressing breast cancer whose
tumors are greater than one centimeter (T1cNO) as well as confirmation of treatment effect
in node-positive disease. Adjuvant chemotherapy consisted of anthracycline-based,
combination chemotherapy in 94% of the population. The application also supports an new
dosing regimen as follows: C '

¢ Initiation of Herceptin following completion of all chemotherapy. Administer
Herceptin at an initial dose of 8 mg/kg followed by subsequent doses of 6 mg/kg
every three weeks for a total of 17 doses (52 weeks of therapy). Administer as a 90
minute intravenous infusion. '

The clinical safety data obtained in this study was collected at protocol-specified serial
timepoints, and coded in MedDRA, version 7.1 and supplemented toxicity severity
grading using the NCI CTCAE version 2.0, for non-cardiac adverse events and coded for
severity according to the New York Heart Association (NYHA) classification system for
symptomatic congestive heart failure. Post-marketing surveillance using the adverse
events reporting system (AERS) was utilized for confirmation of new safety signals.

1.3.2 Efficacy

The clinical data submitted in support of the proposed indication was derived from interim
analysis of a single, randomized, open label, multicenter study, Study BO16348 (HERA).
Data were submitted by the applicant only from two of the three study arms: the one-year
Herceptin and observation arms. Across these two arms, a total of 3386 women were
randomized to either one year of Herceptin (n=1693) or observation (n=1693) following
completion of chemotherapy and the trial was designed to assess the impact of Herceptin
therapy on disease-free survival (DFS) as the primary objective.

- Randomization was 1:1:1, one-year Herceptin versus two-year Herceptin versus
observation. Prior to randomization, patients were stratified for a number of factors; age,
geographical region, nodal status, hormone receptor status and associated endocrine
therapy, type of previous adjuvant chemotherapy regimen, and ECOG Performance status
ECOG (0 vs. 1). A minimization procedure according to Pocock and Simon was used for
allocation of subjects to the treatment arms in order to secure a balance between the
treatments for stratification factors. For subjects randomized to the one-year Herceptin
arm, therapy began after surgery and completion of (neo) adjuvant chemotherapy and/or
radiation. The initial dose of Herceptin was 8 mg/kg IV followed by doses of 6 mg/kg IV
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three weeks later and every subsequent three weeks for one year (52 weeks). The schedule
of assessments for disease status and toxicity was identical across treatment arms.

The primary efficacy endpoint was disease free survival (DFS), as defined in the next
paragraph. Secondary efficacy endpoints overall survival (OS), recurrence-free surv1val
(RFS), and distant disease-free survival (DDFS)

The primary efficacy endpoint of DFS was measured from the date of randomization to the
date of the first DFS-defining event. A DFS event included any of the following: any loco-
. regional or distant recurrence of breast cancer, the development of a secondary primary
cancer other than basal or squamous carcinoma of the skin and carcinoma in situ of the
cervix, and death from any-cause. Lobular carcinoma in situ (LCIS) was not considered a
DFS-defining event. Diagnosis of a second cancer had to be confirmed histologically
whenever possible. The diagnosis of first breast cancer recurrence could be made only
when both clinical and laboratory findings met the criteria for loco-regional or distant.
recurrence. :

The study opened for enrollment on November 30, 2001, the data cut-off date for the
interim analysis was March 29, 2005, and the interim analysis was performed on April 25,
2005. Data clean-up continued over the 6 months following data cut-off with the database
closure October 7, 2005. The date interim analysis was performed on April 25, 2005.

At the time of the interim analysis, the median duration of follow-up was similar across
both arms: 1-year Herceptin (12.65 months) and observation (12.42 months).

The interim analysis ‘was planned for each pair-wise comparison (one-year Herceptin vs.
observation and two-year Herceptin vs. observation) after 50% of the planned 951 events
for the final analysis of that pair-wise comparison had occurred (e.g., 475 events). A step-
down adjustment procedure of the Bonferroni method was to be used for the pair-wise
comparisons. Based on this procedure, the significance levels for the second pair-wise
‘comparison were 0.001 for the interim analyses and 0.0247 for the final analysis. If the
significance was reached, the significance levels for the second pair-wise comparison were
to be.0.002 for the interim analysis and 0.0494 for the final analysis. This procedure was
to assure that the overall study-wise significance level was controlled at 0.050 level.

The required number of events to conduct the interim analysis for DFS appear to have
occurred by March 2005 for both of the planned pair-wise comparisons, however only the
one-year Herceptin versus observation arm compatison were provided, along with
supporting data, in this supplemental application. The results of the interim analysis
showed significant results in favor of one-year Herceptin arm and the IDMC
recommended to the HERA Steering committee the disclosure of data from 1-year
Herceptin arm and the observation arm.

The interim analysis results demonstrated a beneficial treatment effect on disease-free
survival for the 1-year Herceptin arm in women receiving adjuvant treatment for HER2-
overexpressing breast cancer (p<0.0001 based on log-rank test; hazard ratio of 0.54 [95%
CI: 0.44, 0.67]). This beneficial treatment effect on DFS appears to be consistent across
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various subgroups, such as age, race, nodal status, and HER2 assay results. There were
fewer total DFS events in the one-year Herceptin arm, with 7.5% of patients experiencing a
DFS event compared to 12.9% in the observation arm. There was also a statistically
significant advantage in two-year DFS rates with an absolute increase of 7.6% higher K-M
estimated two-year DFS rates among patients in the 1-year Herceptin arm compared to the
observation arm.

Since the 2-year Herceptin arm data was not submitted and based on the original statistical
plan, the protocol pre-specified comparisons can not be completed. The original statistical
plan was inclusive of the 2-year Herceptin arm data that was not submitted; as a result the
protocol pre-specified comparisons can not be completed. The comparison of 2-year
Herceptin arm to observation arm must be performed in order to determine whether there is
any remaining alpha to test the secondary endpoints. As a consequence, in the current
submission, any further evaluation of secondary efficacy endpoints will not be meaningful.
Overall, the applicant’s primary and secondary endpoints are based on composite measures
which are not well documented, the interpretation of the results is not clear.

1.3.3 Safety

The safety database consists of the following groups: Herceptin group (n =1678) which
included all patients who received one or more doses of Herceptin regardless of
randomization assignment and observation group (n= 1708) which included all patients
who did not receive Herceptin prior to disease-progression or analysis data cut-off date
of March 2005, regardless of randomization assignment.

Exposure information is provided for 1672 patients who received one or more doses of
trastuzumab. The median duration of exposure was 51 weeks. The 25™ % and 75™ % of
duration of Herceptin administration are 33 and 51 weeks respectively.

While the applicant reported the extent of exposure to Herceptin in 1678 subjects, an
analysis performed by the reviewer reveals exposure data in datasets for only 1672
subjects, a six subject discrepancy. The applicant was made aware of this discrepancy
early in the review and provided an explanation amendment 1 to the application. A
limitation of the exposure data it is unclear how many subjects actually completed a full
course of drug. The datasets entitled “EXIT” contains information on the subjects who
completed the study or dlscontmued prematurely from study. One of the variables in this
data set codes as “yes” or “no” whether the subject completed the study. One hundred
ninety-one subjects were coded under both the “yes” and “no” flags.
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Table 1. Duration of Herceptin in the Randomized Treatmént_fOr Efficacy

Lower upper

B_l‘ — - Mean‘ Median Quartile - Quartile M1nImum
Maximum '
1672 - 42.0669856 51.1428571 33.0714286 51.1428571 0.1428571
59.5714286

The Means Procedure
fCalculated using MEDT dataset (last MTENDDT-MTBEGDT +1)/7]

The clinical safety data were captured in datasets using MedDRA coding version 7.1 and
toxicity grading assigned according to NCI CTCAE version 2.0 non-cardiac toxicity and
according to the New York Heart Association (NYHA) classification system for
symptomatic congestive heart failure. Safety data in this application was supplemented by
analyses of the FDA post-marketing survclllance database, AERS (adverse events
reporting system), for confirmation of new safety signals.

Key safety findings concerning Herceptin therapy emerging from study BO163438
(HERA):

o Treatment emergent signs and symptoms were cardiac failure congestive, cardiac failure .
and ejection fraction decreased.

o In the 1 year Herceptin arm there were more grade 3-4 toxicities under Cardiac Disorders
compared to the observation arm: cardiac failure congestive 0.4 % (7/1678) vs. 0%;
cardiac failure .02% (4/1678) vs. 0.1% (1/1708); tachyarrhythmia 0.1 % (2/1678) vs. 0%;
sudden death 0.1% (1/1678) vs. 0%. '

e New information regarding overall incidence of hypertension and arrhythmia not
previously reported in legacy studies revels a higher incidence of both in Herceptin-
treated subjects. The incidence of hypertension is 4% (64/1678) with Herceptin
compared to 2% (35/1708) without Herceptin and the incidence of arrhythm1a is3%
(43/1678) compared to 1% (17/ 1708)

e Common (2 5%) adverse events of any grade with higher incidence (=2%) in the
Herceptin-treated patients were reported as the following: Headache, arthralgia,
nasopharyngitis, fatigue, diarrhea, nausea, pyrexia, back pain, and chills.
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¢ Rare and serious adverse reactions associated with Herceptin are known cardiomyopathy
with an incidence of <1% (2/1678).

e Better characterized risk of clinical significant cardiomyopathy (left ventricular ejection
fraction (L VEF) dropping to less than 50 % and > 10 % point drop from baseline) is
three times higher for subjects receiving Herceptin.

e New finding of interstitial lung disease (4/1678).

‘e Pregnancy category was elevated to a D from a B based on compelling post marketing
data for oligohydramnios.

e A limitation of this application in the safety findings was that safety for the 2 year
Herceptin arm data was not disclosed.

New safety signal of interstitial lung disease (ILD) was flagged with standardized medical
query (SMQ). Cases of ILD were n=4 (0.2%) p-Value = 0.0435. The office of
surveillance and epidemiology (OSE) was consulted. An AERS (adverse event reporting
system) data mining report was generated revealing a disproportionate risk ratio of two
times the expected incidence of ILD in reporting with trastuzumab use.

The incidence of heart failure (composite term combining preferred terms “cardiac failure
congestive” and “cardiac failure™) was 2% among Herceptin-treated patients compared to
0.5% in patients not receiving Herceptin. Further characterization of decline in cardiac
function was captured under preferred term “ejection fraction decreased”; all events were
reported as grade 1-2 in severity and thus were apparently asymptomatic. The incidence of
“ejection fraction decreased” was 3.5 % in Herceptin-treated subjects compared to 0.6% in
patients who received no Herceptin.

1.3.4 Dosing Regimen and Administration

The currently approved, recommended schedule of Herceptin for treatment of both
metastatic and adjuvant treatment of HER2 overexpressing breast cancer is as an
intravenous infusion once every seven days. The approved initial dose is 4 mg/kg
administered over 90 minutes. The recommended subsequent weekly doses is 2 mg/kg
administered over 30 minutes. The recommended duration of therapy in metastatic breast
cancer is until tumor progression. For adjuvant treatment of breast cancer, recommended
duration of therapy is 52 weeks.

The proposed application requests inclusion of the following new dose and schedule in the
adjuvant treatment of HER2-overexpressing breast cancer in women with node-positive
and pre-defined high risk node-negative disease in the product labeling. '
e Aninitial dose of 8 mg/kg as an intravenous infusion administered over 90 minutes
e Subsequent doses of 6 mg/kg as an intravenous infusion administered over 90
minutes every three weeks
e Total duration of treatment of 52 weeks.

13



Clinical Review

Katherine Fedenko

BLA 103972/5175
Trastuzumab HERCEPTIN®

Reviewer comments: The HERA protocol was not conducted under United States IND.
The standard anthracycline used in the HERA clinical trial most frequently was epirubicin
in both arms followed by doxorubicin. In the United States, clinical trials leading to
approval of anthracycline-based chemotherapy regimens use doxorubicin. Overall,
anthracycline therapy with epirubicin was given in 66% of HERA study subjects compared
to 34% treated with doxorubicin-containing adjuvant chemotherapy regimens. The HERA
protocol has data only to support adjuvant single agent use of trastuzumab post-completion
of anthracycline-based chemotherapy, but not use of this dose/schedule in combination
with taxanes.. '

1.3.5 Drug-Drug Interactions

" No formal drug interaction-drug interactions studies were conducted. in support of this
application and none were required because Herceptin is administered as a single agent
(monotherapy) in the proposed indication. However, pharmacokinetic data were provided
for three studies, a subset of 44 patients in the HERA trial and two studies employing the
proposed dose/schedule of Herceptin in combination with taxane-based chemotherapy in
women with HER-2 overexpressing, metastatic breast cancer. These data were used to
investigate the interactions between Herceptin and circulating levels of shed target antigen
(extracellular domain of the HER2/neu receptor which can be detected and measured in the
blood) and interactions between taxane chemotherapy and Herceptin.

1.3.6 Special Populations

Pharmacokinetic data were provided from Studies BO15935 and WO16229, in women with
metastatic breast cancer and in 44 patients in the 1-year treatment arm of the HERA PK
substudy. In the HERA PK substudy, Herceptin serum concentration data were available
from 37 patients at Cycle 1, from 12 patients at Cycle 13, and from 8 patients at Cycle 18
who provided extensive samples. .

Across the pharmacokinetic dataset, there were insufficient numbers of elderly women (age
65 years or greater) or with renal or hepatic dysfunction to permit an assessment of the
impact of these patient factors on Herceptin pharmacokinetics. There are no studies of the
pharmacokinetics of Herceptin in males or in pediatric subjects; in both these groups, the
incidence of HER2-overexpressing breast cancer is expected to be extremely rare.

Given the limited sample size studied and inconsistent results, no conclusions could be
drawn with respect to the relationship between circulating extracellular domain of the
HER?2 receptor and Herceptin serum trough concentration or clinical responses of
Herceptin using data from Studies BO15935 and W016229.

Subgroup analyses of safety and efficacy in the elderly population were conducted. The
proportion of subjects age > 65 years, combining the observation and one year Herceptm
arms, comprised of 7% of the total ITT population (120 women in the one-year Herceptin
arm and 114 in the observation arm). There were insufficient numbers of events in this
subgroup to reliably assess for differential treatment effects in older versus younger
patients. There did not appear to be substantially increased toxicity, particularly cardiac
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toxicity, in older versus younger women.

2. INTRODUCTION AND BACKGROUND

2.1 Product Information

e Established Name: Trastuzumab

e Trade Name: Herceptin

e Pharmacologic Class: Humanized monoclonal antibody

o Target: Selectively binds to the extracellular domain of the human epidermal
growth factor receptor 2 protein, HER2.

e Proposed Indication:

The applicant proposes administration of trastuzumab

* Route of administration: Intravenous

Trastuzumab is produced by a mammalian cell (Chinese Hamster Ovary (CHO])
suspension culture in a nutrient medium containing the antibiotic gentamicin. Gentamicin is
not detectable in the final product. Herceptin is supplied as a sterile, white to pale yellow
preservative-free 1ypholized powder. The nominal content of each Herceptin vial is 440
mg trastuzumab, 400 mg o, a-trehalose dehydrate, 9.9 mg L-histidine HCL, 6.4 mg L-
histidine, and 1.8 mg polysorbate 20, USP. Reconstitution with 20 ml of the supplied
Bacteriostatic Water for Injection (BWFI), USP, containing 1.1% benzyl alcohol as a
preservative, yields a multi-dose solution containing 21 mg/ml trastuzumab, at a Ph of
approximately 6.

2.2 Currently Available Treatment for Indications

In the adjuvant setting for breast cancer there is currently no other product approved for
marketing the target of the human epidermal growth factor receptor 2 protein, HER2.

For node-positive, HER-2 overexpressing, breast cancer the results from studies NSABP B-
31 and NCCTG 9831 resulted in FDA approval in November 2006 for the expanded .
indication of the addition of trastuzumab to chemotherapy treatment regimen containing
doxorubicin, cyclophosphamide, and paclitaxel. This approval was based on a highly robust
and clinically important increase in disease-free survival in Herceptin-treated patients.

2.3 Availability of Proposed Active Ingredient in the United States

Herceptin® is commercially available. It was approved by the FDA in 1998 for use as a
single agent for the treatment of patients with HER2 -over-expressing metastatic HER-
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overexpressing breast cancer who have received one or more chemotherapy regimens for
their metastatic disease and also in combination with paclitaxel for the adjuvant treatment
of patients with HER2 -over-expressing metastatic node-positive HER-2 overexpressmg
breast cancer who have not received chemotherapy for their metastatic disease. In
November 2006 the FDA approved the addition of Herceptin to treatment regimen
containing doxorubicin, cyclophosphamide, and paclitaxel.

2.4 Important Issues with Pharmacologically Related Products
There are no commercially available pharmacologically related products..

Herceptin is the only US-FDA approved antibody product directed against the HER2
receptor. The key safety issues continue to be those reflected in the known black box
warning; cardiac and pulmonary toxicity. Based on safety information derived from the
HERA study and supplemented by voluntary post-marketing reports, the FDA has revised
the product label to provide additional characterization of treatment-induced myocardial
dysfunction and new information regarding interstitial lung disease.

There is one approved drug, lapatinib (Tykerb), a tyrosine kinase inhibitor that is approved
for treatment of HER2-overexpressing metastatic breast cancer that has progressed
following Herceptin therapy, based on evidence of improvement in progression-free
survival and evidence of no decremental effect on overall survival. The toxicity profile of
of lapatinib includes decrease in left ventricular. ejectlon fraction, interstitial lung disease,
and pneumonitis. » :

2.5 Presubmission Regulatory Aciivity :

2.5.1 Regulatory Hlstory of Trastuzumab BlOlOglCS License Apphcatlon

U.S. FDA Marketing Authorization for trastuzumab was granted on September 25, 1988,
for the indication of treatment. of metastatic breast cancer whose tumors overexpressed the
HER?2 protein, as a single agent in women who received one or more chemotherapy
regimens for metastatic disease and in combination with paclitaxel for patients who have
not received chemotherapy for metastatic disease.

Two studies supported initial approval in HER2- overexpressing metastatic breast cancer.
The first study, a randomized open label trial in previously untreated metastatic disease
(n=469) with the endpoint of time to tumor progression (TTP) and the second, a single arm
study in previously untreated metastatic-disease (n=222) with the endpoint of overall
response rate (ORR). . The results of the trials demonstrated patients randomized to
Herceptin and chemotherapy experienced a significantly longer median time to disease
progression, a higher ORR, and a longer median duration of response, as compared with
patients randomized to chemotherapy alone. Patients randomized to Herceptin and
chemotherapy also had a longer median survival.
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An efficacy supplement was approved on November 16, 2006 (BL STN 103792.5150) to
expand labeling claims to include adjuvant treatment of HER2 overxpressing breast cancer.
The data supporting this supplemental application were derived from a combined, interim
analysis of two studies (NCCTG N9831 and NSABP B31), two NCI-funded cooperative
group studies. In both studies, patients were randomized to chemotherapy alone
(doxorubicin and cyclophosphamide every three weeks for four cycles followed by 12
weeks of Taxol (AC—T) or to weekly trastuzumab given weekly following completion of
for cycles of doxorubicin and cyclophosphamide, for one year (AC—TH). The first 12
weeks of trastuzumab therapy was administered concurrently with paclitaxel with the
remainder administered as a single agent. The approval was based on demonstration of a
significant improvement in disease-free survival [The time to recurrence or death among
patients who received trastuzumab and chemotherapy was reduced by 52% compared with
those receiving chemotherapy alone (hazard ration of 0.48; 95% CI: 0.39, 0.59; p < 0.0001
stratified log rank, 2-sided test). An interim analysis of survival was conducted which did
not cross the pre-specified boundary for statistical significance, however there was no
evidence of a shorter survival in the treatment arm.

2.5.2 Regulatory History of this Application

The key milestones in the regulatory history of the current application are summarized in
the following table. The clinical protocol for Study BO16348 (HERA) was first submitted
to the US IND in preparation for the first pre-sBLA submission. The FDA requested that
the original three arms of the study be submitted for review at pre-sBLA meeting on May
31,2006. At asecond pre-sBLA meeting held on November 17, 2006, the FDA requested
IDMC minutes regarding the 2-year Herceptin arm be disclosed. The Breast International
Group (BIG) issued a letter to Genentech responding to FDA request that was submitted as
part of an addendum to the HERA submission ( refer to Appendix A) stating :

“...complying with the FDA request would require us to go against the charter and
recommendations of our own IDMC”.

17



Clinical Review
Katherine Fedenko
BLA 103972/5175

Trastuzumab HERCEPTIN®

, Teble 2. Summary of sBLA Milestones

" (communications in italics)

Pre-Submission History

May 31, 2006

First Pre-sBLA meeting.
- FDA requested arm 3 data from HERA (2- year Herceptin) . Genentech could
not commit to provide this data but did commit to request the data from DMC.

November 20, 2006

Teléconference’ with Genentech at the request of the FDA.
- FDA requests data the from 2- year Herceptin arm including survival data be

Submission History

| included in the proposed supplement. Requeste not granted (see Appendix A).

December 22, 2006

Supplement receipt date

January 30, 2007

Amendment 1: explanation of randomization procedures and neo-adjuvant
chemotherapy regimen dataset

January 31, 2007

Teleconference regarding inadequacy of submitted data structure, requested new

_data sets with data shell examples given

February 13, 2207

Amendment 2: revised datasets submitted

February 15, 2007

Amendment 3: response to manufacturing status of the Herceptin used in HERA
trial )

February 27, 2007

Filing letter

February 28, 2007

Amendment 4: List of 1ndependent Ethlcs Committees (membership lists)

March 6, 2007

74-day deficiency letter

March 29, 2007

Amendment 5: Response to 74-day Deficiency Letter 815 pages.

April 20, 2007

Amendment 6: 120-Day Safety Update

April 24, 2007

Teleconference discussing coding of cardiac endpomts Agency requested GNE to -
review data coding of NYHA vs. CTC v2.0 .

May 8, 2007

Amendment 7: Responseés to March 6, 2007, deficiency letter

June 12, 2007

Teleconference Agency requested status of cardiac endpoints.coding

June 21, 2007

Amendment 8, Responses to April 24, May1 and May 18 2007, teleconference
questlons

{Deleted informal submissions/communications}

July 17, 2007

Teleconference discussing responses to cardiac endpoints coding and proposed
new 5 dataset submission. Formal letter from the Agency. by week’s end.

July 20, 2007

Information request letter

August 20, 2006

Amendment 9: response to 7-20-07 FDA letter containing revised datasets for
cardiac endpoints

January 21, 208

New PDUFA date

The HERA trial results were published in:

¢ October 2005, in the New England Journal of Medicine, which contained limited 2
year Herceptin arm data published;

e January 2007, Lancet; and

e June 2007, Clinical Breast Cancer.

2.6 Other Relevant Background Information

There are 65 countries other than the United States registered for use in adjuvant treatment
of HER-2 overexpressing breast cancer based on the interim analysis of two of the three
arms of study BO16348 (HERA).
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Foreign market approvals include 440 mg and 150 mg strengths. Not all countries are
approved for use in both strengths. In Mexico 150 mg was de-registered and in the
Philippines 440 mg was deregistered and replaced by 150 mg.

3. SIGNIFICANT FINDINGS FROM OTHER REVIEW
DISCIPLINES

3.1 CMC (and Product Microbiology, if Applicable)
For details, see CMC review by Wendy C. Weinberg, Ph.D.

Trastuzumab is an IgG, kappa recombinant DNA-derived humanized monoclonal antibody
that selectively binds with high affinity to the extracellular domain of the human epidermal
_growth factor receptor 2 protein, HER2.

Chemistry, manufacturing, and controls information was submitted to this application to
support the comparability of the product used in the clinical efficacy study to the U.S.
licensed product, Herceptin. Specifically, the CMC review of the process and biochemical
characteristics of EU approved trastuzumab Drug Substance manufactured by Roche in
their Penzberg facility using the v1.0 process compared to trastuzumab manufactured by
Genentech under their FDA license using the v1.0 and v1.1 processes. The HERA study in
this application utilized EU approved Herceptin manufactured at Penzberg by Roche. Dr.
Weinberg concluded that the product used in the clinical study is sufficiently comparable

to the US licensed product to permit extrapolation of the results to the marketed product,
Herceptin. :

In addition, the CMC review considered the acceptability of endotoxin levels of FDA
approved Herceptin at the intended dose for this application and Genentech’s claim of
caiegorica] exclusion. Dr. Weinberg concluded that the dose of 8 mg/kg would yield a
maximum endotoxin exposure of  ®® EU/kg, well within the USP limit of 5 EU/kg and
that the categorical exc[usnon clalm is appropriate.

3.2 Animal Pharmacology/Toxicology

For details, see Toxicology review memo by Anne Pilaro, Ph.D.

No new nonclinical data were submitted in this supplement and none were required to support the
proposed extended labeling claims. However, a review of nonclinical data was required to assess
the accuracy and appropriateness of revised product labeling, specifically to the WARNINGS and
PRECAUTIONS (Section 5.6, Pregnancy Category D), USE IN SPECIFIC POPULATIONS
(Section 8.1, Teratogenic Effects and Section 8.3, Nursing Mothers), and NONCLINICAL
TOXICOLOGY (Section 13.1; Impairment of Fertility and 13.2, Animal Toxicology and/or
Pharmacology) which were modified for compliance to the Physician Labeling Rule (PLR) format.
In order to evaluate the modifications to these sections of the labeling, Genentech submitted pdf
copies of three nonclinical, reproductive and/or developmental toxicology studies with trastuzumab,
conducted in cynomolgus monkeys, for ease of reviewer reference. These studies were previously
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reviewed within the original BLA (BL STN 103792.0000).

Dr. Pilaro concluded that these studies were of appropriate design (e.g., included appropriate dose
range of trastuzumab with resulting exposure margins comparable to human dosing; contained
information on the fetal outcomes and data regarding evaluation of male fertility parameters) to
support the proposed labeling modifications and conversion to PLR format. Based on her review of
these study reports, Dr. Pilaro verified that accuracy of the claims as described in the relevant
sections of the proposed package inseért reviewed under this efficacy supplement.

4. DATA SOURCES, REVIEW STRATEGY, AND DATA
INTEGRITY

4.1 Sources of Clinical Data

The source of data used in this review was derived from a single study, BO 16348, HERA.
The electronic version of the study report and protocol for study BO 16384 were reviewed.
Electronic raw and derived datasets were analyzed using statistical program JMP 6.0. Case
report forms and narratives submitted by the applicant were reviewed and cross-referenced
against the datasets provided by the Applicant. In addition, voluntary post-marketing
surveillance reports from the FDA’s Adverse Event Reporting System (AERS) were
analyzed by review staff in FDA’s Office of Surveillance and Epidemiology and by this
reviewer to verify new safety signals identified in the analysis of the safety datasets for
Study BO 16348.

Raw and Derlved Datasets Rev1ewed
Safety Review - Efficacy Review
AE (adverse event) EFEX ( Efficacy and special safety assessments)
CAB (Cardiac Advisory Board Review) | EFEXLVEF (LVEF) "
CHEMOTX (Prior chemotherapy) EFEXRE (radiological exam)
DEMO (demographic data) . . EFFEXSURYV (disease recutrence and survival)
DIAG (previous and current diseases) * CARDIAC (cardiac\L.VEF data) v
DIED (Death information) . * CARDIC 2 (secondary cardiac LVEF, CAB)
EFEXCE (Cardiac Event) *PAT (efficacy analysis data)
EFEXCQ (cardiac questionnaire) '
EXCL (Exclusions)
EXIT (study completion/discontinuation
HORMTX (hormone therapy)
LABP (Laboratory results)
MEDO (previous and concomitant
treatment)
MEDT (Study drug administration)

4.2 Tables of Clinical Studies

Results of the following studies were submitted as clinical study reports, in summary form,
and supported by datasets containing raw and derived data in support of this submission
(Table 3). :
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Table 3. List of Clinical and Pharmacokinetic Studies

Study l Title | No. of Patients
Efficacy and Safety Data ‘
A randomized phase III multi-center trial for comparison of 1 year
HERA :BO16348 of Herceptin treatment versus observation only in women with 3386
) HER-2 positive primary breast cancer who have completed :
adjuvant therapy. '

Pharmacokinetic Data

A phase Il study to determine the safety, tolerability and .
BO 15935 pharmacokinetics of Herceptin (trastuzumab) and paclitaxel in 31
three weekly combination in women with metastatic breast cancer.

A phase II study of Herceptin monotherapy administered 3 weekly

WO 16229 in women with HER2 overexpression/amplification in metastatic 105
breast cancer, -
4.3 Review Strategy

Study BO 16348 was reviewed for evidence of safety and efficacy. The electronic
submission, with the Clinical Study Reports, Summary of Clinical Safety, Summary of
Clinical Efficacy, and other relevant portions were reviewed. Throughout the review
process, consistency between the SAS dataset entries and case report forms (CRFs )was
examined. Major efficacy and safety analyses were reproduced using raw datasets in JMP.
In addition statistical, pharmacology/toxicology, and product reviewers were part of the .
multi-disciplinary approach.

4.4 Data Quality and Integrity

Early in the review process issues of data quality were identified regarding the organization
of the data within the dataset, which did not permit ease of analysis. The applicant
addressed FDA’s concerns through submission of datasets in a revised structure in
amendment 2. The applicant could not comment on the quality assurance monitoring
program during data collection as conducted by the European cooperative group or as
supplemented by monitoring or auditing by F. Hoffman-La Roche.

Because this is the second study in the treatment of adjuvant breast cancer and the HERA
data were consistent with the results of the previous trial, as well as the fact that the trial
was conducted by an experienced cooperative group and the clinical trial results were
consistent across study sites, FDA did not request source data verification and auditing of
study sites through FDA’s Division of Scientific Integrity.

4.5 Compliance with Good Clinical Practices

Included in the BLS was a statement of compliance with the principles outlined in the
“Guideline for Good Clinical Practice: ICH Tripartite Guideline (January 1997) based on
the principles of the Declaration of Helsinki (1996) or with the laws and regulations of the
country in which the research was conducted, which ever afforded a greater protection to
the subject.
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The study was supervised by an Independent Data Monitoring Committee (IDMC). The
IDMC was to be composed of medical oncologists, a statistician, cardiologists, and a
patient representative. The members of the IDMC would be independent of the trial. The
purpose of the IDMC was to ensure the protection of subjects participating in the HERA
trial. Both safety and ethical conduct of the study was monitored. The IDMC was

- responsible for the review of safety data, with primary focus on cardiac safety and efficacy
at estimated six month intervals. The IDMC was to provided the Steering Committee
(SC) of HERA with written recommendations to either modify/stop the trial, make the
interim study results public, or to continue the trial unchanged. However, the final decision
to amend the protocol or discontinue the trial would be taken by the Steering Committee.
The responsibility of the Steering Committee in the protocol was not defined. There was
alsoan Executive committee (EC) with the responsibility of management of day-to-day
issues during the conduct of the trial.

On May 31, 2006, in a teleconference with Genentech, the FDA requested minutes to be
included in the supplemental BLA submission, including the IDMC meeting noting that the
interim results of the 2 year Herceptin arm should not be disclosed at this time. The sBLA
submission did not contain the requested information.

4.6 Financial Disclosures

The major randomized, controlled trial is the only study submitted with this application
with a design adequate for registration. Per the Applicant’s report, financial disclosure
information was available for 2853 of 2945 (97%) investigators and subinvestigators that
participated and enrolled patients in the 1 year Herceptin and observation only arms of
HERA. Of the 2853 respondents, there were 2 investigators (one principal investigator and
one subinvestigator) who recorded a financial interest. Each of the qualifying disclosures is
summarized in the following table. :

# of Patients
Enrolled

Disclosure

Speaking honorarium and consulting for
' Roche (together <$25,000)

' Indeterminate financial disclosure
_information available at the time of filing

Reviewers comment: There is minimal potential for bias of clinical study results as a result
of these financial interests. The primary endpoint of HERA was disease free survival with
a secondary endpoint of overall survival. It is not expected that the financial interest
disclosed here and of those who did not file financial disclosure would affect the study
results.

5. CLINICAL PHARMACOLOGY
For details, see Clinical Pharmacology reviews by Dr. Angela Men.
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5.1 Pharmacokinetics

The application contained two studies with pharmacokinetic data intended, together with
the results of study BO16348(HERA), to support a new every 3-week dosing regimen. ln

this submission, Genentech &

w33

® @

Meanwhile, Genentech provided additional information on the
pharmacokinetic (PK) simulation )

B

This model was based on PK
parameters that better match HERA PK than the population PK parameter estimates.

The simulation results show that after a 7-day or 14-day dose delay, restart of 6 mg/kg of
Herceptin undershoots trough concentrations and it takes 2-4 cycles of standard treatment
to catch the trough concentrations. An 8 mg/kg reload matches trough concentrations by
taking up to 2-cycle treatment. However, this reload of 8 mg/kg Herceptin results in
approximately 30% higher in peak concentration compared to the observed peak
concentration in HERA study, which raises a safety concern.

® @

If Herceptin dosing is delayed by more than
one week (> 28 days from the last actual dose), Herceptin will be still administered at doses
of 6 mg/kg once every three weeks without loading dose of 8 mg/kg.

5.2 Pharmacodynamics

There were no studies provided in the application which justified the dose and schedule
based on pharmacodynamic findings. The mechanism(s) of action of trastuzumab are not
well-understood. Inf previous submissions, a rough correlation between pharmacodynamic
effects, specifically the blockade of HER-2 receptor signaling and anti-tumor activity has

" been identified in preclinical but not in clinical models. No additional data were provided
in the application that investigated the pharmacodynamic effects of trastuzumab at the new
dose and schedule.

5.3 Exposure-Response Relationships

The application did not contain data which addressed exposure-response relationships. The
primary efficacy study was conducted at a fixed dose and dose-ranging studies were not
provided which could have provided insight into the relationship between dose and efficacy
or safety outcomes.
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6. INTEGRATED REVIEW OF EFFICACY

6.1 Indication _
The indication sought is: HERCEPTIN™ is indicated for the treatment e

The approved indication is: HERCEPTIN™ js indicated as a single agent, for the adjuvant
treatment of HER2-overexpressing breast cancer following multi-modality anthracycline
based therapy for node positive and high-risk node negative disease.

Unique aspects of this application are évery three week dosing of Herceptin, adminis_tmﬁdﬁ
after completion of all adjuvant chemotherapy, and expansion of the indication to patients
with high-risk, node-negative disease.

6.1.1 Methods |

The clinical efficacy data are derived from a single, international, multi-center, open-label,
three-arm, controlled and duration-ranging study, BO16348; these data support the analyses
provided in this section of the clinical review. Data for efficacy are limited support this
application consisted of two of the three arms of the study: one-year of Herceptin and no
Herceptin. p

Efficacy analyses that were prespecified in the protocol and provided in the application by
the applicant included the primary endpoint of disease free survival (DFS); and the
secondary efficacy endpoints of overall survival (OS), recurrence-free survival (RFS), and
distant disease-free survival (DDFS). The submitted efficacy analyses, as provided by the
applicant and summarized in section 6.1.4, were verified by this reviewer (using JMP 6.0)
and the biostatistical reviewer, Dr, Yuan Li Shen (using SAS). Dr. Shen also provide a
series of analyses for the primary efﬁcacy endpoint (DFS) in relevant subgroups. These
results are summarized in Dr, Shen’s review. In addition, Dr. Shen performed analyses
characterizing the patient population in support of the characterization of the efficacy .
database and in support of labeling negotiations to define the indicated population as well
as to ensure that the arms were well-balanced for prognostic factors for which
randomization was not stratified. Dr. Shen also confirmed the appllcant’s analyses of the
primary safety endpoints: which was determination and comparison of the incidence of
symptomatic cardiac dysfunction and death (primary cardiac endpoint events) and of the
incidence of asymptomatic cardiac dysfunction (secondary cardiac endpoint events) in
patients in the safety analysis population. These results will be discussed in detail in
section 7 of this review.

6.1.2 General Discussion of Endpoints
The recommendation for approval of Herceptin I e

. isbased on the demonstration of clinically important and statistically
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significant prolongation of disease-free survival following one year of Herceptin therapy
compared to observation only.

Primary Endpoint

The primary objective of this study was efficacy defined by a comparison of disease free
survival (DFS) of subjects treated in two arms. According to the Guidance for Industry
Clinical Trial Endpoints for the Approval of Cancer Drugs and Biologics published in May
2007, the most frequent use of DFS endpoint is in the adjuvant setting. DFS has been the
primary basis for approval for hormonal therapy, for trastuzumab (103792.5150), and for
cytotoxic therapy for the adjuvant treatment of breast cancer. In this setting, DFS is
considered to provide direct evidence of clinical benefit.

DFS was calculated in the HERA study as the time between randomization and the date of
first event. A DFS event was defined as any loco-regional or distant recurrence of breast
cancer, the development of secondary primary cancer other than basal or squamous '
carcinoma of the skin and carcinoma in situ of the cervix, death from any cause without
documentation of one these events. Lobular carcinoma in situ (LCIS) was not considered a
DFS event. Diagnosis of a second cancer, per-protocol was to be confirmed histologically
whenever possible.

Secondary Endpoints
e Overall Survival (OS), defined in the protocol as the time from date of randomization to

date of death due to any cause.

¢ Recurrence Free Survival (RFS), defined as the time from date of randomization to the
date of the first instance of local, regional or distant tumor recurrence.

¢ Distant Disease Free Survival (DDFS), defined as the time from date of randomization to
the date of the first distant tumor recurrence, second primary cancer, or contralateral
breast cancer, whichever occurred first.

The secondary endpoints of RFS and DDFS are composite endpoints with incorporate some
but not all of the events which are also part of the composite endpoint of DFS. All three
include distant disease recurrence as events, which is one of the most common events
anticipated in this setting. The endpoints of RFS and DFS both include local-regional and
distant disease recurrence which are the events which drive both analyses and are very
similar measures of treatment effect. Therefore, RFS and DDFS are not independent
measures of treatment effect which verify the primary endpoint. In contrast, overall
survival measures a very different but related measure of treatment effect. This endpoint,
when mature, will provide information regarding a different and very important measure of
clinical benefit of Herceptin treatment. It will also provide information regarding potential
risks which could outweigh other benefits and is considered both a safety and efficacy
endpoint.

6.1.3 Study Design

Protocol Title
HERA (BO16348): A Randomized Multi-Center Comparison of 1 year of Herceptin
Treatment versus Observation in Woman with HER2-positive Primary Breast Cancer Who
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Have Completed Adjuvant Therapy.

Study Sites
The study was conducted in 462 centers in 39 non-US countries.

Study Period

Enrollment opened: November 30, 2001

First patient randomized: December 7, 2001

Last patient randomized: March 11, 2005

Date of data cut-off: March 29, 2005 '
IDMC recommended the disclosure of data from the 1 year arm: April 25, 2005
Data base closure: October 7, 2005 v

Date of survival data cut-off: March 29, 2005

Objectives

Primary '

e To compare disease-free survival (DFS) in patients with HER2-overexpressing breast
cancer who have completed acceptable adjuvant chemotherapy and radiotherapy, if
applicable, and who have been randomized to Herceptin for one year versus no
Herceptin.

e To compare disease-free survival (DFS) in patients with I—[ERZ-overexpressmg breast
cancer who have completed acceptable adjuvant chemotherapy and radiotherapy, if
applicable, and who have been randomized to Herceptin for two years versus no
Herceptin.

Secondary

e To compare overall survival (OS) in patients randomized to no Herceptm Versus one year
or two years of Herceptin

e To compare recurrence-free survival (RFS) in patxents randomized to no Herceptin
versus one year or two years of Herceptin

¢ To compare distant disease-free survival (DDES) in patients randomized to no Herceptin
versus one or two years of Herceptin

e To evaluate the safety and tolerability of Herceptin

e To compare the incidence of cardiac dysfunctlon in patlents treated and not treated with
Herceptin

Cardiac Objectlves :

o Estimate the incidence of symptomatic cardiac dysfunction and asymptomatic cardiac -
dysfunction in the adjuvant setting in patients who réceived adequate systemic adjuvant
therapy followed or not by Herceptin treatment for one year

o Identify patients at risk for cardiotoxicity with chemotherapy and/or Herceptin

Pharmacokinetic Objectives
e To estimate the terminal elimination half-life of trastuzumab after three-weekly
administration of Herceptin for one year’s duration
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¢ To evaluate the extent of accumulation of trastuzumab after three weekly administration
of Herceptin after one year of treatment

e To compare the steady state pharmacokinetic parameters of trastuzumab administered as
adjuvant treatment with data obtained previously in woman with metastatic breast cancer.

Study Design

This was a randomized, three arm, open-label study designed to enroll 5079 patients with
early stage breast cancer whose tumors overexpress HER2, after completion of (neo)
adjuvant chemotherapy. Randomization was 1:1:1, one or two year Herceptin versus
observation only.

Prior to randomization patients were stratified for a number of factors; age, geographical
region, nodal status, hormone receptor status and associated endocrine therapy, and
previous adjuvant chemotherapy regimen, ~

Table 4. Stratification Factors Employed in the HERA Trial

¢ Nodal status *:
1. Any nodal status, neo-adjuvant chemotherapy (nodal status unknown prior
to chemotherapy)
2. No positive nodes, no neoadjuvant chemotherapy
3. 1-3 nodes positive, no neoadjuvant chemotherapy
4. >4 nodes positive, no ncoadjuvant chemotherapy
» Adjuvant chemotherapy regimen:
1. no anthracyclines or taxanes
2. anthracyclines but no taxanes
3. anthracyclines + taxanes
s Receptor status and endocrine therapy™*<:
1. negative
2. positive and no endocrine therapy
3. positive and endocrine therapy

o Age
1. <35 years
2. 35-49 years
3. 50-359years
4. 260 years

e Region®

A Patients with synchronous bilateral breast primaries: Stratification was based on the highest stage tumor and was
considered hormone teceptor status positive if at east one hunor had positive receptors as defined below,

® Hormione receptor status had to be known for each patient iu the study. For this study, hommne receptor status
(“negative™ or “positive™) followed the definition of the local fab for both gen and progesteron or
estrogen receptors alone for centers that did not routinely measure progesterone receptom Actual values obrainied
from assays were used to define cohorts for exploratory analyses

¢ Endocrine therapy included tamoxifen, anastrozole (Arintidex) and ovarian ablation. Chemotherapy induced

thea was not considered endocrine therapy.
D Based on age at time of randomization
E Geographic region
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Table 5. Definition of Risk Categories For Patients with Node Negative Breast Cancer

Risk Category ~ | Endocrine Responsive' Endocrine Non-Responsive'
“Minimal/Low ER and/or PgR positive, and Not Applicable
Risk™ :

all of the following features:
pT*<2cm, and

Grade 1**, and

Age*** >335 years

“Avetrage/High Risk” | ER and/or PgR positive, and ER and PgR pegative
at least one of the following features:
pT*>2cem, or
‘Grade 2-3**_ or

. Age*** <33 years

(St. Gallen Consensus Conference 2001, [31])
* Definition at time of study start

! Responsiveness to endocrine thetapies is related to expression of ER and PgR in the tumor cells. The

exact threshold of ER and/or PR staining (with currently available immunohistochemical methods)
which should be used to distinguish between endocrine responsive and endocrine non-responsive
tumor is unknown. Even a low number of cells stained positive (as low as 1% of wmor cells)
identify a cohort of tumors having some responsiveness to endocrine therapies [32]. Probably, as
typ:cal for biological systems, a precise threshold does not exist. However empirically chosen, about
10% positive staining of cells for either receptor might be considered as a reasonable threshold,
accepted by most. Furthermore, it is clear that the lack of staining for both receptors confers
endocrine non-responsiveness status.

Some Panel members recognize lymphatic and/or vascular invasion as a factor indicating greater risk
than minimal or low. On the other hand, mucinous histological type is associated with low risk of
relapse.

"

pT = pathological tumor size (1 e., size of the invasive component),
**  Histologic and/or nuclear grade.
*x  Patients with breast cancer at young age have been shown to be at high risk of relapse {33].

Node-positive breast cancers are -all considered at average/high risk of relapse. Offering adjuvant
treatments is based upon endocrine responsiveness or non-responsiveness of the tumor and the
patient’s menopausal status and age.

Inclusion Criteria

e Female gender

o Age> 18 years

e Eastern Cooperative Oncology Group (ECOG) performance status > 1

¢ Non-metastatic operable primary invasive adenocarcinoma of the breast that was:
hlstologlcally confirmed, adequately excised™", axillary node positive® or negative®, and
tumor size >T1c according to TNM ¥

Known hormone receptor status (ER/PgR or ER alone)

Must have received at least four cycles of an approved (neo-) adjuvant chemotherapy
regimen

Baseline LVEF > 55% measured by echocardiography or MUGA scan aﬁer completion
of all (neo-) adjuvant chemotherapy and radiotherapy.

Completion of radiotherapy for any patients undergoing radiotherapy

Overexpression of HER2 in the invasive component of the primary tumour®, according
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to one of the following definitions":

e 3+ overex £ressxon by IHC or 2+ overexpression by IHC and FISH test (PathVysion or
INFORM"HER-2/neu test) demonstrating c-erbB2 gene amplification (ratio of c-erbB2
gene signals to centromere 17 signals > 2 or > 4 copies Her2/neu gene observed, where
there was no centromere control) '

o c-erbB2 gene amplification by FISH (PathVysion or INFORM.HER-2/neu test: ratio of

c-erbB2 gene signals to centromere 17 signals =2 or > 4 copies Her2/neu gene observed,
- where there was no centromere control)

e Completion of all necessary baseline laboratory and radiologic investigations

e Signed written informed consent® (approved by the Independent Ethics Committee [IEC]
and obtained prior to any study specific screening procedures).

(See Appendix B for footnote descriptions)

Exclusion Criteria

« History of any prior (ipsi- and/or contralateral) invasive breast carcinoma®™

¢ Past or current history of malignant neoplasms, except for curatively treated: Basal and
squamous cell carcinoma of the skin or in situ carcinoma of the cervix

e Any “clinical” T4 tumor, including inflammatory breast cancer.

e Maximum cumulative dose of doxorubicin > 360 mg/m2 or maximum cumulative dose
of epirubicin > 720 mg/m2 or any prior anthracyclines unrelated to the present breast
cancer. '

e (Neo-) or adjuvant chemotherapy using peripheral stem cell or bone marrow stem cell
support.

e Any prior mediastinal irradiation except internal mammary node irradiation for the
present breast cancer®.

e Patients with positive or suspicious internal mammary nodes identified by sentinel node
technique whlch had not been irradiated® or patients with supraclavicular lymph node
involvement®,

e Prior use of anti-HER2 therapy for any reason or other prior biologic or immunotherapy
for breast cancer.
e Concurrent anti-cancer treatment in another mvestlgatlonal trial, including hormone
therapy, immunotherapy, and bisphosphonate therapy®
e Serious cardiac illness or medical conditions® including but not confined to:
e History of documented congestive heart failure (CHF)
¢ High-risk uncontrolled arrhythmias
¢ Angina pectoris requiring antianginal medication
e Clinically significant valvular heart disease
¢ Evidence of transmural infarction on ECG
e Poorly controlled hypertension® (e.g. systolic > 180 mm Hg or diastolic greater
than 100 mm Hg).
e Other concurrent serious diseases that could interfere with planned treatment including
severe pulmonary conditions/illness.
¢ Any of the following abnormal laboratory tests immediately prior to randomization:
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e serum total bilirubin > 2.0 x upper limit of normal (ULN)
¢ alanine amino transferase (ALAT) or aspartate amino transferase (ASAT)>2.5
x ULN
alkaline phosphatase (ALP) > 2.5 x ULN
serum creatinine > 2.0 x ULN
total white blood cell count (WBC) < 2,500 / mm3
absolute neutrophil count < 1,500 / mm3
platelets < 100,000 / mm3.
¢ Pregnant or lactating womenG
e Women of childbearing potential or less than one year after menopause (unless surgically
sterile) who were unable or unwilling to use adequate contraceptlve measures during
study treatment™.

(See Appendix C for footnote descriptions)

Randomization -
Eligible patients were randomized in a ratio of 1:1:1 to either one or two years of post-
chemotherapy/post-surgical Herceptin or to no Herceptin (referred to as the “observation”
arm). Randomization was stratified for age, geographical region, nodal status, hormone
receptor status and associated endocrine therapy, and previous adjuvant chemotherapy
regimen. (Table 4 ). A minimization procedure according to Pocock and Simon was used
for the allocation of subjects to the treatment arms in order to secure a balance between the
treatments for stratification factors. Randomization was performed by an automated
Interactive Voice Response System (IVRS).

The protocol specified that patients should be randomized to treatment assignment within
seven weeks from day one of the last chemotherapy cycle or within six weeks from the end -
of radiotherapy, or definitive surgery, whichever was last. Herceptin treatment was to be
initiated within two weeks of randomization assignment.

Blinding

Study BO16348 (HERA) was open-label. In the Setting of adjuvant cancer treatment,
confirmation of disease recurrence frequently requires biopsy or unequivocal confirmation
of disease recurrence. This is because a diagnosis of disease recurrence alters all future
patient prognostic considerations and results in initiation of toxic chemotherapies in
patients who would otherwise not receive such interventions. This differs from diagnosis
of disease progression in patients with metastatic disease where disease progression and
subsequent therapy is inevitable. Given the higher level of certainty typically employed in
making a determination of disease recurrence and frequent use of pathological
confirmation, blinding is generally not required in registrational trials for adjuvant therapy
indications. :
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Treatment Plan
Overview
HER?2 screening Randomization Herceptin (Safety)™ B Follow-up
' Therapy follow-up° after
completion of
treatment period
Time Time Week Week Month
Any time before | Within 7 weeks from day 1 of the | 1to52* 56 14 to 120*
randomization last chemotherapy cycle or B B
but after signed | 6 weeks from the end of 110103 107 2710 120
screening consent | radiotherapy, or definitive 1 to 120€

form

A Patients randomized to one year of Herceptin
B Patients randomized to two years of Heceptin

surgery, whichever was last and

within 2 weeks of start of
Herceptin therapy

© Patients randomized to observation
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‘Schedule of Assessments

Priorta Treamment Period: Safety follow-up

random- Beginning of Week number {(week)

jration {corresponding to/within 5 duys prior to Hereeptin infusion nuber) I8 days

{Buseline) )

Mandatory items 1t 1345) : 25(9) 3703 L sa08) a4 (220 1920 91 i3n? 103 (35)° 56%; 107°
Informed Consent <
HER?2 determ imation x
DBemographics, Medical ®
History
Rudiclogic Exum:
- Chest x~m§ < % =
- Bone sean (<) 1= =)
- biluteral Mammogram il A w3
- Liver imaging (6] %) 1%}
Pregnamy Test wd
Physicul Exam. =2 = = % * * ® x x »
Card. Monitoring:
. ECq xd ® » > % »
- LVEF 6 x! x E x » x
- Signsfsympioms g * « * * *
- Curdias questionnaire L * ® " ® =
Hematology and xt “ x " "
Biochemistry
Soluble ECD (only in ®* * > 4 s
suhsel of patients)
Adverse Events © »
SAES »
Herceptin1V (g3 weekly) L+ 2 year Lerveptin group (€2 = 2 year Hercoptin group'™ )
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Schedule of Assessments Continued

Folldw-up Follow-up

Every three months (£ 28 days)® Every six months (+ 28 days)®
Mandatery items Meouth Month Month Month Month 30 Month 36 Month 42 Month 48 Month 54 Month 60

15 18 21 24
Radiologic Exam:
- Chest X-ray x x x x
- Bonescan® (x) (x) x) )
- Bilateral Mammogram x4 x* x4 x4
- Liver imaging (x) (*) ) =)
Physical Exam. % kS X ® x * x % P x
Card. Monitoring:
- ECG ® x x x <
- LVEF x % x % x
- . Signs/symptoms % % x M ¥
- Cardiac questionnaire % X x x %
Lt logy and Biochemistry x x x % (x) x (%) x

Soluble ECD (only in subset of patients) ”

Adverse Events

fonly specific AEs as defined in the protocol)

SAE
(only specific SAEs as delined in protocol)

* Day 1 of week I corresponds to the date of first Herceptin infusion. Patients randomized into the observation amm did not retum until their “week

an

37 visit

B All patients randomized. Timing starts from date of Herceptin treatment, or date of randomization for observation patients. Safety follow-up visits were to be performed within 4 weeks from

period.
Patients randomized to the I-year Herceptin arm.
Patients randomized to the 2-year Herceptin arm.

mm oo

a

=

Within six months prior to randomization.
Within one year prior to randomization.
Within seven days prior to randomization.
Unilateral for patients with mastectomy.

[ VPR

7 lnvestigated in the first 900 patients only.

Plain films (CAT scan in the case of vertebral column abnormalities) were required to exclude metastatic discase if a bone scan was peositive
LVEF assessment results had to be available prior to administration of the next scheduled Herceptin dose. A decision to give or withhold that dose was to be based on the algorithm in Figure

Cardiac questionnaire: to be filled out once at 10 years after randomization. The questionnaire is not required for years 6, 7, 8, or 9 post randomization
All adverse events occurting up to 28 days after the last infusion of study medication were to be reported andare included in the adverse event and safety assessments.
Anty event related to study drug that met the definition of an SAE was reported as such at any time during the course of the study regardless of'the time elapsed since last dose of study drug.
Patients randomized to the I-year Herceptin or observation group. Visits correspond to weeks 64, 79, 91 and 103 of the 2-year Herceptin group.
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Herceptin Dosing

Subjects randomized to Herceptin were required to begin study drug within 2 weeks of
randomization. Herceptin was administered at an initial dose of 8 mg/kg intravenously over
ninety minutes. Three weeks later Herceptin was administered at a dose of 6 mg/kg
intravenously over ninety minutes; this dose was repeated every three weeks for a total of
one year of treatment.

Dose Modifications and Delays
Hematologic and Non-Hematologic Toxicity
Actions for Herceptin Related Toxicity

Toxicity Related to Herceptin Action

Non-hematological, grade 1 or 2 (NCI-CTC; Continue Herceptin therapy.

excluding cardiac*)

Non-hematological, grade 3 or 4 (NCI-CTC; Hold Herceptin therapy until recovery to

excluding cardiac*®), and toxicity resolved withina | grade <2.
maximum of 5 weeks calculated from last planned

administration

Non-hematological, grade 3 or 4 (NCI-CTC; Action (discontinue or resume Herceptin therapy)

excluding cardiac*), and toxicity not resolved to in individual cases to be decided by HERA

grade < 2 or disappeared within a maximum of Executive Committee

5 weeks calculated from last planned administration | =

Non-hematological, grade 3 or 4 (NCI-CTC; Discontinue Herceptin therapy permanently

excluding cardiac*), upon re-challenge with

Herceptin

Cardiac (asymptomiatic drop in LVEF or Herceptin therapy to be held, continued or

symptomatic congestive heart failure) - resumed according to the algorithm depicted in
Figure 2.
Herceptin therapy to be discontinued permanently
in case of symptomatic CHF

Cardiac (NCI-CTC; other cardiac toxicities not . Actions must follow rules 1. to 4. for

covered by treatment algorithm in Figure 2) non-hematological toxicities

Hematological Herceptin dose should not be held

* Severity corresponding to NYHA criteria
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Algorithm for Continuation and Discontinuation of Herceptin Bases on Interval

LVEF Assessments
i s T
| I.VEF <30 ] i L.VEF 2 30 |
I 3
CONTINUE
[ I,\;;Ef <u ] [_LVEF 1349 |
ch;n Herceptin |
e, LVEF in 3 weeks i
2 10 EF pounts from buseline <10 EF
HOLD Herveptin povings frorn
Repeat LVEF in 3 weeks baveline
 —_ e i .
LVEF 544 LVEF 435-49 and CONTINUE
on <10 points from basline Herceptin
LYEF 45«9 and OR
2 10 points from i LVEF =49
LVEF <4 OR LVEF 4549 and

<10 paints from
bascline OR
L.VEF =49

LVEF 4549 aned
2 10 points from
bascling

RESUME
Her:

Cardiac Function ;

All patients were required to undergo a baseline LVEF evaluation; only patients with an
LVEF of greater than or equal to 55% were eligible for study registration and
randomization. LVEF was to be monitored serially over the course study as specified in the
schedule of assessments. If an investigator was concerned that an adverse event was related
to cardiac dysfunction or if cardiac dysfunction was documented, additional LVEF
measurements were to be performed.

Patients with a significant drop in LVEF were managed according to the monitoring and
treatment algorithm outlined in the Figure 2. A significant LVEF drop was defined as an
absolute decrease of at least 10 points below the baseline measurement and LVEF values

less than 50%.

Herceptin was to be discontinued in patients who developed NYHA class III/IV cardiac
dysfunction. In such patients Herceptin was not resumed, even after resolution of
symptoms or normalization of LVEF. However, patients remained on study and were to
complete all protocol-specified assessments as originally planned.

Infusion Associated Symptoms

Patients who experienced severe cardiorespiratory components of an infusion reaction on
the first dose (e.g. tachypnea, bronchospasm, hypotension, and hypoxia) were withdrawn
from study medication.

Patients who experienced severe or moderate infusion symptoms were managed by:
* Slowing or stopping the Herceptin infusion
* Supportive care with, for example, oxygen, beta agonists, antihistamines, corticosteroids.

Patients who experienced mild or moderate infusion symptoms were treated with
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antipyretics and antihistamines.

Patients who experienced mild, moderate or severe infusion reactions on the first dose
could be retreated with Herceptin. Premedication with corticosteroids, antihistamines, and
antipyretics could be used before subsequent Herceptin infusions.

Herceptin Dosing in the Event of Delayed Scheduled Doses

Delay of Herceptin Action
Administration

Dose delayed by up to and It was recommended to give a dose of 6 mg/kg as soon as possible and
including 7 days (< 28 days | continue the maintenance doses (6 mg/kg every 3 weeks) according to

from last actual dose) the original schedule.

Dose delayed more than It was recommended to re-start the treatment as if the patient were a new
7 days (> 28 days from last | patient. The treatment was to be re-started as soon as possible with a
actual dose) loading dose of 8 mg/kg followed by the usual maintenance dose of

6 mg/kg every 3 weeks thereafter.

Concomitant Treatment

e Any hormonal therapy, mcludmg TAM and/or surgical and radiation-induced ovarian .
ablation and drug induced ovarian suppression (type, drug name, dose and schedule,
anticipated duration of therapy). » :

¢ Any additional medication that was necessary for the management of the patlent could be
used at the discretion of the investigator.

* Acetaminophen (paracetamol) and antihistamines (e.g. d1phenhydramme) could be used
to relieve Herceptin infusion-associated symptoms. :

¢ Administration of any adjuvant chemotherapy was not allowed during this study (all
previous adjuvant chemo- and radiotherapy had to be completed before randomization).

e Patients may have started bisphosphonate therapy before entering the study. v~
Bisphosphonate therapy could also be initiated during the HERA. trial for treatment of -
documented osteoporosis. The use of bisphosphonates for prevention of bone metastases
was not allowed before being licensed for this indication and approved by the HERA
Steering Committee.

e Concomitant use of TAM (tamoxifen), anastrozole (Arimidex) or ovarian ablatlon was
permitted.

Statistical Analysis Plan (Refer to statistical analysis and review by Yuan Li Shen, Ph.D.,
Mathematical Statistician for detailed review)

Efﬁcacy Endpoints

The primary efficacy endpoint is disease free survival (DFS). DF S is calculated from the
time between randomization and the date of first event. An event was defined as any loco-
regional or distant recurrence of breast cancer, the development of secondary primary
cancer other than basal or squamous carcinoma of the skin and carcinoma in situ of the
cervix, death from any cause without documentation of one these events. Lobular
carcinoma in situ (LCIS) was not considered an event. Dlagnosw of a second cancer had to
be confirmed histologically whenever possible.
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The diagnosis of first breast cancer recurrence could be made only when both clinical and
laboratory findings met the criteria for loco-regional or distant recurrence.

All subjects were followed according to the schedule of assessment irrespecfive of the arm
to which they were randomized.

Secondary Endpoints

e Overall survival was the key secondary efficacy endpoint. The study objective was to
compare overall survival (OS) in patients randomized to no Herceptin versus one year of
Herceptin. OS was defined as the time to randomization to death due to any cause. For
subjects alive at the time of analysis, the censoring date was the date of ;last radiological
exam, last LVEF assessment, date of randomization, last contact, last survival follow-up,
or last post-study treatment.

e To compare recurrence-free survival (RFS) in patients randomized to no Herceptm
versus one year. This was defined as the time form randomization to the first local,
regional and/or distant tumor recurrence. For subjects without an event the censoring
date was the first date of the second primary cancer, contralateral breast cancer, death
without evidence of disease recurrence, or the last date of last radiological exam, last
LVEF assessment, date of randomization, last contact, or last survival follow-up.

e To compare distant disease-free survival (DDFS) in patients randomized to no Herceptin
versus one year of Herceptin. DDFS was defined as the time between randomization and
the date of the first distant tumor recurrence, second primary cancer, or contralateral
breast cancer, whichever occurred first. Local and regional recurrences were ignored for
calculating DDFS. Subjects who died without evidence of disease, the censoring time is
the date of death. For subjects without events, the censoring time is the date of last
radiological exam, last LVEF measurement, date of randomization, last contact, last
survival follow-up.

e To evaluate the safety and tolerability of Herceptin

e To compare the 1n01dence of cardiac dysfunction in patients treated and not treated with
Herceptin.

The primary analysis of each of the efficacy endpoints was carried out on the intent-to-treat
(ITT) population known as the full analysis set. The full analysis set consists of
randomized patients as they were randomized irrespective of Herceptin treatment received
and eligibility.

Amendments to Protocol , :
The original version of the protocol was dated May/June 2001 and initiated on November
30, 2001. Overview of the major changes made to the protocol are listed below:

Amendment A (Date: June 5, 2001)
1. Original protocol per applicant

Amendment B (Date: December 3, 2001)
1. Specifying Follow up Time
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2. The requirement for a consistent chest X-ray for diagnosis of symptomatic heart failure
was removed.
3. Monitoring Visit Schedule in Observation Arm -
4. First Herceptin Dosing ‘
e The first Herceptin dose was recommended to be given two weeks after
randomization rather than 4 weeks after randomization.
5. Schedule of Assessments and Procedures — Inclusion of Time Windows

Amendment C (Date: November 25, 2002)

1. Introduction of Cardiac Marker Sub-Protocol .

2. Positive Margins and Primary Tumor

3. Change in HER2 Testing Strategy - Central Reconfirmation of Local HER2 Status
4. Recommendation for Herceptin Dosing in Case of Delayed Scheduled Doses

Protocol Amendment D (Date: November 13, 2003):

1. Increase in Sample Size

e Original estimates of event rates and disease-free survival were based on retrospectlve
sub-group analysis of HER2 positive patients in the NSABP B15 adjuvant trial. In
calculating a sample size for HERA, the major prognostic factors, lymph node status
and prior adjuvant chemotherapy, as well as the expected proportion of patients in
different prognostic sub-groups, were taken into consideration. However, it was clear at
the time, that there were relatively few data on which to base the estimates and that
there was considerable uncertainty around them. The 5-year disease-free survival for
the control arm (observation, no Herceptin) was estimated to be 60%. It is now known
that the distribution of patients entering the HERA trial regarding the stratification
factors was not exactly as predicted. More patients with lymph node (LN) -negative
disease were entered and fewer patients with 1-3 positive LNs. This necessitated
reassessment of the sample size:
Weekly Taxanes in the Adjuvant Setting -
Concomitant Hormonal Therapy with Anastrozole (Arimidex)
Cardiac Endpoints, Definitions and Reporting Requirements
Clarification of Target Population

Rev151on of Acceptable Chemotherapy Regimens for the HERA Trial

NSNS

6.1.4 Efficacy Findings

There were 3386 women enrolled and randomized to the 1-yr Herceptin and observation
arms between November 30, 2001 and March 29, 2005 at 462 sites in 39 non-U.S countries
(Table 6 ). There were 1693 women randomized to each of the two treatment arms (one -
year Herceptin and observation). The following series of tables characterizes the
countries/geographic regions and regional distribution of the clinical study sites. The
highest-accruing individual clinical study sites were located in the Russian Federatlon
Hungary, Germany, and Japan (Table 7).
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Table 6. Countries with Investigation Sites for the HERA Trial
Argentina Croatia Italy Russian Federation
Austria _ Denmark - Japan Singapore
Australia B France Korea Slovakia
Belgium Germany Mexico South Africa
Brazil Great Britain Netherlands Spain
Canada Greece New Zealand Sweden
Chile ' Guatemala | Norway Switzerland
China Hungary Panama Taiwan
Colombia Ireland Poland | Thailand
Costa Rica Israel : Portugal

Table 7. Geographic Region for Single Highest-Accruing Clinical Sites

Site | Country Patients | % (of 3386)
31181 Russian Federation 76 | 22
31230 Hungary 54 1.6
31295 Germany 39 12 .
31654 | Japan - 37 1
31303 Germany 34 1.0
.34'1“247 Germany 31 0.9

The next series of tables provide descriptive statistics showing the distribution between the
two treatment arms of baseline entry characteristics for the ITT population. The two
treatment arms were well balanced for all important prognostic characterics. The ITT
population consisted primarily of younger women (median age 49 years) with good
performance status (90% ECOG PS 0), and three-quarters were from Europe, the Nordic
countries or Canada. Across tumor characteristics there was a fairly equal distribution of
across nodal risk groups with approximately 10% of women who received neo-adjuvant
therapy and approximately one-third each with high-risk node negative disease, 1-3
positive nodes, and >4 positive lymph nodes and median pathologic tumor size was 22 mm.
Approximately two-thirds received anthracycline, but non-taxane containing adjuvant
chemotherapy and approximately 25% received anthracycline-taxane-based adjuvant
chemotherapy (the current standard of care in the United States). Definitive surgical
treatment consisted of modified radical mastectomy in approximately half the patients and
lumpectomy in approximately one quarter and 96% underwent axillary node dissection;
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three-quarters of the patients also received radiotherapy.

Table 8. ITT Population Characteristics by Stratificatioh Variables

Observation
(n=1693)

Herceptin
(n=1693)

Nodal Status

neo-adjuvant chemotherapy

176 ( 10:4%)

190 (11.2%)

Node-negative, no neoadjuvant therapy 555 (32.8%) 543 (32.1%)
1-3 LN, no neo-adj chemotherapy 490 ( 28.9%) 483 ( 28.5%)
. ->4 LN, no neo-adj chemotherapy - 471 (27.8%)° 477 ( 28.2%)
missing values = 1(0.1%) 0 (0.0%)
Adjuvant Chemotherapy Regimen’! ,
No Anthracyclines or Taxanes 99 (.5.8%) 97 ( 5.7%)
Anthracyclines but no Taxanes 1154 ( 68.2%) 1150 ( 67.9%) -
Anthracyclines + Taxanes 438 (25.9%) 443 (26.2%)
Receptor Status and Endocrine Therapy _ '
Negative ' 841 (49.7%) 838 (149.5%)
Positive and no Endocrine Therapy 34 (2.0%) 53 (3.1%)
Positive and Endocrine Therapy 818 (48.3%) 802 ( 47.4%)
Age group :
< 35 years 126 ( 7.4%) 126 ( 7.4%)
35 - 49 years 749 (44.2%) 751 (44.4%)
50 -59 years 546 ( 32.3%) 546 ( 32.3%)
> 60 years 272 (16.1%) 270 ( 15.9%)
Region

Europe, Nordic Countries, Canada,

1222 (72.2%)

1208 (71.4%)

South Africa, Australia, New Zealand

Asia Pacific and Japan

202 (11.9%)

202 (11.9%)

Eastern Europe 175 (10.3%) 189 (11.2%)
Central and South America 94 ( 5.6%) 94 ( 5.6%)
ECOG Performance Status '
0 1542 (91%) 1550 (92%)
1 : 149 (8.8%) 143 (8%)
Missing 2 (0.1%) 00%). -
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Table 9. Additional Baseline Characteristics (ITT Population)
Herceptin | Observation
(n=1693) (n=1693)
Median age in yrs (range) | 49.0 (21-80) | 49.0 (23-77)
pts <40 yrs 18% 18%
pts 40-64 yrs - 75% 76%
pts > 65 yrs (%) 7% 7%
Race
Caucasian 84% 83%
Black 0.5% 0.3%
Oriental 12% 12%
Other 3% 4%
Menopausal Status
Postmenopausal 45% 46%
Premenopausal 15% - . 14%
Uncertain 40% 41%
Radiotherapy
YES 77% 76%
‘NO 23% 24%
Cardiac Disease
YES 22% 23%
NO 78% 77%
Weight in kg (n=1686) (n-1675)
Mean 68 67
SD 13.1 13.0
Median (Min-Max) 66 (36-149) | 65 (40-138)
Height in cm (n=1688) (n=1689)
Mean 162 162
SD 7 7
Median (Min-Max) 162(129-185) | 162(136-96)
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Table 10. Primary Tumor Pathology (ITT Population)

Herceptin | Observation
(n=1693).. (n=1693)
Pathology
Comedo 8% 7%
Ductal 95% 94%
Infiltrating 0.2% 0.1%
Lobular 6% 5%
Medullary 1% 1% -
Mucinous 1% 1%
Tubular 0.8% 0.7%
Other 5% 6% -
Tumor Grade
Gl 2% 2%
G2 32% 33%
G3 60% 60%
Gx 4% 5%
NA 0.1% 0.1%
ND 0.6% 0.3%
Receptor Status ‘
ER +/PR+- 31% 27%
ER +/PR - 12% 15%
ER-/PR+ 5% 5%
ER-/PR- . 48% 48%
ER + /PR UNK 2% 4%
ER UNK /PR + 0.06% 0%
ER-/PR UNK 2% 2%
NA=Not Available
ND=Not Done

Table 11. Definitive Surgical Approach (ITT Population)

1-yr Herceptin | Observation
(n=1693) (n=1693)

Lumpectomy 22% 25%
Radical Mastectomy 4% 5%

Modified Radical Mastectomy 48% 48%
Simple Mastectomy 4% 6%

Segment * 31% 30%
Resection of Axillary Lymph Nodes 95% 96%

*=Quadrantectomy-segmentectomy
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Table 12. Tumor Size and Margins
1 Yr Herceptin Observation
(n=1693) (n=1693)
Clinical Size
Mean 44.4 mm 47.3 mm
Median 40 mm 40 mm
Range 0-200 mm 0-170 mm
Pathological Size
Median 22 mm 22 mm
Range - 0-260 mm 0-220 mm
Free Margins
Left
YES 49% 52%
NO 1% 1%
[ Right
YES 49% 46%
NO 1% 1%

Table 13. HER2 Tumor Status by Central and Local Testing

in ITT Population
Observation | 1 Yr Herceptin
(n=1693) (n=1693)

Central Results

[HC 3+ only 1160 (68.5%) | 1098 (64.9%)

FISH (+) only 342 (20.2%) | 382 (22.6%)

IHC 3+ and FISH (+) | 38 (2.2%) 53 (3.1%)

IHC 2+ and FISH (1) | 148 (8.7%) 151 (8.9%)
Local Results

[HC 2+ only 136 ( 8.0%) 146 (8.6%)

IHC 3+ only 1340 (79.1%) | 1312 (77.5%)

FISH (+) only 18 (1.1%) 21 (1.2%)

IHC 3+ and FISH () | 123 (7.3%) 132 (7.8%)

Other 76 ( 4.5%) 82 (4.8%) |
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Table 14. Summary of Adjuvant Endocrine Therapy
: “Herceptin | Observation
1-year
_ - (n=1693) (n=1693)
Patients with Adjuvant Endocrine Therapy 828 (48.9%) | 844 ( 49.9%)
~ Tamoxifen alone 521 (30.8%) | 516 ( 30.5%)
Alalone 71 (4.2%) | 75 (4.4%)
LHRH alone 13 (0.8%) | 18(1.1%)
Ovarian Ablation alone 7 ( 0.4%) 11 ( 0.6%)
Tamoxifen -> Al 63 (3.7%) | 83 (4.9%)
Tamoxifen + LHRH 103 (6.1%) | 93 (5.5%)
Tamoxifen + Ovarian Ablatlon 17(1.0%) [ 16 (0.9%)
Tamoxifen + LHRH -> Al 10 (0.6%) 15 (0.9%)
Tamoxifen + LHRH + Ovarian Ablation 3(02%) | 2(0.1%)
Tamoxifen + Ovarian Ablation -> Al 4(02%) | 3(0.2%)
~ Tamoxifen + Ovarian ablatlon + LHRH ->Al 0 (0.0%) . 1 (0.1%)
LHRH > Al | 12(0.7%) | 9(0.5%)
LHRH + Ovarian Ablation 0 ( 0.0%) 0(0.0%)
LHRH + Ovarian Ablation > Al 2 (0.1%) 1 (0.1%)
. Al +Ovarian Ablation 2(0.1% 1(0.1%

Al: Aromatase Inhibitor; ->: followed by

Efficacy results

Primary endpoint

The following series of tables surnmanzcd the primary and key secondary efficacy analysis
results. These FDA has confirmed the results, provided by the Applicant, and summarized
in following tables and figures. The median duration of follow-up was similar in the 1-
year Herceptin (12.65 months) and observation (12.42 months) arms, however the
proportion of patients with DFS events was lower (7.5% vs. 12.9%) in the Herceptin arm
compared to the observation arm, Table 15. Summary of Disease Free Survival At the time
of the interim analysis, there was a 46% reduction in the risk of disease progression or
death (DFS) among patients receiving Herceptin for up to one year. The Kaplan-Meier
curves for DFS begin to separate at approximately 4-6 months and remain separated with
up to two years of follow-up, beyond which there is insufficient data to provide reasonable
estimates, Figure 1. C-

Table 15. Summary of Disease Free Survival

Observation 1-yr Herceptin
N=1693 N=1693
Number of Patients with DFS events | 219 (12.9%) 127 (7.5%)
Hazard ratio® 0.54
95% CI (0.44, 0.67)
p-value (log-rank) <0.0001

Cl=confidence interval;" Efficacy relative to control arm; unstratified Cox regression model

44




Clinical Review

Katherine Fedenko

BLA 103972/5175
Trastuzumab HERCEPTIN®

Figure 1. Kaplan — Meier Disease Free Survival in Intent to Treat Population
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The results demonstrated a beneficial treatment effect of the 1-year Herceptin arm on
disease-free survival for non-metastatic breast cancer (p<0.0001 log-rank test; hazard ratio
0.54, [95% C1:0.44, 0.67]). . This beneficial treatment effect on DFS is consistent across
various subgroups, including those defined by age, race (Caucasian vs. non-Caucasian),
and nodal status. There was an absolute increase of 7.6% in two-year K-M estimated DFS
rates for the 1-year Herceptin arm.

Since the 2-year Herceptin arm data was not submitted and based on the original statistical
plan, the protocol pre-specified comparisons can not be completed. The original statistical
plan was inclusive of the 2-year Herceptin arm data that was not submitted; as a result the
protocol pre-specified comparisons can not be completed. The comparison of 2-year
Herceptin arm to observation arm must be performed in order to determine whether there is
any remaining alpha to test the secondary endpoints.- As a consequence, in the current
submission, any further evaluation of secondary efficacy endpoints will not be meaningful.
Overall, the applicant’s primary and secondary endpoints are based on composite measures
which are not well documented, the interpretation of the results is not clear.

Secondary Endpoints

The protocol-specified secondary efficacy endpoints were as follows:

e Overall Survival (OS), defined in the study as the time from randomization to death due
to any cause.

e Recurrence Free Survival (RFS), defined as the time from randomization to the first
local, regional and/or distant tumor recurrence.

¢ Distant Disease Free Survival (DDFS), defined as the time between randomization and
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the date of the first distant tumor recurrence, second prunary cancer, or contralateral -
breast cancer, whichever occurred first.

At FDA’s request, Genentech submitted the results of an unplanned interim analysis of
overall survival between the 1-year Herceptin arm and observation; this was requested to
evaluate safety and was not intended to support efficacy claims. With a total of 71 events,
as expected, the analysis did not demonstrate a statistically significant difference in overall

survival. FDA confirmed the results provided by the Applicant and summarized in Table
16. '

Table 16. Summary of Overall Survival

Observation | 1-Yr Herceptin

N=1693 N=1693
Number of patients with event 40 (2.4%) 31 (1.8%)
Number of patients without event' 1693 (97.6%) | 1662 (98.2%)
Range of OS time (months) ° 0.00, 3621 | 0.00, 36.24
Log-rank statistic (vs. observation) 1.393
p-value vs observation (log-rank test) 0.2379
|

Hazard Ratio vs observation 1 0.75
95% CI for hazard ratio | (0.47,1.21)

1 Censored S S ’

2 Kaplan-Meier estimates
3 Including censored observations

Recurrence-Free Survival (RFS) was a pre-specified secondary efficacy endpoint stated in
the protocol which is calculated from date of randomization to the date of the first local,
regional, or distant tumor recurrence or death. Since the majority of DFS events also
include and are primarily driven by local and distant tumor recurrence, the RFS results are
similar to the comparison of DFS. Unlike DFS, the analysis of RFS does not include
second primary tumors as an event and thus is a better measure of adjuvant treatment
effects on the index cancer. The results of RFS comparison show nominally statistically

significant advantage in favor of Herceptin arm (p<0 0001 HR=0.51, [95% CI: 0.40, 0.64)
Table 17
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Table 17. Applicants Summary of Recurrence-Free Survival

Observation | Herceptin
(n-1693) (n-1693)
Number of subjects with event 208 (12.3%) | 113 (6.7%)
P-Value vs, observation ((log-rank test) <0.0001
Hazard Ratio vs observation 0.51
95% CI for hazard ratio (0.40, 0.64)

Distant Disease-Free Survival (DDFS) was an additional, secondary efficacy endpoint pre-
specified in the protocol. (DDFS) was calculated from the date of randomization to the
first distant tumor recurrence, second primary cancer, or contralateral breast cancer, or
death, whichever occurred first. Local and regional recurrences are not considered events
in the calculation of DDFS. Similarly to RFS, since the majority of DFS events were
distant tumor recurrence, the comparison of the DDFS results was similar to the
comparison of DFS between study arms. The results of the DDFS comparison also show
nominally statistically significant advantage in favor of 1-year Herceptin arm (p<0.001
stratified log-rank test; HR=0.50, [95% CI: 0.39, 0.64]) Table 18.

Table 18. Applicants Summary of Distant Disease-Free Survival

Observation | 1 Yr Herceptin
| (n=1693) (n=1693)
Number of patients with event 184 (10.9%) 99 (5.8%)
P-Value vs observation (log-rank test) ' <0001
Hazard Ratio vs observation 0.50
95% CI for hazard ratio = (0.39, 0.64)

6.1.5 Clinical Microbiology

No clinical microbiology data were provided in the application. Clinical microbiology was
not required or relevant for this product and proposed indication.

6.1.6 Efficacy Conclusions

The results of study BO16348 (HERA) demonstrated beneficial treatment effect of the 1-
year Herceptin arm on disease free survival (DFS) for adjuvant breast cancer. This
beneficial treatment effect on DFS appears to be consistent across various subgroups, such
as age, race, and nodal status.

Since the 2-year Herceptin arm data was not submitted and based on the original statistical
plan, the protocol pre-specified comparisons can not be completed. The original statistical
plan was inclusive of the 2-year Herceptin arm data that was not submitted; as a result the
protocol pre-specified comparisons can not be completed. The comparison of 2-year
Herceptin arm to observation arm must be performed in order to determine whether there is
any remaining alpha to test the secondary endpoints. As a consequence, in the current
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submission, any further evaluation of secondary efficacy endpoints will not be meaningful.
Overall, the applicant’s primary and secondary endpoints are based on composite measures
which are not well docurented, the interpretation of the results is not clear.

7. INTEGRATED REVIEW OF SAFETY

7.1 Methods and Findings

In this application, data from 3386 subjects who received either Herceptin (n=1678) or
were observation (n=1708) aﬂer completion of multimodality anthracycline-based therapy,
were reviewed and analyzed to assess safety. The safety database ‘was analyzed at all levels
of the MedDRA hierarchy in order to identify new safety signals using a seriés of
standardized medical queries (SMQs) designed for use with MedDRA coded databases

The relevant data sources in the application are the clinical study report, pertinent case
report forms (CRF’s), case narratives, post-marketing reports from the adverse events
reportmg system (AERS), and data listings were reviewed in order to assess spemﬁc safety
issues. Table 19, displays the raw and derived datasets reviewed for study B016348
(HERA).

Table 19. Raw and Derived Datasets Reviewe_d_ for study BO16348 (HERA)

Safety Review B Efficacy Review

AE (adverse event) EFEX ( Efficacy and special safety assessments)
CAB (Cardiac Advisory Board Review) EFEXLVEF (LVEF)

CHEMOTX (Prior chemotherapy) "EFEXRE (radiological exam)

DEMO (demographic data). EFFEXSURYV (disease recurrence and surv1val)
DIAG (previous and current diseases) * CARDIAC (cardiac\L VEF data) - ’

DIED (Death information) * CARDIC 2 (secondary cardiac LVEF, CAB)
EFEXCE (Cardiac Event) *PAT (efficacy analysis data)

EFEXCQ (cardiac questionnaire) '

EXCL (Exclusions)

EXIT (study completion/discontinuation

HORMTX (hormone therapy)

LABP (Laboratory results)

MEDO (previous and concomitant treatment)

MEDT (Study drug admlmstratlon)

* Derived data

Subjects were evaluated for safety the same whether they received study drug Herceptin or
not. The schedule of assessments included physical examination and cardiac monitoring
(ECG, LVEF, signs/symptoms, and cardiac questionnaire) every 12 weeks up to month 24,
then every six months from month 30-60. In addition yearly radiological exams (chest x-
ray, bone scan, bilateral mammogram, and liver imaging) starting with week 52 through
month 60. From years five through ten yearly follow-uip consisted of bilateral
mammogram, physical exam, cardiac questionnaire, chemistry and hematology labs.
Adverse event collection was ongoing throughout the study. All adverse events reported
during the clinical study from randomization for non-Herceptin and from the date of first
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Herceptin treatment were included in the analyses of adverse events The trial was not
blinded, but was controlled and adverse events were all attributed to drug in the 1-year
Herceptin arm if the adverse event occurred at a higher incidence ( > 2%) in comparison to
the control arm.

Adverse events per-event incidence were reproducible from the reviewer using the raw
datasets and was comparable to the applicant’s table (see Table 20).

Table 20. Summary of per-Event Incidence of Adverse Events

Reviewer | Observation | Herceptin
' Events=2246 | Events=5271
AE Grade ' -
1 | 1405 (62.5%) 3526 (66.9%)
2 726 (32.3%) 1547 (29.3%)
3 103 (4.59%) 184 (3.49%)
4 12 (0.53%) . 14 (0.27%)

Per-Patient Incidence of Serious Adverse Events

Observation Herceptin
n=1708 - n=1678
Any SAE 93 (5.4%) 135 (8.0%)
AEs Resulting in Death 2 (0.1%) 4 (0.2%)
AE Resulting in Discontinuation N/A 103 (6.1%)
of Herceptin ,
Premature Withdrawal due to AE N/A 97 (5.8%)

The most common adverse events réported with > 5% of any grade with higher incidence
> 2% in the 1-year Herceptin arm were: headache, arthralgia, nasopharyngitis, fatigue
diarrhea, nausea, pyrexia, back pain, and chills.

The most serious adverse events reported in the 1-year Herceptin arm was: congestive heart
failure, cardiac failure, cerebral vascular accident, and sudden death.

7.1.1 Deaths
Table 21. Overall Causes of Death
Observation Herceptin
40/1693 (2%) 3171693 (2%)
Progressive Disease | 38 (2%) 26 (2%)
Adverse Event 2 (0.1%) 4 (0.2%)
Missing_ 0 1

Case report forms, narratives, and subject profiles were reviewed for the six subjects whose
deaths were reported as an adverse event, Table 22 . The AE.xpt dataset was the primary
source of analysis for serious adverse events (SAE’s) in addition the DIED.xpt dataset was
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analyzed for further death information. Serious adverse events occurring at anytime during
the conduct of the study were identified. Multiple occurrences of the same SAE were
eliminated by reducing each adverse event to one row per subject at maximum grade of
toxicity reported

There were seventy-one deaths were reported total between the one year Herceptin arm
versus observation. The one year Herceptin arm reported 31 deaths with 4 reported as
adverse events (cerebral vascular accident, acute appendicitis, sudden death, and cerebral
hemorrhage), all reported as not related to the study drug. The Hcrceptm 1-year arm
reported 26 deaths due to progression of disease with one missing data point reported for
death. The one year observation arm reported 40 deaths with two related to adverse events
(heart failure and suicide) and 38 reported progression ‘of disease.

Table 22. Deaths During Active Treatment Phase of Study Reported as Adverse Event

' ' ' Death .
Treatment Death Site
Pt# | Age Received Date S];ua(}lry D ’ Adverse Event
®) ’ B ®) : ®©

65 | HERCEPTIN 1 YR 289 Cerebral Vascular
I Accident -
41 | HERCEPTIN 1 YR 366 Acute Appendicitis -
|39 | HERCEPTIN 1 YR 290 Sudden Death
: 58 HERCEPTIN 1 YR 115 Cerebral Hemorrhage

75 | OBSERVATION 205 $endine DeatiyFlean

Failure

29 | OBSERVATION 146 Suicide

Death study day was defined by the applicant as follows:

e l-year Herceptin Arm, based on the date of first Herceptin administration to date of
death.

e Observation Arm, based on date of randomlzatlon to date of death.

Applicant and Reviewer’s Attribution for Cause of Death Related to Study Drug

Pt# Cause of Death Herceptin 1-Year Observation
Applicant | Reviewer Applicant Reviewer
®® Cerebral Vascular N Y - -
Accident
Acute Appendicitis N
Sudden Death |IN
N

Cerebral Hemorrhage
Cardiac Death/Heart |-
Failure
_ Suicide - : - N
N= Not attributable '
Y= High Index of suspicion to be attributablC

Subject [®9
Event: Cerebral Vascular Accident
Sixty-five year old, postmenopausal, Hispanic female was diagnosed with ductal carcinoma
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of the right breast s/p right simple mastectomy on ~ ™6, and pathological diagnosis

was made ~ ®®, The tumor was ER and PR negative. The subject completed 4

cycles of cyclophosphamide, methotrexate, and fluorouracil from ®®  through
O10)

The subject was a non-smoker with a past medical history positive for type II diabetes
mellitus since 1994, treated with isophane insuline (200 units/day subcutaneous) and
hypertension since 1997 treated with atenelol (100 mg/day) and chlorthalidone ( 50
mg/day). Family history was negative for coronary artery disease.
Baseline ECG performed on ®@ reported QT prolongation “Light” and
repolarization abnormality “Light”. The subject was randomized to Herceptin on

®® _ For the first seven doses the subject received premedication of
dexamethasone and dipenhydramine for prevention of infusional side effects from
Herceptin. Completed 12 cycles of Herceptin on @@ On| Bl the
subject experienced a neurological event on rising consisting of rapid onset of right
hemiplegia, irregular respiration, dilated fixed pupil, spasticity, stupor and coma. The
subject died an hour later. The investigator and family physician considered the picture
compatible with the diagnosis of cerebral vascular accident of a hemorrhagic type, with
intracranial hypertension and cerebral edema. No autopsy or brain imaging were
performed . According to the investigator the event was not related to Herceptin.

Subject @@
Event: Sudden Death

Thirty-nine year old, oriental female, diagnosed with lymph node negative, ER positive/PR
negative and HER2 positive (IHC 3+) ductal carcinoma of the left breaston| —  ®©@

. Underwent lumpectomy on ®®_followed by modified radical
mastectomy and resection of Axillary lymph nodes on ®®  Subsequently
receives six cycles of adjuvant chemotherapy with cyclophosphamide, fluorouracil and
Methotrexate from _ : ®®  The subject was categorized as
premenopausal and started Tamoxifen 20 mg/day on ®®_ Randomized to
receive 1 —year Herceptin on 0w,

The subject was a non-smoker with no family history of heart disease. The subject did not

report any previous or current disease. The only concomitant medication was Tamoxifen

and a reported allergy to penicillin. Baseline visit ®@ reported that the ECG

and echocardiogram revealed no signs or symptoms of cardiac disease. Blood pressure
-110/80 mm Hg, LVEF 68%, and ECOG performance status 0.

The first dose of Herceptin was given ®®  Echocardiogram on scheduled
assessment week 13 ( " 90) and week 25 ( ®@) reported normal
findings with LVEF values of 64% and 60%. Blood pressure week13, 120/80 and week 25,
110/70. The ECG of week 13 and 25 showed myocardial repolarization disorder in lead
V1-V4 (T-wave and ST segment was abnormal, but not clinically significant to the
investigator). Laboratory tests performed at week 25 were réported all in normal range.
On ®©@s/p 13 cycles of Herceptin the patient fell suddenly from her chair and
went into a coma. She presented polypnea and cyanosis of the lips, no neurological
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symptoms. She was brought to a local hospital/emergency facility where she received an
injection of adrenalin. Subsequently she was transferred to another hospital. According to
the medical record the patient was dead on arrival. ECG showed cardiac arrest. The
diagnosis of death was “sudden death:, the cause of death is unknown, an autopsy was
refused. The investigator considered sudden death of the subject not to be related to
Herceptin. Upon request for further information the investigator declared the following;
the subject had no cardiovascular diseases, thromboembolic disease or other, The blood
pressure 140-150/80 mm Hg sometime, no sign of brain metastases during the course of the
study, and a follow-up ECG after week 25 visit on ®® no longer showed any

. abnormalities.

Table 23, are additional deaths related to study drug that the applicant submitted within the
120 day safety update.

Table 23. 120 Day Safety Update: Attribution for Cause of Death Rélated to Study

Drug
Pt# Age | Cause of Death Herceptin 1-Year Observation
Applicant | Reviewer | Applicant | Reviewer
Lo '-_. 60 Cardiac Failure Y Y - -
| Anaplastic
| 7 Menigioma N N l E
’ Metastatic Renal
57 Cell Carcinoma N N ) a
69 Pulmonary Sepsis - - N N
' Pulmonary
> | Embolism ] ] N N
Myocardial
a8 Infarction o N

N= Not attributable
Y= High Index of suspicion to be attributablC

Reviewer Note: The reviewer attributes death of subjects ™9 and®® a5 related to

study drug. In subject ™9 the symptoms of stroke are correlative with known incidence of
thrombotic events with Herceptin. In three randomized, controlled clinical trials, the
incidence of thrombotic adverse events was higher in subjects receiving Herceptin and
chemotherapy compared to chemotherapy alone. This is in the current labeling of
Herceptin. = :

7.1.2 Other Serious Adverse Events

Accuracy of coding from verbatim term to MedDRA 7.1 Preferred Term (PT) was verified -
by areview of AE line listings. Events were then grouped and analyzed at individual

levels of the MedDRA hierarchy, by treatment group and other relevant subgroups. Data
listings, CRF’s and narratives were also reviewed for cases of particular interest. Finally,
these data were compared to the legacy study data.

&

In HERA a serious adverse event was defined as any experience that suggests a significant
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hazard, contraindication, side effect or precaution. It is any adverse event that at any dose
fulfills at least on of the following criteria: fatal (results in death); life threatening; required
inpatient hospitalization or prolongation of existing hospitalization; results in persistent or
significant disability/incapacity; congenital anomaly/birth defect; medically significant or
requires intervention to prevent one or other of the outcomes previously listed. In addition
subjects entered into the primary cardiac endpoint and also pregnancy was instructed to the
investigators to be recorded as an SAE. The definition of SAE used in the HERA study is
consistent with 21 CFR 312 (a). Serious adverse events were presented and graded
according to NCI-CTC version 2.0., except for symptomatic cardiac failure (NYHA class
II/IT/IV), in which case the New York Heart Association (NYHA) Classification system
be used. '

Table 24, represents the incidence of reported SAEs grouped by treatment arm and
MedDRA System Organ Class (SOC). The clinical reviewer’s analysis revealed a total of
228 subjects who experienced an SAE, 5.4% (93/1708) subjects in the Observation arm and
8.0% (135/1678) subjects in the Herceptin arm.
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‘Table 24. Reviewers’ Table of SAE Incidence by Treatment Arm

MedDRA SOC - Observation | Herceptin 1-year
, . (n=1708) (n=1678) )

BLOOD AND LYMPHATIC SYSTEM DISORDERS 1 ' 1
CARDIAC DISORDERS ‘ 4 23
EAR AND LABYRINTH DISORDERS -0 1
ENDOCRINE DISORDERS 1 1
EYE DISORDERS 2 0
GASTROINTESTINAL DISORDERS . 8 8
GENERAL DISORDERS AND 2 16
ADMINISTRATION SITE CONDITIONS

HEPATOBILIARY DISORDERS ' 2 2
IMMUNE SYSTEM DISORDERS 1 0
INFECTIONS AND INFESTATIONS 17 40
INJURY, POISONING AND : ~ 7 9
PROCEDURAL COMPLICATIONS R

METABOLISM AND 1 0
NUTRITION DISORDERS

MUSCULOSKELETAL AND 5 3

 CONNECTIVE TISSUE DISORDERS

NEOPLASMS BENIGN, MALIGNANT AND 13 10
UNSPECIFIED (INCL CYSTS AND POLYPS)

NERVOUS SYSTEM DISORDERS 6 8
PREGNANCY, PUERPERIUM AND 5 2
PERINATAL CONDITIONS

PSYCHIATRIC DISORDERS : 1 1
RENAL AND URINARY DISORDERS 1 2
REPRODUCTIVE SYSTEM AND 13 19
BREAST DISORDERS

RESPIRATORY, THORACIC AND 9 5
MEDIASTINAL DISORDERS

SKIN AND SUBCUTANEOUS TISSUE DISORDERS 1 4
SURGICAL AND MEDICAL PROCEDURES 7 1
VASCULAR DISORDERS 5 10

The most common serious adverse event reported related to drug was cardiac failure,
congestive, cardiac failure, and cardiomyopathy in the 1-year Herceptin arm (Table 25).
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Table 25. Reviewer’s Cardiac Disorders Incidence of SAE by Treatment Arm

Observation | Herceptin
Preferred Term (n=1708) (n=1678)
ANGINA PECTORIS 1 2 (0.1%)
ATRIAL FIBRILLATION ' 1 1
CARDIAC FAILURE 1 (.06%) 4 (0.2%)
CARDIAC FAILURE 0 (0%) 7 (0.4%)
CONGESTIVE ‘
CARDIOMYOPATHY 0 (0%) 2 (0.1%)
CORONARY ARTERY 0 1
STENOSIS
EXTRASYSTOLES 0
PERICARDITIS LUPUS 0 1
SUPRAVENTRICULAR 0 1
TACHYCARDIA
TACHYARRHYTHMIA 0 2 (0.1%)
TACHYCARDIA .0 1

7.1.3 Dropouts and Other Significant Adverse Events .

7.1.3.1 Overall profile of dropouts

Premature withdrawal was defined as withdrawal of the patient from the study prior to
completion of the protocol defined treatment/observation period for any of the following
reasons: adverse event, death, insufficient therapeutic response, loss to follow-up, violation
of eligibility criteria or other protocol violations.

A total of 485 patients (14%) were reported withdrawn prematurely during the observed
period of the study: 267/1708 (16%) observation subjects and 218/1678 (13%) from the
Herceptin treated subjects. Three patients were “withdrawn” from the observation group
due to death and 1 patient was “withdrawn” from this group due to an adverse event.
Among Herceptin treated subjects arm, 3 were “withdrawn” from the study due to death
and 97 patients were withdrawn as a result of an adverse event.

The most common pre-defined non-safety reason for premature withdrawal from the study
indicated on the CRF was ‘insufficient therapeutic response’ (recurrence of disease, second
non-breast malignancy or contralateral breast cancer). One hundred and forty eight patients
withdrew from the observation and 69 patients withdrew from the Herceptin arm for this
reason.

One hundred observation arm patients and 40 Herceptin patients were withdrawn from the
study for refusal of treatment including ‘did not co-operate’ and ‘withdrew consent’.
Eleven patients (6 in the observation arm, 5 receiving Herceptin) were withdrawn due to a
violation of selection criteria at entry and 1 observation arm patient was withdrawn due to a
protocol violation. Seven patients (6 in the observation arm, 1 in the Herceptin arm) failed
to return and 5 patients (2 observation, 3 Herceptin) withdrew for administrative or other
reasons. At the time of database closure, study completlon information was not available
for all patients and was still being collected.
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Summary of Premature Withdrawals by Reason

Reason for Withdrawal Observation Herceptin
’ Only 1 Year
N = 1708 N = 1678
No. (%) No. (%)
Safety j 4 <1 100 { 8)
Adverse Event (é) 1 ' 97
Death 3 3
Nom-Gafety 563 {15 T8 {7
Insufficient Therapeutic Response 148 69
Violation of Selection Criteria at Entry 6 5
Other Protocol Violation 1 0
Refused Treatment (b) i 100 40
Failure to Return 6 - 1
Other - - 2 3
Total . 267 { 186) 218 ( 13)

7.1.3.2 Adverse events associated with dropouts

The applicant provided in this submission a table titled “Summary of Patients
Discontinuing Study Treatment as a Result of an Adverse Event (safety Population)”
referenced as table 36 in the clinical study report. In cross referencing the adverse event
dataset against the narrative summaries, the adverse events were separated into two sets:

- “Narratives for Patients who Discontinued Herceptin because of an Adverse Event”; and
“Narratives for Premature Withdrawal Due to Adverse Events”. Further subjects who were
followed in the primary and secondary cardiac endpoints had a separate list of narrative
summaries. Within these summaries were subjects followed in cardiac endpoints who
discontinued Herceptin due to adverse event.

Table 26, was compiled by the Reviewer from the following data sources : Adverse Event
dataset; Narratives for Patients who Discontinued Herceptin because of an Adverse Event;
Narratives for Premature Withdrawal Due to Adverse Events; and Narratives of subjects in
the cardiac endpoints who discontinued drug due to adverse event. The table includes the
subject number to ensure no double counting of events.

Clinical Reviewer Summary of Drop Oﬁts~
and Discontinuations in Patients receiving Herceptin

: #of ‘
Event Patients | Incidence
: (n=1678) '
Discontinuation for any cause 93/1678 5.5%
Discontinued On-study* 30/1678 | 1.8%
-| Withdrawal Due to Non-Cardiac Adverse Event | 26/1678 1.5%

*Patients who discontinue observation or Herceptin treatment within less

than one year from randomization (observation patients) or first Herceptin infusion for

any reason (except withdrawal of study consent and disease recurrence) should complete

the first safety follow-up visit (week 56) within 4 weeks from discontinuation (observation
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patients) or the last Herceptin\ administration.

Table 26. Herceptin Premature WithdrawaUDiscontiuations

' Herceptm Discontinued Onstudy*

n Premauu\e Wlthdmwal Due to Adverse Events

| Adverse Event

Cardiac

Resolved with

e | saquelae

| CARDIAC FAILURE CONGESTIVE

‘EJECTION FRACTION DECREASED

-EJECTION FRACTION DECREASED -

MULTIPLE GATED ACQUISIT[ON SCAN ABNORMAL

- 'IRANSIENT ISCHAEMIC ATI'ACK' o

.CARDIACFAILURE CONGESTIVE.... .. - -

"CARDIACFAILURE CONGESTIVE.

"CARDIACFAILURE CONGESTIVE -

CARDIAC FAILURE CONGESTIVE -

OCARDIOGRAM T WAVE INVERSION

'.'ABDOMINAL DISCOWOR e e
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AE Cardiac
Intensity | Endpoint

"EJECTION FRACTION DECREASED |

EJECTION. FRACTION DECREASED:.

JOINT SPRAIN : 2
VENTRICULAR HYPOKINESIA 1

ELECTROCARDIOGRAM T WAVE INVERSIO

EJECTION FRACTION-DECREASED "
VENTRICULAR DYSFUNCTION

ARTHRALGIA.
BJECTION FRACTION DECREASED

DYSPNEA

CARDIAC DISORDER .
ECHOCARDIOGRAM ABNORMAL
PALPiTA’['IONS

CARDIAC FAILURE CONGESTIVE
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- AE Cardiac
| Pt# | Adverse Event Intensity | Endpoint Qutcome
~ ®O PERICARDIAL EFFUSION
HEPATITIS TOXIC
EJECTION FRACTION DECREASED
CARDIAC FAILURE CONGESTIVE
CARDIOMYOPATHY
SCARDIAC FAILURE
FATIGUE
JAUNDICE

.| Primary CE” ' | Unreselved:

2
2
1
2
2
.-' _.:3"
3
2

DYSPNEA

ERYTHEMA '
“CARDIAC FAILURE €CONGESTIVE | & 7

SUDDEN DEATH

DRUG HYPERSENSITIVITY
| CARDIAC FAILURE CONGESTIVE. ..
VENTRICULAR DYSFUNCTION

" [[Primary CE___| Unresolved

| Primay CE | Unresolved

Adverse events leading to treatment discontinuation:

In total 6.1% (103/1678) subjects in the Herceptin arm discontinued treatment because of
one or more adverse events. Ejection fraction decreased and congestive cardiac failure
were the most common adverse events each being reported as reason for discontinuation in
1% ( 23/1678) of Herceptin subjects. Seven discontinued due to cardiac failure 0.4%. Of
the103 subjects who had adverse events that lead to discontinuation of treatment 5.2 %
(87/1678) were considered related to Herceptin.

Adverse events leading to premature withdrawal from study:

97 subjects were prematurely withdrawn from a study as a result of at least one adverse
event. Eighty eight of the 97 subjects who prematurely withdrew from study due to an
adverse event considered related to Herceptin. The most common adverse event leading to
premature withdrawal from the study was congestive heart failure (23 subjects) and
ejection fraction decreased (21 subjects).
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The following Table 27, is a sub table derived from table characterizing diseontinuation of
Herceptin in the cardiac endpoints subpopulation. '

Table 27. Cardiac Endpoints with Adverse Events Leading to

Discontinuation of Herceptin

Adverse Event by n (%) | AE Intensity
Preferred Term 37 CTC v2.0
Primary Cardiac Endpoint

"+ Cardiac Failure Congestive | 5 (14) | 3-4 -
' " Cardiac Failure 4 (1) 13-4
Secondary Cardiac Eudpoint . o

Cardiac Failure Congestive 12 (32) | 1-2
Ejection fraction Decreased | 12 (32) | 1-2
Angina Pectoris .| 1 (3) 3
Cardiotoxicity | 1 (3)
Cardiac Disorder | 1.(3)
- Cardiac Failure | 1 (3):
_ Echocardiogram abnormal { 1 (3)
. MUGA Abnormal | 1 (3) -

vy Py Py o P

7.1.3.3 Other s1gn1ﬁcant adverse events
Table 28, summarizes the combined routine schedule of LVEF assessment and “back of the
book” variable which categorized subjects requiring monitoting of LVEF outside routine
- parameters. The “back of the book week” was collapsed into the week closest to the
foutihe schedule of assessment week. For multiple back of the book dates, the worst LVEF
“was used. The mean and median at baseline for both arms was identical. By week 25 the
Herceptin group mean decreased to 61 % and remained their through week 52 (completion
of 1-year of Herceptin). At the month 18 follow-up visit the mean LVEF began to recover
close to the original baseline number 63% vs. 64% for the Herceptin group. Notable there
were no changes in LVEF from baseline through week 52 in the Observation arm. Afteér
month 24 of follow-up the number of subject assessed was less than five percent of the
safety population in the respective arms. As s result, this reviewer cannot draw clinically
meaningful or statistical significance of the long-term follow-up data
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Table 28:. Overall Summary of LVEF Changes Based on Worst LVEF *
n (%) Mean | Median
Herceptin 1677 (100) | 64 64 Baseline
Observation | 1707 (100) 64 64
Herceptin 1592 (95) . | 62 62 Week 13
Observation | 1509 (88) 64 64
Herceptin 1465 (87) 61 62 Week 25
Observation | 1392 (81) 64 64
Herceptin | 1049 (63) |61 | 62 Week 52
Observation | 947 (55) 64 64
Herceptin 606 (36) 63 63 Week 79/
Observation | 540 (32) 64 65 Month 18
Herceptin 270 (16) 64 64 | Week 103/
Observation | 253 (15) 64 64 Month 24
Herceptin 68 (4) 66 66 Month 30
Observation | 66. (4) 64 65 ;
Herceptin 4 (0.2) 70 71 Month 36
1| Observation | 2 (0.1) 66 66
*Based on Raw data

Herceptin total # subjects= 1678
Observation total # subjects=1708

Table 29. Applicant’s Summary of LVEF Over Time Applicant’s Summary of LVEF Over
Time )
stslvef 3001 - Summary of LVEF Over Time (incl. additional examinations)

Study BO16348 (HERA): Herceptin in-Adjuvant Breast Cancer
Safety population

Obgervation Herceptin

only 1 Year

N=1708 N=1678

Overall (worst value)

n 1545 1600
Increase or no change 516 ( 33.4 %) 323 ( 20.2 %)
Decrease < 10% 816 { 52.8 ¥) 883 ( 55.2 %)
Decrease >= 10% 213 ( 13.83 %) 394 ( 24.6 %)
LVEF < 50% 49 ( 3.2 %) 144 ( 9.0 %)
LVEF < 50% and decrease >= 10 35 (2.3 %) 118 ( 7.4 %)

Reviewer comment: The above applicant’s Table 29 was not included in the clinical study
report (CSR),instead was a line listed table with submission. : ‘

To assess overall cardiac function using an objective measurable parameter, LVEF function
for both arms was compared across study. Table Table 30 reflects changes in LVEF based
on the following parameters: NCI CTC version 2 , definition for cardiac left ventricular
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function; HERA protocol algorithm for continuation and discontinuation of Herceptin
based on the following interval assessment, drop of > 10 Ejection Fraction (EF) points
from baseline and LVEF < 50%; and criteria of change in LVEF > 16% and LVEF < 50%
based on previous labeling of product in dose modifications section. -

Table 30. Summary of Changes from B_aseli_ne to Worst LVEF *

LYEF Observation Herceptin
only S

Change from baseline > 10% 213/1708(12.47%) | 394/1678(23.48%)
Post LVEF <50% 49/1708(2.87%) | 144/1678(8.58%)
Significant drop :LEVF<50%and | 35/1708(2.05%) | 118/1678(7.03%)
change > 10% ; . !
CTC grade 1 : LVEF <20%, > 10% | 204/1708(11.94%) | 376/1678(22.41%)
drop .
CTCgrade2:LVEF>20%drop | 21/1708(123%) | 49/1678(2.94%)
Change in LVEF > 16% and 20/1708(1.17%) | 64/1678(3.81%)
LVEF<50% o

*Based on Applicant’s Derived Variables

Table 3 1summarizes subjects excluded from the LVEF summary analysis as the CTC grade
for these subjects required clinical judgment from the reporting investigator and this data
was not properly collected, an noted as a protocol violation, by the Sponsor of the study.
For detailed explanation see section 7.1.5.1.

Table 31. Cardiac Events Excluded from CTC Summary of LVEF

[ Pe# - NYHA Class |
LAC TV

11T
I
IV
I
I
111
111
i
I

The majority of subjects fell into three categories for LVEF; change from baseline > 10%
was 23% (394/1678) for Herceptin group vs. 12% (21/1 708) for Observation group, grade
1 toxicity for cardiac left ventricular function 22 % (376/1678) for the Herceptin group vs.
12% (204/1708) for the Observation group, and post baseline LVEF < 50% was 9%
(144/1678) for the Herceptin group vs. 3% (49/1708) for the Observation group.
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Table 32. Summary of LVEF by Advanced Age
LVEF Age Observation Herceptin *p-Value
<65 32/1594 (2.01%) | 112/1558 (7.19%) <0.0001
LVEF Significant Drop - ~
265 3/114  (2.63%) | 6/120 (5.00%) 0.1771
<65 203/1594 (12.74%) | 376/1558 (24.13%) | <0.0001
LVEF Drop > 10% =
265 10114 (8.77%) | 18/120  (15.00%) | 0.0557
<65 . 45/1594 (2.82%) | 133/1558 (8.54%) | <0.0001
LVEF < 50%
265 4114 (351%) (11120  (9.17%)" | 0.0464

* Fisher’s Exact Test

Statistical significant differences in decreasing LVEF are seen between the Herceptin and
Observation groups consistently in the age group less than 65 years old. Due tothe small
sample size in the greater than or'equal to 65 years of age category, statistically difficult to
interpret. No difference in LVEF parameters can be found based on this subgroup

Table 32).

After looking at LVEF changes at intervally scheduled and unscheduled time points, the
next approach was too look at LVEF drops over time. Figure 2,is a Kaplan-Meier curve
that represents time to event analysis using first LVEF decline using the parameter greater
than or equal to ten percent of baseline and LVEF below 50%. Subjects who did not
experience LVEF drop as defined above were censored at the last date of the following;
follow-up date, radiological exam, LVEF assessment, contact, survival follow-up, or
disease recurrence, whichever occurs last.
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Figure 2. Time to First LVEF Decline of > 10% from Baseline and to Below 50 %
Subjects Based on Safety Population (Reviewer’s Analysis)
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Analysis of Maximum Likelihood Estimates
Parameter  Standard Hazard 05% Hazard Ratio
Variable DF  Estimate  Error Chi-Square Pr>ChiSq Ratio Confidence Limits Variable Label
TRTSAF 1 119573 0.19249 385878 <0001 3.306 2267 4,821 Actual treatmant (for Safety)

[Hazard ratio 3.306, 95%CI (2.27, 4.82), p-value by log rank < .0001]

Figure 3, provides the Applicant’s time to event analysis which includes disease recurrence
as well as death as a competing risk. If subjects did not have a significant LVEF drop, then
the last date of; follow-up, radiological exam, LVEF assessment, contact, or survival
follow-up was used. However the results are similar.
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Figure 3. Time to First LVEF Decline of > 10% from Baseline and to Below 50 %
Subjects Based on Safety Population (Sponsor's Analysis)

Genentech, Inc. Phase Il Study: BO16348 (HERA)
Herceptin Adjuvant Herceptin Therapy in Breast Cancer
. Figure 1
Time to First LVEF Decline of >=10 Percentage Points from Basefine and to Below 50%
Patients from the Safety Population in the HERA Study
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Observation Only (n = 1708)
—————— Herceptin 1 Year (n= 1678)
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1} 6 . 12 18 24
Time to First LVEF Decline of >=10 Percentage Points from Baseline and to Below 50% {months)
Number at risk :
Observation Only 1708 1100 770 448 220
Hercepfin 1 Yeaf 1678 1108 827 499 246

The Kaplan-Meier curves were truncated at 24 months because there were too few patients at risk to reliably estimate the Kaplan-Meier curves
beyond 24 months. Only 36 and 46 patients were at risk in the observation arm and 1-year Herceptin arm, respectively, at 30 months and
onlv 2 natients were at fisk in each treatment arm at 36 months -~ -

[Hazard ratio 3.23, 95%CI (2.21, 4.71), p-value by log rank <.0001]

Reviewer Comment: Based on the Kaplan-Meir Curve, Time to First LVEF Decline of

> 10% from Baseline and to Below 50 % and hazard ratio, subjects treated in the 1-year
Herceptin arm had three times the risk of LVEF dropping below 50% and > 10% decline
Jfrom the baseline compared to the Observation arm. This finding is the first reported in
any study with the use of Herceptin. This finding is clinically meaningful and statistically
significant and will have direct implication in the label of Herceptin.
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7.1.4 Other Search Strategies

Standardized Medical Query (SMQ)

Table 33 and Table 34 summarize adverse events by Standardized Medical Queries using a
MedDRA based analysis tool for adverse events. The SMQ is a grouping of terms from
one or more MedDRA SOC that relate to a defined medical condition or area of interest.
The results of the SMQ level analysis can highlight arcas of further inquiry. Terms are
grouped as either broad or narrow in scope which correlates to sensitivity and specificity.
Note that p-values are intended for ranking purposes only and are not intended for a
determination of statistical significance.

Table 33. Standardized MedDRA Queries by p-Value (Broad Scope)

E-\’:Iue SMQ Observation | Herceptin
(N=1708) (N=1678)

At least 1 SMQ 413 (24.2%) 729 (43.4%)

0.0000 Cardiac Failure 413 (24.2%) 729 (43.4%)

0.0000 Cardiac Arrhythmias 21 (1.8%) 98 (5.8%)
0.0064 Peripheral Neuropathy 37 (22%) 63 (3.8%)
0.0201 Parkinson-like Events 8 (0.5%) 20 (1.2%)

* p-Values are derived from a Mantel-Haenszel test for ranking purposes only

Table 34. Standardized MedDRA Queries by p-Value (Narrow Scope)

p-VYalue | SMQ Observation | Herceptin

) (N=1708) (N=1678)

At least 1 SMQ 129 (7.6%) 236 (14.1%)

0.0000 Cardiac Failure 20 (1.2%) 96 (5.7%)
0.0435 Interstitial Lung Disease 0 (0.0%) 4 (0.2%)
0.0435 Hemorrhagic Cerebrovascular Condition | 0 (0.0%) 4 (0.2%)
0.0450 Malignant or unspecified tumors 17 (1.0%) 7 (0.4%)
0.0805 Parkinson-like events 0 (0.0%) 3 (0.2%)

* p-Values are derived from a Mantel-Haenszel test for ranking purposes only

Table 34, using the narrow scope SMQ identified cases of interest, specifically interstitial
lung disease.

Narratives of subjects with a safety signal que for interstitial lung disease:

Subject | ®®
Non-smoker and no documented radiation therapy. Randomized to 1-year Herceptin.

Last dose of Herceptin: [/ "®@. Adverse event reported chronic pulmonary

obstruction with dyspnea Grade 1. Onset JI=E

Treatment: Tiotropium bromide [ @@,

Outcome: Unresolved.

Last dose of Herceptin: [ @@, Adverse event obstructive bronchitis with
Dyspnea -Grade 1. Onset|  ©@
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Treatment: Beclomathasone [ e,
Outcome: Resolved =@

Last dose of Herceptin: @@ Adverse event productive bronchitis -Grade 1.
Onset

)
Treametn: laritromscin, I

Outcome Resolved

Subject:
Completed radiotherapy to right breast /@@ Randomized to 1-year Herceptin.

2 adverse events 1-pulmonary and 1-cardiac

Last dose of Herceptin: [/ @@ Adverse event reported pneumonitis actinica -
Grade 2.

Last dose of Herceptin: [/ ®®@  Adverse event reported pericardial effusion-Grade
1. Onset
Treatment: None reported
Echocardiogram: reported as normal.

. i
Outcome Resolved|  ®©, Unresolved " W@,

Subject
Completed
Herceptin.

eft chest wall radiotherapy """ ®%@. Non-smoker. Randomized to 1-year

Last dose of Herceptin: Incomplete CRF no initial dose (8mg/kg) documented or reason
not given. The next dose closest to adverse event | @@

Adverse event chronic pneumonitis due to radiotherapy Grade 1.

Onset
Treatment; None reported

QOutcome: Unresolved

Comments on AE "the causality is probably due to radiotherapy™

Last dose of Herceptin . Adverse event reported respiratory infection Grade
3. Onset
Treatment; Levofloxacin

Cefiriaxone [E®e
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“Tioprobio”

Chest/abdominal CT (results not reported).
Outcome: Resolved
Comments on AE “Hospitalization due to SAE”

Subject
Chest radiotherapy completed |""""®@_ Randomized to |-year Herceptin.

Last dose of Herceptin _ Adverse event reported Upper resplratory

infection-Grade 1. Onset
Treatment: Fenspiride )

Loratadine
Acemet

Outcome Resolved @@

Last dose of Herceptin: | @@ Adverse event reported radiation pneumonitis —
Grade-1. Onset
Treatment: Fluticasone accuh
Sputant
Outcome Resolved

Reviewer Note: Subject ™% had the most compelling data revealing onset of respiratory
symptoms following Herceptin in less than seven days after dosing with all three adverse
events reported.

New safety signal of interstitial lung disease (ILD) was flagged with standardized medical
query (SMQ). Cases of ILD were n=4 (0.2%) p-Value = 0.0435. The office of
surveillance and epidemiology (OSE) was consulted. An AERS (adverse event reporting
system) data mining report was generated revealing a disproportionate risk ratio of two
times the expected incidence of ILD in reporting with trastuzumab use.

Post marketing reports were reviewed from AERS that identified 110 unduplicated cases of -
interstitial lung disease (ILD) by narrow scope SMQ in patients receiving Herceptin.

In general the 110 cases are complex and confounding variables for interpretability :
scattered missing information; confounding by concomitant treatments that have known
pulmonary toxicity; and confounding by potential complications of the underlying disease.
Disease stage and treatment history were moomplete and variably reported. Radiation

exposure as well as chemotherapy exposure is also variably reported.

Summary of AERS Postmarketing Report on ILD
=11

Age (n=90): Median =56 y, Range =32 - 79y

Gender (n=107): Female = 95.3%, Male = 4.7%
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~ Death outcome: n=131

Primary pulmonary event:  Pneumonitis/ILD =29

Pulmonary fibrosis =25

- Pulmonary infiltrate =20

ARDS =9 _
Infection related = 5
Radiation related = 4
Hypersensitivity pneumonitis = 4
Infusion related = 4

“Alveolitis =3
Other =7

Time to event (n=86): Median = 35 d, Range 0 — 665 d

Concomitant treatments: Paclitaxel = 36

(number of cases) Docetaxel = 30
Cyclophosphamide = 11
Doxorubicin = 8
Vinorelbine =7
Gemcitabine = 4
Fluorouracil = 5
Methotrexate=3

Indication: Breast cancer = 88
NSCLC=4
SCCHN =1
Ovarian=1
Unknown = 16

The AERS data search revealed 29 cases of pneumonitis/ILD as a primary event, the
demographics reveal the majority of the 110 cases were in women, the chemotherapy most
often given as concomitant treatment was paclitaxel and docetaxel, and the most common
cancer pulmonary events reported was breast cancer.

The evidence supporting a new safety signal of ILD initially was found in HERA study
.Subject | ®®. who had compelling evidence of a positive rechallenge with trastuzumab. An
AERS (adverse event reporting system) data mining report was generated revealing a
disproportionate risk ratio of two times the expected incidence of ILD in reporting with
trastuzumab use.

7.1.5 Common Adverse Events
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7.1.5.1 Eliciting adverse events data in the development program

All clinical adverse events (AEs) encountered during the conduct of the study up to 28
days after last dose of trial treatment were reported on the AE pages of the: Case Report
.Form. It was a special follow-up requirement of this study to report cardiac or
cardiovascular events, as well as related adverse events occurring after completion of the
treatment or observation phase (2 years) and beyond the common 28 days safety follow-up.
All cardiac and cardiovascular events are to be reported until 10 years after randomization.

Refer to section 6.1.3 for Schedule of Assessment and frequency of follow-up. In addition
the design of the HERA study kept the schedule of assessments the same for both arms of
the study, however, subjects receiving Herceptin were seen every three weeks for study
drug and this introduced a potential for bias increase reporting adverse events in the
Herceptin arm.

The data on long-term follow-up in the one year Herceptin arm will be inconclusive as the
HERA study allowed for re-randomization of subjects to the two year arm through protocol
amendment E, which post dates database closure for the one year arm.

Subjects who were followed in the secondary cardiac endpoint were originally coded to be
captured using New York Heart Association (NYHA). classification system. Amendment
D, which was approved in November of 2003, changed the coding criteria for the
secondary cardiac endpoint. Significant and asymptomatic drops in LVEF would be
graded in NCI-CTC version 2 instead of the NYHA classification system. Prior to
amendment D 1700 subjects were enrolled into the HERA study per the applicant. The
CRF form and instructions to the investigators were not changed to reflect the change in
coding with amendment D. This discrepancy was noticed by the Reviewer during coding
accuracy check measuring AEs reported in the adverse event dataset against the narratives
of the subjects in the cardiac endpoints. As a result, data for asymptomatic subjects that
were in the secondary cardiac endpoint continued to be coded in the NYHA classification
system, resulting in ongoing protocol violations. Therefore, coding was at the discretion
of the investigator. In NCI-CTC version 2, coding would have allowed for a more
objective measurement of response based on specific criteria for decrease in LVEF
measurement. Asymptomatic subjects in the secondary endpoint did not require
confirmation of NYHA class by a cardiologist as required for the symptomatic subjects in
the endpoint. The integrity of the data in the secondary endpoint was compromised. The
data was not able to be changed post hoc by the applicant and therefore question of validity
was discussed with the applicant and the utilization of the information for labeling.
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NYHA Classification

Class I Patients with cardiac disease but without resulting limitations of physical
activity., Ordinary physical activity does not cause undue fatigue,
palpitation, dyspnea, or anginal pain.

Class II Patients with cardiac disease resulting in slight limitation of physical
activity. They are comfortable at rest. Ordinary physical activity results
in fatigue, palpitation, dyspnea, or anginal pain.

Class I Patients with cardiac disease resulting in marked limitation of physical
activity. They are comfortable at rest. Less than ordinary physical
activity causes fatigue, palpitation, dyspnea, or anginal pain.

Table 35..Applicant Summary of Secondary Cardiac Endpoint

Cbservation Hérceptin
onl;

Vg 1 Year
N=1708 N=1678
n (%) n (%)
Incidence of Secondary Cardiac Endpoint 9{0.5) 51(3.0)
Exact 95% CI for Incidence? (0.24, 1.00) (2.27, 3.98)
Difference in Incidence . 3
95% CI for the differencez (1.6, 3.4)

1 Exact 95% Confidence Interval for one sample binomial using Pearson-Clopper method
2 Approximate 95% Confidence Interval for difference of two rates using
Hauck-Anderson correction

‘Not all subjects who meet the criteria for entering the secondary cardiac endpoint entered -
into the endpoint. The total number of subjects in the secondary endpoint between both
arms was 1.8% (60/3386), Table 35. In order to asses true cardiac function for the entire
study population L VEF was analyzed for both arms using the EFEXLVEF .xpt dataset.

7.1.5.2 Appropriateness of adverse event categorization and preferred terms

Adverse events were coded using the Medical Dictionary for Regulatory Activities
(MedDRA) version 7.1. All five hierarchal terms were utilized. Adverse event grading
was performed utilizing NCI CTC version 2. A side by side comparison of the verbatim
term to MedDRA Lower level Term (LLT) was performed to verify the accuracy of the
coding process. Included was a review of approximately 8400 AE line listings. Coding
was deemed appropriate in a majority of the events. The events where this reviewers’
judgment differed from the coders’ were not clinically meaningful and would not have had
a significant impact on the study’s safety results had they been coded differently.

7.1.5.3 Incidence of common adverse events

The safety database for HERA was comprised of 3386 subjects arm had 1678 subjects and
the observation had 1708 subjects. To determine the number of subjects who experienced
an adverse event (AE) at any time during the study, the AE.xpt data set was grouped by
patient identifier, MedDRA terms from highest level of hierarchy to lowest, treatment arm,
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and maximum AE grade. This resulted in a dataset containing one subject per row per AE
by maximum grade. The remaining dataset contained only those subjeéts who experienced.
at least one AE. These data were then tabulated for the total number of 'subjects, AE events
by grade, and incidence rates per arm. Refer to section 7.1., for overview of AE by '
intensity (Table 20) and overall incidence of adverse events. Table 36 ,is the highest order
of categorization of MedDRA , the system organ class (SOC). Next level of adverse event
categorization under SOC is the highest level grouping term (HLGT),

Table 38.
Table 36. Adverse Events by SOC All Grades 1-4

Observation Herceptin Observation Herceptin
Adverse Events All Grades . ~All Grades Grades 3-4 Grades 3-4
System Organ Class ] n % n % n % n %
GENERAL DISORDERS AND ‘ 166 9.72 517 30.81 1 0.06 16 0.95
ADMINISTRATION SITE CONDITIONS
INFECTIONS AND INFESTATIONS 205 12.00 | 496 29.56 9 0.53 27 1.61
MUSCULOSKELETAL AND CONNECTIVE 318 18.62 | 450 26.82 17 1.00 13 0.77
TISSUE DISORDERS : ‘
GASTROINTESTINAL DISORDERS 130 7.61 392 23.36 5 0.29 16 0.95
SKIN AND SUBCUTANEOUS TISSUE 91 5.33 318 18.95 2 0.12 1 0.06
DISORDERS ' L s
NERVOUS SYSTEM DISORDERS 129 7.55 309 18.41 9 0.53 15 0.89
RESPIRATORY, THORACIC AND 102 597 249 14.84 8 0.47 4 0.24
MEDIASTINAL DISORDERS . . : . , . :
VASCULAR DISORDERS . 174. 10.19° | 239 14.24 10 0.59 25 1.49
REPRODUCTIVE SYSTEM AND BREAST 128 749 | 153 9.12 5 0.29 5 0.30
DISORDERS . _
CARDIAC DISORDERS ’ 50 2.93 151 | 9.00 4 '0.23 19 1.13
PSYCHIATRIC DISORDERS 98 5.74 148 8.82 3 0.18 7 042
INVESTIGATIONS ' 49 287 ]139 8.28 3: 0.18 7 0.42
INJURY, POISONING AND'PROCEDURAL 47 2.75 94 5.60 7 - 041 12 0.72
COMPLICATIONS , . : .
EYE DISORDERS 31 1.81 67 3.99 {1 0.06 0 0.00
RENAL AND URINARY DISORDERS 16 0.94 47 2.80 1 0.06 1 0.06
EAR AND LABYRINTH DISORDERS 15 0.88 35 2.09 0 0.00 1 0.06
BLOOD AND LYMPHATIC SYSTEM 12 1 0.70 31 185 |4 0.23 3 0.18
DISORDERS ' : . :
NEOPLASMS BENIGN, MALIGNANT AND 27 1.58 30 1.79 7 041 |4 0.24
UNSPECIFIED (INCL CYSTS AND POLYPS) . : 3 1 -
METABOLISM AND NUTRITION 20 1.17 29 1.73 4 0.23 1 0.06
DISORDERS ' '
HEPATOBILIARY DISORDERS 21 1.23 22 1.31 4 0.23 0 0.00
IMMUNE SYSTEM DISORDERS 6 0.35 20 1.19 0 0.00 2 0.12
ENDOCRINE DISORDERS 19 1.11 17 1.01 1 0.06 0 0.00
SURGICAL AND MEDICAL PROCEDURES = | 11 0.64 10 0.60 1 - 0.06 1 0.06
CONGENITAL, FAMILIAL AND GENETIC 6 0.35 3 0.18 0 0.00 0 0.00
DISORDERS . o ‘
PREGNANCY, PUERPERIUM AND ' 5 0.29 2 0.12 2 10.12 1 0.06
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Observation. Herceptin Observation Herceptin
Adverse Events All Grades All Grades Grades 3-4 Grades 3-4
System Organ Class n % n | % n %

n %

PERINATAL CONDITIONS

| [Refer to appendix D for a complete table of all adverse events in the study

BO16348(HERA) by preferred term.]

To provide more categorization of the adverse events MedDRA higher level terms (HLT)
was used. Table 37, was sorted by Herceptin grades from largest to smallest using the
threshold of > 2% as the lower limit of incidence.

Table 37. Adverse Event by HLT Herceptin > 2% Difference Between Arms

Observation Herceptin Observation Herceptin
High Level Term All Grades 1-4 All Grades 1-4 Grade 3-4 Grades 3-4
Adverse Event n % n % n % n %
UPPER RESPIRATORY TRACT INFECTIONS 81 4.74 | 249 14.84 | 0 0.00 1 0.06
MUSCULOSKELETAL AND CONNECTIVE 168 9.84 220 13.11 | 6 035 5 0.30
TISSUE SIGNS AND SYMPTOMS NEC
ASTHENIC CONDITIONS 73 427 210 1251 | 0 0.00 6 0.36
HEADACHES NEC : 49 2.87 164 9.77 3 0.18 4 0.24
JOINT RELATED SIGNS AND SYMPTOMS 105 6.15 147 8.76 3 0.18 4 0.24
NAUSEA AND VOMITING SYMPTOMS 24 1.41 146 8.70 3 0.18 7 0.42
DIARRHOEA (EXCL INFECTIVE) 16 0.94 123 7.33 0 0.00 5 0.30
FEBRILE DISORDERS 6 0.35 101 6.02 0 0.00 1 0.06
OEDEMA NEC ] 45 2.63 96 5.72 0 0.00 |1 0.06
BODY TEMPERATURE PERCEPTION 1 0.06 |95 5.66 0 0.00 3 0.18
NAIL AND NAIL BED CONDITIONS (EXCL 2 0.12 89 530 |0 0.00 |0 0.00
INFECTIONS AND INFESTATIONS) . .
COUGHING AND ASSOCIATED SYMPTOMS 41 2.40 85 5.07 1 0.06 1 0.06
RASHES, ERUPTIONS AND EXANTHEMS NEC | 11 0.64 85 5.07 0 0.00 1 0.06
BREATHING ABNORMALITIES 40 2.34 81 4.83 2 0.12 1 0.06
GASTROINTESTINAL AND ABDOMINAL 35 2.05 71 423 2 0.12 2 0.12
PAINS (EXCL ORAL AND THROAT)
NEUROLOGICAL SIGNS AND SYMPTOMS NEC | 31 ] 1.81 71 423 1 0.06 |3 0.18
GENERAL SIGNS AND SYMPTOMS NEC 14 0.82 70 417 0 0.00 0 0.00
INFLUENZA VIRAL INFECTIONS 9 0.53 70 4.17 0 0.00 3 0.18
MUSCLE PAINS 18 1.05 65 3.87 1 0.06 3 0.18
UPPER RESPIRATORY TRACT SIGNS AND 11 0.64 63 3.75 0 0.00 0- |0.00
SYMPTOMS
CARDIAC FUNCTION DIAGNOSTIC 12 0.70 61 3.64 0 0.00 0 0.00
PROCEDURES
URINARY TRACT INFECTIONS 23 1.35 59 3.52 0 0.00 2 0.12
MUSCLE RELATED SIGNS AND SYMPTOMS 8 0.47 51 3.04 0 0.00 0 0.00
NEC
PRURITUS NEC 10 0.59 49 2.92 0 0.00 0 0.00
CARDIAC SIGNS AND SYMPTOMS NEC 12 0.70 48 2.86 0 0.00 0 0.00
STOMATITIS AND ULCERATION 2 0.12 43 2.56 0 0.00 0 0.00
NASAL DISORDERS NEC 1 0.06 42 2.50 0 0.00 0 0.00
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~Table 38. Adverse Events by HLGT with Herceptm leference = 2% Between Arms

Observation Herceptin Observatmn l-lerceptm
Adverse Event All Grades 1-4 | All Grades 1-4 | Grades 3-4 Grades 3-4
Higher Level Grouping Term n % n % n % n %
INFECTIONS - PATHOGBN CLASS 165 9.66 | 397 23.66 | 6 035 |18 1.07
UNSPECIFIED : '
GENERAL SYSTEM DISORDERS 154 9.02 |389 2318 |1 006 |9 . |054
NEC :
GASTROINTESTINAL SIGNS AND 70 4,10 {230 13.71 | 4 023 9 0.54
SYMPTOMS
MUSCULOSKELETAL AND 173 11013 | 224 1335 | 6 035 |5 030
CONNECTIVE TISSUE DISORDERS '
EPIDERMAL AND DERMAL 62 363 |214 12.75- 1 1 006 |1 0.06
CONDITIONS ] ; ' .
RESPIRATORY DISORDERS NEC | 87 5.09- 199 11.86 | 3 018 |2 0.12
BODY TEMPERATURE ' 7 041 | 173 1031 |0 000 |4 = ]024
CONDITIONS i ' - '-
HEADACHES 49 287 1170 10.13 }3 018 |4 0.24
JOINT DISORDERS ' ' 126|738 [167 955 |3 029 (4 Jo24
GASTROINTESTINAL MOTILITY 34 199 [156  [930 |1 1006 |5 0.30
AND DEFAECATION CONDITIONS
NEUROLOGICAL DISORDERS NEC | 67 3.92 138 822 '3 1018 |7 0.42
|| SKIN APPENDAGE CONDITIONS |22 1.29 130 7.75. 1 006. |0 0.00
VIRAL INFECTIOUS DISORDERS | 36 12.11 121 7.21 1 006 |4 0.24
MUSCLE DISORDERS 127 1.58 | 113 6.73 11 006 |3 0.18
CARDIAC AND VASCULAR 19 111 |9 542 |1 006 |1 0.06
INVESTIGATIONS (EXCL ENZYME , - : &
TESTS) . . B o | -
CARDIAC DISORDER SIGNS AND 12 070 | 57 13400 {0 - [000 |0 0.00
SYMPTOMS . _ K
UPPER RESPIRATORY TRACT 8 047 56 1334 1 (006 |O 0.00
DISORDERS (EXCL INFECTIONS)
ORAL SOFT TISSUE CONDITIONS 2 0.12 |49 292 |0 " [000 {0 0.00

- | - | ®® these adverse events have been
reported in past experience with Herceptin.
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Table 39. Common > 5% Adverse Events of Any Grade with Higher Incidence > 2%
in the 1-Year Herceptin Arm by Preferred Term

Observation Herceptin Observation Herceptin
Preferred Term - All Grades 1-4 All Grades 1-4 Grades 3-4 Grades 3-4
Adverse Event n %" n % n % n %
HEADACHE 49 2.87 162 | 9.65 3 0.18 4 0.24
ARTHRALGIA 98 5.74 137 8.16 3 0.18 4 0.24
NASOPHARYNGITIS | 43 2.52 135 8.05 0 0.00 0 0.00
FATIGUE 44 2.58 128 7.63 0 0.00 4 0.24
DIARRHEA 16 0.94 123 7.33 0 0.00 5 0.30
NAUSEA 19 1.11 108 6.44 . 1 0.06 2 0.12
PYREXIA 6 0.35 100 5.96 0 0.00 1 0.06
BACK PAIN 58 3.40 91 542 3 0.18 3 0.18
CHILLS 0 0.00 85 5.07 0 0.00 3 0.18
MedDRA Analysis Tool
Observation | Herceptin
Adverse Event by Preferred Term % %
HYPERTENSION ' 2 4
*EJECTION FRACTION DECREASED 0.6 3
PALPITATIONS 0.7 3
UPPER RESPIRATORY TRACT INFECTION 1 3
MUSCLE SPASMS 0.2 3
CHEST PAIN 1 3
NAIL DISORDER 0 3
ONYCHORRHEXIS 0.1 2
CONSTIPATION . 1 2
*CARDIAC FAILURE CONGESTIVE 0.3° 2
ABDOMINAL PAIN UPPER 1 2
*PARAESTHESIA 0.6 2
VERTIGO ’ 0.4 2
EPISTAXIS 0.1 2
RHINORRHOEA 0.3 1
CHEST DISCOMFORT 0.1 1
BLOOD PRESSURE INCREASED 0.2 1
TREMOR 0.1 1
CARDIAC DISORDER 0 0.3
PULMONARY HYPERTENSION 0 0.2
VENTRICULAR DYSFUNCTION 0 0.2

AE subset of adverse event by PT with ranking p-values 0.0000-0.0435
* = In the current label

7.1.5.4 Common adverse event tables
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Table 40, is a comprehensive listing of adverse events in HERA between study arms. The
table lists toxicity by MedDRA category of body systems. A MedDRA analysis tool for
adverse events was utilized using preferred terms which based on incidence was assigned a
p-value for ranking purposes only. This list was crossed referenced against the most
commonly reported adverse events ( > 5% any grade with higher incidence > 2% in the 1-

year Herceptin arm). More serious but lesser incidence adverse events was also captured
and finally adverse events currently in the Herceptin label were compared. A version of
this table will be utilized in the updated label of Herceptin.
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Table 40. Overall Summary of Toxicity by Body System
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MedDRA (v. 7.1)

Adverse Event 1 Year Herceptin Observation
Preferred Term (n=1678) - (n=1708)
Cardiac
Hypertension 64 (4%) 35 (2%)
Dizziness 60 (4%) 29 (2%)
Ejection Fraction Decreased 58 (3.5%) 11 (0.6%)
Palpitations 48 (3%) 12 (0.7%)
Cardiac Arrhythmias 42 (3%) 17 (1%)
Cardiac Failure Congestive 30 (2%) 5 (0.3%)
.Cardiac Failure 9 (0.5%) 4 (0.2%)
Cardiac Disorder 5 (0.3%) 0 (0%
Ventricular Dysfunction 3 (0.2%) 0 (0%
Cardiomyopathy 2 (0.1%) 0. (0%)
Respiratory Thoracic
Mediastinal Disorders
Nasopharyngitis 135 (8%) 43 (3%)
Cough 81 (5% 34 (2%)
Influenza 70  (4%) 9  (0.5%)
Dyspnea 57 (3%) 26 (2%)
URI 46 (3%) 20 (1%)
ILD 4 (0.2%) 0 (0%)
Rhinitis 36 (2%) 6 (04%)
Pharyngolaryngeal Pain 32 (2%) 8 (0.5%)
Sinusitis 26 (2%) 5 (0.3%)
Epistaxis 25 (2%) 1 (0.06%)
Rhinorrhea 24 (1%) 5 (0.3%)
Pharyngitis 22 (1%) 9 (0.5%)
Pulmonary Hypertension 4  (0.2%) 0 (0%)
Gastrointestinal Disorders
Diarrhea 123 (7%) 16 (1%)
Nausea 108 (6%) 19 (1%)
Vomiting 58  (3.5%) 10 (0.6%)
Constipation 33 (2%) 17 (1%)
Dyspepsia 30 (2%) 9  (0.5%)
Upper Abdominal Pain 29  (2%) 15 (1%)
Musculoskeletal &
Connective Tissue Disorders
Arthralgia 137 (8%) 39 (6%)
Back Pain 91  (5%) 58 (3%)
Myalgia 63 (4%) 17 (1%)
Bone Pain 49 (3%) 26 (2%)
Muscle Spasm 46 (3%) 3 (0.2%)
Nervous System Disorders
Headache 162  (10%) 49 (3%)
Paraesthesia 29 (2%) 11 (0.6%)
Vertigo 25 (1.5%) 7 (0.7%)
[t Tremor 11 (0.7%) 2 (0.1%)
Skin & Subcutaneous Tissue
Disorders
Rash 70  (4%) 10 (.6%)
-Nail Disorders 43 (2%) 0  (0%)

78




Clinical Review

Katherine Fedenko

BLA 103972/5175

Trastuzumab HERCEPTIN®
MedDRA (v. 7.1)
Adverse Event 1 Year Herceptin Observation
Preferred Term (n=1678) (n=1708)
Pruritis 40 (2%) 10 (0.6%)
Onychorrhexis 36 (2%) 1. (0.06%)
Onychomycosis 8 (0.5%) 1 (0%)
General Disorders
Pyrexia 100 (6%) 6  (0.4%)
Edema Peripheral 79 (5%) 37 (2%)
Chills 85 (5%) 0 (0%)
- Aesthenia : 75 (4.5%) 30 (2%)
Influenza-like Iliness 40 (2%) 3 (0.2%)
Chest Discomfort 20 (1%) 2 (0.1%)
Sudden Death 1 (.06%) 0 (0%)
Infections
Nasopharyngitis 135 (8%) 43 (3%) -
UTI 42  (3%) 13 (0.8%) .
Immune System Disorders
Hypersensitivity 10 (0.6%) 1 (0.06%)
Autoimmune Thyroiditis 4 (0.3%) 0 (0%)
Psychiatric Disorders B
Anxiety 40 (2%) 3 (0.2%)

7.1.5.5 Identifying common and drug-related adverse events

Serious adverse events which are probable or definitely due to Herceptin, based on
comparison between both arms of the HERA study include congestive heart failure, cardiac
failure, decreased ejection fraction, infusion reactions, and pulmonary toxicity associated
with and without infusion reactions. The most common adverse events probable or
definitely due to Herceptin, based on comparison between both arms of the HERA study
include headache, nasopharyngitis, fatigue, diarrhea, nausea, pyrexia, back pain , and chills.
Adverse events that are most likely related to Herceptin based on incidence reporting of
two times or greater than compared to the Observation arm are the following: hypertension,
palpitations, tachycardia, dizziness, vertigo, cough, upper abdominal pain and constipation.
Laboratory abnormalities will be discussed later in section 7.1.7. '

7.1.6 Less Common Adverse Events

Adverse events interstitial lung disease and sudden death although less common are serious
events, ‘

Table 41. These events occurred in the Herceptin group only. Refer to section 7.1.4, for
interstitial lung disease and section 7.1.1, for sudden death narrative.
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Table 41. Adverse events <1% in 1-year Herceptin Arm

MedDRA (v. 7.1) :

Adverse Event 1 Year Herceptin Observation
Preferred Term (n=1678) (n=1708)
Cardiac : '

| Cardiac Failure 9  (0.5%) 4 (0.2%)
Cardiac Disorder 5 (0.3%) 0 (0%)
Ventricular Dysfunction 3 {0.2%) 0 (0%)°

. Respiratory Thoracic o

" Mediastinal-Disorders

| Pulmonary Hypertension 4 (0.2%) 0 (0%)

 Interstitial Lung Disease 4 (0.2%) 0 (0%) -

' Musculoskeletal & E
Connective Tissue Disorders

Tremor - 11  (0.7%) 2 (0.1%)

. Skin & Subcutaneous Tissue ;
Disorders

Onychomycosis 8 (0.5%) - (0%)
.General Disorders .. , ) .
Sudden Death 1 (.06%) 0 (0%)”
Immune System Disorders

Hypersensitivity 10 (0.6%) - 1 - (0.06%)
Autoimmune Thyroiditis 4  (0.3%) 0 (0%)

7.1.7 Laboratory Findings

7.1.7.1 Overview of laboratory testing in the development program

The schedule of assessment for laboratory parameters included hematology and
biochemistry screens. Hematology labs consisted of,: hemoglobin, total white blood cell .
count, absolute neutrophil count, and platelet count. Biochemistry labs included: serum
creatinine, blood urea nitrogen, electrolytes, AST (SGOT) or ALT (SGPT), ALP, and
bilirubin. :

The planned schedule of assessment for the laboratory parameters were as follows:
baseline, week 25, week 52, week 79, week 103, month 18, month 24 then every six -
months until month 60, after month 60 every 12 months for 5 years. Unscheduled
assessments were captured under the variable “back of the book”.




Clinical Review

Katherine Fedenko

BLA 103972/5175
Trastuzumab HERCEPTIN®

Frequency of Distribution of Labs in Observation Arm Frequency of Distribution of Labs in Herceptin Arm

538 2 e o 5883 2 ; o
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568 ¥ S o 550 ¢¥ o9
<220 = B v 2220 = =
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i) = & X
oo 0
- s 32
Frequencies : Frequencies
Level : Count Prob Level Count Prob
BACK OF BOOK 3104 0.03818  BACK OF BOOK 4888 0.05712
EU Mgz}r’: 30 804 0.00989 852 0.00996
UM 36 26 0.00032
SCREENING 21156 0.26024 :ﬂ ﬁgm gg 2 0.00
WEEK 107 2956 0.03636 . 5 .00081
WEEK 25 ' 17884 021999  LOMONTH 54 12 0.00014
WEEK &2 \onka 015276  SCREENING 20829 0.24341
WEEK 56 12202 015121  \WEEKIO s e
WEEK 79/MONTH 18 " 7265 008837 LEERS 13161 P
WEEK103/MONTH 24 . 3420 004207, e 28 57 BiAdES
Total 81293 1.00000 :
) WEEK 79/MONTH 18 7838 0.09160
Ntk WEEK103/MONTH 24 3688 0.04310
o 9 Total 85572 1.00000
10 Levels N Missing i
0
11 Levels

7.1.7.3 Standard analyses and explorations of laboratory data

The incidence of grade 1-4 laboratory values in HERA was analyzed. Severity was graded
according to the NCI-CTCAE version 2.0. Worst-grade per subject values were determined and
' compared between treatment groups. Refer to Table 42 through

Table 44.
Table 42. Incidence of Hematologic AEs by CTC Grade
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Observation Herceptin
n=1708 n=1678
. ‘n L % n o %
Hemoglobin :
Grade 1 439 25.7 540 -1 32.2
Grade 2 37 2.2 45 2.7
Grade 3 e .06 1 .06
Grade 4 : 1727 1.6 22 . 13
Grade 1 538 31.5 549 32.7
Grade 2 106 6.2 120 7.2
Grade 3 7 41 7 42
Grade 4 5 .29 4 24
Platelet )
Grade 1 156 9.1 157 94 -
Grade 2. 2 12 5 30 .
Grade 3 4 23 2 A2
Grade 4 2 12 1 .06
Neutrophil , ' . ' N
1| Grade 1 212 124 - 198 11.8
Grade 2 | 64 3.7 70 4.2
Grade'3 8 .5 8 .5
Grade 4 8 .5 7 4
Table 43. Incidence of Hepatic AEs by CTC Grade
Observation Herceptin
n=1708 n=1678
n % n %
Alkaline
Phosphatase
Grade 1 295 17.3 254 15.1
Grade 2 16 .94 9 .54
Grade 3 8 47 0 0
Grade 4 - -
SGOT
Grade 1 382 22.4 402 24
Grade 2 29 1.7 21 1.25
Grade 3 11 .64 5 30
Grade 4 2 12 0 0
SGPT '
Grade 1 432 25.3 460 27.4
Grade2 .. : 55 3.2 .33 20 -
Grade 3 10 .59 4 0.24
Grade 4 2 12 "0 0
Total C
Bilirubin ,
Grade 1 66 3.8 75 4.5
Grade 2 16 .94 19 1.1
Grade 3 3 2 .01
Grade 4 2 12 0 0
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Table 44. Incidence of Chemistry AEs by CTC Grade
Observation Herceptin
n=1708 n=1678
n % n %

Sodium
Grade 1 151 8.8 154 9.1
Grade 2 8 .5 12 71
Grade 3 5 3 8 5
Grade 4 7 4 5 3
Potassium
Grade 1 177 10.3 173 10.3
Grade 2 10 .6 24 1.4
Grade 3 14 .8 10 .6
Grade 4 13 .76 15 9
Serum
Creatinine
Grade 1 86 5 102 6
Grade 2 4 2 7 4.
Grade 3 - - - -
Grade 4 1 .06 0 0

7.1.7.3.2 Analyses focused on outliers or shifts from normal to abnormal

During the study the majority of patients in either study arm did not exhibit a shift from their baseline
laboratory test parameter values or exhibited a shift of 2 grades or less between baseline and their worst
test value. Fewer patients in the Herceptin 1 year arm experienced a shift of 3 or 4 grades from baseline
than in the observation arm. A summary of 3-grade or 4-grade shifts from baseline during the study is
shown in Table 45.
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Table 45. Summary of Grade 3 or 4 Shifts from Baseline in Laborafory Test Parameters

Parameter ) Observation Only Herceptin 1 Year
N=1708 N=1678

Hematology
Hemoglobin g/L. (hypo) )
3-grade shift - 1
4-grade shift :
White Blood Cell (WBC) 10°/L (hypo)
3-grade shift
4-grade shift
Platelets 10%L (hypo)
3-grade shift
4-grade shift
Neutrophils 10°L (hypo)
3-grade shift 4 1
4-grade shift
Blood Chemistry
ASAT (SGOT) U/L (hyper)
3-grade shift
4-grade shift
Alkaline Phosphatase U/L (hyper) !
3-grade shift . : 7 : -
4-grade shift i - -
ALAT (SGPT) U/L (hyper)
3-grade shift
4-grade shift
Total bilirubin pmoV/L (hyper)
3-grade shift 5 1
4-grade shift 2 -
Electrolytes
Potassium mmol/L (hyper)
3-grade shift 3
4.grade shift 9 7
Potassium mmoV/L (hypo)
3-grade shift
4-grade shift
Sodium mmol/L (hyper)
3-grade shift -
4-grade shift . 2
Sodium mmol/L (hype)
3-grade shift 2
4.grade shift 4 2

3~
—

b
N
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w
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h
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7.1.7.5 Special assessments
No other special assessments were conducted.

7.1.8 Vital Signs

7.1.8.1 Overview of vital signs testing in the development program

Vital signs were taken at the screening visit and every 12 weeks corresponding with
schedule of assessments follow-up refer to Table 46. The pulse vital sign was only recoded
with screening visit and therefore unable to be analyzed over time in relation to changes in
blood pressure.
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Table 46. Vital Signs for BO 16348 (HERA) ( Safety Population)

Observation

N N Missing Mean SD Median Range
Screening
SBP ) - 1604 1147 125 17 121 79-220
DBP 1604 1147 77 10 80 30-115
Pulse Pressure 1604 1147 47 12 45 20-105
Pulse 1604 1147 47 12 45 20-105
Week
13 ‘
SBP 1361 359 125 17 124 80-130
DBP 1361 359 78 10 80 50-120
Pulse Pressure 1367 359 48 12 47 15-110
Pulse 1720
Week25
SBP 1268 306 125 16 120 80-200
DBP 169 305 77 10 80 40-126
Pulse Pressure 1268 306 47 12 45 20-100
Pulse 1574
Week
52
SBP 855 229 125 16 122 90-185
DBP 855 229 78 10 80 40-130
Pulse Pressure 855 229 47 12 45 20-97
Pulse _ 1084
Week 79/Month
18
SBP 489 137 124 16 122 90-192
DBP 489 127 77 9 80 50-105
Pulse Pressure 489 137 47 12 45 16-94
Pulse 626
Week 103/Month
24
SBP 230 69 124 15 120 85-165
DBP 230 69 78 9 80 50-110
Pulse Pressure 230 69 46 11 45 14-101
Pulse 299
Back of Book “Missing
SBP
DBP
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Pulse Pressure
Pulse

Screening
SBP

DBP

Pulse Pressure
Pulse

Week -

13

SBP

DBP ]
Pulse Pressure
Pulse

Week

25

SBP

DBP

Pulse Pressure
Pulse

Week

52

SBP

DBP

Pulse Pressure
Pulse

Week 79/Month
18

SBP

DBP

Pulse Pressure
Pulse

Week 103/Month

24

SBP

DBP

Pulse Pressure
Pulse

Back of Book
SBP

DBP

Pulse Pressure

1617
1616
1616
1576

1450
1450
1450

1343
1343
1343

937
937
937

535
535
535

251

251

251

Missing

Herceptin
N Missing Mean

1079 124
1080 77
1080 47
1120 76
337 126
337 78
337 48
1787
290 126
290 78
290 48
1633

236 126
236 78
236 48
1173

120 - 125
120 78
120 47
655

46 125

46 78

46 46
297

SD Median
16 120
10 80
12 45
10 76
17 124
10 80
12 46
17 124
10 80
12 47
17 125
10 80
12 48
16 121
10 80
12 46
17 120
10 80
12 45

Range

80-230
40-134
16-118
49-114

75-210
50-130
11-107

'80-220

40-130
17-98

80-200
46-128
1595

79-180
52-120
15-96

90-180
51-110
20-90 -
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Pulse

Vital signs (systolic and diastolic blood pressure) were assessed regularly throughout the
study. There were no clinically relevant changes from baseline in vital signs and no
differences between the study arms with respect to the change from baseline data. A
summary of the mean systolic and diastolic blood pressure at baseline and at time points
throughout the study is provided in the tables above. Median BP at baseline for the
Herceptin arm was 120 mmHg and by week 52 the median BP was up to 125 mmHg. In
comparison the observation arm baseline median BP was 121 mmHg and by week 52
remained relatively stable with a median BP of 122 mmHg. The same results can be seen
with pulse pressure. The Herceptin arm by week 52 had an increase in the median pulse
pressure by three points as compared to the observation arm whose median pulse pressure
maintained stable. '

Reviewer note: A limitation to the vital signs data is pulse measurements were only
collected at baseline and “Back of the Book” measurements which indicated unscheduled
measurements of vital signs was coded as missing data. Also, captured in the adverse
events datasets (AE.xpt), the incidence of hypertension in the Herceptin arm was 4%
(64/1678) vs. observation arm 2% (35/1708).

7.1.8.2 Selection of studies and analyses for overall drug-control comparisons

Drug-control comparisons of laboratory values were limited to the analyses of the
differences between the 1-year Herceptin arm and observation arm (see section 7.1.8.3).

7.1.8.3 Standard analyses and explorations of vital signs data

Baseline systolic and diastolic blood pressure and pulse data were analyzed. In addition per
schedule of assessment serial blood pressures were analyzed. As stated in section 7.1.81., a
limitation to the vital signs data is pulse measurements were only collected at baseline and
“Back of the Book” measurements which indicated unscheduled measurements of vital
signs was coded as missing data. Long term follow-up data was limited to follow-up out to
month 24 and the number of subjects whose data was collected was 231 in the observation
arm and 251 in the Herceptin arm. The data for the Herceptin arm shows that the median
blood pressure returned to baseline levels at 24 months follow-up. ‘

Blood pressure changes revealed a 5 point increase from baseline median BP in the
Herceptin arm, versus a 1 point increase in the observation arm. Clinically meaningful is
the correlate of incidence of hypertension reported in the adverse events data where
hypertension was reported twice as often in the Herceptin arm than the observation arm.

7.1.8.4 Additional analyses and explorations
None were performed.
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7.1.9 Electrocardiograms (ECGs)

7.1.9.1 Overview of ECG testing in the development program, including brief review of
preclinical results : : ‘ ;

Standard 12- Lead electrocardiogram (ECG) was performed for both arms of the study at
baseline, weeks 13, 25, and 52. Post drug follow-up of ECG monitoring included months
18, 24, 30, 36, and 60. A limitation to the ECG data was no submission of a electronic
dataset but as a line by line submission. Section 7.1.9.3, contains the analysis of ECG
abnormalities reported as AEs in the AE.xpt datatset.

7.1.9.3 Standard analyses and explorations of ECG data

The total number of subjects reporting ECG abnormalities as AEs in the observation arm
was 0.23% (4/1708) compared to 0.54% (9/1678) in the Herceptin arm, Table 47. No grade
3-4 abnormalities were reported, however the incidence of T-wave inversion reported
between arms is clinically meaningful. The Herceptin arm was reported the event of
T-wave inversion four times higher than the observation arm.

Table 47. ECG abnormalities reported as AEs Between Armé

Observation : Hereeptin

(n=1708) (n=1678)

All Grades All Grades
Preferred Term n % n %
ECG P WAVE INVERTED ' 0 . 0.00 1 0.06
ELECTROCARDIOGRAM 1 0.06 3 0.18
ABNORMAL - '
ELECTROCARDIOGRAM 0 0.00 1 0.06
CHANGE
ELECTROCARDIOGRAM 1 0.06 o ] 0.00
QT PROLONGED ' o '
ELECTROCARDIOGRAM ' 1 0.06 14 “10.24
T WAVE INVERSION , ' .
QRS AXIS ABNORMAL 1 0.06 0 0.00

7.1.9.4 Additional analyses and \explorations
None were performed.

7.1.10 Immunogenicity

The HERA study was not designed to collect serum samples in order to determine the
incidence of human anti-human antibody (HAHA) to trastuzumab. Data to
immunogenecity is limited to legacy data in the metastatic setting. The incidence of
immune responses (HAHA) to trastuzumab in the setting of metastatic disease is low. The
impact on HAHA, if any, is of minimal risk and does not offset the benefits of the effects
on DFS. '

7.1.11 Human Carcinogenicity

Human carcinogenicity studies were not required and therefore not conducted or included
in the application in support of this proposed labeling extension.
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7.1.12 Special Safety Studies

No special safety studies were conducted in support of this application.

7.1.13 Withdrawal Phenomena and/or Abuse Potential
No withdrawal phenomenon is known. Trastuzumab has no expected abuse potential.

7.1.14 Human Reproduction and Pregnancy Data

Oligohydramnios was initially identified five post marketing cases in 2004. Changes made
to the label were based on three cases and the addition of oligohydramnios identified in the
post marketing setting was added. The pregnancy category remained a “B”. In 2007 post
marketing reports through the adverse events reporting system (AERS) identified 18 cases
of oligohydramnios. A consult was placed to the Maternal Heath Team at the FDA to
review the post marketing data.

Review of the published literature and MedWatch forms submitted to FDA reveal ten
reported and unique pregnancies in women with breast cancer who used Herceptin during
some portion of their pregnancy, nine of whom developed oligohydramnios. In one other
case, a woman received two doses of Herceptin just prior to conception. Table 1
summarizes the key features of these 11 cases including the gestational ages at which
Herceptin was given, the gestational age at which oligo- or anhydramnios was diagnosed,
concomitant chemotherapies, whether the patient was dechallenged or rechallenged with
Herceptin, and the pregnancy outcome. :

RECOMMENDATIONS

1. The pregnancy category for Herceptin (trastuzumab) should be changed to a “D”
based on the available human data that suggest a possible teratogenic effect leading
to oligohydramnios.

2. The pregnancy portion of the Herceptin label should include information about the
known cases of oligohydramnios that occurred with use of Herceptin during
pregnancy.

3. The label should recommend that pregnant women using Herceptin undergo
screening for oligohydramnios with obstetrical ultrasound examination at regular
intervals.

4. If oligohydramnios occurs, the obstetrician should begin fetal testing appropriate for
the gestational age of the fetus and consistent with the standards of care for the
community. This testing should continue on a regular basis until one of two
conditions is met:

a. Herceptin therapy is discontinued and oligohydramnios resolves
b. Delivery.
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5. In cases where the physician and patient decide to continue Herceptin therapy for
maternal reasons despite the presence of oligohydramnios, additional intravenous
hydration should be considered. With other forms of chemotherapy during
pregnancy, transient oligohydramnios has been observed, and extra hydration
sometimes mitigates this effect.

6. Include contact information for the Cancer and Childbirth Registry and encourage

enrollment of pregnant patients using Herceptin.

(Refer to Appendix E for consult)

7.1.15 Assessment of Effect on Growth

There is no information on the use of this drug in children. The indication supported by

this application occurs exclusively in adults.

7.1.16 Overdose Experience

There was no report of overdose in the sBLA application.

7.1.17 Postmarketing Experience

See section 7.1.14.

7.2 Adequacy of Patient Exposure and Safety Assessments

7.2.1 Description of Primary Clinical Data Sources (Populations Exposed and

Extent of Exposure) Used to Evaluate Safety

Raw and Derived Datasets Reviewed

Safety Review

Efficacy Review

AE (adverse event)

EFEX ( Efficacy and specxal safety
assessments)

CAB (Cardiac Advisory Board EFEXLVEF (LVEF)

Review)

CHEMOTX (Prior chemotherapy) EFEXRE (radiological exam)
DEMO (demographic data) EFFEXSURYV (disease recurrence and

survival)

DIAG (previous and current
diseases)

* CARDIAC (cardiac\L VEF data)

DIED (Death information)

_* CARDIC 2 (secondary cardiac LVEF,
-CAB)

EFEXCE (Cardiac Event)

EFEXCQ (cardiac quéstionnaire)

*PAT (efficacy analysis data)

EXCL (Exclusions)

EXIT (study
completion/discontinuation

HORMTX (hormone therapy)

LABP (Laboratory results)

MEDO (previous and concomitant
treatment)

MEDT ( Studz dmg .
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[ administration) | : : i
* Derived data

In addition source documentation included CRFs and narrative summaries.
Exposure data to drug was adequate to provide safety information. Refer to section 1.3.3.

7.2.1.1 Study type and design/patient enumeration
Refer to section 6.1.3 Study Design

7.2.1.2 Demographics

The characteristics of both the 1-year Herceptin and observation group were well balanced.
Most patients were a median age of 49 years (range 21-80), Caucasian (83%),
postmenopausal (45%), and had node negative disease with no neoadjuvant chemotherapy
(33%). Tumor characteristics were mostly commonly reported was infiltrating ductal
(95%), tumor grade 3 (60%), estrogen and progesterone receptor negative (48%), and
HER?2 status THC 3+ (79%). Primary surgery most often performed was a modified radical
mastectomy (48%). Median clinical tumor size was 40 mm and median pathological size
was 22 mm. The chemotherapy most commonly received was anthracyclines with no
taxanes (68%) and radiotherapy (77%). Tamoxifen alone was the - most commonly received
adjuvant endocrine therapy (31%).

7.2.1.3 Extent of exposure (dose/duration)
Refer to section 1.3.3 Safety, Table 1. Duration of Herceptin in the Randomized Treatment
for Efficacy.

7.2.2 Description of Secondary Clinical Data Sources Used to Evaluate Safety
Post-marketing/AERS (adverse events reporting system) reports were reviewed for this

application. Cross-reference section 7.1.4 Interstitial Lung Disease (ILD) and section
7.1.14 Human Reproduction and Pregnancy Data and oligohydramnios.

7.2.2.1 Other studies
There are no other studies.

7.2.2.2 Postmarketing experience

A periodic safety update report (PSUR) was included in the submission for Herceptin. The
dates of surveillance spanned February 14, 2006-November 16, 2006. Summary of
changes included new indication for use in early breast cancer in nodeOpositive disease
following doxorubicin and cyclophosphamide. From this adjuvant study information was
updated regarding LVEF assessment, adverse events were updated. No new safety signals
were reported. Information of the risk of cardiac dysfunction in patients over 65 was
updated . Dose modification section was added to include information on dose
modification performed during early breast cancer trials.

7.2.3'Adequacy of Overall Clinical Experience
An adequate number of subjects had exposure to drug to provide safety information.
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7.2.4 Adequacy of Special Animal and/or In Vitro Testing
Not applicable to this efficacy supplement. :

7.2.5 Adequacy of Routine Clinical Testing
Routine clinical testing was adequate. Refer to section 6.1.3 Schedule of Assessments. -

7.2.6 Adequacy of Metabolic, Clearance, and Interaction Workup
No drug-drug interactions were conducted or necessary during study BO16348 (HERA).

7.2.8 Assessment of Quality and Completeness of Data

The following statements ‘regarding data quality and completeness with régard to adverse
event evaluation and toxici_t_y grading are pertinent to the review of this application:

o The study was open labeled, which could lead to over and/or under reportlng of
toxicities in both treatment arms. The extent to which observed toxicities concurred
with the investigator’s pre-study bias, whether seen on the treatment or observation arm
could have influenced reporting. It is not possible to estimate the magnitude of this
potential bias.

e Although the schedule of assessments was identical to both arms, subjects in the
Herceptin arm had the opportunity to report symptoms more often in conjunction with
the infusion appointment (every three weeks).

e Collection of data post 52 weeks dropped off considerably and unable to draw clinically
meaningful conclusions.

7.2.9 Additional Submissions, Including Safety Update

The applicant submitted a 120-day safety update at the FDA’s request. The safety update of
subjects who experienced adverse events after the data cutoff period of the original 21
December 2006 sBLA submission. This safety update included subsequent safety data on
subjects from the HERA clinical trial who were randomized to the observation and 1-year
Herceptin arms as captured in the 31 October 2006 F. Hoffman-La Roche clinical database.
Revised narratives and corresponding case report forms (CRFs) for 31 patients who
experienced adverse events were included in the update.

7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations of Data,
and Conclusions

Cardiac

Adverse events considered to be related to study drug and consistent with known toxicity
include; ejection fraction decreased Herceptin arm 3. 5% (54/1678) in comparison to
observation 0.6% (11/1708), cardiac failure congestive Herceptin 2% (30/1678) in
comparison to observation 0.3% (5/1708), cardiac failure Herceptin arm 0.55% (9/1678) in_
comparison to observation 0.2% (4/1708). Cardiomyopathy reported in the Herceptin arm
only, as 0.12% (2/1678). In addition the incidence of hypertension on study drug was twice
that of the observation arm 4% (64/1708) in comparison to 2% (35/1708).
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Limitation of Data o
The data on long-term follow-up in the one year Herceptin arm will be inconclusive as the
HERA study allowed for re-randomization of subjects to the two year arm through protocol
amendment E, which post dates database closure for the one year arm. '

Subjects who were followed in the secondary cardiac endpoint were originally coded to be
captured using New York Heart Association (NYHA) classification system. Amendment
D, which was approved in November of 2003, changed the coding criteria for the
secondary cardiac endpoint. Significant and asymptomatic drops in LVEF would be
graded in NCI-CTC version 2 instead of the NYHA classification system. Prior to
amendment D 1700 subjects were enrolled into the HERA study per the applicant. The
CRF form and instructions to the investigators were not changed to reflect the change in
coding with amendment D. This discrepancy was noticed by the Reviewer during coding
accuracy check measuring AEs reported in the adverse event dataset against the narratives
of the subjects in the cardiac endpoints. As a result, data for asymptomatic subjects that
were in the secondary cardiac endpoint continued to be coded in the NYHA classification
system, resulting in ongoing protocol violations. Therefore, coding was at the discretion
of the investigator. In NCI-CTC version 2, coding would have allowed for a more
objective measurement of response based on specific criteria for decrease in LVEF
measurement. Asymptomatic subjects in the secondary endpoint did not require
confirmation of NYHA class by a cardiologist as required for the symptomatic subjects in
the endpoint. The integrity of the data in the secondary endpoint was compromised. The
data was not able to be changed post hoc by the applicant and therefore question of validity
was discussed with the applicant and the utilization of the information for labeling.

7.4 General Methodology

7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence

Data from BO16348 (HERA) were reviewed to assess the overall frequency of adverse
events for subjects treated with Herceptin as contrasted with those in the observation
comparator arm. In addition, these results were compared to summaries of data from the
legacy studies, the current product label, and post marketing safety updates. There was no
pooling of data from these sources.

8. ADDITIONAL CLINICAL ISSUES

8.1 Dosing Regimen and Administration

The basis for this regimen relies heavily on the applicant’s identification of the minimum
effective trough level in non-clinical animal models; the doses selected to be administered
every three weeks were designed to achieve and maintain trough levels at or above this
proposed threshold. The sponsor did not provide clinical study data to address the dose-
response or dose-toxicity relationships according to this every 21 day schedule. However
there is substantial experience with this regimen off-label which indicate that this schedule
is tolerable. This is the first clinical trial reviewed by FDA to establish the safety and
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efficacy of this every three week dosing regimen. The application does not contain the
results of clinical studies evaluating the comparative safety and activity of this regimen
with the approved regimen.

In addition to the clinical study results characterizing safety and efficacy of this dosing
regimen, the application contains pharmacokinetic data from three trials (see table below,
reproduced from Dr. Angela Men’s ) which characterize the pharmacokinetic profile of this
dosing regimen, assess for pharmacokinetic interactions between Herceptin and taxane
chemotherapeutic agents, and assess for pharmacokinetic interactions between the-

_Herceptin and serum levels of shed target antigen (extracellular domain of the HER2/neu
receptor). - : :

Table Clinical Studies for which Pharmacoklnetlc Data were provnded in the Appllcatlon

Study - ~ Design : | SubJects : N Dose/_Schedule
IPhase 3, * IWomen with HER2(#), 1336 . fogzﬁgk g
BO16348 open-label, early-stage, node+ or k- lHose fgllowe d
(HERA) andomized, high-risk node- ' {44 6mo/ke
ulti-center breast cancer Y Smgke
: q3w
iPhase 5 - W,omenvwith» metastatic : 8-mg/kg
7 breast cancer with HER2 loading dose
WO016229 open-label, : . . . 105
kinole-arm overexpression/amplification followed by
g IHC3+ and/or FISH+) o 6mg/kg q3w
8 mg/kg
'Women with metastatic oc:)acli)lg}%ldose
BOlso3s | nase 12 [preast cancer with HER2 32 |followedby
open-label, overexpression/amplification ma/kg Q3w
THC2+ or 3+ or FISH+) ith/without
aclitaxel

8.2 Drug-Drug Interactions
No drug-drug interactions were conducted or necessary during study BO16348 (HERA)..

8.3 Special Populations

This efficacy supplement contained no specific studies to evaluate dosing based on race,
gender, age or major organ impairment. No data from study BO16348 (HERA) suggested
dosing should be modified based on demographic characteristics.

8.4 Pediatrics

A waiver for pediatric studies under PREA is granted in this application because the
- indication sought is for a condition which does not occur in children.

94



8.5 Advisory Committee Meeting

The review team, including this reviewer, decided not to present the findings in the
application to the Oncologic Drugs Advisory Committee for the following reasons: 1)the
effects of Herceptin on the primary endpoint, DFS, and related secondary endpoints were
both clinically relevant, highly significant, and internally consistent across relevant
subgroups. In addition, this study replicates the findings of an early supplemental
application (BL STN 103792.5150) for essentially the same indication; 2) the primary
endpoint, prolongation of disease-free survival, is considered an appropriate and feasible
measure of clinical benefit for adjuvant treatment of solid tumors, including breast cancer;
and 3) there were no safety signals that were considered to outweigh the clinical benefit
demonstrated.

8.6 Literature Review

A review of published literature was performed to identify cases of pregnancy in women
receiving Herceptin therapy. These data are reviewed in detail in the consultant review
memo of August 17, 2007, by Dr. Karen Feibus of the Maternal/Fetal Health team and are
summarized /abstracted in Section 7.1.14 of this review.

8.7 Postmarketing Risk Management Plan

Consultation provided by the Office of Surveillance and Epidemiology (Dr. Allen Brinker)
and by the Maternal and Fetal Health Team (Dr. Karen Feibus). Upon review of the post-
marketing information and identification of additional cases of oligohydramnios both in the
literature and in spontaneous post-marketing reports submitted to AERS, and as
summarized in Section 7.1.14 of this review, both the consultants and the clinical reviewers
requested that Genentech provide a post-marketing commitment to further investigate the
outcomes and management of the pregnancy in women taking Herceptin. Genentech
originally proposed

The clinical reviewer and consultants agreed that such a study would be useful but would
not be sufficient to provide data on outcomes due to the expected low incidence of
Herceptin use in pregnancy women and

In subsequent discussions, Genentech modified their plan A
and agreeing to develop a protocol for data collection through an
established registry system. The PMC is summarized in Section 1.2.1.

In addition, product labeling has been revised to include the available data and to provide
guidance on additional monitoring for the presence and progression of oligohydramnios in
pregnant women receiving Herceptin.

8.8 Other Relevant Materials .
There were no additional studies, including actual use, labeling comprehension studies and
marketing studies, were considered in this review.
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Consultation on product labeling was requested from the Division of Division of Drug .
Marketing, Advertising, and Communication (DDMAC). For details, refer to the consult
memo generated by Carole Broadnax Ph.D. All of the recommended changes to product
labeling were incorporated into final product labeling.

Protocols have been requested for the evaluation of the impact of Herceptm on the QTc
interval and for the evaluation of effects of current/recent Herceptin use on pregnancy.
These protocols will be submitted post-approval, under PMCs described in Section 1 of this
review. Consultation on these proposed studies will be obtained upon submission of the
draft/final protocols.

9. OVERALL ASSESSMENT

9.1 Conclusions

The recommendation for approval is based on the results of two arms out of a three arm
study BO16348 (HERA), 1-year Herceptin versus observation only. HERA is single,
randomized, open label, phase III, multicenter study conducted outside the United States. A
total of 3386 women were randomized between the two arms and demonstrated clinically
important and statistically significant prolongation to disease free survival (DFS). Two
years of survival follow-up demonstrated a statistically significant advantage of an absolute
difference in 2-year K-M estimated DFS as 7.6% advantage to the 1-year Herceptin arm
(p<0.0001 based on log-rank test; hazard ratio=0.54, 95%CI=[0.44, 0.67]).

9.2 Recommendation on Regulatory Action

Approval is recommended for the following indication: Herceptin for use as a single agent, .
for the adjuvant treatment of HER2-overexpressing node-negative (ER/PR negative or with
one high-risk feature) or node-positive breast cancer, following multi-modality
anthracycline based therapy.

9.3 Recommendation on Postmarketing Actions

9.3.1 Risk Management Activity

Post marketing identification of an increased number of cases of oligohydramnios in
pregnancy with trastuzumab and level of evidence in case reports (positive dechallenge and
rechallenge) was cause to change the pregnancy category from B to D. A post marketing
commitment by the applicant was agreed upon to submit a protocol for a prospectively and
actively enrolled pregnancy registry that will collect information assessing pregnancy
complications, and birth outcomes in women with breast cancer exposed to a Herceptin
containing regimen (refer to section 1.2.1).

9.3.2 Required Phase 4 Commitments

The Applicant is to provide a final clinical study report (CSR) of the safety and efficacy of
2-years of Trastuzumab treatment in Study BO16348 (HERA)in order to provide a final
analysis of cardiac toxicity based on serial ejection fraction monitoring, characterizing the
cumulative incidence, severity, duration and reversibility (refer to section 1.2.3)
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To conduct a QT study according to the principles of ICH E14: The Clinical Evaluation of
QT/QTc Interval Prolongation and Proarrhythmic Potential for Non-Antiarrhythmic Drugs
(Section IID) in approximately 50 subjects receiving trastuzumab (refer to section 1.2.3).

9.4 Labeling Review

Implementation of the Physician’s Labeling Rule (21 CFR 201.57) required extensive format
and content changes to the label. A copy of the original proposed label is attached as an
appendix. There were labeling negotiations with the Applicant, and the final version of the label
is also attached.

Summary of the Major Changes to Herceptin Label

Highlights Section
e Condensed to half a page

Black Box Warning
e Addition of interstitial pnuemonitis

Indications and Usage
e Revised to include adjuvant breast cancer as a single agent for node positive and node
negative (ER/PR negative or with one high risk feature) following multi- modality
anthracyclines based therapy

Dosage and Administration
e New dose and schedule of administration added to adjuvant breast cancer (2.1)
 Revised instructions for overall dose modification (2.2)

Warning and Precautions

e Under Cardiomyopathy; hypertension and arrhythmias added, revised cardiac monitoring
(5.1 _

o Table 1: Incidence of Congestive Heart Failure in Adjuvant Breast Cancer Studies. And
Table 2: Incidence of Cardiac Dysfunction* in Metastatic Breast Cancer Studies replaced
text in Cardiomyopathy (5.1)

¢ Under pulmonary toxicity; interstitial pnuemonitis added (5.4)

o Embryo-fetal toxicity pregnancy category changed to D and updated information on
oligohydramnios (5.6)

Adverse Reactions o
e New Table 3, updated adverse reactions by MedDRA preferred term (6.1)
o New Table 5, Per-patient Incidence of New Onset
Myocardial Dysfunction (by LVEF) Studies 1, 2 and 3 (6.1)
e New Figure 1, Studies 1 and 2: Cumulative Incidence of Time to First LVEF
Decline of >10 Percentage Points from Baseline and to
Below 50% with Death as a Competing Risk Even (6.1)
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e New Figure 2, Study 3: Cumulative Incic_lenbe of Time to First LVEF
Decline of >10 Percentage Points from Baseline and to
Below 50% with Death as a Competing Risk Even (6.1)

Postmarketing Experience
¢ Oligohydramnios (6.3)

Use in Specific Populations
* Pregnancy category changed to D (8.1)

Clinical Studies

o Study 3, BO16348 (HERA) added (14.1)

« Table 6, Efficacy Results from Adjuvant Treatment of
Breast Cancer (Studies 1 + 2 and Study 3) (combined information across adjuvant
studies into one table). (14.1)

o Table 7, Treatment Outcomes in Studies 2 and 3 as a Function of
HER2 Overexpression or Amplification (combined information across adjuvant studies
into one table). (14.1)

e Table 8. Study 4: Efficacy Results in First-Line Treatment for Metastatic Breast Cancer
(replaced former table 12). (14 ) ;

&

Patient Counseling information section 17 new:

¢ Encourage pregnant women who are using Herceptin to enroll in the Cancer and
Childbirth Registry '

9.5 Comments to Applicant
No additional comments to the applicant were provided.

10.0 APPENDICES

10.1 Review of Individual Study Reports

Study BO16348 (HERA) was the only study with supporting datasets reviewed for this
application. The review discusses the data from this study in depth. FDA reviews of legacy
study reports were also reviewed (STN 103792.0, STN 103792/5150).

10.2 Line-by-Line Labeling Review
Substantive changes are summarized in section 9.4. FDA has recommended the following major

changes in the content of the ongmally proposed label for this submission: (Refer to Appendlx
F and G)

Overall changes in the content of most sections, including ®@
were made pursuant to the Physician Labeling Rule (21 CFR 201.57)
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Black Box Warning inclusive of interstitial pneumonitits under Infusion reactions, Pulmonary
Toxciity: ' ' '
Infusion reactions, Pulmonary toxicity. Discontinue Herceptin for anaphylaxis, angioedema,
interstitial pneumonitis, or acute respiratory distress syndrome.

Indications and Usage in section 1.1 revised to include use as a single agent in adjuvant breast
cancer.

As a single agent, for the adjuvant treatment of HER2-overexpressing node-negative (ER/PR
negative or with one high-risk feature) or node-positive breast cancer, following multi-modality
anthracycline based therapy.

Dosage and Administration in section 2.1 revised to include new dose schedule in adjuvant
breast cancer. '

New dose and schedule of administration added to adjuvant breast cancer (2.1)

Initiate Herceptin following completion of all chemotherapy. Administer Herceptin at an initial
dose of 8 mg/kg followed by subsequent doses of 6 mg/kg every three weeks for a total of 17
doses (52 weeks of therapy). Administer all doses >4 mg/kg as 90 minute intravenous infusions.

Dose modification section 2.2, for cardiomyopathy revised for clarity:

Assess left ventricular ejection fraction (LVEF) prior to initiation of Herceptin and at regular

intervals during treatment. Withhold Herceptin dosing for at least 4 weeks for either of the

Jollowing: ‘

o 2>16% absolute decrease in LVEF from pre-treatment values

o LVEF below institutional limits of normal and 2> 10% absolute decrease in LVEF from
pretreatment values.

« Herceptin may be resumed if, within 4-8 weeks, the LVEF returns to normal limits and the
absolute decrease from baseline is <15%. '

« Permanently discontinue Herceptin for a persistent ( > 8 weeks) LVEF decline or for
suspension of Herceptin dosing on more than 3 occasions for cardiomyopathy.

Warnings and precautions section 5.1, added Table 1 and 2 in place of text

Table 1
Incidence of Congestive Heart Failure in Adjuvant Breast Cancer Studies

Incidence

Study Event Herceptin Control

1&2 Congestive heart failure* 2% (32/1677)  0.4% (7/1600)

3 Congestive heart failure 2% (30/1678)  0.3% (5/1708)

*Includes | patient with fatal cardiomyopathy.
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Table 2
Incidence of Cardiac Dysfunction* in Metastatic Breast Cancer Studies

© Incidence
NYHA LIV * NYHA HLIV
Study Event Herceptin  Control  Herceptin  Control
fAC) g;“;‘m“ _ 28% % 19% 3%
S ction
4 Cardiac 11% 1% 4% 1%
(] 0 0
(paclitaxel) Dysfunction
s gj,“gmac . % N/A 5% N/A
S ction’

* Congestive heart failure or significant asymptomatic decrease in LVEF

** Includes 1 patient with fatal éardiomyopathy.

Warnings and precautions section, 5.4 Pulmonary Toxicity, added new safety finding interstitial
pnuemonitis:

Herceptin use can result in serious and fatal pulmonary toxicity. Pulmonary toxicity includes
dyspnea, interstitial pneumonitis, pulmonary infiltrates, pleural effusions, non-cardiogenic
pulmonary edema, pulmonary insufficiency and hypoxia, acute respiratory distress syndrome,
and pulmonary fibrosis.

Warning and Precautions section, 5.6 Embryo-Fetal Toxicity, pregnancy category changed
from B to D and updated information on oligohydramnios:

Embryo-Feta! ]bxtctg/ (Pregrarncy Category D)

- Herceptin can cause fetal harm when administered to a pregnant woman. Post-marketing case
reports suggest that Herceptin use during pregnancy increases the risk of oligohydramnios
during the second and third trimesters. If Herceptin is used during pregnancy or if a woman
becomes pregnant while taking Herceptin, she should be apprised of the potential hazard to a

Setus.

Adverse Reactions section, 6.1 Clinical trials experience, new Table 3 of updated adverse
reactions by MedDRA preferred term.

Adverse Reactions section, 6.1 Clinical trials experience, new Table 5, Per-patient Incidence of
New Onset Myocardial Dysfunction (by LVEF) Studies 1, 2 and 3:
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Table5

Per-patient Incidence of New Onset
Myocardial Dysfunction (by LVEF) Studies 1, 2 and 3
Studies 1 and 2 Study 3
o AC-TH AC-T Herceptin - Observation
Crikcria (n=1606) _(n=1488) (n=1678) _ (n=1708)
Post-baseline LVEF 228% 9.1% 86% 2.7%
<50% (366) (136) (144) (46)
LVEF<50% and 183% 54% 7.0% 2.0%
=10% decrease from (294) (81) (118) (35)
baseline
LVEF<50% and 11.7% 22% 3.8% 1.2%
>16% decrease from (188) 33 (64) (20)
baseline )
LVEF absolute 334% 18.3% 22.4% 11.0%
decrease of 10%, (536) 272) (376) (204)
<20%
LVEF absolute 9.2% 24% 3.5% 1.2%
decrease >20% (148) (36) (59 (21)

Adverse Reactions section, 6.1 Clinical trials experience, new Figure 1, Studies 1 and 2:
Cumulative Incidence of Time to First LVEF Decline of 210 Percentage Points from Baseline
and to Below 50% with Death as a Competing Risk Event:

Figure |
Studies | and 2: Cumulative Incidence of Time to First LVEF
Decline of > 10 Percentage Points from Baseline and to
Below 30% with Death as a Competing Risk Event
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Adverse Reactions section, 6.1 Clinical trials experience, new Figure 2, Study 3: Cumulative
Incidence of Time to First LVEF Decline of >10 Percentage Points from Baseline and to
Below 50% with Death as a Competing Risk Event:
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Figure 2
Study 3: Cumulative Incidence of Time to First LVEF
Decline of 10 Percentage Points from Baseline and to
Below 50% with Death as a Competing Risk Event

T ol ireddence
B
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Postmarketing Experience section 6.3, oligohydramnios added.

Use in Specific Populations, section 8.1 Pregnancy Catcgory, changed to D:

Pregnancy
Teratogenic Effects: Category D [see. Wmmngs and Precautions (5.6)]

Herceptin can cause fetal harm when administered to a pregnant woman. Post-marketing case
reports suggest that Herceptin use during pregnancy increases the risk for oligohydramnios
during the second and third trimester. If Herceptin is used during pregnancy or if a woman
becomes pregnant while taking Herceptin, she should be apprised of the potential hazard to a
fetus.

In the postmarketing setting, oligohydramnios was reported in women who received Herceptin
during pregnancy, either alone or in combination with chemotherapy. In half of these women,
amniotic fluid index increased after Herceptin was stopped. In one case, Herceptin was resumed
after the amniotic fluid index improved, and oligohydramnios recurred.

Women using Herceptin during pregnancy should be monitored for oligohydramnios. If
oligohydramnios occurs, fetal testing should be done that is appropriate for gestational age and
consistent with community standards of care. Additional intravenous (IV) hydration has been
helpful when oligohydramnios has occurred following administration of other chemotherapy
agents, however the effects of additional IV hydration with Herceptin treatment are not known.

Clinical Studies section 14.1, Study 3, BO16348 (HERA) added:

In Study 3, breast tumor specimens were reguired to show HER2 overexpression (3+ by IHC) or
gene amplification (by FISH) as determined at a central laboratory. Patients with node-negative
disease were required to have > Tlc primary tumor. Patients with a history of congestive heart
Jailure or LVEF <55%, uncontrolled arrhythmias, angina requiring medication clinically
significant valvular heart disease, evidence of transmural infarction on ECG, poorly controlled
hypertension (systolic > 180 mm Hg or diastolic > 100 mm Hg) were not eligible.

Patients were randomized (1:1) upon completion of definitive surgery, and at least four cycles
of chemotherapy; to receive no additional treatiment (n = 1693) or 1 year of Herceptin treatment
(n =1693). Patients undergoing a lumpectomy had also completed standard radiotherapy.
Patients with ER+ and/or PgR+ disease received systemic adjuvant hormonal therapy at
investigator discretion. Herceptin was administered with an initial dose of 8 mg/kg followed by
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subsequent doses of 6 mg/kg once every three weeks for a total of 52 weeks. The primary
endpoint was disease-free survival (DFS), defined as in Studies 1 and 2.

Among the 3386 patients randomized to the two treatment arms, the median age was 49 years
(range 21-80), 83% were Caucasian, and 13% were Asian. Disease characteristics: 94%
infiltrating ductal carcinoma, 50% ER+ and/or PgR+, 57% node positive, 32% node negative,
and in 11% of patients, nodal status was not assessable due to prior neo-adjuvant chemotherapy.
Ninety-six percent (1055/1098 of patients with node-negative disease had high-risk features:
among the 1098 patients with node-negative disease, 49% (543) were ER—and PgR—, and 47%
(512) were ER and or PgR + and had at least one of the following high-risk features:

'pathological tumor size greater than 2 cm, Grade 2-3, or age < 35 years. Prior to
randomization, 94% of patients had received anthracycline-based chemotherapy regimens.

Clinical Studies section 14.1 Table 6, Efficacy Results from Adjuvant Treatment of
Breast Cancer (Studies 1 + 2 and Study 3). Combined information across adjuvant studies into
one table:

Table 6
Efficacy Results from Adjuvant Treatment of
Breast Cancer (Studies 1 + 2 and Study 3)

Study 1 +2 Study 3
AC— AC— Chemo— Chemo—
Herceptin +T T Herceptin Observation
(n=1872) (n=1880) (n=1693) (n=1693)
Primary Endpoint
DES events 133 261 127 219
Hazard ratio 0.48° 0.54
(95%CI) (0.39,0.59) (0.44,0.67)
p-value <0.0001° <0.0001°
Secondary Endpoints
Deaths 62 92 31 40
Hazard ratio .
05% CI 0.67 0.75
p-value Ns¢ Ns¢

CI=confidence interval.

* Hazard ratio estimated by Cox regression stratified by clinical trial,
intended paclitaxel schedule, number of positive nodes, and hormone
receptor status.

® stratified log-rank test.

° log-rank test.

¢ NS= non-significant.

Clinical Studies section 14 Table 7, Treatment Outcomes in Studies 2 and 3 as a Function of
HER2 Overexpression or Amplification. Combined information across adjuvant studies into one
table:
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Table 7
Treatment Outcomes in Studies 2 and 3 as a Function of

HER2 Oversxpression or Amplification
Study 2 Study 3
Number Hazard Ratio Number Hazard Ratio
HER2 Assay of DFS of DFS
Result* Patients (95% CI) Patients {95% CI)
IHC 3+
FISH (+) 1170 0.42 91 0.56
(0:27,.064) (0.13, 2.50)
(0.04,11.79)
FISH Unknown 3! 0.69 2258 0.53
(0.09,5.14) (0.41, 0.69)
HC <3+/ 174 1.01 299 ~ 0,53
FISH (+) ; (0.18, 5.65) (0.20,1.42)
HC unknown / e e 724 0.59
FISH (+) (0.38,0.93)

* IHC by HercepTést, FISH by PathVysion as performed at a central
laboratory. '
~ All cases in this category in study 3 were IHC 2+ .

Clinical Studies section 14 Table 8. Study 4: Efficacy Results in First-Line Treatment for
Metastatic Breast Cancer (replaced former table | §:

104



Table 8
Study 4: Efficacy Results in

First-Line Treatment for Metastatic Breast Cancer

Combined Results  Paclitaxel Subgroup AC Subgroup
Herceptin :
+All All  Herceptin
Chemo-  Chemo- + Herceptin
therapy  therapy Paclitaxel Paclitaxel +AC AC
n=235) (n=234) (n=92) @=96) (n=143 n= 13§
{(n=23 23 43) (n=138)
Primary Endpoint
Median 72 45 67 2.5 76 57
TTP(mos)
95% CI 7,8 4,5 5,10 2,4 7,9 57
p-value? <0.0001 <0.0001 0.002
Secondary Endpoints
Overall 45 29 38 15 " 50 38
Response Rate® T
95%CI 39,51 23,35 28,48 8,22 42,58 30,46
povalue® 20,001 <0.001 0.10
Median Resp :
Dusation 8.3 5.8 83 43 84 6.4
(mos)*
5%, 75% :
e 6,15 4,8 5,11 4,7 6,15 4,8
Med Survival 254 203 221 184 268 214
95% CI 22,30 17,24 17,29 13,24 23,33 18,27
p-value® 0.05 0.17 0.16

* AC = Anthracycline (doxorubicin or epirubicin) and cyclophosphamide.
b Assessed by an independent Response Evaluation Committee,
° Kaplan-Meier Estimate.
¢ log-rank test.

¢ y2-test.

®@w

Patient Counseling Information section 17, new:

. Advise patients to contact a health care profession immediately for any of the following: new
onset or worsening shortness of breath, cough, swelling of the ankles/legs, swelling of the
face, palpitations, weight gain of morethan 5 pounds in 24 hours, dizziness or loss of

consciousness.

+ Advise women with reproductive potential to use effective contraceptive methods during

treatment and for a minimum of six months following Herceptin.

« Encourage pregnant women who are using Herceptin to enroll in the Cancer and Childbirth

Registry . -
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Appendix A Correspondence to Applicant from Breast In ieraticmal Group (B.LG.)

bo16348-addendum - 275

B.LG.-aisbl Secretariat
Jules Bordet Institute
Boulevard de Wateroo 121, 7th Fl

1000 Brussels Belgium
Tel: 3225413304
Fax: 32 541 3199
BiG@bordet.be
www.breastinternationalgroup.org
Or. Leonard Reyno Brussels 30 June 2006
Medical Director
Herceptin
Genentech Inc.
460 Point San Bruno Bivd
South San Francisco (California) 94080-4990
United States of America
Dear Dr. Rayno,
It was nice to takk fo you on the phone.

We truly want lo help Genentech as much as we can with the filing of adjuvant trastuzumab in
the US. Unfertunately, complying with the FDA request would require us to go against the
charter and recommendations of our own IDMC.

Currently,

1) The IDMC minules are confidential. They were written and approved by the members of the
committee with this uiderstanding. ‘We would have to convene a special session of the IDMC
to consider the request and prepare excerpied minules, as the trial is still ongoing for the-1-
year versus 2-year companison. This would violate the terms of the IDMC charter and require
substantial effort and inconvenience for all concemed.

2) The IDMC has recommended that the 2-year trastuzumab arm data remain blinded.
Release of 2- year data by the Execulive and Steering Committees would be contrary to the
racommendation of the IDMC.

Tha next meeting of our HERA IDMC will take place in December 2006, There is a plan fo look
atInterim efficacy data of the 2-year versus 1-year comparison at that ime.

| am somy that | can not be of greater help at this tme.
Please do not hesitate to contact me again if needed.

Jules Sordat Institute
Bowleverd de Waterios 121774 fleor
1000 Bruscele-Belgin
tek +32 (0)2 541 33 04
fax:ed2 (012 54131 99

CC: Richard Geiber, Caroiyn Straehle, Stefla Doicl, Eleanor McFadden

DEC2006
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Appendix B Footnotes to study BO16348 (HERA) Inclusion Criteria

A Margins of the resected specimen had to be histologically free of invasive adeno-carcinoma and ductal carcinoma
in situ (DCIS). Lobular carcinoma in situ (LCIS) did not count as a positive margin. Exception: Patients who had
'non-resectable’ deep margin invasion were eligible provided they had had radiotherapy encompassing the region
concerned. Patients with histologically documented infiltration of the skin (pT4) were eligible provided they had
undergone radiotherapy encompassing the tumor bed.

B Node positive patients/adjuvant chemotherapy: Axillary dissection was mandatory. Sentinel node sampling was
allowed provided that axillary dissection followed confirmation of a positive sentinel node(s). Node positive
patients/neo-adjuvant chemotherapy: Axillary dissection was also mandatory in patients achieving "complete
clinical response” after neo-adjuvant chemotherapy. Sentinel node sampling alone was NOT acceptable afier neo-
adjuvant chemotherapy; if used it must always have been followed by a complete axillary dissection. In patients
receiving neo-adjuvant chemotherapy lymph node status was to be considered unknown, regardless of the results of
post-chemotherapy axillary dissection.

€ Node negative patients: Sentinel node and/or axillary dissection were acceptable.

D Al locally positive HER2 tests must have been reconfirmed by the central laboratory prior to patient entry, by
submission of a tumor block or slides from the participating sites. The central lab used the following methods for
confirmation: Local 2+ by IHC or local FISH confirmed by FISH (PathVysion, Vysis); local IHC 3+ confirmed by
THC (HercepTest, DAKO).

E As part of screening patients did not need to consent to central reconfirmation of HER2 status. A written informed
consent had to be obtained prior to randomization in the actual HERA study.

F Primary surgery aiming at resection of the tumor bed was also mandatory for patients achieving a "clinical
complete response” after neo-adjuvant chemotherapy. ‘

G Patients receiving neoadjuvant therapy had to have HER2 confirmation on a sample of their tumor that was
obtained PRIOR to starting neoadjuvant chemotherapy. Post/during chemotherapy tissue samples were not to be
used to establish HER2 over-expression for eligibility.

H Applied only for patients with negative nodes.
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Appendix C Footnotes to study BO16348 (HERA) Exclusion Criteria

A Previous h1story of ductal carcinoma in situ (DCIS) of the breast was not an exclusion criterion.

BFor radlotherapy planning and dose- details, please refer to Protocol Section 5.1.4 -

€ Clinical suspicion of supraclavicular lymph node involvement must be accompamed by a negative ﬁne needle
asplrate (FNA) or biepsy in order to be eligible.

P Patients may have participated in a (neo-) adjuvant chemotherapy trial prior to enrollment in the HERA trial,
provided that the chemotherapy trial was approved by the HERA Executive Committee, and that patlents comply
w1th the HERA treatment and follow-up schedule

E As judged by the investigator. :

Patlents with hypertension which was well controlled on medication were eligible.

¢ Women of child bearing potential must have had a negative pregnancy test-(urine or serum) within 7 days prior-to
randomization and/or Herceptin treatment (see Protocol section 7.2.5 and 7.5.4 for details).

H Examples of adequate contraceptive measures are intra-uterine device, barrier method (condoms, diaphragm); also
in conjunction with spermicidal jelly, or total abstinence. Oral, injectable, or implant hormonal contraceptives were
“not indicated in this patient population:: : :
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Appendix D Adverse Events Table for BO16348 (HERA) by Preferred Term

All Adverse events Grades 1-4 for HERA Study by Preferred Term

Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n %| n % n % n %
HEADACHE 49 2.87° | 162 9.65 3 0.18 4 0.24
ARTHRALGIA 98 | 5.74 137 8.16 3 0.18 4 0.24
NASOPHARYNGITIS 43 2.52 135 8.05 0 0.00 0 0.00
FATIGUE 44 2.58 128 7.63 0 0.00 4 0.24
DIARRHOEA 16 0.94 123 7.33 0 0.00 5 0.30
NAUSEA 19 1.11 108 | 6.44 1 0.06 2 0.12
PYREXIA - 6 035 100 5.96 0 0.00 1 0.06
HOT FLUSH 84 4.92 98 5.84 2 0.12 5 0.30
BACK PAIN 58 3.40 91 5.42 3 0.18 3 0.18
CHILLS 0 0.00 85 5.07 0 0.00 3 0.18
COUGH 34 1.99 81 4.83 0 0.00 1 0.06
OEDEMA PERIPHERAL 37- 1 2.17 79 4.71 0 0.00 1 0.06
ASTHENIA 30 1.76 75 447 0 0.00 1 0.06
INFLUENZA 9 | 0.53 70 4.17 . 0 0.00 3 0.18
RASH 10 0.59 70 | 4.17 0 0.00 0 0.00
HYPERTENSION 35 2.05 64 | 3.81 5 0.29 11 0.66
MYALGIA 17 1.00 63 3.75 1 0.06 3 0.18
PAIN IN EXTREMITY 45 2.63 60 3.58 0 0.00 1 0.06
DIZZINESS 29 | 1.70 60 3.58 1 0.06 3 0.18
VOMITING 10 0.59 58 3.46 2 0.12 6 - 0.36
EJECTION FRACTION 11 0.64 58 346 0 0.00 0 0.00
DECREASED
INSOMNIA 31 1.81 58 3.46 0 0.00 1 0.06
DYSPNOEA 26 1.52 57 3.40 1 0.06 1 0.06
DEPRESSION 35 2.05 51 3.04 1 0.06 5 0.30
BONE PAIN 26 1.52 49 2.92 1 0.06 1 0.06
PALPITATIONS 12 0.70 48 2.86 0 0.00 0 0.00
UPPER RESPIRATORY 20 1.17 46 2.74 0 0.00 0 0.00
TRACT INFECTION , -
MUSCLE SPASMS 3 0.18 46 2.74 0 0.00 0 0.00
CHEST PAIN 22 1.29 45 2.68 0 0.00 2 0.12
NAIL DISORDER 0 0.00 43 2.56 0 0.00 0 0.00
URINARY TRACT 13 0.76 42 2.50 0 | 0.00 2 0.12
- INFECTION
LYMPHOEDEMA 40 2.34 42 2.50 0 0.00 1 0.06
ABDOMINAL PAIN 16 0.94 41 2.44 2 0.12 1 0.06
INFLUENZA LIKE ILLNESS 3 0.18 40 2.38 0 0.00 0 0.00
ANXIETY 19 1.11 40 2.38 1 0.06 0 0.00
PRURITUS 10 0.59 40 2.38 0 0.00 0 0.00
RHINITIS 6 0.35 36 2.15 0 0.00 0 0.00
ONYCHORRHEXIS 1 0.06 36 2.15 0 0.00 0 0.00
CONSTIPATION 17 1.00 33 1.97 1 0.06 0 0.00
ggﬁx\IRYNGOLARYNGEAL 8 0.47 32 1.91 0 0.00 0 0.00
CARDIAC FAILURE 5 0.29 30 1.79 0 0.00 7 0.42
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Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 34
' n % n % n % n %
CONGESTIVE
DYSPEPSIA 9 0.53 30 1.79 0 0.00 0 0.00
SHOULDER PAIN 28 | 1.64 30 1.79 1 0.06 1 0.06
ABDOMINAL PAIN UPPER 15 0.88 29 1.73 0 0.00 1 0.06
WEIGHT INCREASED 17 1.00 | 29 1.73 1 0.06 1 0.06
PARAESTHESIA 11 .| 0.64 29 1.73 0 0.00 0 0.00
'STOMATITIS 1 0.06 26 1.55 0 0.00 0 0.00
SINUSITIS. 5 0.29 26 1.55 0 0.00 1 0.06
CHEST WALL PAIN 24 1.41 26 1.55 1 0.06 0 0.00
VERTIGO 7 0.41 25 1.49 0 ~0.00 0 0.00
BREAST PAIN 19 1.11 25 1.49 0 - 0.00 0 0.00
EPISTAXIS 1 0.06 25 1.49 0 0.00 0 0.00
RHINORRHOEA 5 1 0.29 24 1.43 0 0.00 0 0.00
ERYTHEMA 7 041 24 1.43 0 0.00 0 0.00
PHARYNGITIS 9 0.53 22 1.31 0 0.00 0 0.00
- DYSPNOEA EXERTIONAL 15 0.88 21 1.25 1 0.06 0 0.00
TACHYCARDIA 5 0.29 20 1.19 0 0.00 1 0.06
GASTRITIS ] 11 0.64 20 1.19 0 0.00 0 0.00
CHEST DISCOMFORT 2 0.12 20 1.19 0 0.00 .0 0.00
BRONCHITIS 9 0.53 19 1.13 0 0.00 0 . 0.00
CYSTITIS 11 0.64 19 1.13 0 0.00 0 0.00
OEDEMA 7 0.41 18 . 1.07 0 0.00 0 0.00
HERPES ZOSTER 9 0.53 18 1.07 -1 0.06 1 0.06
MUSCULOSKELETAL PAIN 11 | 0.64 17 1.01 2 0.12 0 0.00
DYSURIA 2 0.12 17 1.01 0 | 0.00 0 0.00
- DRY SKIN 2 0.12 16 0.95 0 0.00 0 0.00
PAIN - 8 0.47 15 0.89 1 0.06 0 0.00
OSTEOPOROSIS 13 0.76 15 0.89 "2 0.12 0 0.00
NECK PAIN 12 0.70 15 0.89 0 0.00 0 0.00
. ACNE 2. 0.12 15 0.89 0 0.00 0 0.00
CONJUNCTIVITIS 5 0.29 14 0.83 0 0.00 0 0.00
AXILLARY PAIN 11 0.64 14 0.83 0 0.00 0 0.00
BLOOD PRESSURE 3 0.18 14 0.83 1 0.06 1 0.06
INCREASED - ‘ _
OSTEOARTHRITIS 9 053 | 14 0.83 1 " 0.06 0 0.00
LETHARGY 7 0.41 14 0.83 0 0.00 1 0.06
SCAR PAIN 10 0.59 14 0.83 0 0.00 0 0.00
DRY MOUTH 6 0.35 13 0.77 0 0.00 0 0.00
MALAISE 0 0.00 13 | 0.77 0 - 0.00 1 - 0.06
NASAL DRYNESS 0 0.00 | 13 0.77 0 0.00 0 0.00
ECZEMA 5 0.29 13 | 0.77 0’ 0.00 0 0.00
. MUCOSAL INFLAMMATION 0 0.00 12 0.72 0 0.00° 0 0.00
ERYSIPELAS 5 0.29 12 | 0.72 0 0.00 2 0.12
LOWER RESPIRATORY 9 0.53 12 0.72 1 0.06 1 0.06
TRACT INFECTION 1
ANOREXIA 10 0.59 12 0.72 2 0.12 0 .0.00
HYPERHIDROSIS 5 0.29 12 0.72 0 0.00 0 0.00 .
MOUTH ULCERATION 1 0.06 11 0.66 0 0.00 0 0.00
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Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n %| n %
'CELLULITIS 5 0.29 11 0.66 1 0.06 2 0.12
LOCALISED INFECTION 1 0.06 11 0.66 0 0.00 1 0.06
HERPES SIMPLEX 5 0.29 11 0.66 0 0.00 | O 0.00
TREMOR 2 0.12 11 0.66 0 0.00 0 0.00
HYPOAESTHESIA 13 0.76 11 0.66 0 0.00 0 0.00
VAGINAL DISCHARGE 6 0.35 11 | 0.66 0 0.00 0 0.00
VISION BLURRED 4 0.23 10 0.60 0 0.00 0 0.00
ABDOMINAL DISTENSION 4 023 | 10 0.60 0 0.00 0 0.00
HAEMORRHOIDS 5 0.29 10 0.60 0 0.00 0 0.00
HYPERSENSITIVITY 1 0.06 10 0.60 0 0.00 1 0.06
MASTITIS 6 | 035 10 0.60 0 0.00 -1 .0.06
MENOPAUSAL SYMPTOMS |- 4 0.23 10 0.60 0 0.00 2 0.12
VAGINAL HAEMORRHAGE 7 0.41 10 0.60 0 0.00 0 - 0.00
CARDIAC FAILURE 4 0.23 9 0.54 1 0.06 4 0:24
LACRIMATION INCREASED 0 0.00 9 0.54 0 0.00 0 0.00
TOOTHACHE 3 0.18 9 0.54 0 0.00 0 0.00
SEASONAL ALLERGY 1 0.06 9 0.54 0 0.00 0 - 0.00
CONTUSION 4 0.23 9 0.54 0 0.00 0 0.00
MIGRAINE 0 0.00 9 0.54 0 0.00 0 0.00
DYSGEUSIA 2 0.12 9 .0.54 0 0.00 0 .. 0.00
PERIPHERAL SENSORY 4 0.23 9 0.54 0 0.00 0 0.00
NEUROPATHY i
BREAST CYST 5 0.29 9 10.54 . 0 0.00 0 0.00
BREAST MASS 12 0.70 9 0.54 0 0.00 0 -0.00
ENDOMETRIAL 6 0.35 9 0.54 0 0.00 0 0.00
_HYPERPLASIA ' .
RHINITIS ALLERGIC 1 0.06 9 0.54 0 0.00 0 0.00
HYPOTENSION 3 0.18 9 0.54 1 0.06 2 0.12
ANAEMIA 3 0.18 8 0.48 1 0.06 0 0.00
LYMPHADENOPATHY 2 0.12 8 0.48 0 0.00 0 0.00
ANGINA PECTORIS 4 0.23 8 0.48 0 0.00 1 0.06
APHTHOUS STOMATITIS 0 0.00 8 0.48 0 0.00 0 0.00
FEELING COLD 1 0.06 8 0.48 0 0.00 0 0.00
ONYCHOMYCOSIS 0 0.00 8 0.48 0 0.00 0 _0.00
TOOTH ABSCESS 2 0.12 8 0.48 0 0.00 0 0.00
VAGINAL INFECTION 6 0.35 8 0.48 0 0.00 0 0.00
WOUND INFECTION 3 0.18 8 0.48 0 0.00 2 0.12 .
PARONYCHIA 0 0.00 8 0.48 0 0.00 1 0.06
CENTRAL LINE INFECTION 1 0.06 8 0.48 0 0.00 4 0.24
AMNESIA 0 0.00 8 0.48 0 0.00 0 0.00
MENORRHAGIA 5 0.29 8 0.48 1 0.06 1 0.06
NASAL DISCOMFORT 0 0.00 8 0.48 0 0.00 0 0.00
URTICARIA 4 0.23 8 0.48 0 0.00 0 0.00
ARRHYTHMIA 0 0.00 7 0.42 0 0.00 0 0.00
MUCOSAL DRYNESS 0 0.00 7 0.42 0 0.00 0 0.00
TONSILLITIS 1 0.06 7 0.42 0 0.00 0 0.00
VIRAL UPPER 3 0.18 7 0.42 0 0.00 0 0.00
RESPIRATORY TRACT ’ )
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Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
INFECTION ' .
JOINT SPRAIN. 1 006 [ 7 | 042 0 0.00 1 0.06:
OVARIAN CYST 8 047 7 0.42 0 000 |- 0 0.00
VULVOVAGINAL DRYNESS 11 | 0.64 7 0.42 1 0.06 0 0.00
EXANTHEM 0 0.00 7 0.42 0 0.00 0 0.00
PHLEBITIS 4 0.23 7 0.42 0 0.00 0 . 0.00
LEUKOPENIA 3 0.18 6 0.36 1 0.06 2 0.12
NEUTROPENIA 3 0.18 6 036 2 012 1 2 0.12
HEPATIC STEATOSIS 5 0.29 6 0.36 0 0.00- 0- 0.00
GASTROENTERITIS 6 0.35 6 036 0 0.00 0 0.00
- TOOTH INFECTION 0 0.00 6 036 0 0.00 0: 0.00
INFECTION - 5 0.29: 6 0.36 1 0.06 0 - 0.00
RESPIRATORY TRACT 4 0.23 6 .0.36 0 “0.00 | 1 0.06
INFECTION .
PNEUMONIA 1 0.06 6 0.36 0 000 | O 0.00
NAIL INFECTION 0 | 0.00 6.1 036 0 0.00 0 . 0.00
LARYNGITIS 1 0.06 6 0.36 0 0.00. .0 -0.00
WEIGHT DECREASED 8 047 6 | 036 0 0.00 0 0.00
SCIATICA 6 035 6 0.36 0 0.00 0 0.00
ASTHMA 4 | 023 6- | 036 2 0.12 1 0.06
ALOPECIA 1 0.06 6 0.36 0 0.00 0 0.00
FLUSHING 7 041 |. 6 0.36 0 0.00 0 ~0.00
CARDIAC DISORDER 0 0.00 5 0.30 0 0.00 0 0.00
EAR PAIN 0 000 | 5§ 0.30 0 0.00 0 0.00
TINNITUS 4 0.23 5 -] 030 0 0.00 0 0.00
HYPOTHYROIDISM 9 053 | 5 0.30 0 0.00 0 0.00
CATARACT 5 029 | 5 0.30 0 0.00 0 0.00 .
EYE PAIN 0 0.00 5 0.30 0 0.00 0 0.00 _
RECTAL HAEMORRHAGE 2 0.12 5 0.30 0 0.00 0 0.00
GASTROOESOPHAGEAL 1 0.06 5 0.30 0 000 | O 0.00
REFLUX DISEASE )
ABDOMINAL PAIN LOWER 4 0.23 5 0.30 0 0.00 - 0 0.00
STOMACH DISCOMFORT 0 0.00 5 0.30 0 0.00 0 0.00
CHOLELITHIASIS 6 0.35 5 0.30 1 0.06 0 0.00
VAGINAL CANDIDIASIS 6 0.35 5 030 0 0.00 1 0.06
GASTROINTESTINAL 0 0.00 5 0.30 0 0.00 0 0.00
INFECTION -
EAR INFECTION 1 0.06 5 030 0 0.00 0 0.00
EYE INFECTION 2 0.12 5 0.30 0 0.000 0 0.00
ARTHROPOD BITE 3 0.18 5 0.30 0 0.00 0 0.00
FALL 5 0.29 5 0.30 1 0.06 1 -~ 0.06
OSTEOPENIA 4 ]-0.23 5 0.30 0 0.00 0 0.00
JOINT STIFFNESS 4 023 | 5 0.30 0 0.00 0. 0.00
JOINT SWELLING 2 0.12 5. 0.30 0 0.00 - 0 0.00
MUSCULOSKELETAL 3 0.18 5 0.30 0 0.00 0 0.00
DISCOMFORT _
UTERINE LEIOMYOMA 5 0.29 5 0.30 0 0.00 0 0.00
SOMNOLENCE 1 0.06 5 0.30 0 0.00 0 0.00
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Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
SYNCOPE 1 0.06 5 0.30 1 0.06 2 0.12
CARPAL TUNNEL 3 0.18 5 030 0 0.00 0 0.00
SYNDROME )
SLEEP DISORDER 5 0.29 5 0.30 0 0.00 0 0.00
_ POLLAKIURIA 3 0.18 5 0.30 0 0.00 0 0.00
BREAST FIBROSIS 3 0.18 5 0.30 2 0.12 1 0.06
BREAST DISCOMFORT 5 0.29 5 0.30 0 0.00 0 0.00
DERMATITIS 5 0.29 5 030 0 0.00 0 0.00
DERMATITIS ALLERGIC 1 0.06 5. 1.030 0 0.00 0 0.00
RASH PRURITIC 0 0.00 5 :0.30 0 0.00 0 0.00
RASH MACULAR 0 0.00 5 0.30 0 0.00 0 0.00
NIGHT SWEATS 9 0.53 5. 0.30 1 006 1 0 . 0.00
LYMPHANGITIS 1 0.06 5 0.30 0 0.00 1 0.06
PERICARDIAL EFFUSION 4 0.23 4 0.24 0 0.00 0 0.00
AUTOIMMUNE 0 | 0.00 4 0.24 0 0.00 0 0.00
THYROIDITIS :
HYPERTHYROIDISM 3 0.18 4 0.24 1 0.06 0 0.00 -
EYELID OEDEMA 0 0.00 4 0.24 0 0.00 0 0.00
EYE IRRITATION 1 0.06 4 0.24 0 0.00 0 0.00
VISUAL DISTURBANCE 1 0.06 4 .0.24 0 0.00 0 0.00
GINGIVITIS 1 0.06 4 0.24 0 0.00 0 0.00
IRRITABLE BOWEL 1 0.06 4 024 0 0.00 "0 - 0.00
SYNDROME
ABDOMINAL DISCOMFORT 2 0.12 4 0.24 0 0.00 0 0.00
- DYSPHAGIA 0 000 | 4 0.24 0 0.00 0 0.00
ODYNOPHAGIA 0 0.00 4 0.24 0 0.00 0 0.00
INFUSION RELATED 0 0.00 4 024 0 ©0.00 0 0.00
REACTION
INFLAMMATION 0 0.00 4 0.24 0 0.00 0 0.00
FOLLICULITIS 0 0.00 4 0.24 0 0.00 0 0.00
FUNGAL INFECTION 0 0.00 4 0.24 0 0.00 0 0.00
FUNGAL SKIN INFECTION 1 0.06 4 0.24 0 0.00 0 0.00
CATHETER SITE INFECTION 1 0.06 4 0.24 0 0.00 0 0.00
BRONCHITIS ACUTE 5 ‘0.29 4 0.24 0 0.00 0 0.00
RASH PUSTULAR 0 0.00 4 0.24 0 0.00 1 0.06
HERPES VIRUS INFECTION 0 0.00 4 0.24 0 0.00 0 0.00.
GASTROENTERITIS VIRAL 0 0.00 4. 0.24 0 0.00 0 0.00
POST PROCEDURAL PAIN 4 0.23 4 0.24 0 0.00 1 0.06
ELECTROCARDIOGRAMT 1 0.06 4 | 024 0 0.00 0 0.00
WAVE INVERSION
BODY TEMPERATURE 0 0.00 4 0.24 0 0.00 0 0.00
INCREASED
ARTHRITIS 2 0.12 4 | 024 1 0.06 0 0.00
BURSITIS 2 0.12 4 0.24 0 0.00 0 0.00
OSTEOCHONDROSIS 1 0.06 4 0.24 0 0.00 0 0.00
TENDONITIS 5 0.29 4 0.24 0 0.00 0 0.00
BENIGN BREAST 0 0.00 4 0.24 0 0.00 0 0.00
NEOPLASM
DISTURBANCE IN 0 0.00 4 0.24 0 .| 0.00 0 0.00
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Observation Herceptin Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n| % n % n % n %
ATTENTION _ ' : N
NEUROPATHY PERIPHERAL | 3 0.18 4 0.24 0 0.00 0 0.00
BREAST OEDEMA 4 0.23 4 0.24 0 0.00 0 . 0.00
PELVIC PAIN 2 0.12 4 . 0.24 0 0.00 0 0.00
DYSPAREUNIA 1 0.06 4 0.24 0 0.00 0 0.00 .
PULMONARY 0 0.00 4 024 0 0.00 0 0.00
HYPERTENSION : o
PRODUCTIVE COUGH 4 0.23 4 0.24 1 0.06 0 0.00
NASAL ULCER * _ 0 0.00 4 0.24 0 0.00 0 0.00
SKIN FISSURES 0 0.00 | 4 0.24 0 0.00 0. 0.00°
RASH ERYTHEMATOUS 1 0.06 4 0.24 0 0.00 0 0.00
ONYCHOLYSIS 0 10.00 4 0.24 0 0.00 0 0.00
DEEP VEIN THROMBOSIS 1 0.06 4 | 0.24 1 0.06 3 0.18
HAEMATOMA 1 0.06 4 0.24 0 0.00 0 0.00
TACHYARRHYTHMIA 0 0.00 3 0.18 0 0.00 2 0:12
CARDIOVASCULAR 0 0.00 3 0.18 0 0.00 0 0.00
DISORDER ,
MITRAL VALVE 3 0.18 3 0.18 0 0.00 0 0.00
INCOMPETENCE
VENTRICULAR 0 0.00 | 3 0.18 0 000 | O 0.00
DYSFUNCTION ‘ ~
EAR DISCOMFORT 1 0.06 3 0.18 0 0.00 0 0.00
HIATUS HERNIA 0 0.00 3 0.18 0 0.00 1 0.06
-HAEMATOCHEZIA 1 0.06 3 0.18 0 0.00 0 - 0.00
FLATULENCE 1 0.06 3 0.18 0 0.00 0 0.00
CATHETER RELATED 0 0.00 3 0.18 0 0.00 2 0.12
COMPLICATION
INJECTION SITE PAIN 0 0.00 3 0.18 0 0.00 0 0.00
FEELING HOT 0 0.00 3 0.18 0 0.00 0 0.00
FACE OEDEMA 1 006 | 3 0.18 0 0.00 0 0.00
- TENDERNESS 2 | 0.12 3 | 0.18 0 0.00 0 0.00
CLOSTRIDIUM COLITIS 0 _0.00 3 0.18 0 000 ] 0 0.00
BREAST ABSCESS 1 0.06 3 0.18 0 - 10007 1 0.06
POSTOPERATIVE 2 0.12 - 3 0.18 1 0.06 0 0.00
INFECTION ; :
SUBCUTANEOUS ABSCESS 1 0.06 3 0.18 0 0.00 0 0.00
VIRAL INFECTION 2 0.12 3 0.18 0 0.00 0 _0.00
JOINT DISLOCATION 0 "] 0.00 3 0.18 0 0.00 0 0.00
FOOT FRACTURE 1 0.06 3 0.18 0 000 { O 0.00
RIB FRACTURE 3 0.18 |. 3 0.18 1 0.06 0 0.00
RADIATION PNEUMONITIS 0 {000 | 3 0.18 0 0.00 0 0.00
SEROMA 0 [ 0.00 3 0.18 0 0.00 0 0.00
CARDIAC MURMUR 0 0.00 3 0.18 0 0.00 0 0.00
ELECTROCARDIOGRAM 1 0.06 3 0.18 0 0.00 0 0.00
ABNORMAL »
_DECREASED APPETITE 1 0.06 3 0.18 0 0.00 0 0.00
FLUID RETENTION 3 0.18 3 0.18 0 0.00 0 0.00
HYPERTRIGLYCERIDAEMIA 0 0.00 3 0.18 0 0.00 0 0.00
ARTHROPATHY 0 0.00 3 0.18 0 0.00 1 0.06
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n % n % n % n %
SPINAL OSTEQOARTHRITIS 3 0.18 3 0.18 0 0.00 0 0.00
INTERVERTEBRAL DISC 1 0.06 3 0.18 0 0.00 0 0.00
PROTRUSION
SCOLIOSIS 1 0.06 3 0.18 0 0.00 0 0.00
LIMB DISCOMFORT 1 0.06 3 0.18 0 0.00 0 0.00
MUSCULOSKELETAL 6 0.35 3 0.18 0 0.00 0 0.00
STIFFNESS |
AXILLARY MASS 1 | 0.06 3 0.18 0 0.00 0 0.00
GANGLION 0 0.00 3 0.18 0 000 | 1 0.06
LIPOMA 1 0.06 3 0.18 0 000 0 0.00
CEREBROVASCULAR 0 0.00 3 0.18 0 0.00 2 0.12
ACCIDENT _ .
DYSAESTHESIA 1 0.06 3 0.18 0 0.00 0 0.00
NEUROPATHIC PAIN 1 0.06 3 0.18 0 0.00 0 0.00
SENSORY DISTURBANCE 0 0.00 - 3 0.18 0 0.00 0 0.00
AGITATION 0 0.00 3 0.18 0 -0.00 0 0.00
NERVOUSNESS 1 0.06 3 0.18 0 0.00 0 0.00
NEPHROLITHIASIS 0 0.00 3 0.18 0 0.00 0 0.00
BREAST DISORDER S 0.29 3 0.18 0 0.00 0 0.00
CERVICAL POLYP 1 0.06 3 0.18 0 0.00 0 0.00
- VAGINITIS ATROPHIC 0 0.00 3 0.18 0 0.00 0 0.00
DYSMENORRHOEA 2 0.12 3 0.18 0 0.00 0 0.00
METRORRHAGIA 1 0.06 3 0.18 0 0.00 0 _0.00
GENITAL DISCHARGE 1 0.06 3 0.18 0 0.00 0 0.00
UTERINE POLYP 0 0.00 3 0.18 0 000 | . O 0.00
WHEEZING 1 0.06 3 0.18 0 0.00 0 0.00
PNEUMOTHORAX 1 0.06 3 0.18 1 0.06 1 0.06
DYSPHONIA 0 0.00 3 0.18 0 0.00 0 0.00
- NASAL CONGESTION 3 0.18 3 0.18 0 0.00 0 0.00
SWELLING FACE 0 0.00 3 0.18 0 0.00 0 0.00
RASH PAPULAR 0 0.00 3 0.18 0 0.00 0 0.00
PRURITUS GENERALISED 0 0.00 3 0.18 0 0.00 0 0.00
SCAR 0 0.00 3 0.18 0. 0.00 0 .0.00
HAIR GROWTH ABNORMAL 0 0.00 3 0.18 0 0.00 0 0.00
THROMBOPHLEBITIS 3 0.18 3 0.18 0 0.00 1 0.06
LYMPHOSTASIS 1 0.06 3 0.18 0 000 | 0 0.00
HYPERTENSIVE CRISIS 0 0.00 3 0.18 0 0.00 1 0.06
THROMBOCYTOPENIA 1 0.06 2 0.12 1 0.06 0 0.00
EXTRASYSTOLES 0 | 0.00 2 -0.12 0 0.00 0 0.00
ATRIAL FIBRILLATION 1 0.06 2 0.12 1 0.06 0 0.00
VENTRICULAR 1 0.06 2 0.12 0 0.00 0 0.00
EXTRASYSTOLES
CARDIOTOXICITY 0 0.00 2 0.12 0 0.00 0 0.00
MYOCARDIAL ISCHAEMIA 0 0.00 2 0.12 0 0.00 0 0.00
CARDIOMYOPATHY 0 0.00 2 0.12 0 0.00 1 0.06
VENTRICULAR 0 0.00 2 0.12 0 0.00 0 0.00
HYPOKINESIA
GOITRE 5 0.29 2 0.12 0 0.00 0 0.00
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MADAROSIS 0 ] 0.00 2 0.12 0 0.00 0 0.00
DRY EYE 0 0.00 2 0.12 0 0.00 0 0.00
EYE DISCHARGE 0 0.00 2 0.12 0 0.00. 0 0.00
INGUINAL HERNIA 1 | 0.06 2 0.12 0 0.00 0 0.00

- ANAL FISSURE 0 0.00 2 0.12 0 0.00 0 0.00
PRURITUS ANI 0 0.00 2 0.12 0 0.00 0 ~0.00
GINGIVAL BLEEDING 0 0.00 2 0.12 0 0.00 0 0.00
GASTROINTESTINAL 0 0.00 2 0.12 0 0.00 0 0.00

- HAEMORRHAGE ]

"OESOPHAGITIS 3.1 018 2 0.12 0 0.00 0 0.00
REFLUX OESOPHAGITIS 1 0.06 2 0.12 0 0.00 0 0.00
ABDOMINAL RIGIDITY 0 0.00 2 0.12 0 0.00 0 0.00
GASTRICULCER 1 0.06 2 0.12 0 0.00 0 0.00

" HAEMORRHOIDAL 0 0.00 2 0.12 0 0.00. 0 0.00
HAEMORRHAGE -
HYPOAESTHESIA ORAL 0 0.00 2 0.12 0 0.00 0 0.00
CATHETER SITE PAIN 0 0.00 2 012 | 0 0.00 0 0.00
CATHETER SITE RELATED 0 0.00 2 0.12 0 0.00 0 0.00
REACTION .
INFUSION SITE PAIN 0 | 0.00 2 0.12 0 0.00 0 0.00
HYPERTHERMIA 0 0.00 2 . 0.12 0 0.00 0 0.00
FEELING ABNORMAL 0 0.00 2 0.12 0 0.00 0 _0.00
ILL-DEFINED DISORDER 1 0.06 2 0.12 0 0.00 0 0.00
THIRST 3 0.18 2. 0.12 0 0.00 0 0.00
GRANULOMA 1 0.06 2 0.12 0 0.00 0 "0.00
GENERALISED OEDEMA 0 0.00 2 0.12 0 0.00 0 0.00
CYST 1 0.06 2 0.12 0 0.00 0 - 0.00
MASS 1 0.06 2 0.12 0 0.00 0 0.00
HEPATIC PAIN 3 0.18 2 0.12 0 0.00 -0 0.00
BREAST CELLULITIS 6 0.35 2 0.12 1 0.06 0 0.00
ORAL FUNGAL INFECTION 0 0.00 2 0.12 0 0.00 1 0.06

‘VAGINAL MYCOSIS 3 0.18 2 0.12 0 0.00 0 0.00
APPENDICITIS 0 0.00 2 0.12 0 0.00 2 0.12
DENTAL CARIES 1 0.06 2 0.12 0 0.00 0 0.00
OTITIS MEDIA 0 0.00 2 0.12 0 0.00 0 0.00
FEBRILE INFECTION 0 0.00 2 0.12 0 0.00 0 0.00
FURUNCLE 3 0.18 2 0.12 0 0.00 0 0.00
NAIL BED INFECTION 0 0.00 2 0.12 0 0.00 0 0.00
SKIN INFECTION 2 0.12 2 0.12 0 0.00 0 0.00
ACUTE TONSILLITIS 0 0.00 2 0.12 0 0.00 0 0.00
LARYNGOPHARYNGITIS 0 0.00 2 0.12 0 0.00 0 0.00
TRACHEITIS 1 0.06 2 0.12 0 0.00 0 0.00
RESPIRATORY TRACT 3 0.18 2 0.12 0 0.00 0 0.00
INFECTION VIRAL . :

VIRAL PHARYNGITIS 1 0.06 2 0.12 0 0.00 0 -0.00
LOWER LIMB FRACTURE 0 0.00 2 0.12 0 0.00 2 0.12
WRIST FRACTURE 1 0.06 2 0.12 0 0.00 1 0.06
RADIATION SKIN INJURY 1 0.06_ 2 0.12 0 0.00 0 0.00
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SUNBURN 0 0.00 2 0.12 0 0.00 0 0.00
THERMAL BURN 1 0.06 2 0.12 0 0.00 0 0.00
ANIMAL BITE 1 0.06 2 0.12 0 0.00 0 0.00
ARTHROPOD STING 1 0.06 2 0.12 0 0.00 0 0.00
WOUND 1 0.06 2 0.12 0 0.00 0 0.00
BACK INJURY 1 0.06 2 0.12 1 0.06 0 0.00
SKIN LACERATION 0 0.00 2 0.12 0 0.00 1 0.06
ECHOCARDIOGRAM 1 0.06 2 0.12 0 0.00 0 0.00
ABNORMAL :
HEART RATE INCREASED 0 0.00 2 0.12 0 000 | 0 0.00
HEART RATE IRREGULAR 0 0.00 2 0.12 0 0.00 0 0.00
BLOOD ALKALINE 0 0.00 2 0.12 0 0.00 0 0.00
PHOSPHATASE INCREASED
ALANINE 11 0.06 2 0.12 0 0.00 2 0:12
AMINOTRANSFERASE
INCREASED

- ASPARTATE 1 0.06 2 0.12 0 0.00 1 0.06
AMINOTRANSFERASE
INCREASED : ;
BLOOD GLUCOSE 0 0.00 2 0.12 0 0.00 0 0.00
INCREASED - J
HYPERGLYCAEMIA 0 0.00 2 0.12 0 000 | 1 0.06
HYPERURICAEMIA 0 0.00 2 0.12 0 0.00 0 0.00
SPINAL DISORDER 0 0.00 2 0.12 0 0.00 0 0.00
JOINT RANGE OF MOTION 1 0.06 2 0.12 0 0.00 0 0.00
DECREASED :
FIBROMYALGIA 1 0.06 2 0.12 0 0.00 0 0.00
MUSCLE TIGHTNESS 3 | 018 2 0.12 0 0.00 0 0.00
NIGHT CRAMPS 2 0.12 2 0.12 0 000 | O 0.00
MUSCULAR WEAKNESS 1 0.06 2 0.12 0 0.00 1 0.06
INTERVERTEBRAL DISC 1 0.06 2 0.12 0 0.00 0 0.00
DISORDER
TENOSYNOVITIS 1 0.06 2 0.12 1 0.06 0 0.00
BREAST CANCER 2 0.12 2 0.12 1 0.06 2 0.12
SKIN PAPILLOMA 0 0.00 2 0.12 0 0.00 0 0.00
MALIGNANT MELANOMA 0 0.00 2 0.12 0 0.00 1 0.06
TRANSIENT ISCHAEMIC 0 0.00 2 | 012 0 0.00 0 0.00
ATTACK
TENSION HEADACHE 0 0.00 2 0.12 0 0.00 0 0.00
BALANCE DISORDER 0 0.00 2 0.12 0 0.00 0 0.00
SYNCOPE VASOVAGAL 0 0.00 2 0.12 0 0.00 1 0.06

_ HYPERAESTHESIA 1 0.06 2 0.12 0 0.00 0 0.00
HYPERTONIA 0 0.00 2 0.12 0 0.00 0 0.00
PERIPHERAL MOTOR 0 0.00 2 0.12 0 0.00 1 0.06
NEUROPATHY '
STRESS 1 0.06 2 0.12 0 0.00 0 0.00
DEPRESSED MOOD 4 0.23 2 0.12 0 0.00 0 0.00
AFFECT LABILITY 1 | 006 2 0.12 0 0.00 0 0.00
IRRITABILITY 2 0.12 2 0.12 0 0.00 0 0.00

117




Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 " Grades 3-4
: o n %| n % n %. n %
LIBIDO DECREASED 4 0.23. 2 ].012 - 1 0.06 0 0.00
CYSTITIS HAEMORRHAGIC 0 0.00 2 0.12 0 0.00 0 . ..0.00
STRESS INCONTINENCE 0 0.00 2 0.12 0 0.00 0 | 000
- URINARY INCONTINENCE 1 0.06 2 0.12 0 0.00 0 ~.0.00
HAEMATURIA 3 0.18 2 0.12 0 0.00 0 0.00
RENAL COLIC 0 0.00 2 0.12 0 0.00 0 0.00
RENAL PAIN 0 0.00 2 0.12 0 0.00 0 . _0.00
NIPPLE EXUDATE BLOODY 0 0.00 2 0.12 0 0.00 0 0.00
NIPPLE PAIN ' 0 0.00 2 0.12 0 0.00 0 0.00
MENSTRUATION 1 0.06 2 .1 012 0 0.00 0 0.00
. IRREGULAR .
ENDOMETRIOSIS. 1 0.06 2 0.12 0 0.00 1 0.06
CHRONIC OBSTRUCTIVE 0 10.00 2 0.12 0 0.00 0 0.00
 PULMONARY DISEASE e '
PLEURAL EFFUSION - 1 0.06 2 0.12 0 0.00 0 0.00
HYPERVENTILATION 0 0.00 2 0.12 0 0.00 0 0.00
THROAT TIGHTNESS 0 0.00 2 0.12 0 0.00 0 0.00
BLISTER ’ 0 0.00 2 0.12 0 -0.00 |° 0 - 0.00
PAIN OF SKIN 1 0.06 2 0.12 0 000 | O 0.00
SKIN REACTION 0 0.00 2] 0.12 0 0.00 0 0.00
DERMATITIS CONTACT 2 0.12 2 0.12 0 0.00 0 0.00
SKIN EXFOLIATION 1 .0.06 2 | 012 0 0.00 0 0.00
RASH GENERALISED 0 -0.00 2 0.12 0 | 0.00 1 . 0.06
RASH MACULO-PAPULAR 1 0.06 2 0.12 0 0.00 0 0.00
PANNICULITIS 0 0.00 2 0.12 0 0.00 0 0.00
SKIN NODULE 1 0.06 2 0.12 0 0.00 0 0.00
DERMATITIS ACNEIFORM 0 0.00 2 0.12 0 0.00 0 0.00
NAIL RIDGING 0 0.00 2 0.12 0 0.00 0 0.00
PETECHIAE 0 0.00 2 0.12 0 .0.00 0 0.00
CATHETER REMOVAL 1 0.06 2 0.12 0 - 0.00 0 0.00
CENTRAL VENOUS 0 0.00 2 0.12 0 0.00 0 0.00
CATHETERISATION .
CIRCULATORY COLLAPSE 0 0.00 2 0.12 0 0.00 . 0 0.00
ORTHOSTATIC 0 0.00 2 0.12 0 0.00 0 0.00
HYPOTENSION . :
THROMBOSIS 0 0.00 2 0.12 0 - 0.00 0 0.00
THROMBOPHLEBITIS 0 0.00 2 0.12 0 0.00 0 0.00
SUPERFICIAL )
ANGIOPATHY 1. | 0.06 2 012 | O - 0.00 0 0.00
HYPERAEMIA 0 o000 | 2 ] o012 0 0.00 0 0.00
VASCULITIS 0 { 000 | 2 0.12 0 0.00 0 0.00
HAEMORRHAGIC 0 000 _|. 1. 0.06 0 000 | O 0.00
DIATHESIS .~ . : .
LYMPHADENITIS 0 0.00 1 0.06 0 0.00° 0 0.00
LYMPHOID TISSUE 0 10.00 1 0.06 0 0.00 0 0.00
HYPERPLASIA ) : . :
~ EOSINOPHILIA 0 0.00 1. 0.06 0 - 0.00 0 0.00
LYMPHOPENIA 2 | 0.12 1 0.06 0 0.00 0 0.00
" BUNDLE BRANCH BLOCK 0 0.00 1. ].0.06 0 0.00 0 - 0.00

118




Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
LEFT
BUNDLE BRANCH BLOCK 0 0.00 1 0.06 0 0.00 0 0.00
RIGHT
SINUS ARRHYTHMIA 0 0.00 1 0.06 0 0.00 0 0.00
SINUS BRADYCARDIA 2 0.12 1 0.06 0 0.00 0 0.00
SINUS TACHYCARDIA "4 0.23 1 0.06 0 0.00 0 - 0.00
SUPRAVENTRICULAR 1 0.06 1 0.06 0 0.00 1 0.06
"TACHYCARDIA .
CARDIAC VENTRICULAR 0 0.00 1 0.06 0 0.00 0 0.00
DISORDER ' !
HEART VALVE 0 0.00 1 0.06 0 0.00 0 0.00
INSUFFICIENCY '
CORONARY ARTERY 0 0.00 1 0.06 0 0.00 0 0.00
DISEASE .
CORONARY ARTERY 0 0.00 1 0.06 0 | 0.00 1 - 0.06
STENOSIS
ACUTE CORONARY 1 0.06 1 0.06 1 0.06° 1 0.06
SYNDROME
VENTRICULAR 0 0.00 1 0.06 0 - 0.00 0 0.00
DYSFUNCTION
CARDIOMEGALY 1 0.06 1 0.06 0 | 0.00 0 0.00
PERICARDITIS LUPUS 0 0.00 1 0.06 0 0.00 1 0.06
MIXED HYPERLIPIDAEMIA 1 0.06 1 0.06 0 0.00 0 0.00
EPIDERMAL NAEVUS 0 0.00 1 0.06 0 0.00 0 0.00
NAEVUS HAEMORRHAGE 0 0.00 1 0.06 0 - 0.00 0 0.00
DEAFNESS- , ) 0 0.00 1 0.06 0 0.00 0 0.00
SUDDEN HEARING LOSS 0 0.00 1 0.06 0 0.00 1 0.06
MIDDLE EAR EFFUSION 0 0.00 1 0.06 0 0.00 0 0.00
ENDOCRINOPATHY 0 0.00 1 0.06 0 0.00 0 0.00
DIENCEPHALIC
THYROIDITIS 1 0.06 1 0.06 0 0.00 . 0 0.00
XEROPHTHALMIA 0 0.00 1 0.06 0 0.00 0 0.00
LACRIMATION DECREASED 0 0.00 1 0.06 0 0.00 0 0.00
EYELID DISORDER 0 0.00 1 0.06 0 0.00 0 0.00
CONJUNCTIVITIS 1 0.06 1 0.06 0 0.00 0 0.00
ALLERGIC
BLEPHARITIS 0 0.00 1 0.06 0 0.00 0 0.00
ERYTHEMA OF EYELID 0 0.00 1 0.06 0 0.00 0 0.00
EYE INFLAMMATION 0 0.00 1 0.06 0 0.00 0 0.00
EYE PRURITUS 0 0.00 1 0.06 0 0.00 0 0.00
QOCULAR HYPERAEMIA 0 0.00 1 0.06 0 0.00 0 0.00
ABNORMAL SENSATION IN 0 0.00 1 0.06 0 0.00 0 0.00
EYE
FOREIGN BODY SENSATION 0 0.00 1 0.06 0 0.00 0 0.00
IN EYES ’
VITREOUS DETACHMENT 0 0.00 1 | 0.06 0 0.00 0 0.00
VITREOUS FLOATERS 3 0.18 1 0.06 0 000 ] O 0.00
VISUAL ACUITY REDUCED 1 0.06 1 0.06 0 0.00 0 0.00
MYOPIA 0 0.00 1 0.06 0 0.00 0 0.00
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Observation Herceptin | Observation Herceptin
Adverse Event MedDRA PT: All Grades All Grades Grades 3-4 Grades 3-4
N n % n % n % n %
COLONIC POLYP 1 0.06 1 0.06 0 | 0.00 0 0.00
PERIODONTITIS ° 1 0.06 1 0.06 0 0.00 0 0.00
TOOTH DISORDER 0 0.00 1 0.06 0 0.00 0 0.00
TOOTH FRACTURE 0 0.00 1 0.06 0 0.00 0 . 0.00
"SENSITIVITY OF TEETH . 0 0.00 1 0.06 0 0.00 0 0.00
" PANCREATITIS 1 0.06 1 0.06 1 0.06 0 0.00
GASTRIC DISORDER 0 0.00 | 1 0.06 0 0.00 0 0.00
ANAL HAEMORRHAGE 1 006 |- 1 - 0.06 0 0.00 -0 0.00
. COLITIS 0 | 000 | 1 0.06 0 - 0.00 0 0.00
GASTRITIS ATROPHIC 0 0.00 . 1 0.06 0 0.00 0 0.00
PROCTITIS ' 1 0.06 1 0.06 0 0.00 0 0.00
BOWEL SOUNDS -0 0.00 1 0.06 0 0.00 0 0.00
ABNORMAL ' : .
" EPIGASTRIC DISCOMFORT 2 0.12 1 0.06 0 0.00 0 .0.00
ERUCTATION ) 0 0.00 1 0.06 0 000 || O 0.00
ABNORMAL FAECES - 0 0.00 -1 0.06 0 0.00 | O. 0.00
GASTROINTESTINAL PAIN 0 0.00 1 0.06 0 0.00 0 0.00
OESOPHAGEAL PAIN 0 0.00 1 0.06 0 0.00 0 0.00
ILEUS. 0 0.00 1 0.06 0 0.00 1 0.06
PEPTIC ULCER 0 0.00 1 0.06 0 0.00 0 - 0.00
ORAL MUCOSAL DISORDER 0 0.00 1 0.06 0 000 |- O 0.00
ORAL PAIN "0 0.00 1 0.06 0 0.00 0 0.00
ORAL MUCOSAL 0 0.00 1 0.06 0 0.00 0 0.00
BLISTERING B
PERITONITIS 0 | 0.00 1 0.06 0 0.00 1 -.0.06
SALIVARY GLAND PAIN 0 0.00 1 0.06 0 0.00 0 0.00
GLOSSITIS 0 0.00 1 0.06 -0 0.00 0 0.00
VENIPUNCTURE SITE PAIN 0 0.00 1 0.06 0 0.00: 0 -0.00
CATHETER SITE 0 0.00 1 0.06 0 000 | O 0.00
INFLAMMATION :
IMPLANT SITE RASH 0 0.00 1 0.06 0 0.00 0 0.00
MIGRATION OF IMPLANT 0 0.00 1 0.06 0 0.00 0 0.00
INJECTION SITE 0 | 0.00 1 .0.06 0 0.00 0 0.00
EXTRAVASATION )
INJECTION SITE 0 " 0.00 1 0.06 0 0.00 0 0.00
HAEMORRHAGE -
INJECTION SITE RASH 0 0.00 1 0.06 0 0.00 0 0.00
INJECTION SITE REACTION 0 0.00 1 0.06 0 0.00 0 0.00
HYPERPYREXIA 0 0.00 . 1 0.06 0 0.00 0 0.00
SUDDEN DEATH 0 0.00 1 0.06 0 0.00 1 0.06
EXTRAVASATION 0 0.00 1 0.06 0 0.00 0 0.00
PERFORMANCE STATUS 0 0.00 1 0.06 0 0.00 0 0.00
DECREASED o .
SWELLING 0 0.00 1 0.06 0 0.00 0 0.00
UNEVALUABLE EVENT 0 0.00 1 .0.06 0. 0.00 0 0.00
XEROSIS ' 0 0.00 1 0.06 0 0.00 0" 0.00
- INFLAMMATION OF 0 0.00 1 0.06 0 0.00 0 0.00
WOUND .
DISCOMFORT 1 006 | 1 0.06 0 0.00 0 0.00
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Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
NON-CARDIAC CHEST PAIN 0 0.00 1 0.06 0 0.00 0 0.00
ADVERSE DRUG REACTION 1 0.06 1 | 0.06 0 0.00 1 0.06
BILIARY COLIC 1 0.06 1 0.06 1 0.06 0 0.00
CHOLECYSTITIS CHRONIC 1 0.06 1 0.06 0 0.00 0 0.00
BILIARY DYSKINESIA 0 0.00 1 0.06 0 0.00- 0 0.00
GALLBLADDER DISORDER 0 0.00 1 0.06 0 0.00 0 0.00
JAUNDICE 0 0.00 1 0.06 0 0.00 0 0.00
PORTAL VEIN THROMBOSIS 0 0.00 1 0.06 0 0.00 0 0.00
HEPATITIS 0 0.00 1 0.06 0 0.00 0 0.00
HEPATITIS TOXIC 0 0.00 1 0.06 0 0.00 0 0.00
HEPATOTOXICITY 0 0.00 1 0.06 0 0.00 0 0.00
GALLBLADDER POLYP 2 0.12 1 0.06 0 0.00 0 0.00
HEPATIC CYST 2 0.12 1 0.06 0 0.00 0 0.00
DRUG HYPERSENSITIVITY 3 0.18 1 0.06 0 0.00 1 0.06
CATHETER SITE 0 0.00 1 0.06 0 0.00 0 0.00
CELLULITIS '
VAGINITIS BACTERIAL 0 0.00 1 0.06 0 0.00 0 0.00
PERTUSSIS 0 0.00 1 0.06 0 0.00 0 0.00
SALMONELLOSIS 0 0.00 1 0.06 0 0.00 1 _0.06
STAPHYLOCOCCAL SEPSIS 0 0.00 1 0.06 0 0.00 0 0.00
SCARLET FEVER 0 0.00 1 0.06 0 0.00 0 0.00
CANDIDIASIS 1 0.06 1 0.06 0 0.00 0 0.00
ORAL CANDIDIASIS 0 0.00 1 0.06 0 0.00 0 0.00
GENITAL INFECTION 0 0.00 1 0.06 0 0.00 0 0.00
FUNGAL
TINEA PEDIS 0 0.00 1 .0.06 0 0.00 0 0.00
TINEA VERSICOLOUR 0 0.00 1 | 0.06 0 0.00 0 0.00
ENTEROBIASIS 0 | 000 1 0.06 0 0.00 0 0.00
ABDOMINAL WALL 0 0.00 1 0.06 0 0.00 1 0.06
ABSCESS )
RECTAL ABSCESS 0 0.00 1 0.06 0 0.00 1 0.06
BREAST INFECTION 3 0.18 1 0.06 0 0.00 0 0.00
GINGIVAL ABSCESS 0 0.00 1 0.06 0 0.00 0 0.00
LABYRINTHITIS 2 0.12 1 0.06 1 0.06 0 0.00
HORDEOLUM 0 }.0.00 1 0.06 0 0.00 0 0.00
CERVICITIS 1 0.06 1 0.06 0 0.00 0 - 0.00
VULVOVAGINITIS 0 0.00 1 0.06 0 0.00 0 0.00
ABSCESS 1 0.06 1 0.06 0 | 0.00 0 0.00
ABSCESSLIMB . 0 0.00 1 0.06 0 0.00 0 0.00
CATHETER RELATED 0 0.00 1 0.06 0 0.00 0 0.00
INFECTION -
INFECTED INSECT BITE 0 0.00 1 0.06 0 0.00 0 0.00 -
BRONCHITIS CHRONIC 1 0.06 1 0.06 0 0.00 0 0.00
LOBAR PNEUMONIA 1 0.06 1 0.06 0 0.00 0 0.00
PNEUMONIA PRIMARY 0 0.00 1 0.06 0 0.00 0 0.00
ATYPICAL :
INFECTIVE 0 0.00 1 0.06 0 0.00 0 0.00
TENOSYNOVITIS :
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- Adverse Event MedDRA PT All Grades All Grades Grades 34 Grades 3-4
n % n % n % n %
CATHETER SEPSIS 0 0.00 1 006 | 0 -0.00- 1 - 0.06
SEPSIS 0 0.00 1 0.06 0 0.00 0 0.00
CARBUNCLE 0 0.00 1 0.06 0 0.00 0 0.00
ACUTE SINUSITIS 0 0.00 1 0.06 0 0.00 0 0.00
- PHARYNGOTONSILLITIS 0 0.00 1 0.06 0 0.00 0 0.00
PULMONARY ' 0 0.00 1 0.06 0 |.0.00 -0 0.00
TUBERCULOSIS
TUBERCULOSIS 0 0.00 1 0.06 0 0.00 0 . 0.00
HERPETIC STOMATITIS 0 0.00 1 0.06 0 0.00 0 0.00
_ VARICELLA 0 0.00 1 0.06 0 0.00 0 0.00
LARYNGITIS VIRAL 0 .| 0.00 1 0.06 0 0001 0 0.00
VIRAL LABYRINTHITIS 1 0.06 1 0.06 0 000 | 0 0.00
LIMB INJURY 2 0.12 1 0.06 0 0.00 0 = 0.00
FIBULA FRACTURE 1 0.06 1 0.06 0 0.00 0 0.00
PATELLA FRACTURE 1 0.06 1 0.06 0 0.00 0 0.00
TIBIA FRACTURE 0 0.00 1 . 0.06 0 0.00 0 0.00
PUBIC RAMI FRACTURE 0 0.00 1 0.06 0 0.00 0 0.00
DISLOCATION OF 0 000 | 1 0.06 0 0.00 0 0.00
VERTEBRA .
FRACTURED SACRUM 0 0.00 1 0.06 0 "} 00040 _0.00
UPPER LIMB FRACTURE 1 0.06 1. 0.06 0 0.00 0 0.00
POISONING 0. 0.00 1 0.06 0 0.00 0 . 0.00
THERAPEUTIC AGENT 0 0.00 1 0.06 0 000 . T 0.06
TOXICITY ..
RADIATION ASSOCIATED 1 0.06 1 0.06 0. | 0.00 0 0.00
PAIN
RADIATION INJURY 0 0.00 1 0.06 0 000 | O 0.00
PNEUMOTHORAX 0 0.00 1 0.06 0 0.00 1 0.06
TRAUMATIC :
EPICONDYLITIS 0 000 I 1 0.06 0 0.00 0 0.00
MUSCLE STRAIN 0 000 | L 0.06 0 0.00 1 0.06
TENDON RUPTURE 0 000 | 1 0.06 0_ 0.00 0 0.00
WHIPLASH INJURY _ 1 0.06 1 0.06 0 0.00 0 0.00
EXCORIATION 1 006 | 1 0.06 0 0.00 0 0.00
FOREIGN BODY TRAUMA 0 0.00 1 0.06_ 0 0.00 0 0.00
INJURY ‘ 1 0.06 1 0.06 0 0.00 0 0.00
INJURY ASPHYXIATION 1 0.06 1 0.06 0 | 0.00 0 0.00
PAIN TRAUMA ACTIVATED 1 0.06 1 0.06 0 0.00 0 0.00
ROAD TRAFFIC ACCIDENT 0 0.00- 1 0.06 0 0.00 0 0.00
WOUND COMPLICATION 1 0.06 1 0.06 0 000 | O 0.00
FAILURE OF IMPLANT 0 0.00 1 0.06 0 0.00 1 - 0.06
MEDICAL DEVICE PAIN 0 0.00 1 0.06 0 0.00 0 ~0.00
POST PROCEDURAL 0 0.00 1 0.06 0 | 0.00 0 0.00
VOMITING ’
INCISION SITE 1 0.06 1 0.06 0 0.00 0 10.00
COMPLICATION
POST PROCEDURAL 1 0.06 1 0.06 0 0.00 0 0.00
COMPLICATION ,
POST PROCEDURAL 0 0.00 1 0.06 0 0.00 0 0.00

122




Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
. n % n % n % n %

HAEMORRHAGE

POST PROCEDURAL 0 0.00 1 0.06 0 0.00 0 0.00

OEDEMA ' ’

POSTOPERATIVE WOUND 0 0.00 1 0.06 0 0.00 0 | 0.00

COMPLICATION -

WOUND DECOMPOSITION 0 0.00 1 0.06 0 0.00 0 0.00

WOUND DEHISCENCE 0 0.00 1 0.06 0 0.00 1 0.06

MULTIPLE GATED 0 0.00 1 0.06 0 0.00 0 0.00

ACQUISITION SCAN

ABNORMAL . :

ECG P WAVE INVERTED 0 0.00 1 0.06 0 0.00 0 0.00

ELECTROCARDIOGRAM 0 0.00 1 0.06 0 0.00 0 0.00

CHANGE i

PULSE ABNORMAL 0 0.00 1 0.06 0 0.00 0 0.00

BLOOD PRESSURE 0 0.00 1 0.06 0 0.00 0 0.00

ABNORMAL

BLOOD PRESSURE 0 0.00 1 0.06 0 0.00 0 0.00

SYSTOLIC INCREASED

PLATELET COUNT 0 0.00 1 0.06 0 0.00 0 0.00

HAEMOGLOBIN 0 0.00 1 0.06 0 0.00 1 0.06

DECREASED

WHITE BLOOD CELL 0 0.00 1 0.06 0 0.00 0 0.00

COUNT INCREASED ,

ASPARTATE 0 0.00 1 0.06 0 0.00 0 0.00

AMINOTRANSFERASE §

GAMMA- 0 0.00 1 0.06 0 0.00 1 0.06

GLUTAMYLTRANSFERASE :

INCREASED

BLOOD CHOLESTEROL 0 0.00 1| 0.06 0 0.00 0 0.00

INCREASED

LIPIDS INCREASED 0 0.00 1 0.06 0 0.00 0 0.00

BLOOD UREA INCREASED 0 0.00 1 0.06 0 0.00 0 0.00

BIOPSY BREAST 0 0.00 1 0.06 0 0.00 0 0.00

BLOOD MAGNESIUM 0 0.00 1 0.06 0 0.00 0 0.00

DECREASED

BLOOD POTASSIUM 1 0.06 1 0.06 0 0.00 0 0.00

INCREASED

HYPOKALAEMIA 0 0.00 1 0.06 0 000 | O 0.00

ALCOHOL INTOLERANCE 0 0.00 1 0.06 0 0.00 0 0.00

FOOD INTOLERANCE 0 0.00 1 0.06 0 0.00 0 0.00

LACTOSE INTOLERANCE 0 0.00 1 0.06 0 0.00 0 0.00

DIABETES MELLITUS 0 0.00 1 0.06 0 0.00 0 0.00

INADEQUATE CONTROL )

DIABETES MELLITUS NON- 0 0.00 1 0.06 0 0.00 (L 0.00

INSULIN-DEPENDENT

DYSLIPIDAEMIA 0} 0.00 1 0.06 0 0.00 0 0.00

HAEMARTHROSIS 0 0.00 1 0.06 0 0.00 0 0.00

MONARTHRITIS 3 0.18 1 0.06 1 0.06 0 0.00

GOUTY ARTHRITIS 0 0.00 1 0.06 0 0.00 0 0.00
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Adverse Event MedDRA PT All Grades All Grades Grades 3-4- Grades 3-4
: ‘ n| - %} n %] ‘n| % n %
JOINT EFFUSION 0 0.00 1 0.06 0 0.00 0 0.00
RHEUMATOID ARTHRITIS 2 0.12 1 0.06 0 0.00 0 0.00
MYOSITIS ' 0 0.00 1 0.06 0 0.00 0 0.00
MUSCLE DISORDER 0 1 0.00 1 0.06 0 0.00 0 0.00
MUSCLE RIGIDITY 0 0.00 1 0.06 0 0.00 0 0.00
LOWER LIMB DEFORMITY 0 0.00 1 0.06 0 0.00 0 0.00
TOE DEFORMITY 1 0.06 1 0.06 1 0.06 0 0.00
INTERVERTEBRAL DISC 0 0.00 1 0.06 0 0.00 1 0.06
* DISPLACEMENT ' _
FLANK PAIN 5 | 0.29 1 0.06 0 0.00 0 0.00
MUSCLE CONTRACTURE 1 0.06 | . 1 0.06 0 000 | O 0.00
‘GROIN PAIN -4 0.23 1 0.06 0 0.00 0 0.00
SYNOVIAL CYST 0 0.00 1 0.06 0 0.00 0 0.00
TENDON DISORDER 0 0.00 . 1 0.06 0 0.00 0 0.00
FIBROADENOMA OF 0 0.00 1 0.06 0 0.00 0 0.00
BREAST. .
ACROCHORDON 0 000 | 1 0.06 0 0.00 0 0.00
BENIGN NEOPLASM OF 0 0.00 1 0.06 0 0.00 0 "0.00
SKIN ) '
PITUITARY TUMOUR 0 0.00 1 0.06 0 0.00 0 -~ 0.00
_BENIGN . ' _ _ '
THYROID NEOPLASM 2 0.12 1 0.06 0 0.00 0 0.00
COLON ADENOMA 0 0.00 1 0.06 0 0.00 0 0.00
ADENOMA BENIGN 0 0.00 1 0.06 0 0.00 0 0.00
- FIBROADENOMA 0 0.00 1 0.06. 0 0.00 0 0.00
ACOUSTIC NEUROMA 0 0.00 1 0.06 0 0.00 0 0.00
OVARIAN ADENOMA 0 0.00 1 0.06 0 0.00 0 0.00
UTERINE CANCER 1 0.06 1 0.06 1 0.06 1 0.06
LUNG NEOPLASM 0 0.00 1 0.06 0 0.00 0 0.00
BENIGN MUSCLE 0 0.00 1 0.06 0 0.00 0 0.00
NEOPLASM ' .
CEREBRAL 0 0.00 1 0.06 0 ©0.00 1 0.06
HAEMORRHAGE .
VASCULAR 1 0.06 1 0.06 0 0.00 0 - 0.00
ENCEPHALOPATHY . :
FACIAL PALSY 0 0.00 -1 0.06 0 000 | O - 0.00
ANOSMIA 0 | 0.00 1 0.06 0 0.00 0 ~0.00
PAROSMIA 1 0.06 1 0.06 0 0.00 0 0.00
MEMORY IMPAIRMENT 0 0.00 1 0.06 0 0.00 0 ~0.00
AKATHISIA 0 0.00 1 0.06 0 0.00 0 0.00
HYPOKINESIA =~ -0 0.00 1 © 0.06 0 0.00 0 0.00
PARESIS 2 0.12 1 0.06 1 0.06 0 0.00
COORDINATION 0. 0.00 1 006 | 0 0.00- 1 0.06
ABNORMAL .
LOSS OF CONSCIOUSNESS 0 0.00 1 0.06 0 0.00 |- 0 0.00
NERVOUS SYSTEM 2 0.12 1 0.06 1 0.06 0 0.00
DISORDER:
AGEUSIA 0 0.00 1 0.06 0 0.00 0 0.00
HEAD DISCOMFORT 0 0.00 1 -0.06 0 0.00 0 0.00
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Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
APHONIA 0 0.00 1 0.06 0 0.00 0 0.00
OPTIC NEURITIS 0 0.00 1 0.06 0 0.00 1 0.06
RETROBULBAR
VISUAL FIELD DEFECT 0 0.00 1 0.06 0 0.00 0 0.00
POLYNEUROPATHY 1 0.06 1 0.06 0 0.00 0 0.00
GRAND MAL CONVULSION 0 0.00 1 0.06 0 0.00 0 0.00
CERVICOBRACHIAL 1 0.06 1 0.06 0 0.00 0 0.00
SYNDROME :
NERVE ROOT . 0 0.00 1 0.06 0 0.00 0 0.00
COMPRESSION
CEREBELLAR ATROPHY 0 0.00 1 0.06 0 0.00 1 0.06
ECTOPIC PREGNANCY 0 0.00 1 0.06 0 0.00 0 0.00
PREGNANCY 5 0.29 1 0.06 2 0.12 1 0.06
ADJUSTMENT DISORDER 0 0.00 1 0.06 0 0.00 0 0.00
WITH DEPRESSED MOOD
BEREAVEMENT REACTION 0 0.00 1 0.06 0 0.00 0 0.00
ANTICIPATORY ANXIETY 0 0.00 1 0.06 0 0.00 0 0.00
PANIC ATTACK 0 0.00 1 0.06 0 0.00 0 0.00
RESTLESSNESS 0 0.00 1 ~0.06 0 0.00 0 0.00
DYSTHYMIC DISORDER 0 0.00 1 | 0.06 0 0.00 0 0.00
TEARFULNESS ‘ 0 0.00 1 0.06 0 0.00 0 0.00
DELUSION 0 0.00 1 0.06 0 0.00 1 0.06
MOOD SWINGS 1 | 0.06 1 0.06 0 0.00 0 0.00
LOSS OF LIBIDO 1 0.06 1 0.06 0 0.00 0 0.00
CYSTITIS NONINFECTIVE 0 0.00 1 0.06 0 0.00 0 0.00
LUPUS NEPHRITIS 0 0.00 1 0.06 0 0.00 0 0.00
RENAL CYST 0 0.00 1 0.06 0 0.00 0 0.00
HYDRONEPHROSIS 1 0.06 1 0.06 0 0.00 1 0.06
BLADDER PAIN 0 0.00 1 0.06 0 0.00 0 0.00
MICTURITION DISORDER 0 0.00 1 0.06 0 0.00 0 0.00
MICTURITION URGENCY 0 0.00 1 0.06 0 0.00 0 0.00
CHROMATURIA 0 0.00 1 0.06 0 0.00 0 0.00
URINE ODOUR ABNORMAL 0 0.00 1 0.06 0 0.00 0 0.00
NOCTURIA 0 0.00 1 0.06 0 0.00 0 0.00
BREAST HYPERPLASIA 0 0.00 1 | 0.06 0 0.00 0 0.00
BREAST DISCHARGE 1 0.06 1 0.06 0 0.00 0 0.00
BREAST HAEMORRHAGE 0 0.00 1 0.06 0 0.00 0 0.00
-CERVICAL DYSPLASIA 0 0.00 1 0.06 0 0.00 0 0.00
POSTMENOPAUSAL 1 0.06 1 0.06 0 0.00 0 - 0.00
HAEMORRHAGE :
MENSTRUAL DISORDER 1 0.06 1 0.06 0 0.00 0 0.00
HYPOMENORRHOEA 0 0.00 1 0.06 0 0.00 0 0.00
MENOMETRORRHAGIA 0 0.00 1 0.06 0 0.00 0 0.00
POLYMENORRHAGIA 0 0.00 1 0.06 0 0.00 0 0.00
OVARIAN DISORDER 0 0.00 1 0.06 0 0.00 0 0.00
OVARIAN HYPERFUNCTION | 0 0.00 1 0.06 0 0.00 0 0.00
OVULATION PAIN 0 0.00 1 0.06 0 0.00 0 0.00
GENITAL HAEMORRHAGE 2 0.12 1 0.06 0 0.00 0 0.00
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: Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 34 Grades»; 3-4
, n % n % n % n %
GENITAL RASH 0 0.00 1 0.06 0 0.00 0 :0.00
ENDOMETRIAL DISORDER 0 0.00 1 0.06 0 _0.00 0 - 0.00
UTERINE DISORDER 0 0.00 1 0.06 0 0.00 -0 _0.00
UTERINE HAEMORRHAGE 1 0.06 1 .| 0.06 0 | 0.0 0 0.00
VAGINAL DISORDER 0 10.00 1 0.06 0 0.00 0 0.00
VAGINAL DYSPLASIA 0 0.00 1 0.06 0 0.00 0 - 0.00
GENITAL PRURITUS 1 0.06 1 0.06 0 0.00 0 '0.00
FEMALE . v
VAGINAL BURNING 1 0.06 1 0.06 0 0.00 0 0.00
SENSATION _
VAGINAL PAIN 0 0.00 1 | 0.06 0 0.00 0 0.00
VULVOVAGINAL 1 0.06 1 0.06 0 0.00 0 0.00
DISCOMFORT .
BRONCHOSPASM 0 0.00 1 0.06 0 0.00 0 0.00
PNEUMONITIS 0 0.00 1 0.06 0 0.00 0 0.00
HYPOPNOEA 0 0.00 1 0.06 0 0.00 0 . 0.00
HYPOVENTILATION 0 0.00 1 0.06 0 0.00 0 .| 0.00
TACHYPNOEA "0 | 0.00 1 0.06 0 0.00 0. 0.00
HAEMOPTYSIS 3 0.18 . 1 0.06 0 0.00 0 0.00
HICCUPS 0 | 0.00 1 0.06 0 0.00 0 - 0.00
PLEURITIC PAIN 0 0.00 1 0.06 0 0.00 0 0.00
RESPIRATORY TRACT 0 0.00 1 0.06 0 0.00 0 0.00
CONGESTION .
RESPIRATORY TRACT Y 0.00 1 0.06 0 0.00 0 0.00
IRRITATION
POSTNASAL DRIP 0 -0.00 1 0.06 0 0.00 0 0.00
RHINALGIA 0 0.00 1 0.06 0 0.00 0 0.00
SNEEZING 0 0.00 1 0.06 0 0.00 0 0.00
THROAT IRRITATION 0 0.00 1 0.06 0 0.00 0 0.00
NASAL DISORDER 0 0.00 1 0.06 0 0.00 0 0.00
SINUS CONGESTION 0 0.00 1 0.06 0 0.00 0 0.00
SINUS POLYP 0 0.00 1 0.06 0 0.00 0 0.00
PHARYNGEAL OEDEMA 0 0.00 1 0.06 0 0.00 0 0.00
TRACHEAL PAIN 0 0.00 1 0.06 0 0.00 0 0.00
XERODERMA 0 0.00 1 0.06 0 0.00 0 0.00
DERMATOSIS 1 0.06 1 0.06 0 0.00 0 0.00
SKIN DISORDER 0 0.00 1 0.06 0 0.00 0 0.00
SKIN FIBROSIS 1 0.06 1 0.06 0 0.00 0 0.00
SKIN LESION 2 0.12 1 0.06 0 0.00 0 0.00
NEURODERMATITIS 0 0.00 1 0.06 0 0.00 0 0.00
PRURIGO 0 0.00 1 0.06 0 0.00 0 0.00
SKIN IRRITATION 0 0.00 1 0.06 0 0.00 0 0.00
DRUG ERUPTION 1 0.06 1 0.06 1 0.06. 0 0.00
PITYRIASIS ROSEA 0 .| 0.00 1 0.06 0 0.00 0 0.00
PHOTOSENSITIVITY 1 0.06 1 0.06 0 0.00 0 0.00
ALLERGIC REACTION :
ITCHING SCAR 0 .| 0.00 1 0.06 0 0.00 0 0.00
RASH VESICULAR 0 0.00 1 0.06 0 0.00 0 - 0.00
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.| Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
SKIN CHAPPED 0 0.00 1 0.06 0 0.00 0 0.00
PIGMENTATION DISORDER 1 0.06 1 0.06 0 0.00 0 0.00
PYODERMA 0 | 0.00 1 0.06 0 0.00 0 0.00
GANGRENOSUM : ‘
SKIN ULCER 0 0.00 1 0.06 0 0.00 0 0.00
INTERTRIGO 0 0.00 1 0.06 0 0.00 0 0.00
HYPOTRICHOSIS 1 0.06 1 0.06 0 0.00 0 0.00
DYSHIDROSIS 0 0.00 1 0.06 0 0.00 0 0.00
HEAT RASH 0 0.00 1 0.06 0 0.00 0 0.00
INGROWING NAIL 0 | 0.00 1 0.06 0 0.00 0 0.00
KOILONYCHIA 0 0.00 1 0.06 0 0.00 0 0.00
NAIL DYSTROPHY 0 0.00 1 0.06 0 0.00 0 0.00
"NAIL PSORIASIS. 0 0.00 1 0.06 0 0.00 0 0.00
ONYCHOMADESIS 0 0.00 1 0.06 0 0.00 0 0.00
ONYCHOMALACIA 0 0.00 1 0.06 0 0.00 0 0.00
TRICHORRHEXIS 0 0.00 1 0.06 0 0.00 0 0.00
INCREASED TENDENCY TO 2 0.12 1 0.06 0 0.00 0 0.00
BRUISE
HAEMORRHAGE 0 | 0.00 1 0.06 0 0.00 0 0.00
SUBCUTANEQUS :
SKIN OEDEMA 1 0.06 1 0.06 0 0.00 0 0.00
TELANGIECTASIA 0 0.00 1 0.06 0 0.00 - 0 0.00
BREAST OPERATION 0 0.00 1 0.06 0 0.00 0 . 0.00
_ BREAST RECONSTRUCTION 2 0.12 1 0.06 1 0.06 0 ~_0.00
CATARACT OPERATION 0 0.00 1 0.06 0 0.00 1 0.06
ENDODONTIC PROCEDURE 0 0.00 1 0.06 0 0.00 0 0.00
SALPINGO- 0 0.00 1 0.06 0 0.00 0 0.00
OOPHORECTOMY
MOLE EXCISION 0 0.00 1 ].0.06 0 0.00 0 0.00
ISCHAEMIA v 0 0.00 1 0.06 0 0.00 0 0.00
VENOQUS OCCLUSION 0 0.00 1 0.06 0 000.] O ~0.00
DIABETIC VASCULAR 0 0.00 1 0.06 0 0.00 0 0.00
DISORDER
PERIPHERAL COLDNESS 0 0.00 1 0.06 0 0.00 0 0.00
SUBCLAVIAN VEIN 2 0.12 1 0.06 1 0.06 0 0.00
THROMBOSIS
VENOUS THROMBOSIS 0 0.00 1 0.06 0 0.00 0 0.00
LIMB
VEIN PAIN 0 0.00 1 0.06 0 0.00 0 0.00
VENOUS STASIS 0 0.00 1 0.06 0 0.00 0 0.00
VARICOSE VEIN 3 0.18 1 0.06 0 0.00 0 0.00
LYMPH NODE PAIN . 1 0.06 0 0.00 0 0.00 0 0.00
BRADYCARDIA 2 0.12 0 0.00 1 0.06 0 - 0.00
ATRIAL TACHYCARDIA 1 0.06 0 0.00 0 0.00 0 0.00
AORTIC VALVE 1 0.06 0 0.00 0 0.00 0 0.00
INCOMPETENCE
TRICUSPID VALVE 3 0.18 0 -0.00 0 0.00 0 0.00
INCOMPETENCE
VENTRICULAR 1 0.06 0 0.00 0 0.00 0 0.00

127




' Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT | AllGrades | Ayl Grades Grades 3-4. Grades 3-4
_ _ 1 n] - % n % n % n %
DYSKINESIA : . - .
ARNOLD-CHIARI 1 1°0.06 0 | 0.00 0 000 ] 0 0.00
MALFORMATION )
DERMOID CYST OF OVARY 1 0.06 0 | .0.00 0 0.00 0 0.00
DERMOID CYST 1 0.06 0 0.00 0 0.00 0 0.00
PIGMENTED NAEVUS 2 0.12 0 0.00 0 0.00 0 - 0.00
HYPOACUSIS' 1 0.06 0 0.00 0 0.00 0 0.00
CUPULOLITHIASIS - 1 0.06 0 0.00 0 0.00 0 0.00
VERTIGO POSITIONAL 1 0.06 0 0.00 0 0.00 0 0.00.
"TYMPANIC MEMBRANE 1 0.06 0 0.00 0 0.00 0 0.00
DISORDER :
HYPERPARATHYROIDISM 1 0.06 0 0.00 0 0.00 0 0.00
GLAUCOMA . 1 0.06 0 .0.00 0 0.00 |]. O 0.00
CONJUNCTIVAL 1 0.06 0 0.00 0 0.00 0 0.00
HAEMORRHAGE )
UVEITIS 1 0.06 0 0.00 0" 0.00 0 0.00
MEIBOMIANITIS 1 1 0.06 0 0.00 0 0.00 0 0.00
SCLERITIS 1 0.06 0 0.00 0 0.00 0 0.00
EYELID PTOSIS 2 -0.12 0 0.00 0 0.00 0 0.00
ASTHENOPIA 1 0.06 0 0.00 0 0.00 |- O 0.00
VITREOUS DEGENERATION 1 ) 0.06 0 0.00 0 0.00 0 .1 000
RETINAL DETACHMENT 2 0.12 0 0.00 1 0.06 0 0.00
RETINAL DYSTROPHY 1 | 0.06 0 0.00 0 0.00 0 0.00
ABDOMINAL HERNIA 2 0.12 0 0.00 0 0.00 0 0.00
PROCTALGIA 1 0.06 - 0. 0.00 0 0.00 0 0.00
GASTRIC-POLYPS 1 | 0.06 0 ].0.00 0 000 [ O 0.00
RECTAL POLYP 1 0.06 0 0.00 0 0.00 0 0.00
GINGIVAL PAIN 1 | 0.06 0 0.00 0 0.00 0 0.00
FOOD POISONING 2| .0.12 0 0.00 0 0.00 0 0.00
COLITIS ULCERATIVE 1 -0.06 0 0.00 0 0.00 0 0.00
GASTRODUODENITIS 1 0.06 0 0.00 0 0.00 0 0.00
INTESTINAL SPASM 1 0.06 0 0.00 0 -0.00 0 0.00
DUODENAL ULCER 1 0.06 0 0.00 0 0.00 0 0.00
IMPLANT SITE 1 0.06 0 0.00 0 0.00 0 0.00
INFLAMMATION : .
INDURATION 1 0.06 0 0.00 0 0.00 0 0.00
LOCAL SWELLING 3 0.18 0 | 0.00 0 0.00 0 0.00
ULCER 1 0.06 0 0.00 0 0.00 0 0.00
MUCOUS MEMBRANE 1 0.06 0 | 0.00 0 0.00 0 0.00
DISORDER ' .
PITTING OEDEMA 1 [ 0.06. 0 . 0.00 0 0.00 0 0.00
FACIAL PAIN 1 0.06. 0 0.00 0 - 0.00 0 - 0.00
SUPRAPUBIC PAIN . 1 0.06 0 0.00 0 0.00 0 0.00
DRUG THERAPEUTIC 1 006 | 0 0.00 0 0.00 0 0.00
INCOMPATIBILITY B
DRUG INTOLERANCE 1 0.06 0 0.00 0 0.00 0 0.00
NODULE 1 | 0.06 0 0.00 0 0.00 0 0.00
CHOLECYSTITIS 1 0.06 0 0.00 1 0.06 0 0.00
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. Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
HEPATIC FUNCTION 1 0.06 0 0.00 1 0.06 0 0.00
ABNORMAL )
FOOD ALLERGY 1 0.06 0 0.00 0 0.00 0 - 0.00
BORRELIA INFECTION 1 0.06 0 0.00 0 0.00 0 0.00
HELICOBACTER GASTRITIS 1 0.06 0 000 |~ 0O 0.00 0 0.00
BRONCHOPULMONARY 1 - 0.06 0 0.00 0 0.00 0 0.00
ASPERGILLOSIS
GENITAL CANDIDIASIS 1 0.06 0 0.00 0 000 | ‘0 0.00
NAIL CANDIDA 1 0.06 0 0.00 0 0.00 0 0.00
NAIL TINEA 1 006 | 0 0.00 0 0.00 0 0.00
DIVERTICULITIS 2 0.12 0 0.00 1 0.06 0 0.00
_ORAL INFECTION 1 0.06 0 0.00 0 0.00 0 - 0.00
PAROTITIS 1 0.06 | 0 0.00 1 0.06 0 0.00
GENITAL INFECTION 1 0.06 0- 0.00 0 0.00 0 0.00
FEMALE
VULVITIS 2 0.12 0 0.00 0 0.00 0 0.00
MUSCLE ABSCESS 1 0.06 0 0.00 0 0.00 0 0.00
UROSEPSIS ' 1 0.06 0 0.00 0 0.00 0 _0.00
SOFT TISSUE INFECTION 1 0.06 0 0.00 0 | 000 | O 0.00
DENGUE FEVER 1 | 0.06 0 | 0.00 0 0.00 | 0 ~0.00
HEPATITIS B 1 0.06 0 0.00 0 -] 0.00 0 0.00
CONDYLOMA 1 0.06 0 0.00 0 0.00 0 0.00
ACUMINATUM
FRACTURE 1 0.06 0 0.00 0 0.00 - 0 .0.00
MENISCUS LESION 1 0.06 0 0.00 0 0.00 0 0.00
ANKLE FRACTURE 2 0.12 0 0.00 2 0.12 0 0.00
FEMUR FRACTURE 1 0.06 0 0.00 0 0.00 0 0.00
THORACIC VERTEBRAL 1 0.06 0 0.00 0 0.00 0 0.00
FRACTURE '_
RADIUS FRACTURE 1 0.06 0 0.00 1 0.06 0 0.00
ANAEMIA POSTOPERATIVE 1 0.06 0 0.00 1 0.06 0. 0.00
INCISIONAL HERNIA 1 0.06 0 0.00 0 0.00 0 0.00
POST PROCEDURAL 1 0.06 0 0:00 0 0.00 0 0.00
FISTULA '
POST PROCEDURAL 1 0.06 0 0.00 0 0.00 0 0.00
HAEMATOMA
ELECTROCARDIOGRAM QT 1 0061 © 000 | O 0.00 0 0.00
PROLONGED '
QRS AXIS ABNORMAL 1 0.06 0 0.00 0 000 | . O _0.00
TRANSAMINASES 0.12 0 0.00 1 0.06 0 0.00
INCREASED
BONE DENSITY 1 0.06 0 0.00 0 0.00 0 0.00
DECREASED
SMEAR CERVIX 1 0.06 0 0.00 0 0.00 0 0.00
ABNORMAL
BLOOD CHLORIDE 1 0.06 0 0.00 0 0.00 0 0.00
INCREASED ,
DEHYDRATION 1 0.06 0 0.00 1 - 0.06 0 0.00
DIABETES MELLITUS 3 0.18 0 0.00 1 0.06 0 0.00
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‘ Observation | Herceptin Observation Herceptin
Adverse Event MedDRA PT | AllGrades | Ayl Grades Grades 3-4 Grades 3-4
n % n % n % n %
-IRON DEFICIENCY 1 0.06 0 0.00 0 0.00 0 0:00
.HYPERLIPIDAEMIA 1 0.06 0 0.00 0 | 0.00 0 0.00
'BONE DISORDER 2 0.12 0 | 0.00 0 0.00 0 0.00
OSTEOSCLEROSIS 1 0.06 0 0.00 0 0.00 0 0.00
_PERIOSTITIS _ 1 0.06 0. 0.00 0 0.00 0 0.00
"COCCYDYNIA 1 0.06 0 0.00 0 0.00 0 0.00
PAIN IN JAW 2 0.12 0 0.00 0 000 | 0O 0.00
. PERIARTHRITIS 3 1.0.18 0. 0.00 0 0.00 0 | 000
SHOULDER PAIN 1 -0.06 0 0.00 0. 0.00 0 0.00
‘SPONDYLITIS 1 0.06 0 ] .0.00 0 0.00 0 | 0.00
BUTTOCK PAIN 2 ] 012 0 0.00 0 0.00 0 ~0.00
CHEST WALL MASS . 2 | 012 0: 0.00 0 0.00 0 0.00
_NODULE ON EXTREMITY 1 0.06 0 0.00 _ 0 0.00 0 0.00__
SACRAL PAIN 1 0.06 0 0.00 0 0.00 0 0.00
SENSATION OF HEAVINESS .| 1 0.06 0 0.00 0 0.00 0 -.0.00
TENOSYNOVITIS 1 0.06 0 0.00 0 0.00 0 0.00.
STENOSANS ’ N _
TRIGGER FINGER . 1.1 .0.06 0 0.00 0 0.00 0 0.00
BREAST CANCER IN SITU” 1 0.06 0 0.00 1 0.06 0 0.00
. SEBORRHOEIC KERATOSIS 1.]006.1. 0 | 0.00 0 ..0.00 0 0.00.
PAPILLARY THYROID 1 0.06 0 0.00 1 0.06 0 0.00
CANCER :
GASTROINTESTINAL 1 0.06 0 0.00 0 0.00 0 0.00
TRACT ADENOMA : :
COLON.CANCER 1 006 | 0O 0.00 1 0.06 0 0.00
‘PANCREATIC CARCINOMA 1 0.06 0 0.00 1 0.06 0 0.00
HAEMANGIOMA 1 0.06 0 0.00 0 0.00 0 0.00
TERATOMA BENIGN 1 0.06 0 0.00 0 0.00 0 0.00
NEOPLASM MALIGNANT 1 0.06 0 0.00 0 0.00 0 0.00
SQUAMOUS CELL 1 | 0.06 0 0.00 0 0.00 0 0.00
CARCINOMA :
NEOPLASM 1 0.06 0 0.00 0 0.00 0 0.00
MENINGIOMA 1 0.06 0 0.00 0 0.00 0 0.00
CERVIX CARCINOMA 1 _0.06 0 0.00 1 0.06 0 0.00
ENDOMETRIAL CANCER 2 0.12 0 0.00 0 0.00 0 0.00
CHONDROMA 1 0.06 0 0.00 0 0.00 0 0.00 -
BASAL CELL CARCINOMA 1 | 0.06 0 0.00 0 000 | 0 -0.00
CEREBRAL ISCHAEMIA 1 0.06 0 0.00 1 0.06 0 0.00
‘CAROTID ARTERY 1 0.06 0 0.00 0 0.00 0 0.00
ATHEROMA ' :
VERTEBROBASILAR 2 0.12 0 0.00 1 0.06 0 0.00
INSUFFICIENCY ' .
COGNITIVE DISORDER. 1 0.06 0 0.00 0 0.00 0 0.00
MOVEMENT DISORDER 1 0.06 0 0.00 0 0.00 0 0.00
HEMIPARESIS 1 0.06 0 0.00 1 0.06 0 0.00
NYSTAGMUS 2 0.12 0 0.00 0 0.00 0 0.00
FORMICATION 1 0.06 0 0.00 0 0.00 0 0.00
DYSARTHRIA 1 0.06 0 0.00 0 0.00 0 0.00
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A Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
n % n % n % n %
MEDIAN NERVE LESION 1 0.06 0 0.00 0 000 | O 0.00
NEUROPATHY ' 1 0.06 0 0.00 0 0.00 0 0.00
CONVULSION 2 0.12 0 0.00 0 0.00 0 0.00
RADICULITIS 1 0.06 0 0.00 0 0.00 0 0.00
LUMBOSACRAL .
ADJUSTMENT DISORDER 1 0.06 0 0.00 0 0.00 0 0.00
ANXIETY DISORDER 1 0.06 0 0.00 0 0.00 0 0.00
COGNITIVE ' 1 0.06 0 0.00 0 0.00 0 0.00.
DETERIORATION : '
MAJOR DEPRESSION 1 0.06 0 0.00 0 0.00 0 0.00
MOOD ALTERED 2 0.12 0 0.00 0 0.00 0 0.00
EMOTIONAL DISTRESS 2 0.12 0 0.00 0 0.00 0 0.00
MENTAL DISORDER 1 0.06 0 0.00 0 0.00 -0 0.00
COMPLETED SUICIDE 0 0.00 0 0.00 0 0.00° 0 0.00
NEPHRITIS 1 0.06 0 0.00 1 0.06 0 0.00
INCONTINENCE 1 0.06 0 0.00 0 0.00 0 0.00
POLYURIA ! 0.06 0 0.00 0 0.00 0 0.00
CALCULUS URINARY 3 0.18 0 0.00 0 0.00 0 0.00
FIBROCYSTIC BREAST 1 0.06 0 0.00 0 0.00 0 0.00
DISEASE _ : :
BREAST DYSPLASIA 1 0.06 0 0.00 0 0.00 0 0.00
BREAST 2 0.12 0 0.00 1 0.06 0 0.00
MICROCALCIFICATION
BREAST INDURATION 1 0.06 0 0.00 0 0.00 0 0.00
BREAST SWELLING 3 0.18 0 0.00 0 0.00 0 0.00
BREAST TENDERNESS 7 0.41 0 0.00 0 0.00 0 0.00
GALACTORRHOEA 1 0.06 0 0.00 0 0.00 0 0.00
MENOPAUSAL DISORDER 1 0.06 0 0.00 0 0.00 0 0.00
POLYMENORRHOEA 1 0.06 0 0.00 0 0.00 0 0.00
PELVIC DISCOMFORT 1 0.06 0 0.00 0 0.00 0 0.00
SEXUAL DYSFUNCTION 1 0.06 0 0.00 0 0.00 0 0.00
UTERINE PROLAPSE 1 0.06 0 0.00 0 0.00 0 0.00
ADNEXA UTERI MASS 1 0.06 0 0.00 0 0.00 0 0.00
ENDOMETRIAL 1 0.06 0 0.00 0 0.00 0 0.00
HYPERTROPHY
PLEURISY 1 0.06 0 0.00 0 0.00 0 0.00
PULMONARY EMBOLISM 1 0.06 0 0.00 -1 | 0.06 0 0.00
ORTHOPNOEA 1 0.06 0 0.00 0 0.00 0 0.00
ALLERGIC RESPIRATORY 1 0.06 0 0.00 0 0.00 0 0.00
SYMPTOM
PAINFUL RESPIRATION 1 0.06 0 0.00 0 0.00 0 0.00
DIAPHRAGMATIC HERNIA 1 0.06 0 0.00 0 0.00 0 0.00
VOCAL CORD POLYP 2 0.12 0 0.00 1 0.06 0 0.00
NASOPHARYNGEAL 1 0.06 0 0.00 0 0.00 0 0.00
DISORDER
HYPERKERATOSIS 2 0.12 0 0.00 0 0.00 0 0.00
ACTINIC KERATOSIS 1 0.06 0 0.00 0 0.00 0 0.00
DERMAL CYST 2 0.12 0 0.00 0 0.00 0 0.00
HAND DERMATITIS 1 0.06 0 0.00 0 0.00 0 0.00
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: : Observation Herceptin Observation Herceptin
Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4
ni % n % n % n %

SKIN INFLAMMATION 0.06 0 0.00 0 0.00- 0 - 0.00
-PSORIASIS _ 1 0.06 0 ~0.00 0 000 | -0 0.00
PALMAR-PLANTAR 1 0.06 0 0.00 0 0.00 0 0.00
ERYTHRODYSAESTHESIA

SYNDROME .

HIRSUTISM 2 0.12 0 0.00 0 - 0.00 0. 0.00
NAIL DISCOLOURATION 1 0.06 0 0.00 0 0.00. 0 -0.00
ECCHYMOSIS 1 006 {. 0 0.00 0 0.00 0 . 0.00
FOOT OPERATION 1 0.06 0 0.00 0 000. ] -0 | - 0.00
BREAST PROSTHESIS 1 0.06 0 0.00 0 0.00 0 0.00
IMPLANTATION ~ b
APPENDICECTOMY 1 0.06 0 0.00 0 0.00 0 .0.00
LYMPHADENECTOMY 1 0.06 0 0.00 0 0.00 0 -0.00
OOPHORECTOMY 1 0.06 0 0.00 0. 0.00 0 0.00
BILATERAL : v
SCAR EXCISION 1 0.06 0 0.00 0 0.00 0 ~0.00
NERVE BLOCK 1 | 0.06 0 0.00 0 0.00 0 0.00
HOSPITALISATION 1 0.06 0 0.00 0 0.00 0 0.00
SURGERY 1 0.06 0 0.00° 0 0.00 0 0.00
ATHEROSCLEROSIS 1 0.06 0 0.00 0 0.00 0 0.00
LYMPHOCELE 1. ] 0.06 0 0.00 0 0.00 0 0.00
HAEMORRHAGE 2 0.12 0 0.00 1 ~0.06 0 0.00
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Appendix E FDA Maternal Health Team Consult

DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Pediatric and Maternal Health Staff
Office of New Drugs

Center for Drug Evaluation and Research
Food and Drug Administration

Silver Spring, MD 20993

Tel 301-796-0700

FAX 301-796-9744

MEMORANDUM

Date: August 17, 2007 (amended 09/07/07) Date Consulted: May 29, 2007
From: Karen B. Feibus, M.D.
Medical Team Leader, Pediatric and Maternal Health Staff
Through: Lisa Mathis, MD
Associate Director, Pediatric and Maternal Health Staff
Sandra Kweder, MD
Deputy Director, Office of New Drugs
To: Division of Biologiéal Oncology Products
Drug: Trastuzumab (Herceptin®)
Subject: Case reports of oligohydramnios associated with Herceptin use during pregnancy.
Are changes needed in the pregnancy section of labeling?
Materials Reviewed:

s 19 MedWatch reports that reported on eight unique cases of oligohydramnios

= Published literature on oligohydfamnios associated with Herceptin use during pregnancy

* Published literature on oligohydramnios associated with pregnancies in patients with
cancer or pregnancies in patients with cancer receiving chemotherapy

= Published literature on the role of epidermal growth factor in renal development.

Consult Question:
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Should available information on the 18 case'repo'rts of oligohydramnios with Herceptin® use
during pregnancy lead to changes in labelmg of the drug for use during pregnancy?
EXECUTIVE SUMMARY

Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
targets the extracellular domain of the Erb-2/Her2/neu receptor (epithelial growth factor 2
protein). In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with
paclitaxel (chemotherapy-nieve patients only) for the treatment of metastatic breast cancer in
women with HER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA
approved Herceptin as part of an adjuvant treatment regimen containing doxorubicin,
cyclophosphamide, and paclitaxel in women with HER2-overexpressing, node-positive breast
cancer. Up to one in 3000 live births is complicated by breast cancer.’

The Division of Biologic Oncology Products (DBOP) consulted the Maternal Health Team
(MHT) regarding the potential need for changes in labeling based on 18 case reports of
oligohydramnios associated with Herceptin use during pregnancy. The Pregnancy and Lactation
Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in September 2004,
when there were five known cases of oligohydramnios associated with Herceptin use in
pregnancy, and at that time, PLT felt that the data was confounded and not robust enough to
include in labeling. The current label mentions the existence of a limited number of post-
marketing cases of oligohydramnios and states that no association between oligohydramnios and
the use of Herceptin has been established. DBOP would like MHT to revisit this issue in light of
additional reported oligohydramnios cases and the drug’s relatively new indication as adjuvant
therapy for breast cancer. DBOP is concerned about potential 1ncreased use of Herceptm among
women of reproductive age women with breast cancer.

Currently, there are nine unique reports of oligohydramnios associated with Herceptin use in
pregnancy both in the published literature and post-marketing reports in the AERS database. In
four, and possibly five, of these cases, the amniotic fluid volume has recovered following
discontinuation of Herceptin therapy. There is one case with both a positive dechallenge and
rechallenge. Transient oligohydramnios has occasionally been reported following courses of
chemotherapy with other agents, but the amniotic fluid volume has generally recovered in a short
period of time. Sometimes clinicians have used additional intravenous hydration in an attempt to
compensate for fluid compartment shifts and blunt this effect following chemotherapy.

Pre-clinical data suggest an important role for epidermal growth factor in renal development.
Human renal tubular development continues until 36 weeks gestation. Data from studies in
organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest
that blocking the EGF receptor may interfere with normal nephron development. It seems
scientifically plausible, based on the drug’s mechanism of action that Herceptin could potentlally
increase the likelihood of oligohydramnios.

At this time, the data are not robust enough to conclude that a clear association exists between
the use of Herceptin during pregnancy and the occurrence of oligohydramnios; however, the data
do suggest a possible association that deserves monitoring. Additional data are needed to more
clearly define and understand this possible relationship. Based on a woman’s individual disease
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state and course of progression and on risk/benefit counseling between physician and patient,
some women may continue Herceptin when oligohydramnios occurs and some may stop. Some
women who continue therapy may be delivered depending on the gestational age of the fetus and
other factors, and some may continue their pregnancy with fetal monitoring and ultrasound
examinations. In order to optimize the clinical outcomes for pregnant women with breast cancer
and their babies, women using Herceptin during pregnancy should be monitored for
oligohydramnios. If and when oligohydramnios occurs, risk/benefit counseling should occur and
fetal testing should begin.

While oligohydramnios is not a classically teratogenic effect, the oligohydramnios may be
caused by an untoward effect of Herceptin on nephron growth and function.

RECOMMENDATIONS

2. The pregnancy categbry for Herceptin (trastuzumab) should be changed to a “D” based
on the available human data that suggest a possible teratogenic effect leading to
oligohydramnios.

3. The pregnancy portion of the Herceptin label should include information about the
known cases of oligohydramnios that occurred with use of Herceptin during pregnancy.

4. The label should recommend that pregnant women using Herceptin undergo screening for
oligohydramnios with obstetrical ultrasound examination at regular intervals.

5. If oligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the
gestational age of the fetus and consistent with the standards of care for the community.
This testing should continue on a regular basis until one of two conditions is met:

a. Herceptin therapy is discontinued and oligohydramnios resolves
b. Delivery.

6. In cases where the physician and patient decide to continue Herceptin therapy for
maternal reasons despite the presence of oligohydramnios, additional intravenous
hydration should be considered. With other forms of chemotherapy during pregnancy,
transient oligohydramnios has been observed, and extra hydration sometimes mitigates
this effect.

7. Include contact information for the Cancer and Childbirth Registry and encourage
enrollment of pregnant patients using Herceptin.

8. Please see Appendix B for suggested draft language for the pregnancy and nursing
mothers portions of the label.

INTRODUCTION
Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
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targets the extracellular domain of the Erb-2/Her2/neu receptor (epithelial growth factor receptor
2 protein). It is indicated as single agent therapy in metastatic, Her2-overexpressing breast
cancer and as part of a chemotherapy regimen for Her2-overexpressing, node positive breast
cancer. The Division of Biologic Oncology Products (DBOP) consulted the Maternal Health
Team (MHT) regarding the potential need for changes in labeling based on 18 case reports of
oligohydramnios associated with Herceptin use during pregnancy. While the Pregnancy and
Lactation Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in
September 2004, DBOP would like the issue revisited in light of additional reported
oligohydramnios cases and the drug’s relatively new indication as adjuvant therapy for breast
cancer. DBOP is concerned about potential increased use of Herceptin among women of
reproductive age women with breast cancer. :

BACKGROUND

While breast cancer is primarily a disease of older women, with a median age at diagnosis of 61
years, seven to 14% of breast cancers are diagnosed in women less than 40 years of age. "'°
With delay of childbearing by many women into their 30°s and even 40’s, breast cancer (treated,
recurrent, or newly diagnosed) is seen with increasing frequency in pregnancy. Up to one in
3000 live births is complicated by breast cancer, and this number does not include pregnancy
terminations done for the mother’s condition. .7 Breast cancer tumors in women under the age of
40 years tend to be larger, more aggressive, less differentiated, and lymph-node positive.
Younger women with breast cancer tend to have tumors that are more likely. to be estrogen and
progesterone receptor negative and Her-2/neu positive. They experience higher disease-related
mortality and shorter disease-free survival. 10

Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
targets the extracellular domain of the Erb-2/Her2/neu receptor. In 1998, FDA approved
Herceptin (BLA 103792) alone and in combination with paclitaxel (chemotherapy-nieve patients
only) for the treatment of metastatic breast cancer in women with HER2-overexpressing
metastatic breast cancer. On November 16, 2006, FDA approved Herceptin as part of an -
adjuvant treatment regimen containing doxorubicin, cyclophosphamide, and paclitaxel in women
with HER2-overexpressing, node-positive breast cancer.

In 2004, the Division consulted PLT on whether information.on five cases of oligohydramnios
that occurred with Herceptin use during pregnancy should be included in labeling. At that time,
Gerard Nahum MD, medical officer, reviewed information submitted by the sponsor on 23
women with breast cancer exposed to Herceptin during pregnancy. In all cases, the women were
also exposed to other chemotherapeutic agents concurrently. Among 12 pregnancies that
resulted in live births, eight of the women had metastatic disease (one of these women had two
pregnancies), and three used Herceptin off-label in the adjuvant setting. The timing of exposure
during pregnancy varied. Oligohydramnios occurred in five of these 12 pregnancies, and two of
these cases involved another factor that could have contributed to- the occurrence of :
oligohydramnios — one case of trisomy-21 and one case of severe intra-uterine growth restriction
(IUGR). At that time, the PLT did not recommend including information on the isolated case
reports of oligohydramnios in drug product labeling. The concomitant chemotherapy, the
variable time of exposure during pregnancy, and an adverse selection testing bias based on
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maternal disease combined with a probability of a false-positive diagnosis of oligohydramnios
were all variables that supported PLT’s conclusion that this information should not be included
in product labeling. The team felt that the data was not robust enough to support a potential
association between the occurrence of oligohydramnios and the use of Herceptin in these

- women. The most recently approved label (November 2006) includes the following statement:

In the postmarkéting setting, oligohydramnios has heen reported in wamen
who received Herceptin during pregnancy, either in comhination with
chemotherapy or as a single agent. (iiven the limited number of reported
cases, the high background rate of occurrence of oligohydrammnios, the
lack of clear temporal relationships hetween drug nse and clinical
findings, and the lack of supportive findings in animal studies, an
association hetween Herceptin and oligohydramnios has not been
established. '

- Oligohydramnios is a reduced volume of amniotic fluid around the fetus, and anhydramnios is
the absence of fluid around the fetus. In utero, the placenta is primarily responsible for
maintaining fetal homeostasis. Fetal urine formation begins by 12 weeks of gestation and is the
main constituent of amniotic fluid. > Amniotic fluid volume peaks at an average of one liter at 36
weeks gestation and then slowly declines. Often, decreased fluid volume occurs in pregnancies
that continue post-term (beyond 40 weeks gestation), and in this situation, oligohydramnios is a

~ reason to deliver the patient. Prior to term, oligohydramnios is far less common and is often
associated with a poor prognosis. Different ultrasound methods have been used to assess the
amount of amniotic fluid. Phelan et al (1987) described quantifying amniotic fluid by adding the
vertical depths of the largest pocket of fluid in each of four equal uterine quadrants. This
measurement is called the amniotic fluid index (AFI) and is widely used in clinical practice and
as part of the biophysical profile (BPP), a form of antenatal testing that evaluates AFI, fetal tone,
fetal movement, fetal breathing, and fetal heart rate pattern (nonstress test, NST) over a 30
minute period of time. An AFI <5 cm is defined as oligohydramnios. The other widely
accepted ultrasonographic method of defining oligohydramnios is the lack of a vertical pocket of
amniotic fluid at least 2 cm deep. A number of studies suggest that while the AFI is a more
accurate way of estimating actual amniotic fluid volume, none of the ultrasound assessments of
amniotic fluid volume accurately predict fetal tolerance of labor or neonatal outcomes. *

Decreased amniotic fluid may be associated with maternal or fetal problems. Such maternal
conditions include preterm premature rupture of membranes (PPROM) or conditions that affect
placental function or vascularization (postterm pregnancy, preeclampsia). Maternal use of ACE
inhibitors can also cause oligohydramnios. Fetal conditions almost always associated with
oligohydramnios include fetal urinary tract obstruction or renal agenesis (Potter syndrome).
Fifteen to 25% of cases of preterm oligohydramnios are associated with fetal anomalies.
However, otherwise normal fetuses may experience the following consequences of early-onset,
severe oligohydramnios: musculoskeletal deformities (like clubfoot, limb contractures),
pulmonary hypoplasia, and/or serious deformities due to fetal part entrapment in amniotic bands.
When oligohydramnios is accompanied by intrauterine growth restriction, the risk of fetal
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morbidity is increased. In these situations, fetal surveillance is important and delivery is often .
recommended for fetal or maternal indications. While gestational age is a consideration, in these
situations, fetal or matemal compromise usually overrldes the potential complications from
preterm delivery. '

Oligohydramnios detected before 36 weeks gestation with normal fetal anatomy by ultrasound
can be managed expectantly along with antepartum fetal testing. '* Antepartum fetal testing is
most often performed once or twice weekly using a combination of NSTs and BPPs. The
contraction stress test (CST) has the best predictive values for fetal well being during the seven
days following testing but most often is not used routinely due to the possible increased risk of
preterm labor.

Four of five studies suggest that maternal hydration can increase AFI, but the effect dissipates by
24 hours following fluid administration. Fluid restriction or dehydration can lower the AFI.

REVIEW OF DATA
To complete this consult, this reviewer reviewed and/or looked for the following information:
= 19 MedWatch repdrts that reported on ei_ght.unique cases of oligohydramnios
» Published literature on oligoﬁydramnios associated with Herceptin use during pregnancy

= Published literature on oligohydramnios associated with pregnancies in patients with
cancer or pregnancies in patients with cancer receiving chemotherapy

= Published litcrature on the role of epidermal growth factor in renal development.
Renal development and epidermal growth factor

Based on current data about the role that epithelial growth factor plays in renal development,
some scientists and clinicians suspect that Herceptin has a potential to cause fetal adverse effects
with in-utero exposure.

During embryonic development, three sets of renal organs develop sequentially: the pronephros,
the mesonephros, and finally, the metanephros, which persist to become the mature kidneys. The
ureteric bud grows from the mesonephric duct after the fourth week of gestation. The Wolffian
duct grows caudally, passing the pronephros and mesonephros.to approach the metanephric

. mesenchyme. As this occurs, growth factor signaling from the metanephric mesenchyme
transitions from insulin growth factor-II (IGF-II) to glial-derived neurotrophic factor (GDNF).
Wilm’s tumor gene expression begins, suppresses IGF-IL, and helps convert metanephric
mesenchymal cells to epithelial cells. GDNF appears essential for promoting outpouching of the
ureteric bud from the mesonephric duct. Retinoids also play an important but incompletely
understood role in ureteric bud formation. Stimulation of the angiotension II receptor AT2 leads
to mesenchymal apoptosis needed for ureteric bud development.”
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The ureteric bud produces a number of soluble agents that work together to promote cellular
condensation and differentiation.” One of these agents is epithelial growth factor (EGF), also
called transforming growth factor-o (TGF-ot). TGF-a is synthesized and secreted in the
embryonic kidney where it binds to the EGF receptor. The TGF-a peptide and receptors are
present in the fetal human metanephros. Studies in cultured embryonic organ show that adding
anti-TGF-o antibodies inhibits morphogenesis and tubulogenesisis. This suggests that TGF-a
plays a role in early ureteric bud development. EGF/ TGF-a also appears to participate in
rescuing uninduced mesenchymal cells from apoptosis. While the role of EGF/ TGF-a is not
completely defined, it appears to play an important part in kidney organogenesis. ®

Nephrons develop in successive stages from the inner to the outer area of the fetal kidney, in
parallel with the vascular system. In humans, nephrogenesis is not completed until the 36 week
of gestation. In preterm infants, the process continues following delivery. EGF/ TGF-a is one of
the many factors involved in the promotion and control of nephrogenesis. 2 ‘

Reviewer comment:
Herceptin is an IgG monoclonal antibody that blocks the human epidermal growth factor
receptor 2 protein and is known to cross the placenta. Organ culture studies suggest that
blocking the EGF receptor may interfere with normal nephron development.

Oligohydramnios and Herceptin use during pregnancy

Review of the published literature and MedWatch forms submitted to FDA reveal ten reported
and unique pregnancies in women with breast cancer who used Herceptin during some portion of
their pregnancy, nine of whom developed oligohydramnios. In one other case, a woman
received two doses of Herceptin: just prior to conception. Table 1 summarizes the key features of
these 11 cases including the gestational ages at which Herceptin was given, the gestational age at
which oligo- or anhydramnios was diagnosed, concomitant chemotherapies, whether the patient

“was dechallenged or rechallenged with Herceptin, and the pregnancy outcome. These cases are
presented in tabular form in greater detail in Appendix A.

In cases 1 — 6, Herceptin was discontinued during pregnancy. In cases 1 — 5, the therapy was
stopped due to oligohydramnios or anhydramnios. In four of these cases, there was documented
reaccumulation of amniotic fluid following discontinuation of Herceptin therapy. After
improvement in or resolution of oligohydramnios, one of these patients was re-challenged with
Herceptin. One week after resumption of Herceptin therapy, the patient was delivered by
cesarean with oligohydramnios. The fifth patient in whom Herceptin was discontinued (Case 4)
received her last dose at 24 weeks gestation, and she delivered at 34 weeks by cesarean section.
The MedWatch report did not include information about the reason for cesarean section at that
time or the amount of amniotic fluid present prior to or at delivery. The fact that she remained
pregnant for about two months following the diagnosis of oligohydramnios suggests that the

~ amniotic fluid volume likely recovered after Herceptin therapy was stopped. The sixth patient
(Case 6) discontinued Herceptin therapy during pregnancy for a maternal reason. On
transthoracic echocardiography, she had a mildly reduced ventricular ejection fraction, a known
cardiotoxic effect associated with Herceptin. At 25 weeks gestation, AFI was normal in this
pregnancy even though Herceptin therapy was continued up until 24 weeks.''
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In Cases 7 and 8, the patients had apparently normal pregnancies until 26 and 27 weeks
respectively when the patients were diagnosed with recurrent metastatic breast cancer. In both
cases, Herceptin therapy was started in combination with paclitaxel or vinorelbine and continued:
until delivery. In case 7, the patient received Herceptin and paclitaxel at 26 and 29 weeks

Table 1: Summary of 11 reported cases of Herceptin exposure during pregnancy: nine with
oligohydramnios and two without oligohydramnios

. AFI increased after

. dechallenge.
1 0-26 26 None Yes Yes Delivered at 29 wks by C/S
with oligohydramnios one
week after rechallenge.

0-7: _ At 36 weeks, spontaneous

/ 32 Zoladex Yes No labor and normal vaginal

14-32 s :
delivery. Trisomy 21.

AF reappeared at 25 weeks
and normal at 32 weeks.
Normal delivery at 37.5
wks.

3 0-20 23 None " Yes No

Delivered by C/S at 34-wks.

4 | 0-24 25+ None Yes B | iswsiesseR R CS:

Herceptin treatment through
24 wks gestation. Normal
5 0-24 None None Yes [ No AFT at 25 wks. Normal

' infant delivered by C/S at 37
wks.

At 33 wks, reaccumulating
AF. Delivered by C/S for
maternal reasons at 36 wks.
Normal infant.

6 23 -27 30 Docetaxel Yes No

Due to anhydramnios with
- IUGR, fetal lung maturation
T 26-29 | 31-32 Paclitaxel No No with steroids and C/S at 32
: : weeks. Decreased neonatal
renal function.

Treatment continued for -
A ' materqal reasons. Extra IV
8 |27-del | starting | Vinorelbine| Mo i | eAntRwh ekl

T ok Ollg()_l!ydrammosopemstent.
Induction and delivery 35
wks
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Table 1: Summary of 11 reported cases of Herceptin exposure during pregnancy: nine with

oligohydramnios and two without oligohydramnios
" Gestational'age (weeks). :
C/S at 36 weeks. Baby with
9 0 — del 2 None No No | limb deformities. Di.ed of
pulmonary hypoplasia at 6
hrs
Therapeutic abortion twin
? gestation at 24 weeks. -
101 0-24 24 Vinorelbine | \° No “Lungs not developing
: properly”
11 | 4-0 None None No No | Normal pregnancy

gestation.' Within a couple of weeks of the last Herceptin dose, anhydramnios was diagnosed by
ultrasound. The physicians administered steroids to mature the fetal lungs and delivered the
baby by cesarean section at 32 weeks gestation, three weeks after the last dose of Herceptin. The
baby had decreased renal function, which normalized over the first four weeks of life.

Reviewer comment:
Based on the severity of the mother’s disease and rates of morbidity and mortality for a 32
week premature infant with anhydramnios, the obstetrician and oncologist may have decided
that it was in the best interest of the mother and baby to proceed with delivery. In a different
disease state situation, the clinicians may have opted for discontinuation of Herception
therapy and expectant management with antepartum surveillance. Based on other cases
reviewed here, it is possible that amniotic fluid may have reaccumulated with this more
conservative management plan. 1t is interesting to note that this infant had compromised
renal function at the time of delivery. This was not seen in the other Herceptin-exposed
infants. While it is scientifically plausible that the decrease in renal function could be
related to epithelial growth factor receptor blockade by Herceptin, there are not enough data
to support such a conclusion. -

In Case 8, the mother was also diagnosed with metastatic recurrence of breast cancer mid-
pregnancy.® She began Herceptin and vinorelbine therapy at 27 weeks gestation and developed
oligohydramnios shortly thereafter. Due to her condition, weekly Herceptin and vinorelbine
therapy continued up to and through delivery but she received extra IV hydration with each
treatment. The oligohydramnios persisted but was not progressive, and the patient underwent
induction of labor at 35 weeks. She delivered a healthy infant by vaginal delivery and there were
no complications.

In cases 9 and 10, the mothers received Herceptin therapy throughout the course of their
pregnancies, and both had poor pregnancy outcomes. One mother continued Herceptin mono-
therapy from prior to conception through delivery at 36 weeks. Oligohydramnios was diagnosed
at 26 weeks gestation. Following counseling, the patient decided to continue the pregnancy and
Herceptin therapy. The baby was delivered by cesarean at 36 weeks gestation with limb
deformities and pulmonary hypoplasia. It died at six hours of life. Case 10 was a woman with a
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twin gestation receiving Herceptin monotherapy. At 24 weeks gestation, ultrasound revealed
olighohydramnios and evidence that the “lungs.were not developing properly.” She chose to
undergo therapeutic abortion at that time.

Case1lisa published case of a woman who received two doses of Herceptin four weeks prior to
and three days prior to conception. She did not receive any additional chemotherapy durmg her
pregnancy. She had a normal pregnancy and delivery, and the baby had no complications.

Chemotherapy and Pregnancy

A toxnet search found the word “oligohydramnios” associated with the following drugs:
captopril, quinapril, losartan, indomethacin, enalapril, celcoxib, benazepril, rofecoxib,
valdecoxib, and lisinopril. Other than ACE inhibitors and NSAIDs, no other drugs were
associated with oligohydramnios in the Toxnet search.

A Toxnet search w1th the terms * Vmorelbme and oligohydramnios” and “cancer and
oligohydramnios” yielded only one informative and relevant article not already presented in this
review. In 1997, Cuvier et al reported on three women with breast cancer treated with 5-
fluorouracil (5-FU) and vinorelbine during pregnancy. The women began therapy at 24 — 29
weeks gestation. After two rounds of 5-FU and vinorelbine chemotherapy, one woman received
six courses of cyclophosphamide and epidoxorubicin due to disease progression. Two women
had spontaneous labor and vaginal deliveries at 37 and 41 weeks, and the third woman (the one
who received four chemotherapeutic agents) delivered at 34 weeks by cesarean section. It
appears that none of these women developed oligohydramnios; however, the reason for the
cesarean delivery at 34 weeks was not E)rovided in the article. Allthree children had normal
development at 23 — 35 months of age.

A PubMed search using the search terms “paclitaxel and oligohydramnios”, “ docetaxel and
oligohydramnios”, and “vinorelbine and oligohydramnios,” found only the article by Bader et al
that reports one of the oligohydramnios cases associated with Herceptin use with paclitaxel
during pregnancy. A search with the terms “cancer and oligohydramnios” found three relevant
articles. Two involved Herceptin cases already discussed in this review (Watson and Bader) and
the other was a case report of a woman diagnosed with acute lymphocytic leukemia at 25 weeks
gestation.® A detailed obstetrical ultrasound at that time revealed fetal growth at the 35™
percentile, a normal AFI, and normal umbilical artery Doppler systolic-diastolic ratio. At 26
weeks gestation, the patient began intensive multi-agent chemotherapy: cyclophosphamide,
intrathecal methotrexate, daunorubicin, vincristine, 6-mercaptopurine, cytarabine, L-
asparaginase, and prednisone. After each course of chemotherapy, transient oligohydramnios
occurred with the AFI decreasing to 2.0 — 3.4 cm and recovering to normal over 6-7 days. The
patient went into labor spontaneously at 36 2/7 weeks gestation. There was thick meconium at
rupture of membranes. This patient underwent extensive fetal monitoring during the pregnancy.
Weekly non-stress tests began at 28 weeks gestation and were done twice weekly starting at 32
weeks. Ultrasound assessments of amniotic fluid were done weekly once chemotherapy began.
Additional factors during this pregnancy included maternal anemia (transfusion for a hematocnt
of 22%) and antibiotic treatment for a MRSA infection of indwelling Hickman catheter.’
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Kelly et al’ published a review article in 2006 on the options for systemic therapy in pregnant
patients with breast cancer. The authors included eight studies that reported outcomes for
women treated with chemotherapy during pregnancy for a variety of cancers. Three percent of
babies had a congenital anomaly, which is the same as the background rate in the population.
Fetal death, spontaneous abortion, prematurity, and fetal complications occurred more often in
babies born to leukemic patients compared to those born to women with other tumor types. No
cases of oligohydramnios were reported, but this reviewer did not review all of the original
articles in this series. The largest included series was by Germann et al (2004) and did not
describe any diagnoses of oligohydramnios or anhydramnios.

The Cancer and Childbirth Registry has enrolled about 92 pregnant women with breast cancer.
This reviewer spoke with the registry director, Dr. Elyce Cardonick, a maternal-fetal-medicine
specialist. Dr. Cardonick stated that she has seen cases of borderline oligohydramnios in
pregnant women with breast cancer following a round of chemotherapy but additional IV
hydration administered with the chemotherapy reversed the process. She has not seen severe
oligohydramnios or anhydramnios associated with chemotherapy treatment for breast cancer
during pregnancy. '

DISCUSSION/CONCLUSIONS

Herceptin (trastuzumab) is a recombinant IgG humanized monoclonal antibody that binds to the
epidermal growth receptor 2. It is effective for the treatment of Her-2 overexpressing metastatic
breast cancers as monotherapy and for primary node-positive breast cancers as part of an
adjuvant chemotherapy regimen. There are nine unique reports of oligohydramnios associated
with Herceptin use in pregnancy both in the published literature and post-marketing reports in
the AERS database. In four, and possibly five, of these cases, the amniotic fluid volume has
recovered following discontinuation of Herceptin therapy. There is one case with both a positive
dechallenge and rechallenge. The current label mentions the existence of a limited number of
post-marketing cases of oligohydramnios and states that no association between oligohydramnios
and the use of Herceptin has been established.

Pre-clinical data suggest an important role for epidermal growth factor in renal development.

Human renal tubular development continues until 36 weeks gestation. Data from studies in

organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest

that blocking the EGF receptor may interfere with normal nephron development. It seems

scientifically plausible, based on the drug’s mechanism of action that Herceptin could potentially
_increase the likelihood of oligohydramnios.

Oligohydramnios (decreased amniotic fluid volume) and anhydramnios (no amniotic fluid), in
the absence of premature rupture of membranes, can be related to chronic fetal hypoxia,
decreased or absent fetal renal function, poor placental function, and some fetal anomalies. In
preterm pregnancies, the presence of oligohydramnios is associated with increased fetal
morbidity, which is due in part to an increased risk of cord compression and due in part to the
underlying condition that caused the oligohydramnios.
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At this time, the data are not robust enough to conclude that a clear association exists between
the use of Herceptin during pregnancy and the occurrence of oligohydramnios; however; the data
do suggest a possible association.that deserves monitoring. Additional data are needed to more
clearly define and understand this possible relationship. If additional data further support an
association between Herceptin use during pregnancy and oligohydramnios, then an attempt
should be made to answer the following questions:

1. During which periods of gestation is Herceptin exposure associated with an increased risk
of oligohydramnios?

2. Does the risk vary with the Herceptin dose and frequency of administration?

3. Does additional IV hydration either at the time of chemotherapy or in between courses of
therapy alter the frequency or severity of oligohydramnios?

4. With reference to the time of Herceptm admmlstratlon when does the AFI decline and
when does it recover?

Based on a woman’s individual disease state and course of progression and on risk/benefit
counseling between physician and patient, some women may continue Herceptin when
oligohydramnios occurs and some may stop. Some women who continue therapy may be
delivered depending on the gestational age of the fetus and other factors, and some may continue
their pregnancy with fetal monitoring and ultrasound examinations. In order to optimize the '
clinical outcomes for pregnant women with breast cancer and their babies, women using
Herceptin during pregnancy should be monitored for oligohydramnios. If and when
oligohydramnios occurs, risk/benefit counseling should occur and fetal testing should begin.

While oligohydramnios is not a classically teratogenic effect, the oligohydramnios may be
caused by an untoward effect of Herceptin on nephron growth and function.

RECOMMENDATIONS

5. The pregnancy category for Herceptin (trastuzumab) should be changed to a “D” based
on the available human data that suggest a possible teratogenic effect leading to
oligohydramnios.

6. The pregnanéy portion of the Herceptin label should include information about the
known cases of oligohydramnios that occurred with use of Herceptin during pregnancy.

7. The label should recommend that pregnant women using Herceptin undergo screening for
oligohydramnios with obstetrical ultrasound examination at regular intervals.

8. If oligohydfamnios occurs, the obstetrician should begin fetal testing appropriate'for the

gestational age of the fetus and consistent with the standards of care for the community.
This testing should continue on a regular basis until one of two conditions is met:
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a. Herceptin therapy is discontinued and oligohydramnios resolves
b. Delivery.

7. In cases where the physician and patient decide to continue Herceptin therapy for
maternal reasons despite the presence of oligohydramnios, additional intravenous
hydration should be considered. With other forms of chemotherapy during pregnancy,
transient oligohydramnios has been observed, and extra hydration sometimes mitigates
this effect.

8. Include contact information for the Cancer and Childbirth Registry and encourage
enrollment of pregnant patients using Herceptin. :

9. Please see Appendix B for suggested draft language for the pregnancy and nursing
mothers portions of the label.
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Appendix A:
Detailed Summary
Recurrent breast cancer at 14 weeks gestation. o O ———
Started on Herceptin 480 mg IV Q 3 weeks. y be ation, p
: ” male infant delivered by cesarean
®© US at about 26 weeks showed oligohydramnios 5 T
H© : B section for breech position and
@ (pre- with normal fetal growth. Hospitalized for : s
. . . . oligohydramnios at 29 weeks
conception) bedrest and corticosteroids. Herceptin stopped ) i )
- o gestation. Weight=1455g;
32 to : Lod None the next day. Amniotic fluid increased.
- - : : Apgars 2/3/5. To NICU for
(26 weeks gestation) Weekly Herceptin resumed. Received one dose ; : :
Table 1 . ; respiratory distress and chronic
Herceptin 480 mg IV at 28 weeks gestation. 3 :
Casel X . lung disease. Ventilated for 2
Delivered one week later. Gestational age P
; S % : weeks. Hospitalized for 3
information is not completely consistent in . —
MedWaich report. P .
. Before pregnanc Patient treated for metastatic breast CA with
N preghancy. Taxotere and Hercptin until ©6 when Spontaneous labor and normal
Stopped for diagnosed. Borderline decreased inal deli 36.2 week
AR ek T pregnancy diagnosed. Border ine decrease vaginal delivery at 36.2 weeks.
38 !l% 4 R d Zoladex | amniotic fluid at 28 weeks. Oligohydramnios Male infant, 6 Ibs, 10 oz., Apgars
Table 1 eétatizfn:llrl:!eeks 14- ’ diagnosed at 32 weeks. Fetal monitoring in 8/9. Down’s Syndrome.
Case2 & hospital. Herceptin stopped. Mother had Discharged on 4" day of life.
32. : : ;
gestational diabetes and hypertension.
‘ Induction of labor and normal
Patient diagnosed with poorly differentiated vaginal delivery of a living
carcinoma (grade III) with perinodal female infant at 37.5 weeks
- Herceptin 6 mg/kg Q 3 involvement and HER-2/neu pogit_ivity. Treated | gestation (2960 g, Apgars 8!?)
weeks from Sy with XRT and 3 cycles doxorubicin and Baby had normal renal function
8 ®® (time of No cyclophosphamide and 3 cycles paclotaxel. and no evidence of pulmonary
Table 1 conception/implantatio ne Started Herceptin near conception. Pregnancy | hypoplasia. Normal placenta.
Case 3 n) until 20 weeks diagnosed at 23 weeks with anhydramnios. Baby had normal growth at six
e gestation Herceptin stopped. Amniotic fluid started to months of age.
reaccumulate at 25 weeks and was normal at 32
weeks gestation. This case was published. Watson et al (2005). See
references.
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| regnant women using Hergep_t_in@

gy

Pregnancy diagnosed and confirmed by US at

148

o H<?rceptm.‘ therapy 17 weeks gestation. Herceptin given at 15 ;
prior to pregnancy. ; 2 5 Normal preterm female infant
- weeks and probably discontinued after . .
29 | Herceptin None ; : delivered by cesarean section at
Table 1 . . treatment at 24 weeks gestation. Borderline z
discontinued after % 5 . 34 weeks gestation,
Case 4 low amniotic fluid at 25 weeks gestation
Yose akahpul 2+ rogressed to oligohydramnios '
_ weeks gestation P e S
L Twin pregnancy with oligohydramnios
Possibl diagnosed at 24 weeks gestation. According to : :
Herceptin prior to and . Y | the report, there was “evidence that the lungs Therapeutic abortion after 24
30 vinorelbin S i : _
throughout pregnancy 5 were not developing properly” and were weeks gestation.
Table 1 considered incompatible with life. Mother had
Case 10 a therapeutic abortion.




Appendix A:
Detailed Summar,

y o_f_ MedWatcl_i case reports and publi

shed cases of oligohydramnios among pregnant women using Herceptin®

Patient diagnosed and treated for Gra;dc I

infiltrating ductal carcinoma with positive
nodes. She completed treatment with
Herceptin, paclitaxel, 5-FU, epirubicin, and
cyclophosphamide through a clinical trial.

Fourteen months after diagnosis, she presented -

with right upper quadrant pain and a 27 week
pregnancy. Multiple imaging studies including
ultrasound were performed. She had multiple

Induction of labor at 34 5/7
weeks with normal vaginal

®© delivery of a healthy male infant
— . | g . | hepatic metastases and increased LFTs. Patient | (5 lbs, 11 0z; Apgars 9/9/10).
Table 1 26 He:;;ptm ts tﬁ W —— Vmo;elbm was treated with Herceptin (4mg/kg load and 2 | Normal and healthy at six
Ca eg Weeks gestatio mg/kg per week) and vinorelbine (weekly x 3, | months of age.
e then 1 week rest). She was seen weekly by a '
high risk obstetrician and oncologist. Afier Fanale et al (2005). Sce
starting treatment, oligohydramnios was noted. | references. -
This was thought secondary to fluid shifts or
systemic therapy. Extra IV hydration given
with each chemotherapy treatment. Weekly
fetal monitoring. AFIs remained low.
Decreased fetal movement at 34 5/7 weeks with
occasional, mild fetal heart decelerations.
i : ; ’ Female infant delivered by
- Pat.lent prewous.ly dlagnose?d with breast cancer. R SaC e AT 36
| : ; Being treated with Herceptin 441 mg Q 3 .
. weeks gestation (2690 g, Apgars
36 Herceptin throughout None weeks. Pregnancy confirmed and dated by 26 8/8). Baby had lower limb
Table 1 pregnancy week ultrasound. Anhydramnios diagnosed. " x
: : deformities and died of
Case 9 Patient counseled and chose to continue

pregnancy.

pulmonary hypoplasia at 6 hours
of life.

149



Appendix A:
Detailed Summa

regnant women using Herceptin®

e

Table 1
Case 7

38

Herceptin at 26 and 29
weeks gestation

Paclitaxel

Seven years prior to pregnancy, the patient was
diagnosed with Stage I breast cancer. She was | Delivery of living infant by
treated with six cycles of cyclophosphamide, cesarean section for
methotrexate, and 5-FU followed by XRT and 5 | anhydramnios, fetal growth
years of tamoxifen. At 17 weeks gestation, the | restriction, and suspected fetal
patient developed paresthesia and hypoesthesia | renal failure. Normal placenta.
of the left arm and cervical neck pain. On MRI, | Admitted to NICU with signs of
there was metastatic infiltration and collapse of | bacterial sepsis and decreased
the second cervical vertebrae with spinal
compression and metastases in the fourth
thoracic vertebrae and femur. Between 26 and | the baby was discharged home.
32 weeks gestation, the patient received two Normal development at 12 weeks
treatments of Herceptin and paclitaxel. On US, | of age.
the fetal abdominal circumference stopped
increasing and the amniotic fluid volume

decreased nearly to anhydramnios.

Corticosteroids Eiven for fetal lung' maturation.

renal function. Renal function
normalized by day of life 28, and

Bader et al (2007). See
references.
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y of MedWatch case reports and published cases of oligohydramnios among pregnant women using Herceptin®

J Clin
Onc
01/10/0
6

Table 1
Case 11

30

3.5 weeks and 3 days
prior to conception

None

Patient diagnosed with multifocal grade 2
invasive ductal adenocarcinoma of the right
breast with two of five nodes positive. Estrogen
and progesterone receptor negative. Her-2/neu
positive. Had been trying to conceive. Treated
with four cycles of epirubicin followed by four
cycles of cyclophosphamide, methotrexate, and
5-FU over six months. Due to incomplete
excision and strong family history of breast CA,
had a bilateral mastectomy followed by
radiotherapy to the right chest wall. Enrolled in
Herceptin Adjuvant trial (HERA) and
randomized to trastuzumab treatment every
three weeks. Had a positive pregnancy test
before third treatment cycle. Conceived three
days after second dose. Withdrew from trial.

Spontaneous vaginal delivery of
a healthy female infant at full
term. No complications.

Waterston and Graham (2006).
See references.
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Table 1
Case 5

32

Throughout pregnancy
until 24 weeks
gestation

None

Patient diagnosed with Her-2/neu positive
breast cancer during her first pregnancy. She
underwent radical mastectomy and therapeutic
abortion. Treated with paclitaxel and
carboplatin, Six months after completing
chemotherapy, diagnosed with lung metastases.
Treated with paclitaxel, carboplatin, and
trastuzumab. Eighteen months later had a
single brain metastasis treated with surgery and
radiation. After one year of ongoing treatment
with trastuzumab alone and no recurrence, the
patient presented with a five week viable
pregnancy. Treatment was continued and the
pregnancy progressed normally until trans-
thoracic echocardiography revealed an
asymptomatic mild low ejection fraction at 18
weeks. Fetal growth and anatomical survey
were normal. Repeat maternal echo at 24
weeks was unchanged but trstuzumab was
discontinued. Fetal US at 25 weeks gestation

Cesarean delivery (for breech
presentation) of a healthy female
infant at 37 weeks gestation.
Normal placental pathology
without metastases.

Shrim et al (20007). See
references.

showed normal growth, AFI, and BPP.
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y of MedWatch case reports and published cases of oligohydramnios among pregnant women using Herceptin®

S T e ;iu ERTY

Obstet
Gynecol
08/07

28

23, 26, and 27 weeks
gestation

Docetaxel

(Australla} Patient was dlagnosed wnth leﬂ =
infiltrating ductal carcinoma, grade 2, stage

T2N2MO in| ®® She had a radical
mastectomy and lymphadenectomy with 18 of
18 nodes positive. The tumor was E/P receptor
negative and human epidermal growth factor 2
(Her-2/neu) positive. She was treated with
chemotherapy and radiotherapy. At 20 weeks
gestation, MRI revealed brachial plexus and
pulmonary metastases. She was treated with
three cycles of docetaxel and trastuzumab at 23,
26, and 27 weeks gestation. A fetal ultrasound
was done at 30 weeks for clinical suspicion of
fetal growth restriction. The ultrasound showed
fetal growth measurements at <5® percentile
consistent with IUGR and anhydramnios.
Chemotherapy was held until after delivery.
Two doses of betamethasone were given for
fetal lung maturation in case delivery was
needed. At 33 weeks, amniotic fluid was
reaccumulating. Due to the patient’s advanced
disease state, she was delivered at 36 weeks.

Cesarean delivery for breech
presentation at 362/7 weeks due
to maternal disease state. Small
amount of clear amniotic fluid at
delivery. Living male infant,
2230 g, Apgars 7/9. Normal

neonatal urine output. No

complications.

Sekar and Stone (2007). See
references.
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Appendix B: Proposed Changes to Current Pregnancy Labeling Language

Suggested deletions are indicated with strikeouts, and suggested insertions are indicated
with an underline. |

8.1

154



155



Appendix F Applicant’s Original Herceptin Label for BO16348 (HERA)
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Appendix G Final Herceptin Label for BO16348 (HERA)
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CENTER FOR DRUG EVALUATION AND
RESEARCH

APPLICATION NUMBER:

1037920rig1s5175

CHEMISTRY REVIEW(S)




SERTACEy

o B8l

N

‘ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Center for Drugs Evaluation and Research — Feod and Drug Administration
Office of Biotechnology Products / Office of Pharmaceutical Science
Division of Monoclonal Antibodies, NIH Bldg 298, HFD-123

29B Lincoln Drive, Bethesda, MD 20892-4555

Date: January 10, 2008
From: Wendy C. Weinberg, Ph.D., Product Reviewer, DMA /U, M)\SUD
To: File STN103792 (License 1048)

Through:  Patrick Swann, Ph.D., Deputy Director, DMA (:%gﬂv\
Subject: BLA 103792/5175; Product review and categorical exclusion
Sponsor: Genentech, Inc.

Received: December 22, 2006
PDUFA date: January 21, 2007

Contact:  Erin E. Jones, GO

Recommendation:

Approval. Based on analysis of the comparability data provided, The Penzberg manufactured
material used in the HERA trial presented in this supplement appears to be sufficiently comparable
to FDA licensed material to support FDA approval to expand the clinical indication for Herceptin.

Summary:

This is an efficacy supplement to the Herceptin BLA to expand the indication of
Herceptin [ e
I

s
include an every 3 week dosing schedule, based on the HERA study. Proposed initial

dose of 8mg/kg followed by 6 mg/kg once every 3 weeks for 52 weeks; all doses to be
administered as 90 minute IV infusion.

The HERA study in this application utilized EU approved Herceptin manufactured
at Penzberg by Roche. This review covers the following information submitted during
the review process of this supplement: CMC review of the process and biochemical
characteristics of EU approved Trastuzumab Drug Substance manufactured by Roche in
their Penzberg facility using the v1.0 process compared to Trastuzumab manufactured by
Genentech under their FDA license using the v1.0 and v1.1 processes; acceptability of




endotoxin levels of FDA approved Herceptin at the intended dose for this application,
and Genentech’s Claim of categorical exclusion.




II. Environmental Analysis:

“Qualification for a categorical exclusion from the Environmental Assessment
requirement is claimed in Item 20, section 1.12.14, as specified in 21 CFR Section
25.15(d), under 21 CFR 25.31(c). This section applies to action on an NDA, abbreviated
application, application for marketing approval of a biological product, or a supplement
to such applications, or action on an OTC monograph, for substances that occur naturally
in the environment when the action does not alter significantly the concentration or
distribution of the substance, its metabolites, or degradation products in the environment.
It is stated that, to the applicant’s knowledge, no extraordinary circumstances exist. There
is no information indicating that additional environmental information is warranted.

Conclusion: The categorical exclusion claim is appropriate.
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'MEMORANDUM

- TO : ,Theﬁle e ' o :

. THROUGH Patricia Keegan, M D. D1rector, D1v1s1on of Blologlc Oncology Products, Ofﬁce of

... . Oncology Drug Products, CDER P
FROM:  AnneM. Pilaro, Ph.D., Acting Supervisory Toxmologlst Pharmacology/T oxicolo

o - Branch, Division of Biologic Oncology Products, OODP, CDER

STN BLA #: 103792/5175

- SPONSOR: . GENENTECH, INC. , ' ' L

PRODUCT: humanized, monoclonal antibody trastuzumab (Herceptin®), directed against the

' - . Her2/neu receptor, for the treatment of Stage III or IV breast cancer

'AMENDMENT TYPE: efficacy supplement, labeling conversion to PLR format -

DATE: January 10, 2008

- SYNOPSIS:

As part of the efficacy supplement STN BLA #103792/5175, the sponsor is converting the labeling to
Physician’s Labeling Rule (PLR) format. Changes in the WARNINGS and PRECAUTIONS (Section 5.6,
Embryo-fetal Toxicity [Pregnancy Category D]), USE IN SPECIFIC POPULATIONS (Section 8.1,
Pregnancy [Teratogenic Effects: Pregnancy Category D] and Section 8.3, Nursing Mothers), and
NONCLINICAL TOXICOLOGY (Section 13.1; Carcinogenesis, Mutagenesis, Impairment of Fertility, and
13.2, Animal Toxicology and/or Pharmacology) required verification of the supporting nonclinical data.
The data were included in the original labeling; however, there was insufficient information available to
support the conversion to PLR format. Specifically, the types of studies conducted, the doses of - :.
trastuzumab tested and resulting exposure margins compared to human dosing, and the fetal outcomes, as
- well as any data regarding evaluation of male fer’uhty parameters were requlred to support the labelmg in
PLR format.

The sponsor was requested to provide the supporting data for these sections of the label, and responded by
submitting .pdf copies of three nonclinical, reproductive and/or developmental toxicology studies with
trastuzumab, conducted in cynomolgus monkeys. These studies were initially reviewed in the nonclinical
review for the original BLA (STN #103792/0000), and will not be subject to a complete review here.
However, evaluation of the study reports confirms that they do contain the supporting data required for
the labeling in PLR format. The three studies are summarized in context of the sections of the PLR
labeling that they support, below.

Section 5.6 - WARNINGS and PRECAUT, TONS, Pregnancy Category D and Section 8.1,
Teratogenic Effects

Study #95-039-1450. GN1450. Intravenous embryo-fetal development study in the cynomolgus
monkey.

Twelve presumed pregnant, cynomolgus monkeys per dose group were treated by i/v injection with
trastuzumab during the critical period of organogenesis (gestational day [GD] 20 through GD50). The
doses tested in this study were vehicle control (GN1450 vehicle, composition not specified), 1, 5, and 25
mg/kg trastuzumab, administered GD20, GD21, GD22, GD23, GD27, GD30, GD34, GD37, GD41,
GD44, GD47, and GD50. Dams were followed for clinical and laboratory signs of toxicity, toxicokinetic
profiles, and immunogenicity. On GD100, offspring were delivered by Caesarian section and evaluated
for skeletal and soft tissue malformations, as well as serum and amniotic fluid trastuzumab and anti-
trastuzumab antibody levels. '




SINBLA #103792/5175° . .. . 2

In general, trastuzumaB treatment was well-tolerated by the pregnant animals, and no evidence of
‘maternal toxicity was noted. Early mortalities were present in a total of 5 dams during the study period,
* and occiirred iti all dose grotips, incliiding the control: In animals #3037and #4210 (1 thg/kg/dose group),

~ ‘and #208 (25 mg/kg/dose group), the deaths occurred 2, 10, and 35 days, respectively following

* spontaneous abortion by these dams. Early deaths for animals #3115 (vehicle control) and #3257 (1.
" mg/kg/dose group) were hot associated with spontaneous abortion. In all cases, thete were o apparent

" clinical signs of toxicity prior to death. However, on necropsy histologic evidence of bacterial infection

. was present in skin lesions and in the intestines, and was identified tentatively as B-hemolytic
Streptococcus, Staphylococcus sp., and/or Pasteurella infections. Given the incidence of early mortalities - '
and presence of infection in animals from all dose groups including the. control these findings appear
' ‘um'elated to trastuzumab treatment,-

Spontaneous abortions occurred in 2/12 control (17%), 5/12 low-dose (42%), 3/12 (25%) monkeys treated
with 5 mg/kg/dose trastuzumab, and 4/12 (33%) of dams in the 25 mg/kg/dose group. There were no
statistically significant differences between the control and trastuzumab-treated dose groups in the
incidence of spontaneous abortions (p = 0.8973; Chi square). Additionally, the incidence of abortion in
this study was within the range of historical controls for this laboratory (88/492 or 18%; from a total of 43
embryofetal toxicity studies, with a range of 0-50% spontaneous abortion).

Live fetuses were recovered from 10 monkeys in the control group, 7 animals treated with 1 mg/kg/dose
trastuzumab, 9 dams in the 5 mg/kg/dose group, and 8 dams in the 25 mg/kg/dose group. Mean values

. for fetal measurements (body, placental, and organ weights, crown:rump lengths) in all trastuzumab-
treated dose groups were within normal limits for cynomolgus monkeys. There were no gross skeletal or
soft tissue malformations in the offspring from trastuzumab-treated dams at.any dose level. - -

Toxicokinetic evaluation showed that maternal levels of trastuzumab increased rapidly during the first
week of dosing (GD20 through GD27), and approached steady-state by the end of this period. During the
course of the study, mean values for trastuzumab trough levels showed dose-related, approximately linear
increases, and were maintained for the duration of the dosing period in all animals except dam #6292 in -
the 1 mg/kg/dose group. This animal had pre-existing anti-drug antibody and no detectable serum
trastuzumab levels present at any time point on study (see below). The mean values for trastuzumab
trough levels are presented in Table 1 below, which was abstracted from the sponsor’s final study report.

Table 1. Summary Table of Mean (+ S.D.) Trastuzumab Maternal Trough Serum Levels and
Elimination Half-Life in Pregnant Cynomolgus Monkeys Dosed from GD20 through GD50
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Placental transfer of trastuzumab w1th subsequent fetal exposure was also detected in this study Table 2
below,vﬁ'om the sponsor 5. final study feport shows that at time-of Caesarean sectlon on GD1 OO

“fluid from offsprmg of dams treated with 5 or 25 mg/kg/dose: The concentration of trastuzumab in fetal
samples increased with i mcreasmg dose of antibody, and ranged from 10% to approximately 19% of

. maternal serum lévels present in the fetal serum, and approxunately 3 to 4% of maternal serum levels -

present in the amniotic fluid of fetuses in the mid- and h1gh dose groups " These results are summanzed in
Table 2, below

~ Table 2. Summary of Mean (+ S.D.) Trastuzumab Maternal and Fetal Serum and Amniotic Fluid
- Concentrations, and Concentration Ratios from Pregnant Cynomolgus Monkeys at GD100
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There were no detectable anti-drug antibody responses in any of the trastuzumab-treated dams or fetuses
delivered at GD100, with the exception of one pair. Monkey #6292 and its fetus #6292f had positive
titers for anti-trastuzumab antibody in both the ELISA assay for total binding antibody, and the BT-474
neutralization bioassay. Antibody titer values in the dam at GD20 and GD50 were 3.2 and 3.4 absorbance
units (AU), respectively, and at GD100 were approximately equivalent in the dam and offspring, with
titers of 2.7 and 2.4 AU, respectively. Since anti-product antibodies were initially present in the dam on
GD20 prior to treatment with trastuzumab, these results likely represent a pre-existing, cross-reactivity
and are not related to a response to trastuzumab.

Comment: The labeling reports oligohydramnios, or decreased amniotic fluid in pregnant women
receiving Herceptin® treatment during the second and third trimester. This finding was not observed in
either of the cynomolgus monkey developmental toxicology studies (see additional study summary,
below). However, since human data are available, Herceptin® is labeled Pregnancy Category D.

Comment: The sponsor reports in the labeling that there are no maternal or fetal toxicities associated
with Herceptin® treatment at up to 25-times the human exposure. On a direct mg/kg basis, the dose of
trastuzumab tested in the animal studies was only 12.5-fold greater than the recommended weekly human
dose of 2 mg/kg. However, in the present developmental toxicity study and in the fertility study,
trastuzumab was administered twice weekly. Therefore, the language in the labehng claim regarding the
exposure margin is supported by the nonclinical dosing.

In conclusion, the results of this study support the reported findings in Section 5.6, Pregnancy Category
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' D and Section 8. 1, Teratogenzc Eﬁ"ects of the rev1sed PLR formatted label for trastuzumab (Hercept1n®)

) -Sectlon 8.2- USE IN SPECIAL POPULATIONS Nursmg Mothers and Sectlon 13.2,
NONCLINICAL TOXICOLOGY, Animal Toxicology and/or Pharmacology -

Study #95-238-1450. Late gestational toxxclty, placental transfer, and secretlon in milk study W1th
GN1450.in the cynomolgus monkey. .

. Two groups (n= 8/group) of pregnant cynomolgus monkeys were treated by i/v injection with
trastuzumab during the latter part of gestation, from approximately GD120 through either GD150 (Group .
1), or through post-partum day (PPD) 28 (Group2). All animals received 25 mg/kg/dose of trastuzumab
by ifv injection daily from GD120 through GD123, then once weekly for the remainder of the dosing
penods Dams were followed for clinical and laboratory signs of toxicity, toxicokinetic profiles, and
immunogenicity. For Group 1 animals, pregnancies were terminated by Caesarean section on GD150,
while Group 2 females were allowed to deliver naturally and nurse the offspring until PPD29, at which

- time the animals were returned to the colony. ‘

Maternal blood was sampled once pre-study, and then weekly prior to dosing for measurement of serum
trastuzumab levels. For evaluation of serum anti-trastuzumab antibody levels, maternal blood was
sampled once pre-treatment for all animals. Amniotic fluid, maternal blood and fetal umbilical vein
blood were obtained at GD150 at the time of Caesarean section for Group 1 animals. Maternal and infant
blood, and maternal breast milk samples were obtained from animals in Group 2 on PPD28.

Trastuzumab treatment was well-tolerated by the pregnant animals, with no evidence of maternal toxicity.
Body. weights, body weight gains, clinical chemistry and urinalysis profiles for the treated dams were ,
within normal limits. There were three unsuccessful deliveries/stillbirths during the study. Ammal #1791
in Group 2 went into labor on GD163, had difficulty delivering the fetus, and was euthanized for humane
. reasons. A second Group 2 monkey (animal #3376) did not deliver successfully; the fetus was removed
by Caesarean section on GD176 however, the dam survived. One Group 1 monkey (ammal #5383) had a
stillbirth at GD131.

Live fetuses were removed by Caesarean section from 7/8 animals in Group 1 at GD150, and evaluated
morphologically for evidence of toxicity. No trastuzumab-related changes in fetal body measurements,
fetal body or organ weights, or placental weights were detected. There were no treatment-related
external, visceral or skeletal anomalies and no fetal malformations observed in the offspring in this group.
Visceral findings, including hemorrhage in the cardiac area of the stomach or at the stomach wall were
present in 5/7 offspring, and likely represent a post-mortem artifact. Minor skeletal variations, including
ossification of the vertebra(e), sternebra(e), and/or carpal and tarsal bones were observed in 6/7 offspring
in this group. These findings are considered to be normal developmental variations, and not related to
trastuzumab treatment.

In Group 2, live infants were successfully delivered to 6/8 dams. There was no observable effect of
trastuzumab treatment on infant body weights, as compared to historical control data from the study
laboratory. Monkey #9536 from Group 2 had no detectable lactation and therefore could not breast-feed
its offspring; this infant was fostered to another lactating female from the stock colony. From PPD11
through PPD28, alopecia at the base of the tail and back of the head was reported for this infant. There
were no other clinical signs of toxicity reported for the infants in this group.

Using an ELISA assay, no anti-trastuzumab antibodies were detected in the dams at any time point on
study, or in the fetuses at GD150 or the infants at PPD28. However, the sponsor states in the final study
report that the interpretation of the negative findings in this study may be limited, since the presence of
detectable trastuzumab in the blood samples may interfere with detection of the anti-drug antibody.
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Maternal exposures were comparable between both groups of pregnant dams treated w1th 25 mg/kg/dose '
trastuzumab. A slight (approximately 40-60%) accumulation in serum trastuzumab levels was: observed
between the initial value on GD127, and the final values oi GD150 (Group 1)-and GD169 (Group 2).
Followmg delivery, trastuzumab levels were still present in serum from nursing dams up until PPD23, at
‘approximately similar levels to those observed during gestation (data-not shown). The mean values for
each group (+ S.D ) -are presented in Table 3 below, which was abstracted from the final study report

- Table 3. Summary of Mean (+ S. D ) Maternal Serum Trastuzumab Levels in Pregnant Cynomolgus ‘
“Monkeys FoIIowmg Dosmg with 25 mg/kg/dose from GD120 through Dellvery ‘

Day of ~Group 1 T Group?
Gestation Cesarean Section o Liveaﬁrth
- (n=7:8)% - {(n=1-8)
Prodose 0.08° 0.00
120 _ - 0,00 : C.00
127 1035 (201) 1065 (206)
134 119 (355) 1220 {265)
141 _ 936 (250) 1439 (348)
148 1746 (1029) - 1327 (281)
150+ 1 1487 (B39) S -t
155. -F 1513 (399)
- 162 _ - : 1589 {473)
163 - : 15724
ot 1409 (420).
178 - '

e

‘4 Each group contained eight animals, but for some tims pc s , bl
from less than all elght a,??ﬁt,a;s p_olnts samples were available

b For pfadose and Day 120 samples all ooneenttaﬂons were ‘Its' {loas than the lowesl
standard on tha standard curve, ie. less than 0.078 meg/ml); (t]hey were therstors
assigned a value of zero by convention and no standard deviation was calculated.

¢ Nosampla scheduled to be drawn at this time poinl for this group. -

d  Only one animal sampled at this time
caiculated, mp! peint; therelore no standard deviation was

Placental transfer of trastuzumab, with subsequent fetal exposure was also detected in this study. Table 4
below, from the sponsor’s final study report shows that at time of Caesarean section on GD150,
trastuzumab was present at detectable levels in both serum and amniotic fluid from of dams treated with
25 mg/kg/dose. The levels of trastuzumab in fetal blood and amniotic fluid were approximately 33% and
25%, respectively, of those present in the maternal serum at GD150, and the amniotic fluid trastuzumab
levels were approximately 82% of that present in fetal serum. These results are summarized in Table 4,
below.

Transplacental transfer of trastuzumab from dams treated with 25 mg/kg/dose was also evident in infants
delivered at term. Mean values for neonatal serum trastuzumab levels were approximately 19% of those
present in the dams at time of delivery. Low levels of trastuzumab were also detectable in maternal milk
in 5 of the 6 lactating dams, with a mean value of approximately 0.3% of the maternal serum levels and
<1% of the neonatal serum levels. These results are presented in Table 4, from the sponsor’s final study
report.
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Table 4. Mean Maternal, Fetal, and'Néonahl Serum Levels, and Fotal Amniotic Fluid, and Maternal
Milk Levels of Trastuzumab Following Dosing of Cynomolgus Monkeys from GD120 Through
_GD150 (Group 1) or PPD28 (Group 2) '

“Parameler . éfupi-- = 2
- O ) Day 1504 1 Day 28 Post-Partum
1) L —— T
Conceniraons (meg/mb) ' -
Maternal Serum® " 1487 (839) 1544
Fotal Sgrum * 411 (748 _-M
Amniofic Fluid * . 205 (191) - :
Malemal Ml ¢ : - 2.73 (1.12)
Neonate Serum* - 378 (213)
Concentration Ratiog:
Fetal / Maternal 8erum 0225 (0.110) -
Amnlotic Fiuid / Maternal Sarum 0.249 (0.198) -
Amnlotic Fhid / Fetal Serum 05818 (0.571) -
Maternal Milk/ Matemal Serum - 0.00280 (0.00269)
Necnate Serum / Matemal Serum - 0.191 (0.0695)
Matemal Mik/Noonate Seum = . .. =t 0.00898 (0.00205)
Neonate Serum / Materal MIk = 122 (129

a Each group contained eight animals, but lor some time points samples were available from
less than al animals. For Group 1 animal no. 5383 did not produce a viable felus;
for Group 2 no. 1791 and 3376 did not produce a live bisth. For Group 2 matemnal mitk
concentration for animal no, 5536 was excluded, and neonale serum concentrations from the
neonates of animals no. 6039 and 95386 wers excluded. See exclusion isting 3-1 for detalls,

b Matemal serum hera collected
Day 28 npubl:d zﬂn | on Day 150 £ 1 of gestation for Group 1 and on

¢ Fetal serum and Amniolic fluld were collected on 150 10l :
e e . Day gestallon for Group 1;

d  Matemal mitk and noonate serum wera collected on Day 28 post-partum for Group 2;

2311';":&“"' scheduled for Group 1 and therefora no matemal milk'or neonate serum wero

e No sample(s) scheduled to be collected for this group.

In summary, weekly i/v injections of trastuzumab to pregnant cynomolgus monkeys during late gestation
through parturition and/or lactation did not result in detectable maternal, fetal, or neonatal toxicity.
Transplacental transfer of trastuzumab was observed, with the levels in fetal serum approximately equal
to one-third the levels present in maternal blood. Low, but detectable levels of trastuzumab were also
present in milk from lactating dams, although the amount transferred to the offspring through milk could
not be determined.

In conclusion, the results of this study support the reported findings in Section 8.1, Teratogenic Effects
and Section 8.2, Nursing Mothers of the revised, PLR formatted label for trastuzumab (Herceptin™).
Section 13.1 - NONCLINICAL TOXICOLOGY, Impairment of Fertility

Study #95-038-1450. GN1450. Intravenous menstrual cycle study (fertility evaluation) in the
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female cynolnolgus monkey '.
" The effects of trastuzumab treatment on female sex hormone levels and mieistrual cycle duratlon were

" evaluated in cynomolgus monkeys. Six animals per group were treated for 3 menstrual cycles with
vehicle control (GN1450 vehicle, composition not specified), or 1, 5, or 25 mg/kg/dose trastuzumab i/v,.

" starting on Days 1-4 of treatment cycle 1, then twice weekly for the remainder of the treatment period..

Three observation cycles were monitored for each animal prior to initiating treatment, and animals were
also mionitored for one recovery cycle following completion of treaiment. Serum samples for
measurement of progesterone, 17-8 estradiol, and luteinizing hormone were obtained on Days 1, 4, 7, 10,
- 11,12,13,14, 15,18, 21, 24, and 27 of cycles 3,4, 5, 6-and 7. Samples for toxicokinetic evaluation of

© serum trastuzumab levels were obtained once pre-treatment, monthly during the treatment cycles, and
once during the second week of the recovery period.

There were no effects of trastuzumab treatment on clinical signs of toxicity, body weight, food
consumption, clinical chemistry or urinalysis profiles: Trastuzumab treatment had no remarkable effects
on the length of menstrual cycles, or the levels of, or timing to peak levels of the three female sex -
hormones measured. Toxicokinetic evaluation confirmed that exposure to trastuzumab was maintained
over the duration of the three treatment cycles, and declined between the Day 64 (treatment cycle 6) and
Day 98 (recovery cycle 7 samples. Mean trastuzumab serum concentrations for animals in the 1, 5, and
25 mg/kg/dose groups were 38, 205, and 1137 mcg/ml, respectively on sampling Day 4 (of Cycle 4). A
slight increase in mean serum levels-to 61, 360, and 1985 mcg/ml was observed for:the three respective
dose groups on Day 64, which then declined to 28, 308, and 1106 mcg/ml for the 1, 5, and 25 mg/kg/dose
groups, respectively, at the end of the recovery cycle on Day 98. There was no anti-trastuzumab antibody
_ detected by ELISA in any of the treated monkeys at any time point on study

In conclusion, the results of this study demonstrate ho adverse effects of trastuzunmb treatment on .

~ parameters associated with female fertility, including menstrual cycle duration and sex hormone levels, at
weekly doses of up to 25-fold greater than the human recommended dose of 2 mg/kg/week. These data:
support the labeling claims made by the sponsor in Section 13.2 of the PLR-formatted label, “Impairment
of Fertility.” :

Comment: For PLR labeling, data should be included from evaluation of both male and female fertility
parameters. The sponsor was requested to provide information regarding measurement of male fertility
(i.e., sperm counts, viability, motility, testicular and epididymal histopathology). In a follow-up
electronic mail message on January 11, 2008, the sponsor confirmed that male fertility parameters
following trastuzumab treatment have not been evaluated. The licensed indication for trastuzumab is
advanced breast cancer which is a disease predominantly of women, although occasional cases are
reported in men. The lack of data regarding the effects of trastuzumab on male fertility will be addressed
in Section 13.2 of the label. Please see “Suggested Language for Labeling,” below.
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SUGGESTED LANGUAGE FOR LABEL[NG

All labellng revisions to Sections 5 .6, Embryo-fe!af T oxicity (Pregnancy Categoty D), 8.1 Pregnancy
(Teratogenic Effects: Pregnancy Category D), and 8.3, Nursing Mothers have been completed and

" accepted by the sponsor. The following language is suggested for incorporation into Section 13.2,

Impairment of Fertility, regarding the effééts of trastuzumab treatment or parameters associated with -
fcmale fertility, and the lack of data to address the effects of trastuzumab on male .fertility

IC'urrent language in Iabe!

A fertility study o conducted in female cynomol gus monkeys at doses up to [©0@ times the weeldy :

recommended dose of 2 mg/kg Herceptin and has revealed no evidence of impaired fertlhty

Suggested revisions to current language:

A fertility study conducted in female cynomolgus monkeys at doses up to 25 times the weekly
recommended human dose of 2 mg/kg trastuzumab revealed no evidence of impaired fertility, as
measured by menstrual cycle duration and female sex hormone levels. Studies to evaluate the effects of
trastuzumab on male fertility have not been conducted.

A ddendum :

The above suggested language was conveyed to Genentech on January 14,"2008 and aceepted for -
incorporation into the PLR label on January 15, 2008. No further actions are requ:red from
pharmacology!toxwology to support the approval of this supplemenit. _
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1 Executive Summary of Statistical Findings

The sponsor, Genentech, Inc., is seeking supplemental labeling claims of Herceptin® [§)

®®

This review provides a summary of the clinical efficacy and safety results,
statistical issues and an overview of the studies submitted in this application.

1.1 Recommendations and Conclusions

Based on study BO16348, the interim analysis results from two of the three treatment
arms demonstrate that 1-year Herceptin arm had a significantly longer time to disease
free survival as compared with the observation arm (hazard ratio of 0.54 for 1-year
Herceptin arm versus observation arm, p-value<0.0001). The beneficial treatment effect
of 1-year Herceptin is consistent across various subgroup, such as age, race, nodal
status and HER2 assay results. '

Since the 2-year Herceptin data are not submitted, the protocol pre-specified
comparisons can not be completed. The comparison of 2-year Herceptin to observation
arm must be performed in order to determine whether there is any remaining alpha to
test secondary endpoints. In the current submission, any further evaluation of secondary
efficacy endpoints can not be interpreted.

The cardiac safety results demonstrated that the l-year Herceptin arm had higher
incidences of cardiac events based on the sponsor’s specified primary and secondary
cardiac event endpoints. The 1-year Herceptin arm also had higher incidence rate of the
worst post-baseline LVEF value <50% and >10% LVEF reduction from baseline.
However, since the interpretation of the primary and secondary cardiac endpoints is not
clear and the lack of pre-specified analysis of the LVEF assessment, further studies are
recommended to evaluate the effect of Herceptin on Cardiac endpoints.
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1.2 Brief Overview of Clinical Studies

Genentech submitted an international, multicenter, randomized, open-label, controlled
clinical trial (study BO16348) to evaluate the 1-year Herceptin as a single agent for
adjuvant treatment of HER-2 overexpressing breast cancer. Patients in the 1-year
Herceptin arm received Herceptin every 3 weeks by i.v. infusion over an approximate
90-minute infusion period for all doses.

The study was submitted to support the following proposed claim for Herceptin :

®) 4

Study BO16348 was conducted outside of the US by F. Hoffmann-La Roche Ltd and the
Breast International Group (B.1.G). Over 70% of the patients in this trial were from
Europe, Nordic, Canada, South Africa, Australia and New Zealand.

A stratified randomization scheme was used based on the nodal status, adjuvant
chemotherapy regimen, receptor status/endocrine therapy, age and region.

The primary endpoint of this study is disease-free survival and the secondary efficacy
endpoints include overall survival, recurrence-free survival and distant disease-free
survival.  The primary comparison was between each of the 1-year Herceptin arm
versus the observation arm using an unstratified log-rank test.

1.3 Statistical Issues and Findings
The primary efficacy result based on disease-free survival from study BO16348 shows
statistical significance in favor of l-year Herceptin arm. The hazard ratio of 1-year
Herceptin arm versus observation arm is 0.54 (95% C.I1.=[0.44, 0.67]) with p-value

<0.0001 based on a log-rank statistic.

The beneficial treatment effect of the 1-year Herceptin arm is consistently demonstrated
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in various subgroups such as age, race and nodal status, etc.

- The cardiac safety results demonstrated higher incidences of cardiac events in the 1-year

Herceptin arm (0.6% vs. 0.1% for the primary cardiac endpoint; 3.0% vs. 0.5% for the

secondary cardiac endpoint). In addition, the 1-year Herceptin arm had consistently
higher incidence of worst post-baseline LVEF value <50% (24.6% vs. 13.8% ) and
>10% LVEF reduction from baseline (9.0% vs. 3.2%).

There are some statistical issues related to the analysis:

Based on the original statistical plan, the primary comparisons are between the
observation arm versus 1-year Herceptin and the observation arm versus 2-year
Herceptin. The comparison of 2-year Herceptin to observation arm must be
performed in order to determine whether there is any remaining alpha to test
secondary endpoints. Since the 2-year Herceptin data are not available, the
protocol specified comparisons can not be completed. Therefore, further
evaluation of secondary efficacy endpoints may not be meaningful.

Since the sponsor’s primary and secondary cardiac endpoints are based on
composite measures which are not well documented, the interpretation of the
results is not clear. The information obtained from LVEF assessment may be
more informative. However since the definition of the change from baseline or
post-baseline value in LVEF is not pre-specified and the choice of cut-off points

is not well justified, further study with longer follow-up with respect to the effect

- of Herceptin on cardiac events and LVEF function is recommended.

2 Introduction

This section provides an overview of the submitted trials.

2.1 Overview

This subsection. provides a background of the design of the submitted trial, the data

analyzed and the source, and any major statistical issues.



2.11 Background_

Genentech submitted the results from a multicenter, randomized, open-label, controlled
@

clinical trial for Herceptin
A
stratified randomization scheme was used for this study.

The primary efficacy endpoint of this trial is disease-free survival and the secondafy
efficacy endpoints include overall survival, recurrence-free survival and distant disease-
free survival. The primary comparisons for disease-free survival is between each of the
1-year Herceptin arm versus observation arm.

This trial was sponsored by the Breast International Group and F. Hoffmann-I.a Roche,
Ltd., Genentech, Inc. provided additional financial support.

In November, 2006, the agency approved Herceptin, as part of a treatment regimen
containing doxorubicin, cyclophosphamide, and paclitaxel, for the adjuvant treatment of
HER2-positive node-positive breast cancer. Adjuvant therapy is given to women with
early-stage (localized) breast cancer who have had initial treatment surgery with or
without radiation therapy. The approval was based on data from an interim joint
analysis of more than 3,700 patients enrolled m two Phase II1 clinical trials. These
results showed that the addition of Herceptin to standard adjuvant therapy (i.e.
doxorubicin and cyclophsphamide followed by paclitaxel plus Herceptin : AC—>T+H)
significantly reduced the risk of disease recurrence (a hazard ratio of 0.48 with 95%
C.I.=[0.39, 0.59]) as compared with standard adjuvant therapy arm alone ( i.e.
doxorubicin and cyclophsphamide followed by paclitaxel alone) in women with HER2-
positive breast cancer.

2.1.2 Major Statistical Issues

The major statistical issues are summarized below:
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e Based on the original statistical plan, the primary comparisons are between the

observation arm versus 1-year Herceptin and the observation arm versus 2-year
Herceptin. Since the 2-year Herceptin data is not available, the protocol
specified comparisons can not be performed and the remaining alpha can not be
determine for the secondary endpoints. Therefore, further evaluation of
secondary efficacy endpoints may not be meaningful.

e Since the sponsor’s primary. and secondary endpoints are based on composite
measures which are not well documented, the interpretation of the results is not
clear. The information obtained from LVEF assessment may be more
informative. However since the definition of the change from baseline or post-
baseline value in LVEF is not pre-specified and the choice of cut-off points is not
well justified, further study with longer follow-up with respect to the effect of
Herceptin on cardiac events and LVEF function is recommended.

22 Data Sources

Data used for review is from the electronic submission received on 12/12/06. The
network path isin :

\\Cbsap58\m\EDR Submissions\2006 BLA\DCC60002776\blamain\crt\datasets\BO163438.

3 Statistical Evaluation

The efficacy and safety analysis results will be presented in this section for protocols
BO16348.

3.1 Evaluation of Efficacy

3.1.1 Introduction

This was an open-label, three-arm, multicenter study. Upon completion of definitive
surgery and systemic adjuvant chemotherapy, patients were randomized on a 1:1:1 basis
to



e No Herceptin (observation),

e One year of Herceptin treatment arm, and
o Two years of Herceptin treatment arms.

In this data submission, only data from the observation arm and 1-year Herceptin arm
were submitted. For all discussions in this review, the Herceptin arm was referring to
the 1-year Herceptin arm.

Patients were stratified prior to randomization based on a number of prognostic and
other factors that could impact the patients’ outcome (see the following table).
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Table 1 Stratification Factors Used in the HERA Trial

1. Nodal status :
(1) Any nodal status, neo-adjuvant chemotherapy (nodal status unknown prior to chemotherapy)
(2) No positive nodes, no neoadjuvant chemotherapy
(3) 1-3 nodes positive, no neoadjuvant chemotherapy
(4) >4 nodes positive, no neoadjuvant chemotherapy
2. Adjuvant chemotherapy regimen:
(1) no anthracyclines or taxanes
(2) anthracyclines but no taxanes
(3) anthracyclines + taxanes
3. Receptor status and endocrine therapy *°*:
(1) Negative
(2) Positive and no endocrine therapy
(3) Positive and endocrine therapy
4. Age:
(1) <35 years
(2) 35 - 49 years
(3) 50 - 59 years
(4) >60 years
5. Region
(1) Europe, Nordic Countries, Canada, South Africa, Australia, New Zealand
(2) Asia Pacific and Japan !
(3) Eastern Europe
(4) Central and South America

& Patients with synchronous bilateral breast primarics: Stratification was based on the highest stage tumor
® Hormone receptor status was based on local lab for both estrogen and progesterone receptors, or estrogen

receptors alone for centers that did not routinely measure progesterone receptors. Actual values obtained
from assays were used to define cohorts for exploratory analyses.
¢ Endocrine therapy included tamoxifen, anastrozole (Arimidex) and ovarian ablation. Chemotherapy induced

amenorrhea was not considered endocrine therapy.

A minimization procedure according to Pocock and Simon (Biometrics, 1985) was used
to allocate patients to the treatment arms in order fo secure a balance between the
treatments for stratification factors. Randomization was performed by an automated
Interactive Voice Response System (IVRS).

Eligible patients must be 18 years or older, have Eastern Cooperative Oncology Group
(ECOG) performance status < 1, non-metastatic operable primary invasive
adenocarcinoma of the breast (histologically confirmed, adequately excised), axillary
node positive or negative and tumor size > Tlc according to TNM, known hormone
receptor status (ER/PgR or ER alone), received at least four cycles of an approved (neo-)



adjuvant chemotherapy regimen, baseline LVEF > 55% measured by echocardiography
or MUGA scan, completion of (neo-)adjuvant chemotherapy or radiotherapy and HER2-

overexpressing(determined by IHC 3+ or FISH positive) on the primary tumor as well as
other inclusion/exclusion criteria.

Patients were randomized up to a maximum of 7 weeks following day 1 of the last
chemotherapy cycle or a maximum of 6 weeks from the end of radiotherapy or definitive
surgery, whichever occurred first. Whenever possible, the first dose of Herceptin was
given .Within a maximum of 2 weeks after randomization. |

This trial was conducted in 478 centers across 39 countries, all of them are outside of
U.S.. Over 70% of patients population came from Europe, Nordic, Canada, South
Africa, Australia and New Zealand.

Patients in the 1-year Herceptin arm received Herceptin every 3 weeks by i.v. infusion.
The initial infusion was given at a loading dose of 8 mg/kg and subsequently mnfusion
were given at a dose of 6 mg/kg. Herceptin was administered over an approximate 90-
minute infusion period for all doses.

The primary objective of this study is

o To compare disease-free survival (DFS) in patients with HER2 over-expressing
breast cancer who have completed acceptable adjuvant chemotherapy and
radiotherapy, if applicable, and who have been randomized to Herceptin for one
year versus no Herceptin.

e To compare disease-free survival (DFS) in patients with HER2 over-expressing
breast cancer who have completed acceptable adjuvant chemotherapy and
radiotherapy if applicable, and who have been randomized to Herceptin for two
years versus no Herceptin.

The secondary objectives of this study are



e To compare overall survival (OS) in patients randomized to no Herceptin versus

one year of Herceptin, and in patients randomized to no Herceptin versus two
years of Herceptin. ' '

e To compare recurrence-free survival (RFS) in patients randomized to no
Herceptin versus one year of Herceptin, and in patients randomized to no
Herceptin versus two years of Herceptin.

e To compare distant disease-free survival (DDFS) in patients randomized to no
Herceptin versus one year of Herceptin, and in patients randomized to no
Herceptin versus two years of Herceptin.

e To evaluate safety and tolerability of Herceptin. _

e To compare the incidence of cardiac dysfunction in patients treated and not
treated with Herceptin.

Efficacy assessments schedule

It is advised that patients fo be seen at approximately every 3 months for the first 2
years, every 3-6 months for years 3-5 and every 6-12 months beyond five years after the
end of primary therapy. In this study, patients were seen for evaluation at weeks 13, 25,
37,52, 64,79, 91, 103 (treatment period), at week 56 and 107 (for safety follow-up
after completion/discontinuation of treatment period), every three months for the first 2
year, and every six months thereafter up to year 5 post randomization, then yearly up to
year 10 (follow-up visit).

Radiological examinations occurted at baseline, weeks 52, 64, 79, 91 (103 for 2-year
Herceptin), and yearly up to 5 year. In the case of a solitary bone lesion, a radiological
examination was to be repeated in three months.

In addition, all patients were followed for survival once a year after completion or
discontinuation of the study treatment period for any reason (e.g. disease recurrence,
toxicity, experiencing a cardiac event leading to discontinuation of study treatment etc)
unless the patient withdrew consent to participate in the study. Survival data will be
collected until 10 years after randomization of the last patient into the study.
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Cardiac safety assessments and Schedule

Due to the concern of cardiac dysfunction in patients received Herceptin in combination
with anthracyclines in the chemotherapy plus Herceptin studies, cardiac safety was
monitored in all patients through out the trial.

Cardiac monitoring(including ECG, LVEF and signs/symptoms, etc) was conducted
every 3 months in the first 6 months, then at 1 year, every 6 months during the first 3
years and year 5.

Patients’ LVEF (Left Ventricular Ejection Fraction) status was monitored either by
echocardiogram and/or MUGA scan during baseline visit, before the next scheduled
dose of Herceptin and the follow-up visits. throughout the trials. The same method was
encouraged to be used for all LVEF assessments for a patient. According to the
protocol, among the first 900 patients enrolled, those with echocardiogram (or MUGA
scan) monitoring of LVEF function had to have all echocardiograms (or radiology
reports) sent to Core Lab for independent review within 4 weeks of the examination.

The primary responsibility of the Core Lab was to provide blinded review the quality of
echocardiography videotapes obtained at baseline, after 3, 6 months after start of
Herceptin treatment or observation for the 900 patients. In general results of the review
of cardiac monitoring video tapes would override ech;)cardiography measurements done
at the study site.

The numbers of patients randomized, treated and pre-mature withdrawals were
summarized in the following table:
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Table 2 Summary of the Number of Patients

Study Duration Population Observation Herceptin
‘ 1-year
BO16348 11/30/01- Randomized 1693 1693
ongoing (first Not Treated . 19 (1.1%) %
patient in: Receive Herceptin -~ 4 (<1%) ° 1674 (98.9%)
12/7/01; last
patient in :
3/11/05) Safety population© 1708 1678
Clinical cut-off  Pre-mature 267 - 218
date : 3/29/05 withdrawals (267/1708=16%) (218/1678=13%)
(database closure
on 10/07/05)

* This group did not receive Herceptin and will be counted as safety population in observation arm.
® This is from observation arm and will be counted as safety population in Herceptin 1-year arm.

¢ Defined as all randomized patients who received Herceptin prior to recurrence or not.

Reviewer’s comment :

o While the sponsor indicated that 19 patients in the I-year Herceptin arm did not
receive Herceptin, this reviewer found 21 patients in the 1- year Herceptin arm
did not have Herceptin exposure data. The sponsor explained the discrepancy in
the Feb. 13, 2007 response as that the two patients (patients O gnd

®©) qalthough did not have at least one record of Herceptin exposure,

had a potential to receive Herceptin since they have not yet experienced disease
recurrence. These two patients were therefore included in the 1-year Herceptin

arm of the safety analysis population.

At the time of the interim analysis, three protocol amendments had been made to the
original protocol (version A, dated 6/5/01). The statistical analysis related amendments

are summarized as follows:

Protocol version B (dated 12/3/01)
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Define the primary cardiac endpoints/symptomatic congestive heart failure.

Schedule of assessments and procedures — include time windows.

Protocol version C (dated 11/25/02)

Allow inclusion of patients with positive surgical margins based on specific
conditions. Since this subgroup of patients may have different prognosis and
outcome, the steering committee (SC) decided to require free positive surgical
margins in patients to be randomized.

Change HER?2 testing strategy — require central reconfirmation of local HER2
status. .

Adjustment of number of events required for efficacy interim and primary
analysis (see description of the interim analysis later in this section).

Protocol version D (dated 11/13/03)

Increase sample size (see sample size calculation section later).

Allow concomitant hormonal therapy with Anastrozole (Arimidex).
Clarification of target population — exclude patients taken anti-tumor agents
acting on certain member of HER family of receptors (e.g. Iressa) ; Also, the
definition of non-metastatic disease was revised based on a new version of the
TNM(tumor-node-metastasis) nomenclature.

Revision of acceptable chemotherapy regimens.

One interim efficacy analysis was planned to compare Disease Free Survival (DFS)

between the 1-year Herceptin arm versus the observation arm and 2-year Herceptin

versus the observation arm. The O’Brien-Fleming procedure implemented by Lan and

DeMets method was used for the interim analysis. This interim analysis was planned to
be performed after half of the calculated 951 events had been observed (i.e. 475 events).
The interim analysis was performed by an independent statistician and the results were

presented to IDMC (Independent Data Monitoring Committee).

The protocol specified that two comparisons would be performed between each of the
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Herceptin arm versus the observation arm. A step-down adjustment procedure of the

Bonferroni method (proposed by Holm) would be used for the analyses. Based on this
procedure, the significance levels for the most significant pair-wise comparison were
0.001 for the interim analysis and 0.0247 for the final analysis. If the significance was
reached, the significance levels for the second pair-wise comparison were to be 0.002 for
the interim analysis and 0.0494 for the final analysis. This procedure assured that the
overall study-wise significance level was controlled at 0.050 level.

Three interim analyses for cardiac endpoints were also planned : after the first 300, 600
and 900 patients had been enrolled and treated for 6 months. If an absolute difference of
more than 4% in the incidence of primary cardiac endpoints was observed between the
l-year Herceptin arm versus the observation "arm, the IDMC was to consider

recommending stopping or modifying the trial.

Reviewer’s comments:

e On March 294, 2005, 475 events had been recorded on the clinical database
(clinical cut-off). The interim analysis was performed on April 25m, 2005. The
results showed significant results in favor of Herceptin treated arm and the
IDMC recommended to the HERA Steering Committee the disclosure of data
from 1- year Herceptin arm and the observation arm. This current review is
based on the database that was used for the interim analysis.

o There is no interim analysis planned for overall survival.

The sponsor provided Roche statistical analysis plan (dated 1/17/06, version 7; for filing
in Europe after significant efficacy interim analysis) for the submission. Since the
history of the statistical anaiysis plan (SAP) is not clear and the most current SAP
available was finalized after the database unblinded, this review used the methods
presented in he protocol (version D, dated 11/13/03). However, it is noted that
sponsor’s analyses basically follow Roche’s SAP and the basic approaches written in the
Roche’s SAP and the protocol were very similar.

13



3.1.2 Efficacy Endpoints

Primary Efficacy variable
The primary efficacy variable, Disease Free Survival (DFS), was defined as the time

between randomization and the date of first event. An DFS event was defined as any
loco-regional or distant recurrence of breast cancer, the development of secondary
primary cancer other than basal or squamous carcinoma of the skin and carcinoma in
situ of the cervix, or death from any cause without documentation of one of

these events. LCIS (Lobular carcinoma in situ) was not considered as an event.
Diagnosis of a second primary cancer had to be confirmed histologically whenever
possible.

Patients without an event will be censored at the last follow-up date.

Reviewer’s comment :

1t is noted that the sponsor’s calculation was based on Roche’s SAP (dated on 1/17/06)
in which the censoring date is defined as the last date of ‘last radiological exam’, ‘last

LVEF assessment’, ‘date of randomization’, ‘last contact’ or ‘last survival follow-up .

Secondary efficacy variables

The protocol specified the following variables as the secondary efficacy endpoints:

e Overall Survival : Defined as the time from randomization to death due to any
cause. Patients who were still alive at the time of analysis were censored at date
of the last follow-up (defined as the last date of ‘last radiological exam’, ‘last
LVEEF assessment’, ‘date of randomization’, ‘last contact’, ‘last survival follow-
up’ or ‘last post study treatment’ in Roche’s SAP).

o Recurrence Free Survival (RFS) : Defined as the time from randomization to the
first local, regional and/or distant tumor recurrence. Patients without an event
were censored at date of the last follow-up (defined as the first date of second
primary cancer, contralateral breast cancer or death without evidence of disease
recurrence, or the last date of ‘last radiological exam’, ‘last LVEF assessment’,
‘date of randomization’, ‘last contact’, or ‘last survival follow-up’ in Roche’s
SAP).
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e Distant Disease-free Survival (DDFS) : Defined as the time between
randomization and the date of the first distant tumor recurrence, second primary

cancer, or contralateral breast cancer, whichever occurred first. Patients who had
died without evidence of disease, the censoring time is the date of death. Patients
without events, were censored at the date of last follow-up (defined as “last
radiological exam’, ‘last LVEF assessment’, ‘date of randomization’, ‘last
contact’ or ‘last survival follow up’ in Roche’s SAP).

Other Efficacy Variables
The statistical analysis plan also considered other secondary efficacy variables : Time to

Recurrence (TTR), Time to distant Recurrence (TTDR), Disease Free Survival from
definitive surgery (DFSS) and Overall Survival from Definitive Surgery (OSS).

Since these variables were not pre-specified in the protocol, no further discussion will be
provided.

Reviewer's comments:
o The sponsor did not pre-specify any testing procedure for the secondary endpoints in
order to obtain a secondary claim.

3.1.3 Safety Endpoints

Primary Cardiac Endpoint

The event occurred at any time after randomization, but prior to the start of any new
therapy includes:

e Symptomatic congestive heart failure of NYHA (New York Heart Association)
class Il or I'V (confirmed by a cardiologist) and a drop in LVEF of at least 10
EF points (%) from baseline and to below 50%.
o Cardiac death defined as either :
— Definite cardiac death: due to CHF (Congestive Heart Failure) cardiac
infarction or documented primary arrhythmia;
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— Probable cardiac death: sudden unexpected death within 24 hours of a
definite or
— Probable cardiac event (syncope, cardiac arrest, chest pain, infarction,
_arrhythmia, etc.) without documented etiology.

All primary cardiac endpoints, as defined above, were to be reported as serious adverse
events (SAEs) irrespective of treatment allocation.

Secondary Cardiac Endpoint

A secondary cardiac endpoint could occur any time after randomization, but prior to the
start of any new therapy for recurrent disease, and was defined as:

e A significant asymptomatic (NYHA class I) or mildly symptomatic (NYHA
class II) drop in LVEF identified by MUGA scan or echocardiogram, unless the
following L VEF assessment indicated a return to levels which did not meet the
definition of a significant LVEF drop. NYHA class IT CHF had to be confirmed
by a cardiologist. A significant LVEF drop is defined as a drop in LVEF of at
least 10 EF points from baseline and to below 50%.

A repeat assessment had to be performed approximately 3 weeks after the first
significant LVEF drop. If the repeat assessment of NYHA class I CHF by a
cardiologist was not available, the Cardiac Advisory Board (CAB) would review the
case to determine the secondary cardiac event.

In Roche’s SAP (version 7, dated 1/17/06), a computation specification and algorithm
for the secondary cardiac endpoint were provided. It indicated that two sources were
used for identify potential secondary cardiac endpoint : LVEF records on CRF pages and
the results from the CAB review.

3.1.4 Sample Size Consideration

There were two changes in the sample size section in this study :
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In Amendment C -- the sponsor used statistical package EaSt to compute the sample
size, stopping boundary and target number of events for the primary and interim efficacy

analyses. This resulted in a slight change to the required number of events, i.e. from a
total of 930 events to a total of 951 events (for the first pair-wise comparison : from 639
to 634). Also, the required number of events for the interim analysis change from a total
of 465 events to 475 events. Originally, the number of events required was calculated
based on the method proposed by Collett (Chapman & Hall, 1994). '

In Amendment D — The sponsor changed the assumption for the 5-year DFS rate for
control group from 60% to 65% due to the concern of more patients with lymph node
(LN) negative disease were being entered and fewer patients with 1-3 positive LNs.-
Based on this change, the total 4482 patients (1494 in each three arms) were planned to
be randomized over 3 year instead of 3192 patients (1064 in each three arms)
randomized over 4 years in earlier plan. It is noted that the number of events for the

~ interim and final analyses was not changed (475 and 951 events for interim and final
analyses, respecﬁvely).

Since the original design has two pair-wise comparisons, the alpha level was adjusted
following a step-down adjustment procedure of the Bonferroni method as proposed by o
Holm (1979, Scan. Journal of Statistic. See Efficacy Analysis Method section for
| details). The sample size is calculated based on the most significant of the two
comparisons (at an alpha level of ¢/2=0.025) and the following assumptions:

e The 5-year DFS rate on the observation arm is 65%;

e A 23% reduction in the risk of an event for DFS is considered a clinically
meaningful benefit. This corresponds to a risk ratio of 0.77 and a 5-year DFS rate
for the Herceptin of 71.8%; -

e Recruitment was 1 case in 2001, 173 from January to June 2002, 519 from July
2002 to December 2002, 1021 from January 2003 to June 2003, and assumed to
be 170 per month after June 2003. Total enrolment of 4482 patients should be
completed in approximately 3 years. The accrual rate in EaSt was adjusted
(annualized) to account for the slow start. Calculations used an annualized
recruitment rate of 1992 patients per year over 2.25 years;

e The follow-up period after accrual terminated was to be 2 years;

17



e 5% drop-out rate.

With these assumptions, 1494 patients per treatment arm were required to achieve an
80% power to detect a hazard ratio of 0.77 at a two-sided significance level <0.025.
This calculation is based on a log-rank test, assuming that 634 events are seen for the
most significant of the two pair-wise comparisons and one interim analysis and one final
analysis are planned. This leads to a target sample size of 4482 patients and a target
number of 951 events in the study. '

Reviewer’s comments.

e The sponsor indicated that the actual number of patients recruited (n=5090 for
all three arms) exceeded the planned enroliment (n=4482) by approximately 600
patients). In the submitted data including only 2 arms, the actual recruited data
(n=3386) exceeded the planned enrollment (n=2988) by 398. The sponsor
explained that this was primarily the result of a long potential lag time between
screening and randomization (Note: randomization took place up to a maximum
of 7 weeks from Day I of the last chemotherapy cycle, or 6 weeks from the end of
radiotherapy or definitive surgery, whichever was last).

3.1.5 Efficacy Analysis Method

Full analysis set (FAS) defined as all randomized patients. irrespective of Herceptin
treatment actually received and eligibility, will be used for the primary analysis. The
safety population, consists of all randomized patients based on whether they received
Herceptin prior to recurrence or not, will be used for the safety analysis. The safety
population will group patients to the arm in which the patients actually received their
treatment, regardless of how they were randomized.

The protocol specified that two comparisons would be performed between each of the
Herceptin arm versus observation arm. A step-down adjustment procedure of the
Bonferroni method as proposed by Holm based on the unstratified log-rank test would
be used for the analyses. In the Holm’s procedure, the testing is conducted in a
decreasing order of significance. The smallest of the p-value is tested at a level of /2.
If the corresponding hypothesis is rejected, the second p-value is tested at a level of a,
otherwise both the null hypotheses that there is no treatment difference in hazard rates

18



between treatment arms are accepted. The overall significance level was controlled at o

level.

For this review purpose, the primary analysis will be based on the comparison between
the Herceptin 1-year arm versus observation arm. The Kaplan-Meier curves would be
displayed and the two year DFS rates and the 95% confidence limits (CL) for these are
given for each treatment group. The hazard ratios and its 95% CL would be displayed
as well. '

Similar analyses strategy like those for the primary efficacy endpoint analysis were used
for the analysis of the secondary efficacy endpoints, such as overall survival, recurrence
free survival (RFS) and distant disease free survival (DDFS).

3.1.6 Safety Analysis Method

Based on Roche’s statistical analysis plan (dated 1/17/06), the incidence of primary
cardiac event will be summarized along with the 95% confidence interval based on
Pearson-Clopper’s method (Biometrika, 1934). The difference in incidence will be
presented and the Hauck-Anderson approach (The American Statistician, 1986) will be
used to calculate the 95% confidence interval for the difference.

Similar analysis strategy will be used for the secondary cardiac endpoint.

For exploratory analysis, time-to-event analyses (similar to the analysis for the primary
efficacy endpoint) based on primary, secondary cardiac endpoint or combined primary
and secondary cardiac endpoint were performed.

3.1.7 Sponsor’s Results and Statistical Reviewer’s Findings/Comments

The sponsor’s submitted data is based on the database closed on 10/07/05 with 3/29/05
as the clinical cut-off date.

A total of 13% and 16% of patients had premature withdrawals from the study for 1-year

Herceptin and observation arm, respectively. Within these early withdrawals, 6% and
less than 1% of patients in the 1-year Herceptin and observation arm, respectively,
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prematurely withdrew from the study due to safety concern.

Table 3 Sponsor’s Summary of Premature Withdrawals by Reason (Safety
population) (study bo16348)

Observation Herceptin
1-year
| (n=1708) (n=1678)
Safety 4 (<1%) - 100 (6%)
Adverse Event ] "97
Death 3 3
Non safety 263 (15%) 118 (7%)
Insufficient therapeutic response 148 (9%) 69 (4%)
Violation of selection criterié at 6 5
entry
Other protocol violation 1 0
Refuse treatment H08(5%) | A012%)
Failure to return 6 1
Other 2 3
Total 267 (16%) 218 (13%)

In the original submission, there is no summary of protocol deviations. In response to
the agency’s request (teleconference on 1/31/07), the sponsor provides a summary of
protocol deviation from baseline eligibility criteria (see sponsor’s response from the
2/13/07 submission). Most of the deviations appear to be compatible between treatment
arms and include less than 1% of the population except that

e 2.4% and 1.7% of patients did not complete more than 4 cycles of chemotherapy,

for observation and 1-year Herceptin arm, respectively.
o 1.4% and 1.3% of patients had the LVEF assessment done prior to completion

of chemotherapy, for observation and 1-year Herc'eptjn arm, respectively.

e 6.4% and 6.7% of patients whose baseline chest imaging not completed within 6

months prior to randomization, for observation and 1-year Herceptin arm,

respectively.
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e 4.0% and 5.0% of patients whose screening mammogram not completed within 1

year prior to randomization, for observation and 1-year Herceptin arm,
respectively.

The sponsor also provides a summary of on-study protocol deviation (dated 5/8/07),
some notable deviations include : |

e The percentage of patients who had missing LVEF assessments at one or more
scheduled visits are higher in the observation arm (4.2% versus 2.3% for the
observation arm and 1-year Herceptin arm, respectively).

e The percentage of patients who did not have a safety follow-up is higher in
observation arm (16.4% versus 7.0% for the observation arm and 1-year
Herceptin arm, respectively).

e The percentages of patients who received concomitant chemotherapy after
randomization and before documented disease recurrence are compatible
between treatment arms (2% and 1.7% in the observation and 1-year Herceptin
arm, respectively).

3.1.7.1 Baseline Characteristics

A summary of patient characteristics based on the stratification characters provided by
the sponsor are shown in the following table. It indicates that only few patients received
neo-adjuvant (about 10 to 11%) chemotherapy, about 68% of the patients in both arms
received anthracyclines (but no Taxanes), approximately 50% of patients with receptor
positive or negative in both treatment groups, the majority of patients are between 35 to
49 years old, and most patients were from Europe, Nodic countries, Canada, South
Africa, Australia and New Zealand region.
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Table 4 Sponsor’s Summary of Population Characteristics by Stratification
Factors at Baseline (Study bo16348)
Observation Herceptin
1-year
(n=1693) (n=1693)
Nodal Status
Any Nodal Status, neo-adj chemotherapy 176 ( 10.4%) 190 ( 11.2%)
No Positive Nodes, no neo-adj chemotherapy 555 (32.8%) 543 (32.1%)
1-3 Nodes Positive, no neo-adj chemotherapy 490 (28.9%) 483 (28.5%)
>=4 Nodes Positive, no neo-adj chemotherapy 471 (27.8%) 477 (28.2%)
missing values 1(0.1%) 0 ( 0.0%)
Adjuvant Chemotherapy Regimen'
No Anthracyclines or Taxanes 99 (5.8%) 97 ( 5.7%)
Anthracyclines but no Taxanes 1154 ( 68.2%) 1150 ( 67.9%)
Anthracyclines + Taxanes 438 (25.9%) 443 (26.2%)
Receptor Status and Endocrine Therapy
Negative . 841 (49.7%) 838 (49.5%)
Positive and no Endocrine Therapy 34 (2.0%) 53 (3.1%)
Positive and Endocrine Therapy 818 (48.3%) 802 (47.4%)
Unknown 0 (0.0%) 0 ( 0.0%)
Age group '
<35 years 126 ( 7.4%) 126 ( 7.4%)
35 - 49 years 749 ( 44.2%) 751 ( 44.4%)
50 -39 years 546 (32.3%) 546 (32.3%)
>= 60 years 272 (16.1%) 270 ( 15.9%)
Missing and invalid values 0 ( 0.0%) 0 (0.0%)
Region
Europe, Nordic Countries, Canada, 1222 ( 72.2%) 1208 ( 71.4%)
South Africa, Australia, New Zealand
Asia Pacific and Japan 202 ( 11.9%) 202 (11.9%)
Eastern Europe 175 (10.3%) 189 ( 11.2%)
Central and South America 94 ( 5.6%) 94 ( 5.6%)

! Patients may have received other, non-predefined therapies
Reviewer's comment: _

e It is noted that among patients who had node-negative disease, more than 90%
had tumor that were at least 1.0 cm in diameter and 45% of these patients had at
least 2.0 cm in diameter of tumor size.

The following table summarizes the demographic data at baseline. The distribution of
these demographic data appears to be balanced between treatment arms. The results
shown that 83-84% of the patients are Caucasian, the mean age is 49 years old, the
average weight is 67-68 kg and the average height is 162 cm. Also, the majority of the
women (86-87%) are non-smokers. Approximately, 44% and 42% of patients had
postmenopausal status for the observation and 1-year Herceptin arm, respectively.
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Table § Sponsor’s Summary of Demographic and Characteristics at Baseline

(Study BO16348)
Observation Herceptin
1-year
(n=1693) (n=1693)
Sex
~ Male . -
Female 1693 (100%) 1693 (100%)
n 1693 1693
Race
Caucasian 1411 ( 83%) 1414 ( 84%)
Black 5(<1%) 9(<1%)
- Oriental 213 (13%) 213 (13%)
Other 64 (4%) 57 (3%)
n 1693 1693
Age in years
Mean (SEM) 49.2 (0.24) 49.0 (0.24)
SD 10.08 10.05
Median (Min-Max) 49.0 (23-77) 49.0 (21-80)
n - 1693 1693
Weight in kg
Mean (SEM) 6743 (0.318) 67.98 (0.320)
SD 13.009 13.142
Median (Min-Max) 65.00 (40-137.5) 66.00 (36-149.0)
. n 1675 1686
Height in cm
Mean (SEM) 162.0 (0.17) 162.0(0.17)
SD 7.16 7.17
Median (Min-Max) 162.0 (136-196) 162.0 (129-185)
n 1689 1688
Female reproductive status
Postmenopausal 745 (44%) 718 (42%)
Surgically Steril. 215 (13%) 206 ( 12%)
With Cont. Prot. 723 (43%) 763 (45%)
Without Cont. Prot, 8 (<1%) 6 (<1%)
n 1691 1693
Does subject consume tobacco?
No 1470 ( 87%) 1450 ( 86%)
Yes 223 ( 13%) 243 ( 14%)
n 1693 1693

A summary of early breast cancer history is presented in the following table. The |

distribution of these early breast cancer history appear to be compatible between

treatment groups. The median duration of breast cancer is 8 months. .- The majority of

the patients presented with one-sided breast cancer while less than 1% of patients

presented with bilateral breast cancer. The median pathologic tumor size and clinical
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tumor size are 22 mm and 40 mm, respectively and are the same for both treatment

arms. Some patients were diagnosed with more than one cancer subtype, but the

majority of patients (94-95%) had ductal breast cancer subtype. The majority of patients
had G3 (poorly/undifferentiated) histological grade (about 60% in both treatment arms).

Table 6 Sponsor’s Early Breast Cancer History at Baseline (Study BO16348)

Observation Herceptin 1-year
(n=1693) (n=1693)
Duration of Disease at Randomization (months)
n ' 1693 1693
Median (Min-Max) 8(3-20) 8(3-20)
Location of Tumor
n 1693 1693
Right 789 (46.6%) 843 (49.8%)
Margins free 769 (45.4%) 825 (48.7%)
Margins not free 18 ( 1.1%) 18 (1.1%)
Left 893 ( 52.7%) 843 (49.8%)
Margins free 876 (51.7%) 822 (48.6%)
Margins not free 16 (0.9%) 20(1.2%)
Bilateral 11 (0.6%) 7 (04%)
Both Margins free 10 ( 0.6%) 7(04%)
Right Margins free only 1 (0.1%) 0 ( 0.0%)
Left Margins free only 0(0.0%) 0 ( 0.0%)
Both Margins not free 0 (0.0%) 0 ( 0.0%)
Pathologic Tumor Size (mm)!
n 1649 1657
Median (Min - Max) 22 (0 -220) 22 (0-260)
Clinical Tumor Size (mm)',?
n 193 214
Median (Min — Max) 40 (0 -170) 40 (0-200)
Breast Cancer Subtype
n 1692 1693
Ductal 1598 ( 94.4%) 1600 ( 94.5%)
Lobular 89 (5.3%) 97 (5.7%)
Medullary 23 ( 1.4%) 22 (1.3%)
Tubular 12 ( 0.7%) 13 (0.8%)
Mucinous 16 ( 0.9%). 13 ( 0.8%)
Comedo 120 ( 7.1%) 134 ( 7.9%)
Inflammatory 2 (0.1%) 3(0.2%)
Not known 0 ( 0.0%) 0 ( 0.0%)
Other 96 ( 5.7%) 88 (5.2%)
Histological Grade
n 1685 1682
Gx: Can't be assessed 77 (4.5%) 72 (4.3%)
G1: Well differentiated 38 (2.2%) 37(2.2%)
(G2: Moderately differentiated 557 (32.9%) 550 (32.5%)
G3: Poorly/Undifferentiated 1013 ( 59.8%) 1023 ( 60.4%)

' Largest diameter if both sides involved

2 Only for patients who received neo-adjuvant chemotherapy

24



All patients had their HER2+ status confirmed centrally, except 14 patients had not been
confirmed centrally (5 and 9 patients for observation and 1-year Herceptin arm,
respectively). THC or FISH tests were performed locally for initial screening. Patients
had 2+ and 3+ IHC scores based on local laboratory results would have the samples sent
to the central laboratory to be confirmed by FISH (if THC2+ locally).  The distribution
of the HER? status is balanced between treatment arms. The majority of patients had
IHC3+ only status (69% and 65% for observation and 1-year Herceptin arm,
respectively).

Table 7 Sponsor’s Summary of HER2 Status at Baseline (Study BO16348)

Observation Herceptin
) 1-year
(n=1693) . (n=1693)
Central Results
THC 3+ only 1160 ( 68.5%) 1098 ( 64.9%)
FISH (+) only 342 (20.2%) 382 (22.6%)
THC 3+ and FISH (+) 38 (2.2%) 53 (3.1%)
IHC 2+ and FISH (+) 148 ( 8.7%) 151 (8.9%)
Local Results
IHC 2+ only 136 ( 8.0%) 146 (8.6%)
IHC 3+ only 1340 (79.1%) 1312 ( 77.5%)
FISH (+) only 18 (1.1%) 21 (1.2%)
[HC 3+ and FISH (+) ' 123 (7.3%) 132 (7.8%)
Other _ 76 (4.5%) . 82 (4.8%)

Reviewer's Comment :
o The agreement between the central and local HER?2 status results is
approximately 64%, i.e. 64% of the patients had the same HER?2 testing status :
IHC3+ only, FISH(+) only, IHC3+ and FISH(+), IHC 2+ and FISH (+)..

In general, the proportion of patients with positive oestrogen receptor and progesterone
receptor are compatible between treatment groups. There were more oestrogen receptor
positive patients (45% for each arm) than the progesterone receptor positive patients
(32% vs. 36% for observation arm and 1-year Herceptin arm, respectively). Over 50%
of the patients in either arms had either positive Oestrogen receptor or progesterone

receptor status.
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Table 8 Sponsor’s Summary of Hormone Receptor Status at Baseline (Study

B0O16348)
Observation Herceptin
1-year
(n=1693) (n=1693)
Oestrogen receptor status
n 1693 (100.0%) 1693 (100.0%)
Positive 766 (45.2%) 768 (45.4%)
Negative 927 (54.8%) 924 ( 54.6%)
Unknown 0 (0.0%) 1(0.1%)
Progesterone receptor status
N 1693 (100.0%) 1693 (100.0%)
Positive 542 (32.0%) 610 (36.0%)
Negative 1064 ( 62.8%) 1013 ( 59.8%)
Unknown 87 (5.1%) 70 (4.1%)
Oestrogen and Progesterone receptor status'
n 1693 (100.0%) 1693 (100.0%)
ER Positive/PgR Positive 456 ( 26.9%0) 523 (30.9%)
ER Positive/PgR Negative 250 (14.8%) 207 (12.2%)
ER Positive/PgR Unknown 60 (3.5%) 38 (2.2%)
ER Negative/PgR Positive 86 (5.1%) 86 (5.1%)
ER Negative/PgR Negative 814 ( 48.1%0) 806 (47.6%)
ER Negative/PgR Unknown 27 (1.6%) 32 (1.9%)
Other 0 (0.0%) 1 (0.1%)

! Patients with ER status unknown are excluded

All patients in this study receive surgery for early breast cancer. The most frequent used
procedure is the modified radical mastectomy (48 vs. 49% for observation arm and 1-
year Herceptin arm, respectively) and the second most frequent used procedure is the
Quadrantectomy/Segmentectomy (30 vs. 31% for observation arm and 1-year Herceptin

arm, respectively).

Approximately 95-96% of the patients had resection of axillary lymph nodes.
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Table 9 Sponsor’s Summary of Surgery for Early Breast Cancer (Study
B016348)
Observation Herceptin
1-year
(n=1693) (n=1693)
Resection of Primary Lesion 1693 (100.0%) 1693 (100.0%)
Lumpectomy 419 (24.7%) 371 (21.9%)
Quadrantectomy/Segmentectomy 503 (29.7%) 528 (31.2%)
Simple Mastectomy (Total) 98 (5.8%) 73 (4.3%)
Modified Radical Mastectomy 806 ( 47.6%) 821 (48.5%)
Radical Mastectomy (Halsted) 82 (4.8%) . 73 (4.3%)
Other 332 (19.6%) 371 (21.9%)
Resection of Axillary Lymph Nodes 1625 ( 96.0%) 1610 ( 95.1%)

Patients could record more than one surgical procedure.

Approximately 50% of the patients in each treatment arm received adjuvant endocrine
therapy. Tamoxifen alone is the most frequent endocrine therapy for both arms (31% for
each arm), followed by Tamoxifen+LHRH (6% for each arm) and Tamoxifen followed
by aromatase inhibitor (5% and 4% for observation only and 1-year Herceptin arm,

respectively).
Table 10 Sponsor’s Summary of Adjuvant Endocrine Therapy for Early
Breast Cancer (Study BO16348)
Observation Herceptin
1-year
(n=1693) (n=1693)
Patients with Adjuvant Endocrine Therapy 844 (49.9%) 828 (48.9%)
Tamoxifen alone 516 (30.5%) 521 (30.8%)
Al alone 75 (4.4%) 71 (4.2%)
LHRH alone 18 (1.1%) 13 (0.8%)
Ovarian Ablation alone 11 ( 0.6%) 7 (0.4%)
Tamoxifen -> Al 83 (4.9%) 63 (3.7%)
Tamoxifen + LHRH 93 (5.5%) 103 (6.1%)
Tamoxifen + Ovarian Ablation 16 ( 0.9%) 17 ( 1.0%)
Tamoxifen + LHRH -> Al 15 (0.9%) 10 (0.6%)
Tamoxifen + LHRH + Ovarian Ablation 2(0.1%) 3 (0.2%)
Tamoxifen + Ovarian Ablation -> Al 3(02%) 4 (02%)
Tamoxifen + Ovarian ablation + LHRH -> 1 (0.1%) 0 (0.0%)
Al
'LHRH > Al 9 (0.5%) 12 (0.7%)
LHRH + Ovarian Ablation 0(0.0%) 0(0.0%)
LHRH + Ovarian Ablation -> Al 1(0.1%) 2(0.1%)
Al + Ovarian Ablation 1(0.1%) 2(0.1%)

Al Aromatase Inhibitor; ->: followed by
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Reviewer’s Comment :
o This summary includes patients who received hormone therapy for early breast
cancer following surgery, chemotherapy and radiotherapy, but prior to the start
of the study (2.6% and 2.1% for observation arm and 1-year Herceptin arm,
respectively), as well as patients who continue hormone therapy after taking
study drug.

About 49% and 48% of patients in observation arm and 1-year Herceptin arm were
receiving concomitant hormone treatment for early breast cancer at baseline. Tamoxifen
was the most common used concomitant treatment for early breast cancer (42% of
patients in either treatment arm).

Table 11 Sponsor’s Summary of Concomitant Breast Cancer Hormone
Treatment (Study BO16348)
Observation Herceptin
1-year
- (n=1693) (n=1693)
ALL CLASSES
Total Pts with at Least one Treatment 822 (49%) 815 (48%)
Total Number of Treatments 1045 1018
ANTI-ESTROGENS
Total Pts With at Least one Treatment 713 (42%) 710 (42%)
TAMOXIFEN 713 ( 42%) 710 ( 42%)
Total Number of Treatments 714 711
AROMATASE INHIBITORS
Total Pts With at Least one Treatment 186 ( 11%) 160 ( 9%)
Total Number of Treatments 195 167
GONADOTROPIN AND ANALOGUES
Total Pts With at Least one Treatment 134 ( 8%) 137 ( 8%)
Total Number of Treatments 136 140

Ninety four percent of patients in either treatment arm received prior anthracycline
therapy (see the table for Summary of Population Characteristics by Stratification
Factors at Baseline). Majority of the chemotherapy for primary breast cancer is for
adjuvant chemotherapy. The median number of cycles among patients treated with
Doxorubicin, Epirubicin, Paclitaxel, Docetaxel, Cyclophosphamide, Fluorouracil and
Methotraxate are very compatible between treatment arms.
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In responding to the agency’s request (Nov., 2006), the sponsor provided a summary of

chemotherapy regimes in the January 30, 2007 submission. The summaries show that
about 68% of patients received Anthracyclines, but no taxanes in each arm, 26% of
patients received Antracyclines and taxanes and 6% of patients received no
anthracyclines (with or without taxanes).

Table 12 Sponsor’s Summary of Prior Chemotherapy Drug Combination
Subgroups (Study BO16348)

Observation - Herceptin
1-year
(n=1693) (n=1693)
Anthracyclines but no taxanes . 1156/1693( 68.3%) 1150/1693( 67.9%)
A with/without C, no F,no Mandno T - 187/1693( 11.0%) 180/1693( 10.6%)
E with/without C,no F,no M and no T 161/1693(9.5%) 166/1693(9.8%)
A with/without C, with F, no Mandno T 168/1693(9.9%) 166/1693(9.8%)
E with/without C, with F,no Mandno T 511/1693( 30.2%) 520/1693( 30.7%)
A,C,FandMbutno T 44/1693(2.6%) 37/1693(2.2%)
E,C,FandMandno T 69/1693(4.1%) 70/1693(4.1%)
Other anthracycline(s) (A with E, 16/1693(0.9%) 11/1693(0.6%)
mitoxantrone, or pirarubicin) butno T
Anthracyclines and taxanes 438/1693( 25.9%) 443/1693( 26.2%)
A and paclitaxel 126/1693(7.4%) 115/1693(6.8%)
A and docetaxel 73/1693(4.3%) 62/1693(3.7%)
E and paclitaxel 123/1693(7.3%) 141/1693(8.3%)
E and docetaxel ; 109/1693(6.4%) 113/1693(6.7%)
Others (anthracyclines and taxanes)* © 7/1693(0.4%) 12/1693(0.7%)
No anthracycline, with/without taxane 99/1693(5.8%) 100/1693(5.9%)

A=doxorubicin; C=cyclophosphamide; E=epirubicin; F=fluorouracil or floxuridine; M=methotrexate; T=paclitaxel or docetaxel.
* Includes A with E and either paclitaxel or docetaxel, or at least one anthracycline with both docetaxel and paclitaxel.

Reviewer’s comments:

o Per medical reviewer, other anthracycline(s) (A with E, mitoxantrone, or
pirarubicin) but no paclitaxel or docetaxel and A with E and either paclitaxel or
docetaxel, or at least one anthracycline with both docetaxel and paclitaxel are
not considered protocol acceptable regimens. These two categories will be
summarized as non-approved chemotherapy regimens in later subgroup
analyses.
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Seventy six percent of patients in the observation arm and 78% of patients in the 1-year

Herceptin arm received previous radiotherapy related to breast cancer. The percentage
of patients who received radiotherapy at right side, left side or both sides are comparable
between treatment arms.

Table 13 Sponsor’s Summary of Previous Radiotherapy for Primary Breast

Cancer (Study BO16348)
Observation Herceptin
_ 1-year
(n=1693) (n=1693)
Pre\_fious lRadiotherapy 1279 ( 75.5%) 1312 (77.5%)
Right side 601 ( 35.5%) 649 ( 38.3%)
Left side 668 ( 39.5%) 646 ( 38.2%)
Both sides 8 (0.5%) 12 (0.7%)
Not Jdentifiable 2(0.1%) 5(0.3%)

3172 Primary Efficacy Endpoint Analyses

Based on the sponsor’s summary of DFS, the results shows that Herceptin treated arm
had significant lower risk of DFS (hazard ratio based on Cox’s proportional hazards
model=0.54 with 95% C.I.=[0.44, 0.67] and p-value based on unstratified log rank test
<0.0001) as compared with observation arm. Due to the low DFS event rate, the median
survival time has not reached for two treated arms.

Table 14  Sponsor’s Summary of Disease Free Survival (Study BO16348)

Observation Herceptin
1-year
(n=1693) (n=1693)
Number of patients with event 219 (12.9%) 127 (7.5%)
Number of patients without event" 1474 (87.1%) 1566 (92.5%)
2 year DFS Rate 78.18% 85.80%
95% CI for 2 year DFS Rate® (75%, 81%) (83%, 89%)
‘Range of DFS time (months) 0.00, 36.04 0.00,36.24
P-Value (Unstratified log-rank test) <.0001
Hazard Ratio vs observation 0.54
95% CI for hazard ratio (0.44, 0.67)

* Censored
b Kaplan-Meier estimates
® Including censored observations
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Reviewer’s comments:
This sponsor compared the duration of follow-up by switching the censoring and

event indicator for the time fo disease-free survival variable. The results show
that the median duration of follow-up is compatible between treatment arms (the
median duration of follow-up were 12.4 months and 12.7 months for observation
and 1-year Herceptin arm, respectively).

The sponsor's also shows that the results based on the stratified and unstratified
log rank test are consistent (both had p-value <0.0001).

It is noted that no new DFS event was found after the clinical data cut-off date
(March 29, 2005). 41 patients (24 and 17 for observation and 1-year Herceprfn
arms, respectively) were censored after 3/29/03, but prior to 10/7/05 (database
closure date). When these 41 patients were censored at 3/29/03, the log-rank test
result, the hazard ratio estimates and the 95% confidence intervals were not
changed.

The frequency and duration of radiological assessment seem compatible between
treatment arms. The median number of radiological examination (including CT-
scan, X-ray, Bone scan, mammogram) for determination the recurrence of
disease is 5 for each arm. The duration between radiological assessment is 101
and 107 days for observation arm and 1-year Herceptin arm, respectively.

The corresponding Kaplan-Meier estimates for disease-free survival are presented in the

following figure:
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Figure 1 Kaplan-Meier estimates for Disease-free Survival
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The sponsor provided a summary of recurrence of disease, second primary malignancy
and contralateral breast cancer in the following table. It is noted that if more thén one
site of recurrence on the first date of recurrence was identified, recurrence of all sites are
counted. The results show that distant recurrence is the most frequent recurrence (5%
and 9.2 % for Herceptin and observation arm, respectively) as compared with local
(1.1% vs. 2.3% for Herceptin and observation arm, respectively) and regional (0.6% vs.
0.9% for Herceptin and observation arm, respectively). The most frequent occurred
sites of distant recurrence for both arms were the liver (1.3% vs. 3.5% first recurrences
for Herceptin and observation arm, respectively) and bone (1.8% versus 2.5% first
recurrences for Herceptin and obsetvation arm, respectively).
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Table 15 Spqnsnr’s Summary of Recurrence of Disease, Second Primary
Malignancy and Contralateral Breast cancer (Study BO16348)

Observation Herceptin
1-year
(n=1693) (n=1693)

Local Recurrence 39 (2.3%) 18 (1.1%)

Breast surgical scar 11 (0.6%) 7 (0.4%)

Ipsilateral breast 13 (0.8%) 6 (0.4%)

Ipsilateral anterior chest wall 15 (0.9%) 5 (0.3%)
Regional Recurrence 15 (0.9%) 11 (0.6%)

Ipsilateral axillary 7 (0.4%) 7 (0.4%)

Infraclavicular 8 (0.5%) 3(0.2%)

Internal mammary 0 (0.0%) 1(0.1%)
Distant Recurrence 155 (9.2%) 85 (5.0%)

Skin or lymph nodes (other than above) 15 (0.9%) 4(0.2%)

Bone solitary 11 (0.6%) 8 (0.5%)

Bone multiple 30 (1.8%) 19 (1.1%)

Bone marrow ) 2 (0.1%) 1 (0.1%)

Solitary lung nodule 0 (0.0%) 0 (0.0%)

Muitiple lung nodules 22 (1.3%) 12 (0.7%)

Solitary liver nodule 7 (0.4%) 4 (0.2%)

Multiple liver nodules 53 (3.1%) 19 (1.1%)

Central nervous system _ 16 (0.9%) 21 (1.2%)

Other distant sites 19 (1.1%) 9 (0.5%)
Coniralateral breast cancer 9 (0.5%) 8 (0.5%)
Second non breast malignancy 6 (0.4%) 3(0.2%)

If there was more than one site of recurrence on the first date of recurrence all sites are counted.

Reviewer's comments:

e According fo the protocol (dated 11/13/03), contralateral breast cancer is not
part of the definition of disease free survival and a questionable inclusion of the
secondmj}‘ non-breast malignancy (i.e. may be a separated event from earlier
diagnosis). When these two type of events were censored, this reviewer obtained
a hazard ratio of 0.53 (95% C.IL = [0.43, 0.67]). This computation censored 7
and 06 patients with contralateral breast cancer af the first DFS event and 6 and
3 patients with secondary breast malignancy, for observation and I-year
Herceptin arm, respectively.

3.1.7.3 Secondary Efficacy Endpoint Analyses

The sponsor also presented results for overall survival (although there is no plan for an
OS interim analysis). The results based on log-rank test does not show statistical
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difference in overall survival (p=0.24). The hazard ratio of 1-year Herceptin versus
observation arm is 0.75 with 95% C.1.=[0.47, 1.21].

Table 16 Sponsor’s Summary of Overall Survival (Study BO16348)

Observation Herceptin
l-year
(n=1693) (n=1693)
Number of patients with event 40 (2.4%) 31 (1.8%)
Number of patients without event 1653 (97.6%) 1662 (98.2%)
P-Value vs observation (log-rank test) 0.2379
Hazard Ratio vs observation 0.75
95%, CI for hazard ratio 0.47,1.21)

Reviewer's comments:
o It is noted that one death (patient| ®®) was found after the March 29, 2005 data
cut-off date, but prior to database closure on Oct. 7, 2005.
o The sponsor indicates that the most common reason for death was for disease

progression of the underlying breast cancer (38 and 26 due fo progressive
disease for observation and 1-year Herceptin arm, respectively).

The corresponding Kaplan-Meier curve for overall survival is presented in Figure 2:
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Another secondary efficacy endpoint stated in the protocol is the recurrence-free survival (RFS)
which is defined as the time from randomization to the first local, regional or distant tumor
recurrence. Since the majority of DFS event are distant tumor recurrence, the comparison of the
RFS results should be similar to the comparison of DFS. The results of RFS comparison show
nominally statistically significant advantage in favor of Hercelptin arm (HR=0.51, 95% C.I=
[0.40, 0.64] ).
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Table 17 Sponsor’s Summary of Recurrence-Free Survival (Study BO16348)

Observation Herceptin
l-year
(n=1693) (n=1693)
Number of patients with event 208 (12.3%) 113 (6.7%)
P-Value vs observation (log-rank test) <.0001
Hazard Ratio vs observation ~ 051
95% CI for hazard ratio (0.40, 0.64)

The third secondary efficacy endpoint stated in the protocol is the distant disease-free survival
(DDEFS) which is defined as the time from randomization to the first distant tumor recurrence,
second primary cancer, or contralateral breast cancer, whichever occurred first. Local and
regional recurrences are ignored in the calculation of the DDFS. Similarly, since majority of
DFS event is from distant tumor recurrence, the comparison of the DDFS results should be
similar to that from comparison of DFS. The results of the DDFS comparison also show
nominally statistically significant advantage in favor of 1-year Herceptin arm (HR=0.50, 95%
C.1=10.39, 0.64)).

Table 18 Sponsor’s Summary of Distant Disease-Free Survival (Study

B0O16348)
Observation Herceptin
1-year
(n=1693) (n=1693)
Number of patients with event 184 (10.9%) 99 (5.8%)
P-Value vs observation (log-rank test) <.0001
Hazard Ratio vs observation . 0.50
95% CI for hazard ratio (0.39, 0.64)

3.1.7.4 Herceptin Exposure and Results of Cardiac Event and LVEF Assessment

Based on the Herceptin dosing CRF page, 1672 patients had the Herceptin dosing data.
The median duration of Herceptin treatment is 51 weeks and the median number of
infusions is 18 times. A total of 633 patients had at least one dosing delays. A total of
90 patients had at least one dose “adjustment” performed during the study.
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Table 19 Summary of Extent of Exposure to Herceptin before
Recurrence (Safety Population) (Study BO16348)

Herceptin
1-year
(n=1678)
Treatment Duration (weeks)
n ' 1672
Median 51
Range 1-60
Number of Infusions ;
n 1672
Median 18
Range 1-20
Number of Dose Delays (total)
n 633
Median 1
Range 1-10
Number of Dose Adjustments
n 90
Median 1
Range I-17

Reviewer's comments: .

- o Among all safety population in the 1-year Herceptin arm (n=1678, patients who
received at least one dose of study medication), 4 patients are actually from
oberservation arm (i.e. so no Herceptin dosing data) and 2 patients from I-year
Herceptin arm did not have Herceptin dosing information. Therefore, only
1672 patients were summarized in this table.

o Following recurrence, all patients could be treated with Herceptin. According
fo the sponsor, there were 50 patients from I-year Herceptin arm received
Herceptin following recurrence and 82 patients from abservation arm received
Herceptin following recurrence.

The sponsor observed a higher incidence of the primary cardiac event in the 1-year

Herceptin arm (0.6% and 0.1% of in Herceptin and observation arm, respectively). The
difference in incidences is 0.54% with 95% C.I. between 0.12% and 0.95%.
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Table 20 Sponsor’s Summary of Primary Cardiac Endpoint (Safety
Population) (Study BO16348)

Observation Herceptin
1-year
(n=1708) (n=1678)
Incidence of Primary Cardiac Endpoint 1 (0.1%) 10 (0.6%)
Exact 95% CI for Incidence (0.00%, 0.33%) (0.29%, 1.09%)
Difference in Incidence 0.537 %
95% CI for the difference ' {0.12%,0.95%)

# Exact 95% Confidence Interval for one sample binomial using Pearson-Clopper method
® Approximate 95% Confidence Interval for difference of two rates using Hauck-Anderson correction

Reviewer's comment :
o The one patient in the observation arm who had the primary cardiac events was
due to cardiac death.

o The sponsor indicates that of the 10 1-year Herceptin patients with a primary
cardiac endpoint, § were asymptomatic at the last scheduled assessment on the
database (as per 12/15/05 data). Six of the 10 patients had a recovery of the
LVEF to at least 55% at a median of 121 days (ranged from 36-409 days)from
the initial LVEF drop.

The sponsor also observed a higher incidence of the secondary cardiac events in the 1-
year Herceptin arm (3% and 0.5% of in the 1-year Herceptin and observation arm,
respectively). The difference in incidences is 3% with 95% C.I. between 1.6% and
3.4%.

Table 21 Sponsor’s Summary of Secondary Cardiac Endpoint (Safety
Population) (Study BO16348)

Observation Herceptin
1-year
(n=1708) (n=1678)
Incidence of Secondary Cardiac Endpoint 9 (0.5%) 51 (3.0%)
Exact 95% CI for Incidence® (0.24%, 1.00%) (2.27%, 3.98%)

# Exact 95% Confidence Interval for one sample binomial using Pearson-Clopper method

Reviewer’s comment :

o The sponsor indicates that of the 51 Herceptin patients with a secondary cardiac
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endpoint, 45(88%,) were aymptomatic at the last scheduled assessment on the
database (as per 12/15/05 data). Thirty-five of the 51 patients (69%) had a
recovery of the LVEF to at least 55% at a median of 189 days (ranged from 13-
831 days) from the initial LVEF drop.

The sponsor provided a summary of the primary and secondary endpoints by

NYHA class. The results show that 1-year Herceptin arm had higher incidence
of cardiac events across all NYHA classes. The percentages of patients with
NYHA class II-1V event, the cardiac dysfunction or cardiac death are 1.8% and
0.2% for the 1-year H’ercepﬁn and observation arm, respectively.

The sponsor also performed time to first primary or secondary cardiac event
analysis based on Cox’s proportional hazards model. The Cox’s model includes
treatment, age (<5 vs. >50 years old), race (Caucasian vs. non-Caucasian),
prior or current use of cardiovascular disease medication at baseline, prior or
current hypertension at baseline and investigator-assessed LVEF status at
screening (<60% vs. 260%) in the model. The results show that LVEF status at
screening is a significant pred;icror for time to the first primary or secondary
cardiac event. When screening LVEF status was the only covariate in the model,
the hazard ratio for treatment is 5.88 (95% C.1=[3.01,11.47] which indicates
the l-year Herceptin arm had much higher risk of developing primary or
secondary cardiac event when the screening LVEF status was taken into
account.

The primary and secondary cardiac events defined by the sponsor are composite
measures and are not a well documented measures in the field  The
interpretation based on these two endpoints is not clear.

Since it is not clear about the interpretability of the primary and secondary cardiac

endpoints. These endpoints are composite measures which combined a subjective

assessment (NYHA class) and an objective assessment (LVEF assessment). It would be

more informative if an objective assessment, such as LVEF, is used to evaluate the event

rate and chronological changes.

The following table summarized the change from baseline to worst LVEF values. The

results show that the 1-year Herceptin arm had higher incidence of 10 unit (%) or more

reduction in LVEF value from baseline (25% and 14% for 1-year Herceptin and
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observation arm, respectively). The 1-year Herceptin arm also had higher incidence of
less than 50% post-baseline LVEF value (9% and 3% for 1-year Herceptin and
observation arm, respectively) and higher incidence of significant LVEF drop (7.4% and

2.3% for 1-year Herceptin and observation arm, respectively)

Table 22 Sponsor’s Summary of Change from Baseline to Worst LVEF Value

(Safety Population) (Study BO16348)

Observation Herceptin
1-year
(n=1708) (n=1678)
Overall n (worst value) 1545 1600
Decrease > 10% 213 ( 13.8%) 394 (24.6%)
LVEF < 50% 49 (3.2%) 144 ( 9.0%)
LVEF < 50% and decrease > 10%
(significant LVEF drop) 33(2.3%) HB(T 4%)

Reviewer's comment:

o There are many approaches of computing the change from baseline of LVEF

value. The sponsor used the last LVEF assessment prior to randomization as the
baseline LVEF value and the WORST posr—basek'ne LVEF value as the post-
baseline LVEF value for this computation. .

It is noted that the choice of cut-off points for LVEF<50% and > 10% LVEF
drop was not pre-specified and not well-justified

To evaluate the temporal trend of the worst post-baseline LVEF values, the
reviewer calculated the incidence of the worst post-baseline LVEF <50% and
>10% LVEF drop by study visit and the results are presented in the following
tables. Since the study is still on-going, only less than half of the patients had
visits beyond week 52. Based on by-visit results up to week 52, the I-year
Herceptin arm shows consistently higher incidences of LVEF <50% throughout
the 12 months period.

The reviewer performed a time-to-the-first-significant-LVEF-drop analysis and
observed that the 1-year Herceptin arm has 3 times higher risk of significant
LVEF drop event when compared with the observation arm (ER=3.3, 95%
- CL=[23, 48)).
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Table 23 Reviewer’s Summary of Incidences of Worst Post-baseline LVEF
Value < 50% and > 10% LVEF Drop by Visit (Safety Population)

(Study BO16348)
Observation Herceptin
1-year
(n=1708) (n=1678)
LVEF Value < 50%

Week 13 19/1494 (1.27%) 63/1572 (4.01%)
Week 25 20/1375 (1.45%) 76/1458 (5.21%)
Week 52 18/928 (1.94%) 56/1056 (5.30%)
Week 79/Month 18 6/541 ( 1.11%) 27/608 (4.44%)

Week 103/Month 24 6/246 ( 2.44%) 5/266 ( 1.88%)
FU Month 30 3/67 ( 4.48%) 1/64 ( 1.56%)

> 10% LVEF drop
Week 13 94/1494(6.29%) 179/1572(11.39%)
Week 25 110/1375(8.00%) 216/1458(14.82%)
Week 52

Week 79/Month 18

Week 103/Month 24

FU Month 30

66/928(7.11%)
47/541(8.69%)
19/246(7.72%)

5/67(7.46%)

177/1056(16.76%%)
72/608(11.84%)
28/266(10.53%)

3/64(4.69%)

3.1.8 Sponsor’s Conclusions and Reviewer’s Conclusions/Comments
The sponsor concluded that

e Herceptin given every three weeks for one year following (neo-) adjuvant
chemotherapy and radiotherapy (if applicable) significantly prolong DFS, RFS
and DDFS for women with HER2 positive early breast cancer.

e The observed effect of Herceptin is independent of patients’ baseline
characteristics (node positive or negative, hormone receptor status, age) and
previous (neo-) adjuvant therapy.

e Herceptin significantly reduces the risk of distant metastases which is considered
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an incurable condition.

Herceptin therapy is associated with a low incidence of NYHA class IIT or IV
congestive heart failure (0.6%).

No new or unexpected safety findings were identified with adjuvant Herceptin
therapy. o

Cardiac dysfunction is manageable and reversible, affecting up to 7.4% of
patients, for half of whom the clinical significance of a single LVEF drop is not
clinically well understood.

In summary, the sponsor concluded that these data support the use of 1-year Herceptin

as adjuvant treatment for patients with HER2 positive early breast cancer, who have

completed (neo)adjuvant systemic chemotherapy, definitive surgery and radiotherapy (if

applicable) . In cardiac safety, the sponsor indicated that the majority of primary and

secondary cardiac endpoints occurred during the first 6 months post-randomization.

Further follow-up is required to define the long term risk of cardiac dysfunction

associated with 1-year of Herceptin treatment.

This reviewer concluded that

The 1-year Herceptin treated arm appears to have significant lower risk of DFS
(hazard ratio based on Cox’s proportional hazards model=0.54 with 95%
C.I=[0.44, 0.67] and p-value based on unstratified log-rank test <0.0001) as
compared with the observation arm.

The treatment benefit based on DFS appears to be consistent across various
subgroups, €.g. age, ra.ce, nodal status, HER?2 status, chemotherapy regimens, etc.
However, some subgroup results should be interpreted with caution due small
sample sizes.

Based on original statistical plan, the primary comparisons are between the
observation arm versus 1-year Herceptin and the observation arm versus 2-year
Herceptin. The comparison of 2-year Herceptin to observation arm must be
performed in order to determine whether there is any remaining alpha to test
secondary endpoint. Since the 2-year Herceptin data are not available, the
protocol specified comparisons can not be performed. Therefore, further
evaluation of secondary endpoints may not be meaningful.
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In cardiac safety analysis, the reviewer concluded that

e the 1-year Herceptin arm shows higher incidence rates in both primary cardiac
endpoint (0.6% versus 0.1 % for 1-year Herceptin and observation arm,
respectively) and secondary cardiac endpoint (3% versus 0.5 % for 1-year
Herceptin and observation arm, respectively).

o The result shows that 1-year Herceptin arm had higher incidence of the worst
post-baseline LVEF < 50% (9% vs. 3.2% for 1-year Herceptin and observation
arm, respectively) and reduction by > 10 unit. However since the cut-off point
used to define lower LVEF value and reduction from baseline is not pre-
specified and not well justified, further study with longer follow-up with respect
to the effect of Herceptin on cardiac events and LVEF function is recommended.

e The sponsor’s claim that “Cardiac dysfunction is manageable and reversible” can
not be confirmed based on limited number of cardiac events.

4 Findings in Special/Subgroup Populations

This section provides summary statistics (hazard ratio, median survival time, count of
patients) based on selected subgroups for overall survival.

4.1 Gender
Only female patients were included in the study.
4.2 Race
Sub-group analyses based on race subgroup for DFS were performed by this reviewer

and sponsor. The l-year Herceptin arm consistently showed lower risk than the
observation arm across racial subgroups.
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Table 24

Reviewer’s Summary of Disease Free Survival by Race (Study
B016348)

Hazard Ratio

Endpoint |Level # of Patient s | P-value®

(Herceptin VS,

observation arm)
Race Caucasian 2825 | <0.0001 0.56(0.44,0.71)
Non- 561 |0.00600 0.43(0.24,0.78)
Caucasian

The sponsor also provided subgroup analysis results for primary and secondary cardiac
endpoints by racial subgroup. The incidence of primary and secondary cardiac endpoints
are higher in the 1-year Herceptin arm than that in the observation arm across all racial
subgroups. However, due to insufficient number of cardiac events, the difference in
incidence of cardiac events should be interpreted with caution.

Sponsor’s Summary of Incidence of Primary and Secondary Cardiac
Endpoint by Race Subgroup (Study BO16348)

Table 25

Observation Herceptin
1-year
(n=1708) (n=1678)
Primary cardiac endpoint 1/1708 ( 0.1%) 10/1678 (0.6%)
Non—Caucasian 0/ 283 (0.0%) 1/278 ( 0.4%)

Caucasian

1/1425 (0.1%)

971400 ( 0.6%)

Secondary cardiac endpoint

0/1708 ( 0.5%)

5171678 (3.0%)

Non—Caucasian

1/283 ( 0.4%)

10/ 278 (3.6%)

Caucasian

8/1425 (0.6%)

41/1400 ( 2.9%)

The reviewer performed the subgroup analysis for incidence of > 10% LVEF drop from
baseline and worst post-baseline LVEF < 50% by racial group. The incidences of > 10%
drop in LVEF value and worst post-baseline less than 50% are also consistently higher
in the 1-year Herceptin arm than that in the observation arm in all racial subgroups.
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Table 26 Reviewer’s Summary of Incidence of > 10% LVEF Drop and Worst
Post-baseline LVEF < 50% by Race (Study BO16348)

Observation Herceptin
1-year
(n=1708) (n=1678)

LVEF decrease > 10% - 21171708 (12.4%) 395/1678(23.5%)
Non—Caucasian 42/283(14.8%) 68/278(24.5%)
Caucasian 169/1425(11.9%) 327/1400(23.4%)

Worst post-baseline LVEF <50% 45/1708(2.6%) 148/167(8.8%)
Non—Caucasian 7/283(2.5%) 25/278(9.0%)
Caucasian 38/1425(2.7%) 123/1400(8.8%)

Reviewer’s note:

The reviewer'’s results of the incidences of LVEF drop > 10% and Worst post-baseline
LVEF <50% are slightly different from the sponsor’s results (see 3.1.7.4 Herceptin
Exposure and Results of Cardiac Event and LVEF assessment) because the results were
based on independently derived variables (i.e. baseline LVEF, post-baseline LVEF
values) which may use slightly different computation algorithm during the analysis data
creation.

4.3 Age

Sub-group analyses based on age subgroup (<65, > 65 years old) for DFS were
performed by this reviewer. The 1-year Herceptin arm showed a lower risk in disease
free survival as compared with the observation arm in all patients. However, the
magnitude of the risk reduction seems to be larger in patients younger than 65 years old
than that in patients 65 years or older.

45



Table 27 Reviewer’s Summary of Disease Free Survival by Age Subgroup

(Study BO16348)
Endpoint | Level #of | P- Hazard Ratio
. a

Patient | value {ierceninva

S observation

arm)
Age <65 31521 0.00000 |0.52(0.41,0.66)
>=65 234 0.48000 | 0.78(0.39,1.55)

*P-value based on Wald statistic from unstratified Cox’s proportional hazards model,

The sponsor also provided subgroup analysis results for primary and secondary cardiac
endpoints by age subgroup. In patients younger than 65 years old, the 1-year Herceptin
group had higher incidences in both primary and secondary cardiac endpoint. In patients
over than 65 years old, the difference in incidence of cardiac events is less clear. Due to
the insufficient number of events, the results should be interpreted with caution.

Table 28 Sponsor’s Summary of Incidence of Primary and Secondary Cardiac
Endpoint by Age Subgroup (Study BO16348)

Observation Herceptin
1-year
# event/total (%) # event/total (%)
Primary cardiac endpoint 1/1708 (0.1%) 10/1678 (0.6%)
Apge < 65 years ; 0/1594 (0.0%) 10/1558 (0.6%)
Age >= 65 years 1/ 114 (0.9%) 0/ 120 (0.0%)
Secondary cardiac endpoint 9/1708 (0.5%) ' 51/1678 (3.0%)
Age < 65 years /1594 (0.4%) 48/1558 (3.1%)
Age >= 65 years 2/ 114 (1.8%) 3/ 120 (2.5%)

The reviewer performed the subgroup analysis for the incidences of > 10% LVEF drop
from baseline and worst post-baseline LVEF < 50% by age group. The incidences of >
10% drop in LVEF value and worst post-baseline less than 50% are consistently higher
in the 1-year Herceptin arm than that in the observation arm in all age subgroups.
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Table 29 Reviewer’s Summary of Incidence of > 10% LVEF Drop and Worst
Post-baseline LYEF < 50% by Age Subgroup (Study BO16348)

Observation Herceptin
1-year
# event/total (%) # event/total (%)
LVEF decrease > 10% 211/1708 (12.4%) 395/1678 (23.5%)
Age < 65 years 200/1594(12.5%) 378/1558(24.3%)
- Age>= 65 years 11/114(9.6%) 17/120(14.2%)
0, 0,
Worst post-baseline LVEF <50% s _ e
Age <65 years _ 40/1594(2.5%) 137/1558(8.8%)
Age>=65 years 5/114(4.4%) 11/120(9.2%)

4.4 Other Special/Subgroup Populations

Additional subgroup analyses based on several baseline prognostic factors were
performed by this reviewer (see Appendix) for the disease-free survival. The 1-year
Herceptin arm had consistently lower risk in disease free survival, except in several
cases where the numbers of patients are small and the trend is less clear.  In this
section, the subgroup analysis based on chemotherapy regimen, nodal status and HER2
status will be discussed.

The results demonstrated that the 1-year Herceptin arm had consistently lower risk in
disease-free survival in patients whose nodal status was unknown but received
neoadjuvant therapy, and patients who had positive or negative nodal status. Within the
1098 nodes negative patients, 1055 of them are considered as high risk patient
population (ER and/or PgR positive and at least of the following features: pathologic
tumor size > 2cm, Grades 2-3 or age<35 years old; ER and PgR negative). In the high
risk subgroup, the Herceptin also had lower risk as compared with the observation arm
(HR=0.54, 95% C.1.=[0.32, 0.94]).

The results of disease-free survival across the HER2 assay subgroup also show
consistent results in favor of the 1-year Herceptin arm. The results of IHC 2+ and FISH
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positive and IHC 3+ and FISH positive subgroups should be interpreted with caution

due to the small sample sizes.

The beneficial treatment effect of Herceptin based on disease-free survival also
demonstrated in patients who received approved prior chemotherapy. The magnitude of
the treatment effect appears to be larger in patients who received the anthracyclines, but
no taxanes as compared with that in the anthracyclines and taxanes subgroup. Due to
the small size in patients who received non-approved chemotherapy regimens, the
treatment benefit of Herceptin is less clear. However, the hazard ratio estimate seems to
indicate a positive trend in favor of Herceptin.
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Table 30 Reviewer’s Summary of Disease-free Survival by Baseline Prognostic
Factors (Study BO16348)

Endpoint Level # of P- Hazard Ratio
Patient s | value® (Herceptin vs.
observation arm)
Nodal Status | Any nodal status, neoadjuvant | 366 0.01800 0.54(0.33,0.90)
therapy
Nodes negative, (no | 1098 0.00900 0.49(0.29,0.84)
neoadjuvant therapy)
High Risk" 1055 0.029 0.54(0.32, 0.94)
| Nodes positive, no neoadjuvant| 1921 <0.0001 0.53(0.41,0.70)
therapy
HER?2 Assay IHC 2+ & FISH (+) 299 0.20900 0.53(0.20,1.42)
THC 3+ & FISH (+) : 91 0.44600 0.56(0.12,2.50)
THC 3+ & FISH unknown 2258 <0.0001 0.53(0.41,0.69)
THC unknown & FISH (+) 724 0.02300 0.59(0.38,0.93)
Chemotherapy | Approved chem regimen 3141 <0.0001 0.53(0.42,0.67)
regimen Anthracyclines, but no 2279 <0.0001 0.43(0.32,0.57)
taxanes
Anthracyclines and taxanes | 862 0.18800 0.78(0.53,1.13)
Not approve chem reg 245 0.29600 0.66(0.30,1.44)

* P-value based on Wald statistic from unstratified Cox’s proportional hazards model.

P ER and/or PgR positive and at least of the following features; pathologic tumor size > 2cm, Grades 2-3 or age<35 years old; ER and

PgR negative
5 Summary and Conclusions

Genentech submitted study BO16348, a multicenter, randomized, open-label, éomro]led
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clinical trial for Herceptin as an adjuvant treatment for patients with HER2-
overexpressing, node negative (> T1c) or node positive operable breast cancer following
completion of surgery, anthracycline-containing chemotherapy and/or radiotherapy.

In study BO16348, patients were randomized to observation, l-year and 2-year
Herceptin arm. In this submission, only observation and 1-year Herceptin arm was
submitted. Patients in the 1-year Herceptin arm received Herceptin every 3 weeks by
.L.v. infusion. The randomization was stratified by nodal status, adjuvant chemotherapy
regimens, receptor status/endocrine therapy, age and region.

The protocol specified that one interim analysis will be performed when a total of 476
DFS events (for three arms) were obtained.: The interim analysis was conducted on
4/25/05 with data cutoff date on 3/29/05. The data submission is based on the data used
for the first interim analysis. A total of 3386 patients were randomized to observation
and 1-year Herceptin arm (1693 for each arm).

In study BO16348, the primary efficacy endpoint was disease-free survival. The overall
survival, recurrence-free survival and distant disease-free survival were the protocol
specified secondary endpoints.

5.1 Summary of Collective Evidence

The efficacy results demonstrated that the 1-year Herceptin arm had a statistical
significant treatment effect based on the disease free survival for adjuvant breast cancer
(p<0.0001 based on log-rank test; hazard ratio=0.54, 95% C.1.=[0.44, 0.67]) (see section
3.1.7.2 Primary Efficacy Endpoint Analyses). The beneficial treatment effect of the 1-
year Herceptin arm is consistently demonstrated in various subgroups, such as age, race
and nodal status, etc. (see Section 4 Findings in Special/Subgroup Populations). The
results further confirm the beneficial effect of Herceptin shown from the joint analysis of
two previous trials (Hazard ratio of 0.48, 95% C.1.=[0.39, 0.59], comparing patients who
received doxorubicin and cyclophsphamide followed by paclitaxel alone : AC—>T or
paclitaxel plus Herceptin : AC—T+H; see the Herceptin label for further details).

In cardiac event assessment, the 1-year Herceptin arm shows higher incidences of the
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primary and secondary cardiac endpoints (0.6% vs. 0.1% for the primary cardiac

endpoint; 3.0% vs. 0.5% based on the secondary cardiac endpoint). The results based on
LVEF assessments also show that the 1-year Herceptin arm had higher incidences of
10% or more drop in LVEF value (24.6% vs. 13.8% ) and higher incidence of the worst
post-baseline LVEF <50% (9.0% vs. 3.2%) (For these cardiac event results and LVEF
assessment, please see section 3.1.7.4 Herceptin Exposure and Results of Cardiac Event
and LVEF Assessment). The incidences of post baseline LVEF <50% appears to be
similar in magnitude from combined analysis results from the previous two studies
(8.8% and 4.1% for AC—T+H and AC—T, respectively).

5.2 Summary of Statistical Issues
The major statistical/data issues are summarized as follows:

e According to the protocol, the primary comparisons are between observation arm
versus l-year Herceptin and observation arm versus Z-year Herceptin. The
comparison of 2-year Herceptin to observation arm must be performed in order
to determine whether there is any remaining alpha to test secondary endpoints.
Since the 2-year Herceptin data are not available, the step-down procedure based
on Holm’s approach can not be completed for the two comparisons based on
DFS. Therefore, further evaluation of secondary endpoints will not be
meaningful.

e Since the sponsor’s primary and secondary endpoints are based on composite
measures and are not well documented, the interpretation of the results is not
clear. The information obtained from LVEF assessment may be more

_ informative. However since the definition of the change from baseline or post-
baseline value in LVEF is not pre-specified and the choice of cut-off points is not
well justified, further study with longer follow-up with respect to the effect of
Herceptin on cardiac events and LVEF function is recommended.

5.3 Conclusions and Recommendations

Based on this current study, the results demonstrated beneficial treatment effect of the 1-
year Herceptin arm on disease free survival for adjuvant breast cancer (p<0.0001 based
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on log-rank test; hazard ratio=0.54, 95% C.1.=[0.44, 0.67]). This beneficial treatment
effect of 1-year Herceptin on disease free survival appears to be consistent across

various subgroups, such as age, racial and nodal status, etc.

Since the 2-year Herceptin data are not submitted, the protocol pre-specified
comparisons can not be completed. The comparison of 2-year Herceptin to observation
arm must be performed in order to determine whether there is any remaining alpha to

test secondary endpoints. In current submission, any further evaluation of secondary
efficacy endpoints will not be meaningful. '

Since the interpretation of the sponsor’s primary and secondary cardiac events is not
clear and the definition and cut-off points for LVEF evaluation are not pre-specified, the
results of the magnitude and duration of the effect of the 1-year Herceptin on cardiac
events and LVEF function should be interpreted with caution. Further studies of the
impact of Herceptin on cardiac adverse event is warranted.
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6 Appendix

6.1 Additional Subgroup Analysis for Disease-Free Survival

Table 31 Reviewer’s Summary of Disease-Free Survival by Baseline
Prognostic Factors (Stady BO16348)

Endpoint Level # of | P-value® | Hazard Ratio

Fattouts (Herceptin Vs,

observation arm)

ECOGsstatus {0 3092 | <0.0001 |_0.52(0.41,0.66) N
lor2 29210.37900 0.73(0.37,1.46)
Menopause Post-menopausal 15304 0.00100 0.57(0.41,0.79)
. Ppre-menopausal 487/0.04400  |0.59(0.35,0.99)
Uncertain 1367 <0.000'1 0.49(0.34,0.70)
Previous Prior Breast Conservation 1423 | <0.0001 0.45(0.31,0.66)
surgery SUtS | b i or Mastectomy 1962 <0.0001 | 0.60(0.46,0.78)
Histological Gl 75(0.82700 1.17(0.29,4.73)
e G2 1107 |<0.0001  {0.35(0.22,0.55)
G3 2036(0.00100 | 0.64(0.49,0.83)
Cat not be assessed 1491 0.05800 0.29(0.08,1.04)
Radiotherapy | NO 79510.02100 | 0.52(0.30,0.91)
YES 2591 | <0.0001 0.53(0.42,0.68)
- | Oestorgen Neg/Neg 1620} <0.0001 0.51(0.38,0.68)
IPISEEHENNS |y aomay 1721025700 |0.54(0.19,1.57)
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Teceptor status | Neg/Unknown 59(0.02400  |0.07(0.01,0.71)
Pos/Neg 457(039000  |0.76(0.41,1.42)
Pos/Pos 979 | 0.04000 0.60(0.37,0.98)
Pos/Unknown 98 [ 0.25800 0.40(0.08,1.94)
Recepto status | Negative 1679 | <0.0001 0.49(0.37,0.65)
and. ‘endocrine| . bve ‘and  Hadocrine| (1620000900 0.62(-043,0.88)
fherspy Therapy
Positive and no Endocrine 8710.33000 0.54(0.15,1.88)
Therapy
Tobaccouse | NO 2920 <0.0001  |0.54(0.43,0.69)"
YES 466(0.04500  |0.55(0.30,0.99)
Pathologic <=10 mm 198 0.78600 0.81(0.18,3.63)
hiariat o5 >10, < 20mm 1147{0.00700  |0.57(0.37,0.86)
20, <=50mm 1479 <0.0001  |0.47(0.34,0.66)
>50 mm 171055500  |0.77(0.33,1.82)
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1. EXECUTIVE SUMMARY

Herceptin (Trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
selectively binds with high affinity in a cell-based assay (Kd = 5 nM) to the extracellular domain
of the human epidermal growth factor receptor 2 protein, HER2. Herceptin was approved by
FDA on September 25, 1998 for use as a single agent for patients with HER2-overexpressing
metastatic breast cancer (MBC) who have received one or more chemotherapy regimens for their
metastatic disease and also in combination with paclitaxel for patients with HER2-
overexpressing MBC who have not received chemotherapy for their metastatic disease. On 16
November 2006, the Agency approved Herceptin as part of a treatment regimen containing
doxorubicin, cyclophosphamide, and paclitaxel for the adjuvant treatment of patients with
HER2-overexpressing, node-positive breast cancer. In this submission, the Sponsor is seeking an
extended indication of Herceptin, as a single agent, for adjuvant therapy of breast cancer given as
an 8-mg/kg loading dose followed by 6-mg/kg administered every 3 weeks as 90-minute IV
infusions. This submission contains data from a pharmacokinetic (PK) sub-study within the
HERA trial (Study BIG01-01/B0O16348) in women with HER2-positive early breast cancer
following surgery and completion of established adjuvant chemotherapy.

The PK of Herceptin for dose regimen of a 4-mg/kg loading dose followed by a 2-mg/kg
maintenance dose given weekly remained unchanged.

1.1. Recommendation

The clinical pharmacology and biopharmaceutics information included in this submission is acceptable
provided that a satisfactory agreement is reached between the applicant and the Agency regarding the
proposed language to be included in the package insert. .

1.2. Phase 4 Study Commitments
There is no phase 4 commitment.

1.3. Summary of Clinical Pharmacology and Biopharmaceutics Findings

Pharmacokinetics:

As a single agent, for adjuvant therapy of breast cancer, the mean half-life of Herceptin of

16.2 days (range = 11.0 to 22.8 days) was observed after a loading dose of 8 mg/kg followed by
a maintenance dose of 6 mg/kg every three weeks. Between weeks 6 and 37, Herceptin
steady-state concentrations were achieved, with mean trough and peak concentrations of

63 mcg/mL and 216 mcg/mL, respectively.

Drug Interaction:

The pharmacokinetics of paclitaxel was not altered by Herceptin when this combination therapy
was administered to patients with HER2 positive metastatic breast cancer in a drug interaction
study.
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Relationship between circulating extracellular domain of the HER2 receptor (HER2-ECD shed

antigen) and PK or PD (pharmacokinetics or pharmacodynamics) of Herceptin

Given the limited sample size studied and inconsistent results, no conclusions could be drawn
with respect to the relationship between circulating extracellular domain of the HER2 receptor
and Herceptin serum trough concentration or clinical responses of Herceptin using data from

Studies BO15935 and WO16229.
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2. QUESTION-BASED REVIEW

(Reviewer’s Note: this section includes only updates on the pharmacokinetics and drug-
interaction sections. Please refer to the original review for details. All Tables and Figures are
obtained from the sBLA submission, otherwise it will be mentioned. )

2.1. General Attributes

No updates.

2.2. General Clinical Pharmacology

2.2.1. What are the design features of the clinical pharmacology and clinical studies used to
support dosing or claims?

Three studies, which include PK information, are listed in the Table 1.

Table 1. Clinical Studies Including PK Information

Study  [Design Subjects Dose
[BO16348 [Phase 3, open-[Women with HER2(+), 3386 (PK-44) [8 mg/kg loading
(HERA) [label, early-stage, node+ or dose followed by
Randomized, |high-risk node- 6mg/kg q3w
multi-center ([breast cancer
'WO16229(Phase 2, open-|Women with metastatic breast [105 8 mg/kg loading
label, single- [cancer with HER2 dose followed by
arm overexpression/amplification 6mg/kg q3w
(IHC3+ and/or FISH+)
POlS 935 [Phase 1/2 'Women with metastatic breast {32 8 mg/kg loading
open-label, Icancer with HER2 dose on Dayl
overexpression/amplification followed by
(IHC2+ or 3+ or FISH+) omg/kg q3w
: with/without
paclitaxel

The HERA study is an ongoing, randomized, three-arm, open-label, multicenter study comparing
1 or 2 years of treatment with Herceptin versus observation. For the HERA PK substudy, data
have been analyzed for 44 patients randomized to the 1-year treatment arm only. Blood samples
for Herceptin serum concentration analysis were collected pre-dose and extensively from 1.5
hours to 21 days post-dose during Cycles 1 and 13. During Cycle 18, the final administration of
Herceptin for patients in the 1-year treatment arm, samples were collected pre-dose and
extensively from 1.5 hours to 42 days post-dose. In addition, a pre-dose sample was drawn on
Day 1 of Cycle 3.
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Study WO 16229 is an open-label, single-arm study of efficacy and safety. Trough
concentrations of Herceptin were collected. The first loading dose of Herceptin was 8 mg/kg,
followed 3 weeks later by 6 mg/kg and given thereafter every 3 weeks.

Study BO15935 is an open label PK study. A loading dose of 8mg/kg of Herceptin was given i.v.
on Day 1 and thereafter a dose of 6mg/kg was administered i.v. every three weeks. For the first
cycle, paclitaxel was given 24 h before Herceptin administration. Thereafter, Herceptin was
administered together with paclitaxel (175mg/; m?) every three weeks for seven cycles (Cycles 2-
8). Herceptin was then continued every three weeks until progression of disease or until the
patient left the study. Patients continuing Herceptin beyond Cycle 16 entered an extension
protocol. The PK parameters were compared between cycles 4 and 12 for Herceptin and between
cycles 1 and 4 for paclitaxel.

2.2.2 What are the pharmacokinetics parameters?

Of the 44 patients in the 1-year treatment arm of the HERA PK substudy, Herceptin serum
concentration data were available from 37 patients at Cycle 1, from 12 patients at Cycle 13, and
from 8 patients at Cycle 18 who provided extensive samples. The mean serum concentration—
time profiles for these patients at these cycles are shown in Figure 1. PK parameters are shown in

Table 2.

—4—Crele 1
—m—Cyele 13
- Cyoi 18
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Figure 1. Mean Herceptin Concentration Profiles (HERA Trial)

Table 2. PK Parameters of Herceptin (HERA Trial)

. T AUC? & cL®
Cycle fn {ugfml) {hr} (mgedayil) (days) {Liday)
1 34-37° 1981382 29+1.9° 1484 £ 317 144%35 0.232+0.054
13 10-12% 2164217 354156° 22854370 16.0+28 0.169+0.040
18 8 210£123 3.0x22 22061388 16440 (.181£0.038

The mean half-life of Herceptin of 16.2 days (range = 11.0 to 22.8 days) was observed after a
loading dose of 8 mg/kg followed by a maintenance dose of 6 mg/kg every three weeks. Up to
42 days of blood sample collection make the terminal t;, was underestimated. Between weeks 6
and 37, Herceptin steady-state concentrations were observed, with mean trough and peak
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concentrations of 63 pg/mL and 216 pg/mL, respectively. With the same dosing regimen, the
trough and peak concentrations of Herceptin obtained from HERA trial were comparable to data
from two other studies in HER2-positive MBC in which Herceptin was administered, either as
monotherapy (Study WO16229) or in combination with paclitaxel (Study BO15935) (Table 3).

Table 3. Herceptin Trough Concentrations (ug/mL) prior to Cycles 2, 3, 13, 14 and 18 in the HERA,
W016229, and BO15935 Studies (Mean=SD)

Cyele 2 Cycle 3 Cyele 13 Cycle 14 Cyele 18
Study (3 wesks) (Bwesks)  (J6wesks)  (Fweeks)  (51weeks)
HERA 0T 4824145 832413T  B4AR12Y  665:220
(n=34) n=31) (n=12) [n=10) (n=5)
016229 7311 328419 518113 60317 63.9£20
(n=92) (n=81) M=13)  (r=12) in=f}
BO15035 2822128 4118181 1232332 NA NA
(n=29} (=26} {n=13

2.3. Intrinsic Factors

2.3.1. What intrinsic factors influence dose-exposure and/or dose-response and what is the
impact of any differences in exposure or response?

2.3.1.1. Relationship between circulating extracellular domain of the HER2 receptor (HER2-
ECD shed antigen) and Cyough of Herceptin

ECD levels were quantified using the HER2/neu enzyme-linked immunosorbent assay (ELISA).
Patients were considered to have an elevated baseline HER2-ECD shed antigen level if their
baseline value was higher than the 75th percentile from each study (115 ng/mL for Study
BO15935; 100 ng/mL for Study WO16229).

In Study WO16229, Herceptin was given as a single agent, 25 out of 102 patients had an
increased ECD level at baseline. Figure 2 shows the Cyouen of Herceptin for patients with higher
and normal ECD levels during the treatment period. In general, Cyougn 0f Herceptin in patients
with higher ECD is lower than those in patients with normal ECD levels.

80 4
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E 60,
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$E .
3¢
sEE
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% —#— Patients with Normal ECO

0+ ¥ ! T T |
0 5 10 15 20 25 30
Treatment Cycle

Figure 2. Trough Concentration of Herceptin for Patients with Higher or Normal ECD Levels
(Study W016229) — Reviewer’s Plot
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In Study BO15935, 7 out of 30 patients had higher ECD levels at baseline. The analyses showed
that the majority of these 7 patients achieved target serum Herceptin concentrations of 20 pg/mL
by Week 7 (Day 1 of Cycle 3) and by Week 10 (Day 1 of Cycle 4) (Table 4). In Study
WO016229, among those patients with higher ECD levels at baseline, the analyses showed that
approximately one-third of these patients achieved target serum Herceptin concentrations of 20
pg/mL by Week 7 (Day 1 of Cycle 3) and by Week 10 (Day 1 of Cycle 4) (Table 4).

Table 4. Number of Patients with Higher Baseline Shed Antigen Levels Whose Cygygn of Herceptin

>20 pg/mL
Week 015935 n=7 _ |WO016229 n=25
7 5 (71%) 9 (36%)
10 6 (86%) 8 (32%)

Given the limited sample size and inconsistent results obtained from Study BO15935 and Study
WO016229, no conclusion could be drawn with respect to the relationship between circulating
extracellular domain of the HER2 receptor (HER2-ECD shed antigen) and Herceptin serum
trough concentration for the once-every-three-week dose regimen.

2.3.1.2. Relationship between HER2-ECD shed antigen and responses of Herceptin

Study WO16229 was a multicenter, open-label, single-arm Phase II study of the safety and
efficacy of Herceptin administered once every 3 weeks (Q3W) as a monotherapy in patients with
HER2-overexpressing metastatic breast cancer. Correlation of baseline ECD levels with best
responses revealed no clear relationship between baseline ECD levels and the best responses
achieved (Figure 3). However, patients who had progressive disease showed much higher ECD
level at Cycle 4 (Figure 4).

0
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Figure 3. Correlation Between Best Response and Baseline ECD Concentrations
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Figure 4. Correlation Between Response and ECD Concentrations at Cycle 4 (Study Wo16229) -
Reviewer’s Plot

2.4, Extrinsic Factors
2.4.1. Drug-drug interactions

Effect of Herceptin on Paclitaxel Pharmacokinetics

Study BO15935 was a Phase I/II study to determine the safety, tolerability and PK of Herceptin
and paclitaxel administered every 3 weeks (Q3W) in women with HER2+ metastatic breast
cancer. A total of 32 gatients were enrolled. For the first cycle, Herceptin was given on Day 1;
paclitaxel (175 mg/m°) was given 24 hours before Herceptin administration. Thereafter,
Herceptin was administered together with paclitaxel every 3 weeks for seven cycles (Cycles 2-8).
Subsequently, Herceptin treatment as monotherapy was continued until disease progression or
patient withdrawal from the study. Pharmacokinetic samples were taken for trough concentration
(pre-dose) on Day 1 of each treatment cycle for Cycles 1-13.

Paclitaxel concentrations versus time profiles with and without Herceptin are shown in Figure 5.
Using PK parameters of paclitaxel in Cycle 1 as reference, the comparison of PK of paclitaxel
with and without co-administration of Herceptin is shown in Table 5.

Table 5. Comparison of PK of Paclitaxel With and Without Co-administration of Herceptin

PK parameters Cycle 1 (ref.) Cycle 4 GMR 90% CI
n=30 n=25
AUC)sq (ng*h/mL) 5060 (39) 4310 (38) 0.86 73.6-99.8
Crax (ng/mL) 16620 (33) 14044 (31) 0.85 72.0-101.0
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Figure 5. Paclitaxel Concentration-Time Profiles With and Without Co-administration of

Herceptin

On average, paclitaxel Cpax and systemic exposure was 15% lower when administered in
combination with Herceptin compared to that administered alone. Since efficacy has been
demonstrated in the combination therapy, these observed PK difference is not considered
clinically significant.

Effect of Paclitaxel on Herceptin Pharmacokinetics

Mean PK profiles of Herceptin at cycles 4 (with paclitaxel), 10 and 12 (without paclitaxel) are
presented in Figure 6. Estimates of PK parameters are shown in Table 6.
Note: Only three patients had samples taken at cycle 10.
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Figure 6. Mean (SD) Herceptin concentration profiles obtained at cycles 4, 10 and 12

Table 6. Mean PK Parameters of Herceptin at Cycles 4, 10 and 12

Parameter s Cycle

mean {CV%) 4 {n=25) 10 {n=3} 12 {n=15}
Con (ng/ml) 50.1 (26) 66.0 (39 723 {48
Caax{ptgimL) 196 (14) 203(7) 237 (13
Trmax (h after start of 4.4 (56} 1.7(22) 27145}
infusion)

AUC 3 fpig himL} 42040 {25} 45037 (10) £58529 (35}
tiath) 457 (41) 649 (22} 438 {44)
Cl{mbih) 8.8 (23} 8.8 (243 8.2 (57)
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Average trough concentrations of Herceptin increased 45% from 50.1 pg/mL at cycle 4 to 72.3
ug/mL at cycle 12 (Table 6). It is not clear this increase is due to the repeated dose accumulation
or co-administration of paclitaxel. The design of this Study BO15935 does not allow for a within
study evaluation of the effect of paclitaxel on Herceptin PK. Thus, it is not appropriate to
determine the effect of paclitaxel on Herceptin by comparing PK parameters between Cycle 4
and Cycle 12.

2.5. General Biopharmaceutics
No updates.
2.6. Analytical

The Sponsor did not provide analytical reports in this submission.
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3. DETAILED LABELING RECOMMENDATIONS ’

Proposed Labeling:

7. DRUG INTERACTIONS

' FDA suggested labeling:

In drug interaction studies, the pharmacokinetics of docetaxel and paclitaxel were not altered

when each was administered in combination with Herceptin | 0@

Proposed Labeling:

12.3 Pharmcokinetics

FDA suggested labeling:

In a study of women receiving adjuvant therapy for breast cancer, a mean half-life of
trastuzumab of 16 days (range: 11-23 days) was observed after an initial dose of 8 mg/kg
followed by a dose of 6 mg/ke every three weeks. Between weeks 6 and 37, trastuzumab serum

- concentrations reached a steady-state with mean trough and peak concentrations of 63 mcg/mL
and 216 mcg/mlL., respectively.

Proposed Labeling:
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e DEPARTMENT OF HEALTH AND HUMAN SERVICES

&Y
] {K/@ Public Health Service

A

«., Food and Drug Administration
Center for Drug Evaluation and Research

Memorandum

Date: January 18, 2008 ﬁ\/
From: Monica Hughes, M.S., Lead, Regulatory Health Project Manager
DBOP/OODP/OND/CDER/FDA

Subject: BL 103792/5175

FDA proposed revised labeling is attached. In section 14.1, we are proposing to delete the word
"pathological” from "pathological tumor size®®cm", keeping " tumor size @®m". We are
proposing to retain our language proposed on January 17, 2008. Data from the efficacy
population revealed an n=1098 was node-negative disease. Of the 1098 node-negative women,
an n=512 met the following criteria: node-negative and ER/PR positive and one of the following:
pathological tumor greater than 2 cm, Grade 2-3 or age less than 35. Of the 1098 node-negative
women, an =543 was node-negative and ER/PR negative. Based on this data, our January 17,

2008, proposal is reflected in the attached label.

13 Page(s) of Draft Labeling has been Withheld in Full as b4 (CCI/TS) immediately following this page



S DEPARTMENT OF HEALTH AND HUMAN SERVICES
5’ Public Health Service
Gy Food and Drug Administration
Center for Drug Evaluation and Research
Memorandum

Date: January 17, 2008

From: Monica Hughe$, M.S., Lead, Regulatory Health Project Manager
DBOP/OODP/OND/CDER/FDA

Subject: BL STN 103792/5175

Please find attached FDA’s counter-proposed revisions to the Herceptin PLR labeling submitted
for review under BL STN 103792/5175 in response to your second January 16, 2008, submission.

1. Please note, we have made additional revisions to sections 5.1, 6.1, table 3, and 14.1.

2. We are attaching a final PMC agreement for your review. We have added the additional
information you forwarded to us regarding the QT study. Please note, this additional
information will not appear in the final action letter, but for record keeping purposes we
would like Genentech to include it in the final formal PMC agreement submission to the.
file, for future reference.



Final PMC agreements related to STN BL 103792/5175:

1.

To provide a final clinical study report (CSR) of the safety and efficacy of 2-years
of Trastuzumab treatment in Study BO16348 (HERA)in order to provide a final
analysis of cardiac toxicity based on serial ejection fraction monitoring,
characterizing the cumulative incidence, severity, duration and reversibility. The
final study report will include the primary datasets and programs for generation of
analyses; analyses will include, but not be limited to the analyses described in the
statistical analysis plan. The final CSR will be submitted by December 31, 2013.
If the results from the 2-year Trastuzumab arm are released by the IDMC at the
interim analysis, then the final CSR will be submitted by December 31, 2009.

To provide updated safety information of the observation and 1-year Trastuzumab
arms in Study BO16348 (HERA). Interim cardiac safety updates (narratives of
new primary or secondary cardiac events) will be provided on an annual basis
beginning in December 2008 and continuing until the time of the final CSR,
which will be submitted by December 31, 2013. If the results from the 2-year
Trastuzumab arm are released by the IDMC at the interim analysis, then the CSR
will be submitted by December 31, 2009.

To submit a protocol for review for a prospectively and actively enrolled
pregnancy registry that will collect information assessing pregnancy
complications and birth outcomes in women with breast cancer exposed to a
Herceptin-containing regimen prior to conception or during pregnancy. Notice of
a pregnancy registry and the telephone contact number will be included in the
package insert. A proposal, including a prospective protocol for FDA review will
be submitted to FDA by June 30, 2008. The registry will become active by
December 31, 2008, and interim reports of all data collected will be submitted on
an annual basis to FDA through December 31, 2019.

To conduct a QT protocol according to the principles of ICH E14: The Clinical
Evaluation of QT/QTc Interval Prolongation and Proarrhythmic Potential for
Non-Antiarrhythmic Drugs (Section IID) in a minimum of 50 subjects receiving
trastuzumab. A detailed protocol for this study will be submitted by September
30, 2008. The study will be initiated by March 31, 2009, and will be completed
by March 31, 2013. A final study report will be submitted by September 30,
2013. A supplement with revised labeling, if applicable, will be submitted by
March 31, 2014.

Additional information regarding PMC 4:

Genentech will incorporate ECG evaluations into a proposed drug-drug
interaction study to be performed between Herceptin and Carboplatin as a PMC
for the BCIRG.006 sBLA. Although the study design is preliminary, it is
proposed that HER2-positive patients with metastatic cancer receive TCH on a
q3-weekly schedule. On Day 1 of Cycle 1, patients would receive carboplatin



(AUC=6) and docetaxel (75 mg/m?), and serial blood sampling for carboplatin PK
will be taken for 24 hours following Carboplatin administration. On Day 2 of
Cycle 1, Herceptin (8 mg/kg) will be administered. Herceptin (6 mg/kg),
Carboplatin (AUC=6) and Docetaxel (75 mg/m2) will be given on Day 1 of each
subsequent cycle. On Cycles 2, and 3 Day 1, serial blood draws for carboplatin
and Herceptin PK will be taken for 24 hours following Carboplatin
administration. The impact of Herceptin on Carboplatin PK between Cycle 1 (no
Herceptin) and Cycle 2 (with Herceptin) will be evaluated for drug-drug
interaction.

To address the PMC for QT evaluation in the HERA sBLA, Genentech will
incorporate triplicate ECG evaluations, read by a central vendor and including
cardiologist adjudication, into a minimum of | §j patients in this DDI study.
Triplicate ECGs will be performed at Baseline, Cycles 1 and 3. With 40 patients,
the probability of observing 2 or more significant QT prolongations is 0.19 if the
true underlying rate is 2%, and is 0.70 if the true underlying rate is 6%. A clinical
significant QTc prolongation is defined as an absolute value 2 530 msec or a
change from baseline 2 60 msec.

13 Page(s) of Draft Labeling has been Withheld in Full as b4 (CCUTS) immediately following this page



e, DEPARTMENT OF HEALTH AND HUMAN SERVICES

& Uy
_/@_ Public Health Service

e o - Food and Drug Administration
v - .
Center for Drug Evaluation and Research

Memorandum

Date: January 16, 2008

From: Monica Hughem Lead, Regulatory Health Project Manager
DBOP/OODP/OND/CDER/FDA

Subject: BL STN 103792/5175

Please find attached FDA'’s counter-proposed revisions to the Herceptin PLR labeling submitted
for review under BL STN 103792/5175 in response to your January 16, 2008, submission.

1. The highlights section now meets the 2 page requirement.

2 With respect to references throughout the FPI, we revised the label for consistency [see
name of section, (section #)].

3. Please ensure numbering of all tables is correct in the label along with any references to
those tables in the text of the label.

4. Please note, cardiac arrythmias was dervived from a HLGT (higher level grouping term)
that maps down to multiple perferred terms of different arrythmias. We put a foot note in
the table to reflect this.

B We do not agree with the revised numbers in section 6.1 and have revised them based on
the following:
Adjuvant Breast Cancer Studies

The data below reflect exposure to Herceptin across three randomized, open-label studies,
Studies 1, 2, and 3, with (n=3355) or without (n= 3308) trastuzumab in the adjuvant
treatment of breast cancer.

total =studyl+study2-+study3
Note : 3355=920 +757 +1678
3308=876 +724 +1708
6. With respect to the PMCs, we agree with revisions made to PMCs 1, 2, and 3. However,

we do not agree with your proposal to evaluate| ®® patients. We are proposing that
you evaluate 50 patients.



PMC’s

L. To provide a final clinical study report (CSR) of the safety and efficacy of 2-years
of Trastuzumab treatment in Study BO16348 (HERA)in order to provide a final
analysis of cardiac toxicity based on serial ejection fraction monitoring,
characterizing the cumulative incidence, severity, duration and reversibility. The
final study report will include the primary datasets and programs for generation of
analyses; analyses will include, but not be limited to the analyses described in the
statistical analysis plan. The final CSR will be submitted by December 31, 2013.
[f the results from the 2-year Trastuzumab arm are released by the IDMC at the
interim analysis, then the final CSR will be submitted by December 31, 2009.

2. To provide updated safety information of the observation and 1-year Trastuzumab
arms in Study BO16348 (HERA). Interim cardiac safety updates (narratives of
new primary or secondary cardiac events) will be provided on an annual basis
beginning in December 2008 and continuing until the time of the final CSR,
which will be submitted by December 31, 2013. If the results from the 2-year
Trastuzumab arm are released by the IDMC at the interim analysis, then the CSR
will be submitted by December 31, 2009.

3. To submit a protocol for review for a prospectively and actively enrolled
pregnancy registry that will collect information assessing pregnancy
complications and birth outcomes in women with breast cancer exposed to a
Herceptin-containing regimen prior to conception or during pregnancy. Notice of
a pregnancy registry and the telephone contact number will be included in the
package insert. A proposal, including a prospective protocol for FDA review will
be submitted to FDA by June 30, 2008. The registry will become active by
December 31, 2008, and interim reports of all data collected will be submitted on
an annual basis to FDA through December 31, 2019.

4, To conduct a QT protocol according to the principles of ICH E14: The Clinical

Evaluation of QT/QTc Interval Prolongation and Proarrhythmic Potential for

[ Non-Antiarthythmic Drugs (Section IID) in a minimum of %50 subjects
receiving trastuzumab. A detailed protocol for this study will be submitted by
September 30, 2008. The study will be initiated by March 31, 2009, and will be
completed by March 31, 2013. A final study report will be submitted by
September 30, 2013. A supplement with revised labeling, if applicable, will be
submitted by March 31, 2014.

13 Page(s) of Draft Labeling has been Withheld in Full as b4 (CCI'TS) immediately following this page



S, DEPARTMENT OF HEALTH AND HUMAN SERVICES

{ -/C. Public Health Service
g S : Food and Drug Administration
) Center for Drug Evaluation and Research
Memorandum

Date: January 15, 2008

From: Monica Hughes, M.S., Regulatory Project Manager
DBOP/OODP/OND/CDER/FDA

Subject: BL STN 103792/5175

Please find attached FDA’s counter-proposed revisions to the Herceptin PLR labeling submitted
for review under BL STN 103792/5175 in response to your January 10, 2008, submission.

We have highlighted comments and request for clarification/additional information in the
attached label. In addition to those comments, we have the following comments:

i Please further revise the highlights section to ensure it meets the %2 page requirement.

2 For consistency throughout the label, please label all references to other sections as
follows: [see name of section, (section #)|.

3. Some tables/figures may have been deleted, please ensure numbering of all tables is
correct in the label along with any references to those tables in the text of the label.

In addition, we have attached our counter-proposals for revised PMCs.

We will speak with you at 1:00 PM EST today, during our standing teleconference time, to
address any questions you may have.

24 Page(s) of Draft Labeling has been Withheld in Full as b4 (CCI/'TS) medlatelyfollowmgﬂus page



To:

From:

 Date:
Re:

Division of Drug Marketing,
Advertising, and Communications

Internal Consult

****Pre-decisional Agency Information****

Monica Hughes, Regulatory Project Manager
Division of Biologic Oncology Products

Office of Oncology Drug Products

Carole C. Broadnax, R.Ph., Pharm.D.

il
Division of Drug Marketing, Advertising‘##d Communications, CDER

January 11, 2008

Hérceptin (Trastuzumab)
STN BL 103792/5175
Comments on draft labeling

In response to your consult request via email on January 8, 2007, we have
reviewed Genentech’s draft labeling (working copy sent by electronic mail on
January 10, 2008) for Herceptin and offer the following comments.

Genentech has submitted a supplemental BLA based on the HERA study in
which Genentech proposes to expand the adjuvant indication to include: | ®®

- with Herceptin

administration once every 3 weeks for 52 weeks: Initial dose of 8 mg/kg followed
by subsequent doses of 6 mg/kg once every 3 weeks. Administer all doses of,
Herceptin as 90 minute IV infusions.”

HER?2 overexpressing breast cancer”
{emphasis added)

Section Statement from draft Comment

HIGHLIGHTS: “Herceptin is a ® @ Are the words ®® appropriate to
INDICATIONS o@® describe the drug’s pharmacologic class?

AND USAGE ®® indicated for the treatment of

The Label Review Tool dated June 12, 2007 states,”
If the drug is a member of an established
pharmacologic class, the concise statement under
this heading must identify the class ... If the drug is
not a member of an established pharmacologic class,
the statement should be omitted.”

Is Herceptin a member of an established




Internal Consult

STN BL 103792/5175

Page 3

pharmacologic class? If so, we recommend revising
the indication statement to include the appropriate
class term fo avoid a misleading or potentially
confusing established pharmacologic class term.

Reference is made to the Draft Guidance for Industry
and Review Staff: Labeling for Human Prescription
Drugs — Determining Established Pharmacologic
Class for Use in the Highlights of Preseribing
Information. '

“Herceptin administration can result in

Modifications

reactions
+ Interrupt the infusion in patients with
dyspnea or clinically significant
hypotension
« Discontinue Herceptin for severe or
life-threatening infusion
reactions.” (emphasis added)

FULL
PRESCRIBING serious infusion reactions and
INFORMATION: pulmonary toxicity. [7TT®®
BOXED e
WARNING: (emphasis added) DDMAC recommends and
: revising the statement to wording similar to that of
| Infusion the Warnings sections (5.2 and 5.3) *. . . serious and
Reactions; fatal infusion reactions have been reported” or
Pulmonary “Herceptin use can resuit in serious and fatal
Toxicity . pulmonary toxicity.”
The Guidance for Industry for the Adverse Reactions
Section of Labeling
]
2. DOSAGE AND “Infusion Reactions [see Boxed The Dose Modification section discusses decreasing,
ADMINISTRATION | Warning, (5.2)] interrupting and discontinuing Herceptin; however the
« Decrease the rate of infusion for Boxed Warnings, Warnings and Adverse Reactions
2.2 Dose mild or moderate infusion sections of the label only discuss interruption and

discontinuation. Should a discussion regarding a
decrease in the rate of infusion also be included in
these other sections? ’

5. WARNINGS
AND
PRECAUTIONS

5.2 Infusion
Reactions

6. ADVERSE
REACTIONS

and asthenia. [J0 10 IO

“Infusion reactions consist of a

symptom complex characterized by
fever and chills, and on occasion
included nausea, vomiting, pain (in
some cases at tumor sites), headache,
dizziness, dyspnea, hypotension, rash,

[see (6.1)]."
Adj uvint Breast Cancer Studies

“The following non-cardiac adverse

Considering that the label contains a Black Boxed
Warning, Warnings and Precautions for infusion

reactions, the claims IS I O®
®® and

recommend

deletion of these claims.

The Label Review Tool (version June 12, 2007)
states that labeling should avoid arbitrary categories
of I e
e
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6.1 Clinical Trials
Experience

Adjuvant Breast
Cancer Studies

Metastatic Breast
Cancer Studies —
Infusion
Reactions

Diarrhea

reactions of Grade 2-5 occurred at an
incidence of at least 2% greater among
patients randomized to Herceptin plus
chemotherapy as compared to
chemotherapy alone: arthralgia (31%
vs, 28%), fatigue (28% vs. 22%),
infection (22% vs. 14%), hot flashes
(17% vs. 15%), anemia (13% vs. 7%),
dyspnea (12% vs. 4%),
rash/desquamation (11% vs. 7%),
neutropenia (7% vs. 5%), headache
(6% vs. 4%), and insomnia (3.7% vs.
1.5%). The majority of these events
were grade 2 in severity.” '

“The following non-cardiac adverse
reactions of Grade 2-5 occurred at an
incidence of at least 2% greater among
patients randomized to Herceptin plus
chemotherapy as compared to
chemotherapy alone: arthralgia (11%
vs. 8.4%), myalgia (10% vs. 8%), nail
changes (9% vs. 7%), and dyspnea
(2.5% vs. 0.1%). The majority of
these events were Grade 2 in
severity.”

Metastatic Breast Cancer Studies

“Infusion Reactions

“During the first infusion with
Herceptin, the symptoms most
commonly reported were chills and
fever, occurring in approximately
40% of patients in clinical trials. @

- " and were treated
with acetaminophen, diphenhydramine,
and meperidine (with or without
reduction in the rate of Herceptin
infusion); permanent discontinuation of
Herceptin for infusional toxicity was
required in < 1% of patients.”

Diarrh ea

An increased incidence of diarrhea,

b))
‘®® was observed in patients
receiving Herceptin in combination
with chemotherapy for treatment of
metastatic breast cancer. (emphasis
added)

We note that the Adverse Reactions - Adjuvant
Breast Cancer Studies section (6.1) uses more
specific wording “The majority of these events were
grade 2 in severity.” Is this supported by substantial
evidence? ’

The claim ® @)
®® to minimize the risk of

diarrhea. We recommend avoiding [ ®&®
- " ©®
® @

Boxed Warning

“WARNING:
CARDIOMYOPATHY, INFUSION

We recommend that the order in which the Warnings
are presented throughout the label be changed to
reflect the priority given in the Boxed Warning, i.e.,
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FULL
PRESCRIBING
INFORMATION:
CONTENTS

FULL
PRESCRIBING
INFORMATION

REACTIONS, and PULMONARY
TOXICITY”

“WARNING -
CARDIOMYOPATHY, INFUSION
REACTIONS, PULMONARY
TOXICITY”

5 WARNINGS AND

PRECAUTIONS

5.1  Cardiomyopathy

52  Infusion Reactions

53  Exacerbation of
Chemotherapy-Induced
Neutropenia

54  Pulmonary Toxicity

5 WARNINGS AND

PRECAUTIONS
5.1 Cardiomyopathy
52 Infusion Reactions

53 Exacerbation of
Chemotherapy-Induced Neutropenia

54 Pulmonary Toxicity

6 ADVERSE REACTIONS

The following adverse reactions are discussed in

greater detail in other sections of the label:

* Cardiomyopathy [see WARNINGS AND

PRECAUTIONS (5.1)]

» Infusion reactions fsee WARNINGS AND
PRECAUTIONS (5.2)]

» Exacerbation of chemotherapy-induced
neutropenia [see WARNINGS AND

PRECAUTIONS (5.3)]
» Pulmonary toxicity [see WARNINGS AND

PRECAUTIONS (5.4)]
[emphasis added]

first - cardiomyopathy, second - infusion reactions
and third - pulmonary toxicity as this is the priority
given these events in the Boxed Warning.

For example, “Pulmonary Toxicity” should be listed
as item number 3 instead of item number 4.
“Exacerbation of Chemotherapy-Induced
Neutropenia” should be listed as number 4 instead of
item number 3.

The rest of the Adverse Reactions section should
also maintain this priority. :

5. WARNINGS
AND

PRECAUTIONS .

51
Cardiomyopathy

5.2 Infusion
Reactions

5.4 Pulmonary
Toxicity

“Herceptin can cause left ventricular
cardiac dysfunction, arrhythmias,
hypertension, disabling cardiac failure,
cardiomyopathy, and cardiac death [see
Boxed Warning: Cardiomyopathy].”

“Infusion reactions consist of a
symptom complex characterized by
fever and chills, and on occasion
included nausea, vomiting, pain (in
some cases at tumor sites), headache,
dizziness, dyspnea, hypotension, rash,
and asthenia. [0 ©®

® @
[see (6.1)].” [emphasis added]
Herceptin use can result in serious and

fatal pulmonary toxicity. Pulmonary
toxicity includes dyspnea, interstitial

We recommend also adding a cross-reference to 6.1
for cardiomyopathy and pulmonary toxicity.

We recommend also adding a cross-reference to the
Boxed Warning for infusion reactions and pulmonary
toxicity.
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pneumonitis, pulmonary infiltrates,
pleural effusions, non-cardiogenic
pulmonary edema, pulmonary
insufficiency and hypoxia, acute
respiratory distress syndrome, and
pulmonary fibrosis. Such events can
occur as sequelae of infusion reactions
[see (5.2)]. Patients with symptomatic
intrinsic lung disease or with extensive
tumor involvement of the lungs,
resulting in dyspnea at rest, appear to
have more severe toxicity.

6. ADVERSE The following adverse reactions are

REACTIONS discussed in greater detail in other

sections of the label:

e Cardiomyopathy [see WARNINGS

AND PRECAUTIONS (5.1)]

« Infusion reactions [see WARNINGS
AND PRECAUTIONS (5.2)]

» Exacerbation of
chemotherapy-induced

We recommend also adding a cross-reference to the
Boxed Warning.

neutropenia [see WARNINGS
AND PRECAUTIONS (5.3)]
« Pulmonary toxicity [see

WARNINGS AND
PRECAUTIONS (5.4)]

17. PATIENT

COUNSELING

INFORMATION

Genentech wants to add the following language to
the | ®®
®
(olo]

Should this language also be added to the Patient
Counseling Information section?
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3 Page(s) has been Withheld in Full as b4 (CCI/TS) immediately following this page



DEPARTMENT OF HEALTH AND HUMAN SERVICES

g‘" lllll ¥ f’!%’ .
3 _ a Public Health Service
£ : Food and Drug Administration
Center for Drug Evaluation and Research
Memorandum

Date: January 9, 2008

From: Monica Hughes, M.S., Lead, Regulatory Health Project Manager,
DBOP/OODP/OND/CDER/FDA

- Subject: 103792/5175: FDA proposed revisions to Genentech’s proposed PMCs.

FDA forwarded the following proposed PMCs to Genentech for discussion during the January
10, 2008 teleconference.

3 Page(s) has been Withheld in Full as b4 (CCUTS) immediately following this page



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Date:

From:

Through:

To:
Drug:

Subject:

Pediatric and Maternal Health Staff
Office of New Drugs

Center for Drug Evaluation and Research
Food and Drug Administration

Silver Spring, MD 20993

Tel 301-796-0700

FAX 301-796-9744

MEMORANDUM
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Medical Team Leader, Pediatric and Maternal Health Staff

Lisa Mathis, MD L4 M D 12419 (0-F

Associate Director, Pediatric and Maternal Health Staff
Division of Biological Oncology Products
Trastuzumab (Herceptin®)

Pregnancy registry post-marketing commitment

Materials Reviewed:

Proposed post-marketing commitments for HERA (Study BO16348) sBLA

Consult Question:

Dej,ennine if the proposed pregnancy registry is adequate, and if not, assist DBOP
in developing comments to send back to Genentec

INTRODUCTION

The Division of Biologic Oncology Products (DBOP) is currently reviewing a supplemental
BLA for Herceptin (trastuzumab) that contains a number of proposed post-marketing
commitments (PMCs). One of these proposed PMCs is a pregnancy exposure registry. This
Maternal Heath Team (MHT) review responds to a DBOP request to assess the adequacy of
Genentech’s proposed pregnancy registry concept.



BACKGROUND

Herceptin

Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
targets the extracellular domain of the Erb-2/Her2/neu receptor (epithelial growth factor receptor
2 protein). It is indicated as single agent therapy in metastatic, Her2-overexpressing breast
cancer and as adjuvant therapy when part of a chemotherapy regimen for Her2-overexpressing,
node positive breast cancer. During the summer of 2007, the Division of Biologic Oncology
Products (DBOP) consulted the MHT regarding the potential need for changes in labeling based
on 18 case reports of oligohydramnios associated with Herceptin use during pregnancy.

- MHT reviewed the available data and recommended changes to the pregnancy and nursing
mothers sections of labeling. At the time of the MHT consult on Herceptin, there were nine
unique reports of oligohydramnios associated with Herceptin use in pregnancy both in the
published literature and post-marketing reports in the AERS database. In four, and possibly five,
of these cases, the amniotic fluid volume recovered following discontinuation of Herceptin
therapy. There was one case with both a positive dechallenge and rechallenge. Pre-clinical data
suggest an important role for epidermal growth factor in renal development. Human renal
tubular development continues until 36 weeks gestation. Data from studies in organ culture,
where an antibody is used to block the epidermal growth factor receptor, suggest that blocking
the EGF receptor may interfere with normal nephron development. It seems scientifically
plausible, based on the drug’s mechanism of action that Herceptin could increase the likelihood
of oligohydramnios. Transient oligohydramnios has occasionally been reported following
courses of chemotherapy with other agents, but the amniotic fluid volume has generally
recovered in a short period of time. Sometimes clinicians use additional intravenous hydration in
an attempt to compensate for fluid compartment shifts and blunt this effect following
chemotherapy.

Based on the possible association between Herceptin use during pregnancy and oligohydramnios,
MHT made the following recommendations: :

1. The pregnancy category for Herceptin (trastuzumab) should be changed to a “D” based
on the available human data that suggest a possible teratogenic effect leading to
oligohydramnios.

2. The pregnancy portion of the Herceptin label should include information about the
known cases of oligohydramnios that occurred with use of Herceptin during pregnancy.

3. The label should recommend that pregnant women using Herceptin undergo screening for
oligohydramnios with obstetrical ultrasound examination at regular intervals.

4. If oligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the
- gestational age of the fetus and consistent with the standards of care for the community.
This testing should continue on a regular basis until one of two conditions is met:

a. Herceptin therapy is discontinued and oligohydramnios resolves
b. Delivery.



-5. In cases where the physician and patient decide to continue Herceptin therapy for
maternal reasons despite the presence of oligohydramnios, additional intravenous
hydration should be considered. With other forms of chemotherapy during pregnancy,
transient oligohydramnios has been observed, and extra hydration sometimes mitigates
this effect.

6. Include contact information for the Cancer and Childbirth Registry and encourage
enrollment of pregnant patients using Herceptin.

The MHT provided the DBOP with draft language for the pregnancy and nursing mothers
sections of labeling.

Breast cancer and pregnancy

In the United States, there are more than four million live births annually and another 2.5 million
pregnancies that end in either spontaneous or induced abortion. Breast cancer complicates about
1 in 3000 pregnancies. Based on the National Cancer Institute’s Surveillance, Epidemiology,
and End Results Program Cancer Statistics Review and rates from 2001 — 2003, one out of eight
American women will develop breast cancer during their lifetime. One of eight women
diagnosed with breast cancer will be between 20 and 44 years of age at the time of diagnosis, and
10% will be pregnant. Among the nonpregnant women with breast cancer ages 20 — 44 years
old, some may choose to become pregnant following diagnosis and treatment.

The number of pregnant women with a history of breast cancer or with a new diagnosis of breast
cancer is expected to increase as more women delay childbearing until their 30°s and 40’s.
Pregnancy-associated breast cancer is age-related, and women who have their first term
pregnancy after age 30 years have a two to three times higher risk of developing breast
carcinoma than women who have their first pregnancy before the age of 20 years.

REVIEW OF DATA
In lieu of a prospectively enrolled pregnancy registry, Genentech proposes| ©®@

in
women with breast cancer exposed to a Herceptin-containing regimen. All pregnant Herceptin-

treated women for this study would be identified| 0@
I ——

1
Genentech provided the following reason for proposing 0@
]




With this study approach, Genentech states e
|
O —
[—

DISCUSSION/CONCLUSIONS

FDA’s Guidance for Industry on Establishing Pregnancy Exposure Registries
(http://www.fda.gov/cder/guidance/3626fnl htm) states that a sponsor should seriously consider
establishing a pregnancy exposure registry when it is likely that the medical product will be used
during pregnancy as therapy for a new or chronic condition. In addition, a drug is considered a
good candidate for a pregnancy registry when inadvertent exposures are expected due to a high
likelihood of use by women of childbearing age. Breast cancer most often occurs in women
beyond their reproductive years; however, as women more often delay childbearing into their
30’s and 40’s, the number of women diagnosed with breast cancer during pregnancy or who
become pregnant following breast cancer treatment has increased. Some pregnant women with a
history or breast cancer may conceive while using Herceptin or may experience a breast cancer
recurrence where Herceptin is one of the better treatment alternatives. Breast cancer complicates
about 1 in 3000 pregnancies. One of eight women diagnosed with breast cancer will be between
20 and 44 years of age at the time of diagnosis, and 10% will be pregnant.

Based on these numbers, there may be only about 1200 pregnant patients with breast cancer per
year in the United States, and it is likely that only a portion of them would be treated with
Herceptin. While Genentech is concerned about identifying pregnant women with breast cancer

who are using Herceptin in and around conception or later in pregnancy, -

Pregnancy exposure registries can be designed to achieve a range of objectives from open-ended
safety surveillance to testing hypotheses about how Herceptin use during pregnancy affects
pregnancy and infant outcomes. Pregnancy registries may include collection of information
from healthcare professionals, patients, and medical records, and can be structured as single
product registries or as registries that enroll patients with a particular medical condition who may
be treated with a number of different pharmaceutical therapies. Examples of multi-drug
pregnancy registries include the Anti-retroviral Pregnancy Registry, the National Transplant
Pregnancy Registry, and the Antiepileptic Drug Pregnancy Registry.

As suggested in the Guidance for Industry on Establishing Pregnancy Exposure Registries, in
certain situations, other study designs, such as case control studies, can provide additional data.


http://www.fda.gov/cder/guidance/3626fnl.htm

@

In the case of Herceptin, the number of pregnant women
exposed to Herceptin or using Herceptin each year will be quite limited.

In order to obtain the most comprehensive and useful information about the safety and efficacy
of Herceptin treatment during pregnancy, Genentech should establish a prospectively enrolled
pregnancy registry that utilizes active recruitment techniques. This pregnancy exposure registry
could be a single drug registry, or Genentech could choose to collaborate with other companies
that manufacture breast cancer therapies and establish a breast cancer pregnancy exposure
registry that would enroll pregnant patients receiving any and all breast cancer therapies during
gestation. Data obtained from the proposed database study could potentially augment the
knowledge gained from the pregnancy registry over time but should not be used as an alternative
approach to obtaining this important information.

RECOMMENDATIONS

1. Genentech’s post-marketing commitments should include development of a prospectively
enrolled pregnancy exposure registry. The company should refer to the Guidance for
Industry on Establishing Pregnancy Exposure Registries
(http://www.fda.gov/cder/guidance/3626fnl htm).

2. Genentech should be asked to submit a protocol to the Division for review. This protocol
should include plans for active recruitment and should define pregnancy and fetal/infant
outcomes that the registry will evaluate. The sponsor should consider how to assess first
and second trimester pregnancy loss.

3. Genentech should be encouraged to use the proposed automated database study to
augment the information obtained from the pregnancy exposure registry.

4. Genentech should be informed that FDA supports collaboration among pharmaceutical
companies that manufacture drug and therapeutic biologic products used in the treatment
of a particular condition. A pregnancy exposure registry designed to enroll all pregnant
breast cancer patients undergoing treatment offers advantages with data analysis over a
single product registry. For example, maternal and fetal/infant outcomes could be
compared across treatments.


http://www.foa.gov/cder/guidance/3626fnl.htm
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Center for Drug Evaluation and Research

Memorandum

Date: December 4, 2007

From: Monica Hughes, M.S., Regulatory Project Manager
DBOP/OODP/OND/CDER/FDA

Subject: BL STN 103792/5175

Please find attached FDA'’s proposed revisions to the Herceptin PLR labeling submitted for
review under BL STN 103792/5175. There are potions of the labeling that are highlighted; these
contain requests from FDA to Genentech to be addressed in your labeling response. In addition,
FDA has the following comments and requests for Genentech:

1. On page 7 of the attached Herceptin PLR label, please insert the graph included on the
following page. Your censoring scheme (censoring disease recurrence date first then the
last date of follow-up, radiological exam, LEVF assessment, last contact, last survival
follow-up) for the time to the first significant . VEF drop may be informative. Please re-
define the censoring date as the last date of

the last follow-up,

the last radiological exam,

last LVEF assessment’,

last contact,

last survival follow-up or

disease recurrence date, whichever occurs last, for patients who did not experienced
significant LVEF drop,

Mo e op

and provide the results from both the log rank test and the Cox’s proportional hazards
model.

Also, please provide a cumulative incidence plot for the time to the first significant LVEF
drop using the format shown on the following page.

We also request that you perform the same analysis and provide the data from Studies 1
and 2 in the same figure, appropriately labeled.

2. Please update the numbering of all the tables and graphs throughout the label, and ensure
that all the references within the text of the label match with the respective updated
numbering.

3. Please note additional revisions may be necessary following DBOP’s receipt of
comments from the PLR endpoints group and our colleagues at CDRH who are reviewing
the HER2 test kit sections of the label.
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Deputy Director, Office of New Drugs
Division of Biological Oncology Products
Trastuzumab (Herceptin®)

Case reports of oligohydramnios associated with Herceptin use during pregnancy.
Are changes needed in the pregnancy section of labeling?

Materials Reviewed:

= 19 MedWatch reports that reported on eight unique cases of oligohydramnios

* Published literature on oligohydramnios associated with Herceptin use during pregnancy

» Published literature on oligohydramnios associated with pregnancies in patients with
cancer or pregnancies in patients with cancer receiving chemotherapy

= Published literature on the role of epidermal growth factor in renal development.

Consult Question:

Should available information on the 18 case reports of oligohydramnios with Herceptin® use
during pregnancy lead to changes in labeling of the drug for use during pregnancy?



EXECUTIVE SUMMARY

Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
targets the extracellular domain of the Erb-2/Her2/neu receptor (epithelial growth factor 2
protein). In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with
paclitaxel (chemotherapy-nieve patients only) for the treatment of metastatic breast cancer in
women with HER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA
approved Herceptin as part of an adjuvant treatment regimen containing doxorubicin,
cyclophosphamide, and paclitaxel in women with HER2-overexpressing, node-positive breast
cancer. Up to one in 3000 live births is complicated by breast cancer.

The Division of Biologic Oncology Products (DBOP) consulted the Maternal Health Team
(MHT) regarding the potential need for changes in labeling based on 18 case reports of
oligohydramnios associated with Herceptin use during pregnancy. The Pregnancy and Lactation
Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in September 2004,
when there were five known cases of oligohydramnios associated with Herceptin use in
pregnancy, and at that time, PLT felt that the data was confounded and not robust enough to
include in labeling. The current label mentions the existence of a limited number of post-
marketing cases of oligohydramnios and states that no association between oligohydramnios and
the use of Herceptin has been established. DBOP would like MHT to revisit this issue in light of
additional reported oligohydramnios cases and the drug’s relatively new indication as adjuvant
therapy for breast cancer. DBOP is concerned about potential increased use of Herceptin among
women of reproductive age women with breast cancer.

Currently, there are nine unique reports of oligohydramnios associated with Herceptin use in
pregnancy both in the published literature and post-marketing reports in the AERS database. In
four, and possibly five, of these cases, the amniotic fluid volume has recovered following
discontinuation of Herceptin therapy. There is one case with both a positive dechallenge and
rechallenge. Transient oligohydramnios has occasionally been reported following courses of
chemotherapy with other agents, but the amniotic fluid volume has generally recovered in a short
period of time. Sometimes clinicians have used additional intravenous hydration in an attempt to
compensate for fluid compartment shifts and blunt this effect following chemotherapy.

Pre-clinical data suggest an important role for epidermal growth factor in renal development.
Human renal tubular development continues until 36 weeks gestation. Data from studies in
organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest
that blocking the EGF receptor may interfere with normal nephron development. It seems
scientifically plausible, based on the drug’s mechanism of action that Herceptin could potentially -
increase the likelihood of oligohydramnios.

At this time, the data are not robust enough to conclude that a clear association exists between
the use of Herceptin during pregnancy and the occurrence of oligohydrammnios; however, the data
do suggest a possible association that deserves monitoring. Additional data are needed to more
clearly define and understand this possible relationship. Based on a woman’s individual disease
state and course of progression and on risk/benefit counseling between physician and patient,
some women may continue Herceptin when oligohydramnios occurs and some may stop. Some



women who continue therapy may be delivered depending on the gestational age of the fetus and
other factors, and some may continue their pregnancy with fetal monitoring and ultrasound
examinations. In order to optimize the clinical outcomes for pregnant women with breast cancer
and their babies, women using Herceptin during pregnancy should be monitored for
oligohydramnios. If and when oligohydramnios occurs, risk/benefit counseling should occur and
fetal testing should begin.

While oligohydramnios is not a classically teratogenic effect, the oligohydramnios may be
caused by an untoward effect of Herceptin on nephron growth and function.

RECOMMENDATIONS

1. The pregnancy category for Herceptin (trastuzumab) should be changed to a “D” based
on the available human data that suggest a possible teratogemc effect leading to
oligohydramnios.

2. The pregnancy portion of the Herceptin label should include information about the
known cases of oligohydramnios that occurred with use of Herceptin during pregnancy.

3. The label should recommend that pregnant women using Herceptin undergo screening for
oligohydramnios with obstetrical ultrasound examination at regular intervals.

4. If oligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the
gestational age of the fetus and consistent with the standards of care for the community.
This testing should continue on a regular basis until one of two conditions is met:

a. Herceptin therapy is discontinued and oligohydramnios resolves
b. Delivery.

5. In cases where the physician and patient decide to continue Herceptin therapy for
maternal reasons despite the presence of oligohydramnios, additional intravenous
hydration should be considered. With other forms of chemotherapy during pregnancy,
transient oligohydramnios has been observed, and extra hydration sometimes mitigates
this effect.

6. Include contact information for the Cancer and Childbirth Registry and encourage
enrollment of pregnant patients using Herceptin.

7. Please see Appendix B for suggested draft language for the pregnancy and nursing
mothers portions of the label.

INTRODUCTION

Herceptin (trastuzumab) is a recombinant DNA-derived humamzed monoclonal antlbody that
targets the extracellular domain of the Erb-2/Her2/neu receptor (epithelial growth factor receptor
2 protein). It is indicated as single agent therapy in metastatic, Her2-overexpressing breast



cancer and as part of a chemotherapy regimen for Her2-overexpressing, node positive breast
cancer. The Division of Biologic Oncology Products (DBOP) consulted the Maternal Health
Team (MHT) regarding the potential need for changes in labeling based on 18 case reports of
oligohydramnios associated with Herceptin use during pregnancy. While the Pregnancy and
Lactation Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in
September 2004, DBOP would like the issue revisited in light of additional reported
oligohydramnios cases and the drug’s relatively new indication as adjuvant therapy for breast
cancer. DBOP is concerned about potential increased use of Herceptin among women of -
reproductive age women with breast cancer.

BACKGROUND

While breast cancer is primarily a disease of older women, with a median age at diagnosis of 61
years, seven to 14% of breast cancers are diagnosed in women less than 40 years of age. '
With delay of childbearing by many women into their 30’s and even 40’s, breast cancer (treated,
recurrent, or newly diagnosed) is seen with increasing frequency in pregnancy. Up to one in
3000 live births is complicated by breast cancer, and this number does not include pregnancy
terminations done for the mother’s condition. ’ Breast cancer tumors in women under the age of
40 years tend to be larger, more aggressive, less differentiated, and lymph-node positive.
Younger women with breast cancer tend to have tumors that are more likely to be estrogen and
progesterone receptor negative and Her-2/neu positive. They experience higher disease-related
mortality and shorter disease-free survival. °

Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
targets the extracellular domain of the Erb-2/Her2/neu receptor. In 1998, FDA approved
Herceptin (BLA 103792) alone and in combination with paclitaxel (chemotherapy-nieve patients
only) for the treatment of metastatic breast cancer in women with HER2-overexpressing
metastatic breast cancer. On November 16, 2006, FDA approved Herceptin as part of an
adjuvant treatment regimen containing doxorubicin, cyclophosphamide, and paclitaxel in women
with HER2-overexpressing, node-positive breast cancer.

In 2004, the Division consulted PLT on whether information on five cases of oligohydramnios

_ that occurred with Herceptin use during pregnancy should be included in labeling. At that time,
Gerard Nahum MD, medical officer, reviewed information submitted by the sponsor on 23
women with breast cancer exposed to Herceptin during pregnancy. In all cases, the women were
also exposed to other chemotherapeutic agents concurrently. Among 12 pregnancies that
resulted in live births, eight of the women had metastatic disease (one of these women had two
pregnancies), and three used Herceptin off-label in the adjuvant setting. The timing of exposure
during pregnancy varied. Oligohydramnios occurred in five of these 12 pregnancies, and two of
these cases involved another factor that could have contributed to the occurrence of
oligohydramnios — one case of trisomy-21 and one case of severe intra-uterine growth restriction
(IUGR). At that time, the PLT did not recommend including information on the isolated case
reports of oligohydramnios in drug product labeling. The concomitant chemotherapy, the
variable time of exposure during pregnancy, and an adverse selection testing bias based on
maternal disease combined with a probability of a false-positive diagnosis of oligohydramnios
were all variables that supported PLT’s conclusion that this information should not be included



in product labeling. The team felt that the data was not robust enough to support a potential
association between the occurrence of oligohydramnios and the use of Herceptin in these
women. The most recently approved label (November 2006) includes the following statement:

In the postrmarketing setting, oligohydramnios hag heen reported in women
who received Herceptin during pregnancy, either in combination with
chemotherapy or as a single agent. (iiven the limited number of reported
cases, the high background rate of occurrence of oligohydramnios, the
lack of clear temporal relationships hetween drug use and clinical
findings, and the lack of supportive findings in animal studies, an
agsociation hetween Ferceptin and ofigohydramnios has not been
established.

Oligohydramnios is a reduced volume of amniotic fluid around the fetus, and anhydramnios is
the absence of fluid around the fetus. In utero, the placenta is primarily responsible for
maintaining fetal homeostasis. Fetal urine formation begins by 12 weeks of gestation and is the
main constituent of ammiotic fluid. > Amniotic fluid volume peaks at an average of one liter at 36
weeks gestation and then slowly declines. Often, decreased fluid volume occurs in pregnancies
that continue post-term (beyond 40 weeks gestation), and in this situation, oligohydramnios is a
reason to deliver the patient. Prior to term, oligohydramnios is far less common and is often
associated with a poor prognosis. Different ultrasound methods have been used to assess the
amount of amniotic fluid. Phelan et al (1987) described quantifying amniotic fluid by adding the
vertical depths of the largest pocket of fluid in each of four equal uterine quadrants. This
measurement is called the amniotic fluid index (AFI) and is widely used in clinical practice and
as part of the biophysical profile (BPP), a form of antenatal testing that evaluates AF], fetal tone,
fetal movement, fetal breathing, and fetal heart rate pattern (nonstress test, NST) over a 30
minute period of time. An AFI <5 cm is defined as oligohydramnios. The other widely
accepted ultrasonographic method of defining oligohydramnios is the lack of a vertical pocket of
amniotic fluid at least 2 cm deep. A number of studies suggest that while the AFI is a more
accurate way of estimating actual amniotic fluid volume, none of the ultrasound assessments of
amniotic fluid volume accurately predict fetal tolerance of labor or neonatal outcomes. **

Decreased amniotic fluid may be associated with maternal or fetal problems. Such maternal
conditions include preterm premature rupture of membranes (PPROM) or conditions that affect
placental function or vascularization (postterm pregnancy, preeclampsia). Maternal use of ACE
inhibitors can also cause oligohydramnios. Fetal conditions almost always associated with
oligohydramnios include fetal urinary tract obstruction or renal agenesis (Potter syndrome).
Fifteen to 25% of cases of preterm oligohydramnios are associated with fetal anomalies.
However, otherwise normal fetuses may experience the following consequences of early-onset,
severe oligohydrammios: musculoskeletal deformities (like clubfoot, limb contractures),
pulmonary hypoplasia, and/or serious deformities due to fetal part entrapment in amniotic bands.
When oligohydramnios is accompanied by intrauterine growth restriction, the risk of fetal
morbidity is increased. In these situations, fetal surveillance is important and delivery is often
recommended for fetal or maternal indications. While gestational age is a consideration, in these



situations, fetal or maternal compromise usually overrides the potential complications from
preterm delivery. *

Oligohydramnios detected before 36 weeks gestation with normal fetal anatomy by ultrasound
can be managed expectantly along with antepartum fetal testing. '* Antepartum fetal testing is
most often performed once or twice weekly using a combination of NSTs and BPPs. The
contraction stress test (CST) has the best predictive values for fetal well being during the seven
days following testing but most often is not used routinely due to the possible increased risk of

preterm labor.

Four of five studies suggest that maternal hydration can increase AFI, but the effect dissipates by
24 hours following fluid administration. Fluid restriction or dehydration can lower the AFL.

REVIEW OF DATA

To complete this consult, this reviewer reviewed and/or looked for the following information:
= 19 MedWatch reports that reported on eight unique cases of oligohydramnios
*  Published literature on oligohydramnios associated with Herceptin use during pregnancy

» Published literature on oligohydramnios associated with pregnancies in patients with
cancer or pregnancies in patients with cancer receiving chemotherapy

= Published literature on the role of epidermal growth factor in renal development.
Renal development and epidermal growth factor

Based on current data about the role that epithelial growth factor plays in renal development,
some scientists and clinicians suspect that Herceptin has a potentlal to cause fetal adverse effects

with in-utero exposure.

During embryonic development, three sets of renal organs develop sequentially:: the pronephros,
the mesonephros, and finally, the metanephros, which persist to become the mature kidneys. The
ureteric bud grows from the mesonephric duct after the fourth week of gestation. The Wolffian
duct grows caudally, passing the pronephros and mesonephros to approach the metanephric
mesenchyme. As this occurs, growth factor signaling from the metanephric mesenchyme
transitions from insulin growth factor-II (IGF-II) to glial-derived neurotrophic factor (GDNF).
Wilm’s tumor gene expression begins, suppresses IGF-II, and helps convert metanephric
mesenchymal cells to epithelial cells. GDNF appears essential for promoting outpouching of the
ureteric bud from the mesonephric duct. Retinoids also play an important but incompletely
understood role in ureteric bud formation. Stimulation of the anglotenswn I receptor AT2 leads
to mesenchymal apoptosis needed for ureteric bud development ’

The ureteric bud produces a number of soluble agents that work together to promote cellular
condensation and differentiation.” One of these agents is epithelial growth factor (EGF), also



called transforming growth factor-a (TGF-a). TGF-a is synthesized and secreted in the
embryonic kidney where it binds to the EGF receptor. The TGF-a peptide and receptors are
present in the fetal human metanephros. Studies in cultured embryonic organ show that adding
anti-TGF-a antibodies inhibits morphogenesis and tubulogenesisis. This suggests that TGF-a
plays a role in early ureteric bud development. EGF/ TGF-a also appears to participate in
rescuing uninduced mesenchymal cells from apoptosis. While the role of EGF/ TGF-a is not
completely defined, it appears to play an important part in kidney organogenesis. °

Nephrons develop in successive stages from the inner to the outer area of the fetal kidney, in
parallel with the vascular system. In humans, nephrogenesis is not completed until the 36™ week
of gestation. In preterm infants, the process continues following delivery. EGF/ TGF-a is one of
the many factors involved in the promotion and control of nephrogenesis. *

Reviewer comment:
Herceptin is an IgG monoclonal antibody that blocks the human epidermal growth factor
receptor 2 protein and is known to cross the placenta. Organ culture studies suggest that
- blocking the EGF receptor may interfere with normal nephron development.

Oligohydramnios and Herceptin use during pregnancy

Review of the published literature and MedWatch forms submitted to FDA reveal ten reported
and unique pregnancies in women with breast cancer who used Herceptin during some portion of
their pregnancy, nine of whom developed oligohydramnios. In one other case, a woman
received two doses of Herceptin just prior to conception. Table 1 summarizes the key features of
these 11 cases including the gestational ages at which Herceptin was given, the gestational age at
which oligo- or anhydramnios was diagnosed, concomitant chemotherapies, whether the patient

. was dechallenged or rechallenged with Herceptin, and the pregnancy outcome. These cases are
presented in tabular form in greater detail in Appendix A.

In cases 1 — 6, Herceptin was discontinued during pregnancy. In cases 1 — 5, the therapy was
stopped due to oligohydramnios or anhydramnios. In four of these cases, there was documented
reaccumulation of amniotic fluid following discontinuation of Herceptin therapy. After
improvement in or resolution of oligohydramnios, one of these patients was re-challenged with
Herceptin. One week after resumption of Herceptin therapy, the patient was delivered by
cesarean with oligohydramnios. The fifth patient in whom Herceptin was discontinued (Case 4)
received her last dose at 24 weeks gestation, and she delivered at 34 weeks by cesarean section.
The MedWatch report did not include information about the reason for cesarean section at that
time or the amount of amniotic fluid present prior to or at delivery. The fact that she remained
pregnant for about two months following the diagnosis of oligohydramnios suggests that the
amniotic fluid volume likely recovered after Herceptin therapy was stopped. The sixth patient
(Case 6) discontinued Herceptin therapy during pregnancy for a maternal reason. On
transthoracic echocardiography, she had a mildly reduced ventricular ejection fraction, a known
cardiotoxic effect associated with Herceptin. At 25 weeks gestation, AFI was normal in this
pregnancy even though Herceptin therapy was continued up until 24 weeks. "’



In Cases 7 and 8, the patients had apparently normal pregnancies until 26 and 27 weeks
respectively when the patients were diagnosed with recurrent metastatic breast cancer. In both
cases, Herceptin therapy was started in combination with paclitaxel or vinorelbine and continued
until delivery. In case 7, the patient received Herceptin and paclitaxel at 26 and 29 weeks

Table 1:. Summary of 11 reported cases of Herceptin exposure during pregnancy: nine with

| Other | |
- chemo 12

26

None

Yes

Yes

AFI increased after dechallenge.
Delivered at 29 wks by C/S with
oligohydramnios one week after
rechallenge.

32

Zoladex

Yes

At 36 weeks, spontaneous labor and
normal vaginal delivery. Trisomy
21.

23

None

Yes

AF reappeared at 25 weeks and
normal at 32 weeks. Normal
delivery at 37.5 wks.

25+

None

Yes

Delivered by C/S at 34 wks.
Unknown reason for C/S.

None

None

Yes

Herceptin treatment through 24 wks
gestation. Normal AFI at 25 wks.
Normal infant delivered by C/S at 37
wks. ‘

23-27

30

Docetaxel

Yes

At 33 wks, reaccumulating AF.
Delivered by C/S for maternal
reasons at 36 wks. Normal infant.

26-29

31-32

Paclitaxel

Due to anhydramnios with IUGR,
fetal lung maturation with steroids
and C/S at 32 weeks. Decreased
neonatal renal function.

27 —del

After starting
treatment

Vinorelbine

No

No

Treatment continued for maternal
reasons. Extra IV hydration with
weekly tx. Oligohydramnios
persistent. ‘
Induction and delivery 35 wks

26

None

C/S at 36 weeks. Baby with limb
deformities. Died of pulmonary
hypoplasia at 6 hrs

10

24

?
Vinorelbine

Therapeutic abortion twin gestation
at 24 weeks. “Lungs not developing
properly”

11

None

None

Normal pregnancy

gestation.! Within a couple of weeks of the last Herceptin dose, anhydramnios was diagnosed by
ultrasound. The physicians administered steroids to mature the fetal lungs and delivered the
baby by cesarean section at 32 weeks gestation, three weeks after the last dose of Herceptin. The
baby had decreased renal function, which normalized over the first four weeks of life.



Reviewer comment:
Based on the severity of the mother’s disease and rates of morbidity and mortality for a 32
week premature infant with anhydramnios, the obstetrician and oncologist may have decided
that it was in the best interest of the mother and baby to proceed with delivery. In a different
disease state situation, the clinicians may have opted for discontinuation of Herception
therapy and expectant management with antepartum surveillance. Based on other cases
reviewed here, it is possible that amniotic fluid may have reaccumulated with this more
conservative management plan. It is interesting to note that this infant had compromised
renal function at the time of delivery. This was not seen in the other Herceptin-exposed
infants. While it is scientifically plausible that the decrease in renal function could be
rrelated to epithelial growth factor receptor blockade by Herceptin, there are not enough data
to support such a conclusion.

In Case 8, the mother was also diagnosed with metastatic recurrence of breast cancer mid-
pregna‘ncy.4 She began Herceptin and vinorelbine therapy at 27 weeks gestation and developed
oligohydramnios shortly thereafter. Due to her condition, weekly Herceptin and vinorelbine
therapy continued up to and through delivery but she received extra IV hydration with each
treatment. The oligohydramnios persisted but was not progressive, and the patient underwent
induction of labor at 35 weeks. She delivered a healthy infant by vaginal delivery and there were
no complications.

In cases 9 and 10, the mothers received Herceptin therapy throughout the course of their
pregnancies, and both had poor pregnancy outcomes. One mother continued Herceptin mono-
therapy from prior to conception through delivery at 36 weeks. Oligohydramnios was diagnosed

at 26 weeks gestation. Following counseling, the patient decided to continue the pregnancy and

Herceptin therapy. The baby was delivered by cesarean at 36 weeks gestation with limb
deformities and pulmonary hypoplasia. It died at six hours of life. Case 10 was a woman with a
twin gestation receiving Herceptin monotherapy. At 24 weeks gestation, ultrasound revealed
olighohydramnios and evidence that the “lungs were not developing properly.” She chose to
undergo therapeutic abortion at that time.

Case 11 is a published case of a woman who received two doses of Herceptin four weeks prior to
and three days prior to conception. She did not receive any additional chemotherapy during her
pregnancy. She had a normal pregnancy and delivery, and the baby had no complications. >

Chemotherapy and Pregnancy

A toxnet search found the word “oligohydramnios™ associated with the following drugs:
captopril, quinapril, losartan, indomethacin, enalapril, celcoxib, benazepril, rofecoxib,
valdecoxib, and lisinopril. Other than ACE inhibitors and NSAIDs, no other drugs were
associated with oligohydramnios in the Toxnet search.

A Toxnet search with the terms “vinorelbine and oligohydramnios” and “cancer and
oligohydramnios” yielded only one informative and relevant article not already presented in this
review. In 1997, Cuvier et al reported on three women with breast cancer treated with 5-
fluorouracil (5-FU) and vinorelbine during pregnancy. The women began therapy at 24 — 29



weeks gestation. After two rounds of 5-FU and vinorelbine chemotherapy, one woman received
six courses of cyclophosphamide and epidoxorubicin due to disease progression. Two women
had spontaneous labor and vaginal deliveries at 37 and 41 weeks, and the third woman (the one
who received four chemotherapeutic agents) delivered at 34 weeks by cesarean section. It
appears that none of these women developed oligohydramnios; however, the reason for the
cesarean delivery at 34 weeks was not ];)rovided in the article. All three children had normal
development at 23 — 35 months of age.

A PubMed search using the search terms “paclitaxel and oligohydramnios”, *“ docetaxel and
oligohydramnios”, and “vinorelbine and oligohydramnios,” found only the article by Bader et al
that reports one of the oligohydramnios cases associated with Herceptin use with paclitaxel
during pregnancy. A search with the terms “cancer and oligohydramnios” found three relevarit
articles. Two involved Herceptin cases already discussed in this review (Watson and Bader) and
the other was a case report of a woman diagnosed with acute lymphocytic leukemia at 25 weeks
gestation.” A detailed obstetrical ultrasound at that time revealed fetal growth at the 35"
percentile, a normal AFT, and normal umbilical artery Doppler systolic-diastolic ratio. At 26
weeks gestation, the patient began intensive multi-agent chemotherapy: cyclophosphamide,
intrathecal methotrexate, daunorubicin, vincristine, 6-mercaptopurine, cytarabine, L-
asparaginase, and prednisone. After each course of chemotherapy, transient oligohydramnios
occurred with the AFI decreasing to 2.0 — 3.4 cm and recovering to normal over 6-7 days. The
patient went into labor spontaneously at 36 2/7 weeks gestation. There was thick meconium at
rupture of membranes. This patient underwent extensive fetal monitoring during the pregnancy.
Weekly non-stress tests began at 28 weeks gestation and were done twice weekly starting at 32
weeks. Ultrasound assessments of amniotic fluid were done weekly once chemotherapy began.
Additional factors during this pregnancy included maternal anemia (transfusion for a hematocrit
of 22%) and antibiotic treatment for a MRSA infection of indwelling Hickman catheter.’

Kelly et al’ published a review article in 2006 on the options for systemic therapy in pregnant
patients with breast cancer. The authors included eight studies that reported outcomes for
women treated with chemotherapy during pregnancy for a variety of cancers. Three percent of
babies had a congenital anomaly, which is the same as the background rate in the population.
Fetal death, spontaneous abortion, prematurity, and fetal complications occurred more often in
babies born to leukemic patients compared to those born to women with other tumor types. No
cases of oligohydramnios were reported, but this reviewer did not review all of the original
articles in this series. The largest included series was by Germann et al (2004) and did not
describe any diagnoses of oligohydramnios or anhydramnios.

The Cancer and Childbirth Registry has enrolled about 92 pregnant women with breast cancer.
This reviewer spoke with the registry director, Dr. Elyce Cardonick, a maternal-fetal-medicine
specialist. Dr. Cardonick stated that she has seen cases of borderline oligohydramnios in
pregnant women with breast cancer following a round of chemotherapy but additional IV
hydration administered with the chemotherapy reversed the process. She has not seen severe
oligohydramnios or anhydramnios asso<:1ated with chemotherapy treatment for breast cancer
during pregnancy.
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DISCUSSION/CONCLUSIONS

Herceptin (trastuzumab) is a recombinant IgG humanized monoclonal antibody that binds to the
epidermal growth receptor 2. It is effective for the treatment of Her-2 overexpressing metastatic
breast cancers as monotherapy and for primary node-positive breast cancers as part of an
adjuvant chemotherapy regimen. There are nine unique reports of oligohydramnios associated
with Herceptin use in pregnancy both in the published literature and post-marketing reports in
the AERS database. In four, and possibly five, of these cases, the amniotic fluid volume has
recovered following discontinuation of Herceptin therapy. There is one case with both a positive
dechallenge and rechallenge. The current label mentions the existence of a limited number of
post-marketing cases of oligohydramnios and states that no association between oligohydramnios
and the use of Herceptin has been established.

Pre-clinical data suggest an important role for epidermal growth factor in renal development.
Human renal tubular development continues until 36 weeks gestation. Data from studies in
organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest
that blocking the EGF receptor may interfere with normal nephron development. It seems
scientifically plausible, based on the drug’s mechanism of action that Herceptln could potentially
increase the likelihood of oligohydramnios.

Oligohydramnios (decreased amniotic fluid volume) and anhydramnios (no amniotic fluid), in
the absence of premature rupture of membranes, can be related to chronic fetal hypoxia,
decreased or absent fetal renal function, poor placental function, and some fetal anomalies. In
preterm pregnancies, the presence of oligohydramnios is associated with increased fetal
morbidity, which is due in part to an increased risk of cord compression and due in part to the
underlying condition that caused the oligohydramnios.

At this time, the data are not robust enough to conclude that a clear association exists between
the use of Herceptin during pregnancy and the occurrence of oligohydramnios; however, the data
do suggest a possible association that deserves monitoring. Additional data are needed to more
clearly define and understand this possible relationship. If additional data further support an
association between Herceptin use during pregnancy and oligohydramnios, then an attempt
should be made to answer the following questions:

1. During which periods of gestation is Herceptin exposure associated with an increased risk
of oligohydramnios?

2. Does the risk vary with the Herceptin dose and frequency of administration?

3. Does additional IV hydration either at the time of chemotherapy or in between courses of
therapy alter the frequency or severity of oligohydramnios?

4. With reference to the time of Herceptin administration, when does the AFI decline and
when does it recover?
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Based on a woman’s individual disease state and course of progression and on risk/benefit
counseling between physician and patient, some women may continue Herceptin when
oligohydramnios occurs and some may stop. Some women who continue therapy may be
delivered depending on the gestational age of the fetus and other factors, and some may continue
their pregnancy with fetal monitoring and ultrasound examinations. In order to optimize the
clinical outcomes for pregnant women with breast cancer and their babies, women using
Herceptin during pregnancy should be monitored for oligohydramnios. If and when
oligohydramnios occurs, risk/benefit counseling should occur and fetal testing should begin.

While oligohydramnios is not a classically teratogenic effect, the oligohydramnios may be
caused by an untoward effect of Herceptin on nephron growth and function.

RECOMMENDATIONS

1. The pregnancy category for Herceptin (trastuzumab) should be changed to a “D” based
on the available human data that suggest a possible teratogenic effect leading to
oligohydramnios.

2. The pregnancy portion of the Herceptin label should include information about the
known cases of oligohydramnios that occurred with use of Herceptin during pregnancy.

3. The label should recommend that pregnant women using Herceptin undergo screening for
oligohydramnios with obstetrical ultrasound examination at regular intervals.

4. If oligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the
gestational age of the fetus and consistent with the standards of care for the community.
This testing should continue on a regular basis until one of two conditions is met:

a. Herceptin therapy is discontinued and oligohydramnios resolves
b. Delivery.

5. In cases where the physician and patient decide to continue Herceptin therapy for
maternal reasons despite the presence of oligohydramnios, additional intravenous
~ hydration should be considered. With other forms of chemotherapy during pregnancy,
transient oligohydramnios has been observed, and extra hydration sometimes mitigates
this effect.

6. Include contact information for the Cancer and Childbirth Registry and encourage
enrollment of pregnant patients using Herceptin

7. Please see Appendix B for suggested draft language for the pregnancy and nursing
mothers portions of the label.
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Appendix A: .
Detailed Summary of MedWatch case reports and published cases of oligeshydramnios among pregnant women using Herceptin®
i, gy e L L \-\..Ant B SRR S ‘ B T P NN PR TTY AT N g FYA T & A Iy PIRE R A L NNy TR DA o AT T 5 TN CHNTRED KL
enl
Recurrent breast cancer at 14 weeks gestation. Started on O D SR—
®) 6 _ Herceptin 480 mg IV Q 3 weeks. US at about 26 weeks | . J ; P ;
infant delivered by cesarean section for
©®© (pre- showed oligohydramnios with normal fetal growth. s ; :
: vein ; : . breech position and oligohydramnios at
conception) Hospitalized for bedrest and corticosteroids. Herceptin 90 soncks gestation: Weiphi=1455¢,
£ ol 0e None stopped the next day. Ammiotic fluid increased. Weekly | ° 25},5 To NICU for respix agl:)
Table 1 (26 weeks gestation) Herceptin resumed. Received one dose Herceptin 480 digﬁil:o. i {‘:hxonic . diseasl; i
Casesl mg IV at 28 weeks gestation. Delivered one week later. NresiTated Far 2 weeks gHos ; tallz ed
Gestational age information is not completely consistent for 3 months for rema:turityp
in MedWatch report. P '
[O10)] Patient treated for metastatic breast CA with Taxotere ;
Before pregnancy. and Hercptin until July 2003 when pregnancy diagnosed. ﬁggzmilgsﬁlzb:z:]g n&rﬁ:l;;aiutja 61
38 Stopped for gestational Zoladex Borderline decreased amniotic fluid at 28 weeks. Ibs 1'3-};2 X ; ars 8 },9' Down'’s
Table 1 weeks 7-14. Resumed Oligohydramnios diagnosed at 32 weeks. Fetal S ; drome" Iflfchar eé on 4% dav of
Case2 gestational weeks 14-32. monitoring in hospital. Herceptin stopped. Mother had HY: ) g y
gestational diabetes and hypertension. '
Patient diagnosed with poorly differentiated carcinoma Inctuctmn of l?b‘.:'r 2 nom_lal vaginzl
- (grade D) with perinodal involv t and HER-2/neu delivery of a living female infant at 37.5
i Herceptin 6 mg/kg Q 3 e S weeks gestation (2960 g, Apgars 8/9)
: =S positivity. Treated with XRT and 3 cycles doxerubicin :
weeks from ® 6 : 5 Baby had normal renal function and no
)8 B (time of : N and cycl_ophosphmmde ?nd 3 cycles paclpta.xel. Started evidence of pulmoniry hypoplasia.
Table 1 conception/implantation) gerﬁpm}tﬁl c;;lco;cep s Il_’lr;cgnalt';;ysdlag: gsei;ﬁiﬁc Normal placenta. Baby had normal
Case 3 until 20 weeks gestation il ydramnios. eptin stopped. growth at six months of age.
fluid started to reaccumulate at 25 weeks and was normal
at 32 weeks gestation. This case was published. Watson et al (2005). See references
®®© Two years of Herceptin Pregnancy diagnosed and confirmed by US at 17 weeks
o therapy prior to pregnancy. gestation. Herceptin given at 15 weeks and probably Normal preterm female infant delivered
Table 1 29 Herceptin discontinued None discontinued after treatment at 24 weeks gestation. by cesarean section at 34 weeks
Case 4 after dose at about 24 Borderline low amniotic fluid at 25 weeks gestation gestation.
— - weeks gestation progressed to oligohydramnios.
L0
Twin pregnancy with oligohydramnios diagnosed at 24 o
o ; weeks gestation. According to the report, there was ; :
30 gmu gholtu:;tp;;;‘;na:d vil:‘;:)iillllj)li)r;e “evidence that the lungs were not develo!:ing properly” ;hsi;?:li)::hc abortibnatter 2 weeche
Table 1 y and were considered incompatible with life. Mother had
Czse 10 a therapeutic abortion.
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Appendix A:

ohydram

Detailed Summary of MedWatch case reports and published cases of ol

Table 1
Case 8

26

Herceptin started at 27
weeks gestation

Vinorelbine

Patient diagnosed and treated for Grade III infiltrating
ductal carcinoma with positive nodes. She completed
treatment with Herceptin, paclitaxel, 5-FU, epirubicin,
and cyclophosphamide through a clinical trial. Fourteen
months after diagnosis, she presented with right upper
quadrant pain and a 27 week pregnancy. Multiple
imaging studies including ultrasound were performed.
She had multiple hepatic metastases and increased LFTs.
Patient was treated with Herceptin (4mg/kg load and 2
mg/kg per week) and vinorelbine (weekly x 3, then 1
week rest). She was seen weekly by a high risk
obstetrician and oncologist. After starting treatment,
oligohydramnios was noted. This was thought secondary
to fluid shifts or systemic therapy. Extra IV hydration
given with each chemotherapy treatment. Weekly fetal
monitoring. AFIs remained low. Decreased fetal
movement at 34 5/7 weeks with occasional, mild fetal
heart decelerations.

Induction of labor at 34 5/7 weeks with
normal vaginal delivery of a healthy
male infant (5 Ibs, 11 oz; Apgars
9/9/10). Normal and healthy at six
months of age.

Fanale et al (2005). See references.

®®

Table 1
Case 9

36

Herceptin throughout
pregnancy

None

Patient previously diagnosed with breast cancer. Being
treated with Herceptin 441 mg Q 3 weeks. Pregnancy
confirmed and dated by 26 week ultrasound.
Anhydramnios diagnosed. Patient counseled and chose
to continue pregnancy.

Female infant delivered by cesarean
section at about 36 weeks gestation
(2690 g, Apgars 8/8). Baby had lower
limb deformities and died of pulmonary
hypoplasia at 6 hours of life.

6

Table 1
Case 7

38

Herceptin at 26 and 29
weeks gestation

Paclitaxel

Seven years prior to pregnancy, the patient was
diagnosed with Stage I breast cancer. She was treated
with six cycles of cyclophosphamide, methotrexate, and
5-FU followed by XRT and 5 years of tamoxifen. At 17
weeks gestation, the patient developed paresthesia and
hypoesthesia of the left arm and cervical neck pain. On
MRI, there was metastatic infiltration and collapse of the
second cervical vertebrae with spinal compression and
metastases in the fourth thoracic vertebrae and femur.
Between 26 and 32 weeks gestation, the patient received
two treatments of Herceptin and paclitaxel. On US, the
fetal abdominal circumference stopped increasing and the
amniotic fluid volume decreased nearly to anhydramnios.
Corticosteroids given for fetal lung maturation.

Delivery of living infant by cesarean
section for anhydramnios, fetal growth
restriction, and suspected fetal renal
failure. Normal placenta. Admitted to
NICU with signs of bacterial sepsis and
decreased renal function. Renal
function normalized by day of life 28,
and the baby was discharged home.
Normal development at 12 weeks of
age.

Bader et al (2007). See references.
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mary of MedWatch case reports and published cases of oligohydramnios among pregnant women using Herceptin®

J Clin
Onc
01/10/06

Table 1
Case 11

30

3.5 weeks and 3 days prior
to conception

None

“Patient diagnosed with ﬁtﬁlﬁfocafgraﬁe 2 invasive ductal

adenocarcinoma of the right breast with two of five nodes
positive. Estrogen and progesterone receptor negative.
Her-2/neu positive. Had been trying to conceive.

Treated with four cycles of epirubicin followed by four
cycles of cyclophosphamide, methotrexate, and 5-FU
over six months. Due to incomplete excision and strong
family history of breast CA, had a bilateral mastectomy
followed by radiotherapy to the right chest wall. Enrolled
in Herceptin Adjuvant trial (HERA) and randomized to
frastuzumab treatment every three weeks. Had a positive
pregnancy test before third treatment cycle. Conceived
three days after second dose. Withdrew from trial.

Spontaneous vaginal delivery of a
healthy female infant at full term. No
complications.

Waterston and Graham (2006). See
references.

Reprod
Tox
06/07

Table 1
Case 5

32

Throughout pregnancy
until 24 weeks gestation

None

Patient diagnosed with Her-2/neu positive breast cancer
during her first pregnancy. She underwent radical
mastectomy and therapeutic abortion. Treated with
paclitaxel and carboplatin. Six months after completing
chemotherapy, diagnosed with lung metastases. Treated
with paclitaxel, carboplatin, and trastuzumab. Eighteen
months later had a single brain metastasis treated with
surgery and radiation. After one year of engoing
treatment with trastuzumab alone and no recurtence, the
patient presented with a five week viable pregnancy.
Treatment was continued and the pregnancy progressed
normally until trans-thoracic echocardiography revealed
an asymptomatic mild low ejection fraction at 18 weeks.
Fetal growth and anatomical survey were normal. Repeat
maternal echo at 24 weeks was unchanged but trstuzumab
was discontinued. Fetal US at 25 weeks gestation
showed normal growth, AFI, and BPP.

Cesarean delivery (for breech
presentation) of a healthy female infant
at 37 weeks gestation. Normal
placental pathology without metastases.

Shrim et al (20007). See references.
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y of MedWatch case reports and published cases of oligohydramnios among pregnant women using Herceptin®

Obstet
Gynecol 28
08/07

23, 26, and 27 weeks
gestation

Ddcetaxel

(Australia) Patient was diagnosed with left infiltrating
dugctal carcinoma, grade 2, stage T2N2MO in ®6

| F®%®_ She had a radical mastectomy and

lymphadenectomy with 18 of 18 nodes positive. The
tumor was E/P receptor negative and human epidermal
growth factor 2 (Her-2/neu) positive. She was treated
with chemotherapy and radiotherapy. At 20 weeks
gestation, MRI revealed brachial plexus and pulmonary
metastases. She was treated with three cycles of
docetaxel and trastuzumab at 23, 26, and 27 weeks
gestation. A fetal ultrasound was done at 30 weeks for
clinical suspicion of fetal growth restriction. The
ultrasound showed fetal growth measurements at <5™
percentile consistent with IUGR and anhydramnios.
Chemotherapy was held until after delivery. Two doses
of betamethasone were given for fetal lung maturation in
case delivery was needed. At 33 weeks, amniotic fluid
was reaccurmnulating. Due to the patient’s advanced
disease state, she was delivered at 36 weeks.

Cesarean delivery for breech
presentation at 362/7 weeks due to
maternal disease state. Small amount of
clear amniotic fluid at delivery. Living
male infant, 2230 g, Apgars 7/9.
Normal neonatal urine output. No
complications.

Sekar and Stone (2007). See references.
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Appendix B: Proposed Changes to Current Pregnancy Lai:e]ing Language

Suggested deletions are indicated with strikeouts, and suggested insertions are indicated with an
underline.
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Sandra Kweder, MD
Deputy Director, Offige/of New Drugs
To: Division of Biological Oncology Products
Drug: Trastuzumab (Herceptin®)
Subject: Case reports of oligohydramnios associated with Herceptin use during pregnancy.

Are changes needed in the pregnancy section of labeling?
Materials Reviewed:
= ]9 MedWatch reports that reported on eight unique cases of oligohydramnios
» Published literature on oligohydramnios associated with Herceptin use during pregnancy

= Published literature on oligohydramnios associated with pregnancies in patients with
cancer or pregnancies in patients with cancer receiving chemotherapy

= Published literature on the role of epidermal growth factor in renal development.

Consult Question:

Should available information on the 18 case reports of oligohydramnios with Herceptin® use
during pregnancy lead to changes in labeling of the drug for use during pregnancy?


http:Spring,.MD

EXECUTIVE SUMMARY

Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
targets the extracellular domain of the Erb-2/Her2/neu receptor (epithelial growth factor 2 -
protein). In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with
paclitaxel (chemotherapy-nieve patients only) for the treatment of metastatic breast cancer in
women with HER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA
approved Herceptin as part of an adjuvant treatment regimen containing doxorubicin,
cyclophosphamide, and paclitaxel in women with HER2-overexpressing, node-positive breast
cancer. Up to one in 3000 live births is complicated by breast cancer.

The Division of Biologic Oncology Products (DBOP) consulted the Maternal Health Team
(MHT) regarding the potential need for changes in labeling based on 18 case reports of
oligohydramnios associated with Herceptin use during pregnancy. The Pregnancy and Lactation
Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in September 2004,
when there were five known cases of oligohydramnios associated with Herceptin use in
pregnancy, and at that time, PLT felt that the data was confounded and not robust enough to
include in labeling. The current label mentions the existence of a limited number of post-
marketing cases of oligohydramnios and states that no association between oligohydramnios and
the use of Herceptin has been established. DBOP would like MHT to revisit this issue in light of
additional reported oligohydramnios cases and the drug’s relatively new indication as adjuvant
therapy for breast cancer. DBOP is concerned about potential increased use of Herceptin among
women of reproductive age women with breast cancer.

Currently, there are nine unique reports of oligohydramnios associated with Herceptin use in
pregnancy both in the published literature and post-marketing reports in the AERS database. In
four, and possibly five, of these cases, the amniotic fluid volume has recovered following
discontinuation of Herceptin therapy. There is one case with both a positive dechallenge and
rechallenge. Transient oligohydramnios has occasionally been reported following courses of
chemotherapy with other agents, but the amniotic fluid volume has generally recovered in a short
period of time. Sometimes clinicians have used additional intravenous hydration in an attempt to
compensate for fluid compartment shifts and blunt this effect following chemotherapy.

Pre-clinical data suggest an important role for epidermal growth factor in renal development.
Human renal tubular development continues until 36 weeks gestation. Data from studies in
organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest
that blocking the EGF receptor may interfere with normal nephron development. It seems
scientifically plausible, based on the drug’s mechanism of action that Herceptin could potentially .
increase the likelihood of oligohydramnios.

At this time, the data are not robust enough to conclude that a clear association exists between
the use of Herceptin during pregnancy and the occurrence of oligohydramnios; however, the data
do suggest a possible association that deserves monitoring. Additional data are needed to more
clearly define and understand this possible relationship. Based on a woman’s individual disease
state and course of progression and on risk/benefit counseling between physician and patient,
some women may continue Herceptin when oligohydramnios occurs and some may stop. Some



women who continue therapy may be delivered depending on the gestational age of the fetus and
other factors, and some may continue their pregnancy with fetal monitoring and ultrasound
examinations. In order to optimize the clinical outcomes for pregnant women with breast cancer
and their babies, women using Herceptin during pregnancy should be monitored for
oligohydramnios. If and when oligohydramnios occurs, risk/benefit counseling should occur and
fetal testing should begin.

RECOMMENDATIONS
1. The pregnancy portion of the Herceptin (tratuzumab) label should include information
about the known cases of oligohydramnios that occurred with use of Herceptin during
pregnancy.

2. The label should recommend that pregnant women using Herceptin undergo routine
obstetrical ultrasound examination following each treatment with Herceptin to screen for
oligohydramnios.

3. If oligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the
gestational age of the fetus and consistent with the standards of care for the community.
This testing should continue on a regular basis until one of two conditions is met:

a. Herceptin therapy is discontinued and oligohydramnios resolves
b. Delivery.

4. In cases where the physician and patient decide to continue Herceptin therapy for
maternal reasons despite the presence of oligohydramnios, additional intravenous
hydration should be considered. With other forms of chemotherapy during pregnancy,
transient oligohydramnios has been observed, and extra hydration sometimes mitigates
this effect.

5. Include contact information for the Cancer and Childbirth Registry and encourage
enrollment of pregnant patients using Herceptin.

6. If it would be helpful to the Division, the Maternal Health Team would be happy to
provide draft language for the pregnancy portion of the label. (Please see Appendix B.)

INTRODUCTION
Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
targets the extracellular domain of the Erb-2/Her2/neu receptor (epithelial growth factor receptor
2 protein). It is indicated as single agent therapy in metastatic, Her2-overexpressing breast
cancer and as part of a chemotherapy regimen for Her2-overexpressing, node positive breast
cancer. The Division of Biologic Oncology Products (DBOP) consulted the Maternal Health
Team (MHT) regarding the potential need for changes in labeling based on 18 case reports of
oligohydramnios associated with Herceptin use during pregnancy. While the Pregnancy and

- Lactation Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in



September 2004, DBOP would like the issue revisited in light of additional reported
oligohydramnios cases and the drug’s relatively new indication as adjuvant therapy for breast
cancer. DBOP is concerned about potential increased use of Herceptin among women of
reproductive age women with breast cancer.

BACKGROUND

While breast cancer is primarily a disease of older women, with a median age at diagnosis of 61
years, seven to 14% of breast cancers are diagnosed in women less than 40 years of age. **°
With delay of childbearing by many women into their 30’s and even 40’s, breast cancer (treated,
recurrent, or newly diagnosed) is seen with increasing frequency in pregnancy. Up to one in
3000 live births is complicated by breast cancer, and this number does not include pregnancy
terminations done for the mother’s condition.’ Breast cancer tumors in women under the age of
40 years tend to be larger, more aggressive, less differentiated, and lymph-node positive.
Younger women with breast cancer tend to have tumors that are more likely to be estrogen and

- progesterone receptor negative and Her-2/neu positive. They experience higher disease-related
mortality and shorter disease-free survival. *°

Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that
targets the extracellular domain of the Erb-2/Her2/neu receptor. In 1998, FDA approved
Herceptin (BLA 103792) alone and in combination with paclitaxel (chemotherapy-nieve patients
only) for the treatment of metastatic breast cancer in women with HER2-overexpressing
metastatic breast cancer. On November 16, 2006, FDA approved Herceptin as part of an
adjuvant treatment regimen containing doxorubicin, cyclophosphamide, and paclitaxel in women
with HER2-overexpressing, node-positive breast cancer.

In 2004, the Division consulted PLT on whether information on five cases of oligohydramnios
that occurred with Herceptin use during pregnancy should be included in labeling. At that time,
Gerard Nahum MD, medical officer, reviewed information submitted by the sponsor on 23
women with breast cancer exposed to Herceptin during pregnancy. In all cases, the women were
also exposed to other chemotherapeutic agents concurrently. Among 12 pregnancies that
resulted in live births, eight of the women had metastatic disease (one of these women had two
pregnancies), and three used Herceptin off-label in the adjuvant setting. The timing of exposure
during pregnancy varied. Oligohydramnios occurred in five of these 12 pregnancies, and two of
these cases involved another factor that could have contributed to the occurrence of
oligohydramnios — one case of trisomy-21 and one case of seveie intra-uterine growth restriction
(IUGR). At that time, the PLT did not recommend including information on the isolated case
reports of oligohydramnios in drug product labeling. The concomitant chemotherapy, the
variable time of exposure during pregnancy, and an adverse selection testing bias based on
maternal disease combined with a probability of a false-positive diagnosis of oligohydramnios
were all variables that supported PLT’s conclusion that this information should not be included
in product labeling. The team felt that the data was not robust enough to support a potential
association between the occurrence of oligohydramnios and the use of Herceptin in these
women. The most recently approved label (November 2006) includes the following statement:



In the postmarketing seiting, oligohydramnios has heen reparted in wamen
who received Herceptin during pregnancy, either in comhination with
chemotherapy or 23 a single agent. (iiven the limited number of reported
cases, the high background rate of occurrence of oligohydramnias, the
lack of clear temporal relationships hetween drug nse and clinical
findings, and the lack of supportive findings in amimal studies, an
assaciation hetween Herceptin and oligohydramnios has not been
established. ‘

Oligohydramnios is a reduced volume of amniotic fluid around the fetus, and anhydramnios is
the absence of fluid around the fetus. In utero, the placenta is primarily responsible for
maintaining fetal homeostasis. Fetal urine formation begins by 12 weeks of gestation and is the
main constituent of amniotic fluid. > Ammniotic fluid volume peaks at an average of one liter at 36
weeks gestation and then slowly declines. Often, decreased fluid volume occurs in pregnancies
that continue post-term (beyond 40 weeks gestation), and in this situation, oligohydramnios is a
reason to deliver the patient. Prior to term, oligohydramnios is far less common and is often
associated with a poor prognosis. Different ultrasound methods have been used to assess the
amount of amniotic fluid. Phelan et al (1987) described quantifying amniotic fluid by adding the
vertical depths of the largest pocket of fluid in each of four equal uterine quadrants. This
measurement is called the amniotic fluid index (AFT) and is widely used in clinical practice and
as part of the biophysical profile (BPP), a form of antenatal testing that evaluates AFI, fetal tone,
fetal movement, fetal breathing, and fetal heart rate pattern (nonstress test, NST) over a 30
minute period of time. An AFI <5 cm is defined as oligohydramnios. The other widely
accepted ultrasonographic method of defining oligohydramnios is the lack of a vertical pocket of
amniotic fluid at least 2 cm deep. A number of studies suggest that while the AFI is a more
accurate way of estimating actual amniotic fluid volume, none of the ultrasound assessments of
“amniotic fluid volume accurately predict fetal tolerance of labor or neonatal outcomes. *

Decreased amniotic fluid may be associated with maternal or fetal problems. Such maternal
conditions include preterm premature rupture of membranes (PPROM) or conditions that affect
placental function or vascularization (postterm pregnancy, preeclampsia). Maternal use of ACE
inhibitors can also cause oligohydramnios. Fetal conditions almost always associated with
oligohydramnios include fetal urinary tract obstruction or renal agenesis (Potter syndrome).
Fifteen to 25% of cases of preterm oligohydramnios are associated with fetal anomalies.
However, otherwise normal fetuses may experience the following consequences of early-onset,
severe oligohydramnios: musculoskeletal deformities (like clubfoot, limb contractures),
pulmonary hypoplasia, and/or serious deformities due to fetal part entrapment in amniotic bands.
When oligohydramnios is accompanied by intrauterine growth restriction, the risk of fetal
morbidity is increased. In these situations, fetal surveillance is important and delivery is often
recommended for fetal or maternal indications. While gestational age is a consideration, in these
situations, fetal or maternal compromise usually overrides the potential complications from
preterm delivery. '* :
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Oligohydramnios detected before 36 weeks gestation with normal fetal anatomy by ultrasound
can be managed expectantly along with antepartum fetal testing. 14 Antepartum fetal testing is
most often performed once or twice weekly using a combination of NSTs and BPPs. The
contraction stress test (CST) has the best predictive values for fetal well being during the seven
days following testing but most often is not used routinely due to the possible increased risk of
preterm labor. ' '

Four of five studies suggest that maternal hydration can increase AFI, but the effect dissipates by
24 hours following fluid administration. Fluid restriction or dehydration can lower the AFI.

REVIEW OF DATA
To complete this consult, this reviewer reviewed and/or looked for the following information:
= 19 vMedWatch reports that reported on eight unique cases of oligohydramnios
»  Published literature on oligohydramnios associated with Herceptin use during pregnancy

* Published literature on oligohydramnios associated with pregnancies in patients with
.cancer or pregnancies in patients with cancer receiving chemotherapy

»  Published literature on the role of epidermal growth factor in renal development.

Renal development and epidermal growth factor

Based on current data about the role that epithelial growth factor plays in renal development,
some scientists and clinicians suspect that Herceptin has a potential to cause fetal adverse effects
with in-utero exposure.

During embryonic development, three sets of renal organs develop sequentially: the pronephros,
the mesonephros, and finally, the metanephros, which persist to become the mature kidneys. The
ureteric bud grows from the mesonephric duct after the fourth week of gestation. The Wolffian
duct grows caudally, passing the pronephros and mesonephros to approach the metanephric
mesenchyme. As this occurs, growth factor signaling from the metanephric mesenchyme
transitions from insulin growth factor-II (IGF-II) to glial-derived neurotrophic factor (GDNF).
Wilm’s tumor gene expression begins, suppresses IGF-I1, and helps convert metanephric
mesenchymal cells to epithelial cells. GDNF appears essential for promoting outpouching of the
ureteric bud from the mesonephric duct. Retinoids also play an important but incompletely
understood role in ureteric bud formation. Stimulation of the angiotension II receptor AT2 leads
to mesenchymal apoptosis needed for ureteric bud development.”

The ureteric bud produces a number of soluble agents that work together to promote cellular
condensation and differentiation.® One of these agents is epithelial growth factor (EGF), also
called transforming growth factor-o (TGF-a). TGF-a is synthesized and secreted in the
embryonic kidney where it binds to the EGF receptor. The TGF-a peptide and receptors are
present in the fetal human metanephros. Studies in cultured embryonic organ show that adding



anti-TGF-a antibodies inhibits morphogenesis and tubulogenesisis. This suggests that TGF-a
plays a role in early ureteric bud development. EGF/ TGF-a also appears to participate in
rescuing uninduced mesenchymal cells from apoptosis. While the role of EGF/ TGF-a is not
completely defined, it appears to play an important part in kidney organogenesis. 6

Nephrons develop in successive stages from the inner to the outer area of the fetal kidney, in
parallel with the vascular system. In humans, nephrogenesis is not completed until the 36" week
of gestation. In preterm infants, the process continues following delivery. EGF/ TGF-o. is one of
the many factors involved in the promotion and control of nephrogenesis. >

Reviewer comment:
Herceptin is an IgG monoclonal antibody that blocks the human epidermal growth factor
receptor 2 protein and is known to cross the placenta. Organ culture studies suggest that
blocking the EGF receptor may interfere with normal nephron development.

Oligohydramnios and Herceptin use during pregnancy

Review of the published literature and MedWatch forms submitted to FDA reveal ten reported
and unique pregnancies in women with breast cancer who used Herceptin during some portion of
their pregnancy, nine of whom developed oligohydramnios. In one other case, a woman
received two doses of Herceptin just prior to conception. Table 1 summarizes the key features of
these 11 cases including the gestational ages at which Herceptin was given, the gestational age at
which oligo- or anhydramnios was diagnosed, concomitant chemotherapies, whether the patient
was dechallenged or rechallenged with Herceptin, and the pregnancy outcome. These cases are
presented in tabular form in greater detail in Appendix A.

In cases 1 — 6, Herceptin was discontinued during pregnancy. In cases 1 — 5, the therapy was
stopped due to oligohydramnios or anhydramnios. In four of these cases, there was documented
reaccumulation of amniotic fluid following discontinuation of Herceptin therapy. After
improvement in or resolution of oligohydramnios, one of these patients was re-challenged with
Herceptin. One week after resumption of Herceptin therapy, the patient was delivered by
cesarean with oligohydramnios. The fifth patient in whom Herceptin was discontinued (Case 4)
received her last dose at 24 weeks gestation, and she delivered at 34 weeks by cesarean section.
The MedWatch report did not include information about the reason for cesarean section at that
time or the amount of amniotic fluid present prior to or at delivery. The fact that she remained
pregnant for about two months following the diagnosis of oligohydramnios suggests that the
amniotic fluid volume likely recovered after Herceptin therapy was stopped. The sixth patient

- (Case 6) discontinued Herceptin therapy during pregnancy for a maternal reason. On
transthoracic echocardiography, she had a mildly reduced ventricular ejection fraction, a known
cardiotoxic effect associated with Herceptin. At 25 weeks gestation, AFI was normal in this
pregnancy even though Herceptin therapy was continued up until 24 weeks.!

In Cases 7 and 8, the patients had apparently normal pregnancies until 26 and 27 weeks
respectively when the patients were diagnosed with recurrent metastatic breast cancer. In both
cases, Herceptin therapy was started in combination with paclitaxel or vinorelbine and continued
until delivery. In case 7, the patient received Herceptin and paclitaxel at 26 and 29 weeks



ORIGINAL
| Table 1: Summary of 11 reported cases of Herceptin exposure during pregnancy: nine with
| oligohydramnios and two without oligohydramnios

AFI increased after dechallenge.
Delivered at 29 wks by C/S with
oligohydramnios one week after
rechallenge.

At 36 weeks, spontaneous labor and
32 Zoladex Yes No normal vaginal delivery. Trisomy
121,

. AF reappeared at 25 weeks and

3 0-20 23 None Yes No normal at 32 weeks. Normal
delivery at 37.5 wks.

Delivered by C/S at 34 wks.
Unknown reason for C/S.
Herceptin treatment through 24 wks
gestation. Normal AFI at 25 wks.
Normal infant delivered by C/S at 37
wks. .

At 33 wks, reaccumulating AF.

6 23-27 30 Docetaxel Yes No Delivered by C/S for maternal
reasons at 36 wks. Normal infant,
Due to anhydramnios with IUGR,
fetal lung maturation with steroids
and C/S at 32 weeks. Decreased
neonatal renal function.

Treatment continued for maternal

. reasons. Extra IV hydration with
Vinorelbine No No weekly tx. Oligohydramnios
persistent.

Induction and delivery 35 wks

C/S at 36 weeks. Baby with limb

9 0—del 26 None No No deformities. Died of pulmonary
hypoplasia at 6 hrs

Therapeutic abortion twin gestation
No No at 24 weeks. “Lungs not developing
properly”

11 -4-0 None None No No Normal pregnancy -

1 0-26 26 None Yes Yes

4 0-24 25+ None Yes No

5 0-24 None None Yes No

7 26-29 31-32 Paclitaxel No No

After starting

8 27 — del treatment

9

10 | 0=t < Vinorelbine

gestation.! Within a couple of weeks of the last Herceptin dose, anhydramnios was diagnosed by
ultrasound. The physicians administered steroids to mature the fetal lungs and delivered the
baby by cesarean section at 32 weeks gestation, three weeks after the last dose of Herceptin. The
baby had decreased renal function, which normalized over the first four weeks of life.

Reviewer comment:
Based on the severity of the mother s disease and rates of morbidity and mortality for a 32
week premature infant with anhydramnios, the obstetrician and oncologist may have decided
that it was in the best interest of the mother and baby to proceed with delivery. In a different
disease state situation, the clinicians may have opted for discontinuation of Herception
therapy and expectant management with antepartum surveillance. Based on other cases



reviewed here, it is possible that amniotic fluid may have reaccumulated with this more
conservative management plan. It is interesting to note that this infant had compromised
renal function at the time of delivery. This was not seen in the other Herceptin-exposed
infants. While it is scientifically plausible that the decrease in renal function could be
related to epithelial growth factor receptor blockade by Herceptin, there are not enough data
to support such a conclusion.

In Case 8, the mother was also diagnosed with metastatic recurrence of breast cancer mid-
pregnancy.” She began Herceptin and vinorelbine therapy at 27 weeks gestation and developed
oligohydramnios shortly thereafter. Due to her condition, weekly Herceptin and vinorelbine
therapy continued up to and through delivery but she received extra IV hydration with each
treatment. The oligohydramnios persisted but was not progressive, and the patient underwent
induction of labor at 35 weeks. She delivered a healthy infant by vaginal delivery and there were
no complications.

In cases 9 and 10, the mothers received Herceptin therapy throughout the course of their
pregnancies, and both had poor pregnancy outcomes. One mother continued Herceptin mono-
therapy from prior to conception through delivery at 36 weeks. Oligohydramnios was diagnosed
at 26 weeks gestation. Following counseling, the patient decided to continue the pregnancy and
Herceptin therapy. The baby was delivered by cesarean at 36 weeks gestation with limb
deformities and pulmonary hypoplasia. It died at six hours of life. Case 10 was a woman with a
twin gestation receiving Herceptin monotherapy. At 24 weeks gestation, ultrasound revealed
olighohydramnios and evidence that the “lungs were not developing properly.” She chose to
undergo therapeutic abortion at that time.

Case 11 is a published case of a woman who received two doses of Herceptin four weeks prior to
and three days prior to conception. She did not receive any additional chemotherapy durin% her
pregnancy. She had a normal pregnancy and delivery, and the baby had no complications. 2

Chemotherapy and Pregnancy

A toxnet search found the word “oligohydramnios™ associated with the following drugs:
captopril, quinapril, losartan, indomethacin, enalapril, celcoxib, benazepril, rofecoxib,
valdecoxib, and lisinopril. Other than ACE inhibitors and NSAIDs, no other drugs were
associated with oligohydramnios in the Toxnet search.

A Toxnet search with the terms “vinorelbine and oligohydramnios™ and “cancer and
oligohydramnios” yielded only one informative and relevant article not already presented in this
review. In 1997, Cuvier et al reported on three women with breast cancer treated with 5-
fluorouracil (5-FU) and vinorelbine during pregnancy. The women began therapy at 24 — 29
weeks gestation. After two rounds of 5-FU and vinorelbine chemotherapy, one woman received
six courses of cyclophosphamide and epidoxorubicin due to disease progression. Two women
had spontaneous labor and vaginal deliveries at 37 and 41 weeks, and the third woman (the one
who received four chemotherapeutic agents) delivered at 34 weeks by cesarean section. It
appears that none of these women developed oligohydramnios; however, the reason for the



cesarean delivery at 34 weeks was not grovided in the article. All three children had normal
development at 23 — 35 months of age.

A PubMed search using the search terms “paclitaxel and oligohydramnios”, “ docetaxel and
oligohydramnios”, and “vinorelbine and oligohydramnios,” found only the article by Bader et al
that reports one of the oligohydramnios cases associated with Herceptin use with paclitaxel
during pregnancy. A search with the terms “cancer and oligohydramnios” found three relevant
articles. Two involved Herceptin cases already discussed in this review (Watson and Bader) and
the other was a case report of a woman diagnosed with acute lymphocytic leukemia at 25 weeks
gestation.> A detailed obstetrical ultrasound at that time revealed fetal growth at the 35
percentile, a normal AFI, and normal umbilical artery Doppler systolic-diastolic ratio. At 26
weeks gestation, the patient began intensive multi-agent chemotherapy: cyclophosphamide,
intrathecal methotrexate, daunorubicin, vincristine, 6-mercaptopurine, cytarabine, L-
asparaginase, and prednisone. After each course of chemotherapy, transient oligohydramnios
occurred with the AF]I decreasing to 2.0 — 3.4 cm and recovering to normal over 6-7 days. The
patient went into labor spontaneously at 36 2/7 weeks gestation. There was thick meconium at
rupture of membranes. This patient underwent extensive fetal monitoring during the pregnancy.
Weekly non-stress tests began at 28 weeks gestation and were done twice weekly starting at 32
weeks. Ultrasound assessments of amniotic fluid were done weekly once chemotherapy began.
Additional factors during this pregnancy included maternal anemia (transfusion for a hematocrit
of 22%) and antibiotic treatment for a MRSA infection of indwelling Hickman catheter.’

Kelly et al’ published a review article in 2006 on the options for systemic therapy in pregnant
patients with breast cancer. The authors included eight studies that reported outcomes for
women treated with chemotherapy during pregnancy for a variety of cancers. Three percent of
babies had a congenital anomaly, which is the same as the background rate in the population.
Fetal death, spontaneous abortion, prematurity, and fetal complications occurred more often in
babies born to leukemic patients compared to those born to women with other tumor types. No
cases of oligohydramnios were reported, but this reviewer did not review all of the original
articles in this series. The largest included series was by Germann et al (2004) and did not -
describe any diagnoses of oligohydramnios or anhydramnios.

The Cancer and Childbirth Registry has enrolled about 92 pregnant women with breast cancer.
This reviewer spoke with the registry director, Dr. Elyce Cardonick, a maternal-fetal-medicine
specialist. Dr. Cardonick stated that she has seen cases of borderline oligohydramnios in
pregnant women with breast cancer following a round of chemotherapy but additional IV
hydration administered with the chemotherapy reversed the process. She has not seen severe
oligohydramnios or anhydramnios associated with chemotherapy treatment for breast cancer
during pregnancy.

DISCUSSION/CONCLUSIONS
Herceptin (trastuzumab) is a recombinant IgG humanized monoclonal antibody that binds to the

epidermal growth receptor 2. It is effective for the treatment of Her-2 overexpressing metastatic
breast cancers as monotherapy and for primary node-positive breast cancers as part of an
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adjuvant chemotherapy regimen. There are nine unique reports of oligohydramnios associated
with Herceptin use in pregnancy both in the published literature and post-marketing reports in
the AERS database. In four, and possibly five, of these cases, the amniotic fluid volume has
recovered following discontinuation of Herceptin therapy. There is one case with both a positive
dechallenge and rechallenge. The current label mentions the existence of a limited number of
post-marketing cases of oligohydramnios and states that no association between oligohydramnios
and the use of Herceptin has been established.

Pre-clinical data suggest an important role for epidermal growth factor in renal development.
Human renal tubular development continues until 36 weeks gestation. Data from studies in
organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest
that blocking the EGF receptor may interfere with normal nephron development. It seems
scientifically plausible, based on the drug’s mechanism of action that Herceptin could potentially
increase the likelihood of oligohydramnios.

Oligohydramnios (decreased amniotic fluid volume) and anhydramnios (no amniotic fluid), in
the absence of premature rupture of membranes, can be related to chronic fetal hypoxia,
decreased or absent fetal renal function, poor placental function, and some fetal anomalies. In
preterm pregnancies, the presence of oligohydramnios is associated with increased fetal
morbidity, which is due in part to an increased risk of cord compression and due in part to the
underlying condition that caused the oligohydramnios.

At this time, the data are not robust enough to conclude that a clear association exists between
the use of Herceptin during pregnancy and the occurrence of oligohydramnios; however, the data
do suggest a possible association that deserves monitoring. Additional data are needed to more
clearly define and understand this possible relationship. If additional data further support an
association between Herceptin use during pregnancy and oligohydramnios, then an attempt
should be made to answer the following questions:

1. During which periods of gestation is Herceptin exposure associated with an increased risk
of oligohydramnios?

2. Does the risk vary with the Herceptin dose and frequency of administration?

3. Does additional IV hydration either at the time of chemotherapy or in between courses of
therapy alter the frequency or severity of oligohydramnios?

4. With reference to the time of Herceptin administration, when does the AFI decline and
when does it recover?

Based on a woman’s individual disease state and course of progression and on risk/benefit
counseling between physician and patient, some women may continue Herceptin when
oligohydramnios occurs and some may stop. Some women who continue therapy may be
delivered depending on the gestational age of the fetus and other factors, and some may continue
their pregnancy with fetal monitoring and ultrasound examinations. In order to optimize the
clinical outcomes for pregnant women with breast cancer and their babies, women using
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Herceptin during pregnancy should be monitored for oligohydramnios. If and when
oligohydramnios occurs, risk/benefit counseling should occur and fetal testing should begin.

RECOMMENDATIONS

1.

The pregnancy portion of the Herceptin (tratuzumab) label should include information
about the known cases of oligohydramnios that occurred with use of Herceptin during
pregnancy.

The label should recommend that pregnant women using Herceptin undergo routine
obstetrical ultrasound examination following each treatment with Herceptin to screen for
oligohydramnios.

If oligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the
gestational age of the fetus and consistent with the standards of care for the community.
This testing should continue on a regular basis until one of two conditions is met:

a. Herceptin therapy is discontinued and oligohydramnios resolves
b. Delivery.

In cases where the physician and patient decide to continue Herceptin therapy for
maternal reasons despite the presence of oligohydramnios, additional intravenous
hydration should be considered. With other forms of chemotherapy during pregnancy,
transient oligohydramnios has been observed, and extra hydration sometimes mitigates
this effect.

. Include contact information for the Cancer and Childbirth Reglstry and encourage

enrollment of pregnant patients using Herceptin.
If it would be helpful to the Division, the Maternal Health Team would be happy to

provide draft language for the pregnancy and lactation portions of the label. (Please see
Appendix B.)
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Appendix A:

Detailed Summa

of MedWatch case reports and published cases of oligohydramnios among pregnant women usin Herée tin®
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Recurrent breast cé;cer at 14 weeks gestation. Started on T
(O10)] _ Herceptin 480 mg IV Q 3 weeks. US at about 26 weeks m}liam dsfiverad b (,:epsarean e
. ®E (pre- showed oligohydramnios with normal fetal growth. breech position 'd]'i/d oligohvd 108 at
conception) Hospitalized for bedrest and corticosteroids. Herceptin 29 weellzs extatton Wii g13:1=1 4550-
32 ol 06 None stopped the next day. Amniotic fluid increased. Weekly Aogars j?%, 5 To I;IICU for TesDir agt’o
(26 weeks gestation) Herceptin resumed. Received one dose Herceptin 480 PE R CTRRURey
Table 1 ; ; distress and chronic lung disease.
mg IV at 28 weeks gestation. Delivered one week later. : A
Casel : ; L : Ventilated for 2 weeks. Hospitalized
Gestational age information is not completely consistent o it h Fe By
in MedWatch report. P 3
®© Patient treated for metastatic breast CA with Taxotere T —
Before pregnancy. and Hercptin until July 2003 when pregnancy diagnosed. dslive Ve Tl NELE infai t6
Stopped for gestational Borderline decreased amniotic fluid at 28 weeks. 2 : 1 o
38 Zoladex . e lbs, 10 0z., Apgars 8/9. Down’s
weeks 7-14. Resumed Oligohydramnios diagnosed at 32 weeks. Fetal ¢ th
Table 1 . - i . : Syndrome. Discharged on 4™ day of
gestational weeks 14-32. monitoring in hospital. Herceptin stopped. Mother had :
Case2 = - ; life.
gestational diabetes and hypertension.
Pati . . . . . Induction of labor and normal vaginal
atient diagnosed with poorly differentiated carcinoma delivery of a livine female infant at 37.5
®®© ; 5 (grade I1I) with perinodal involvement and HER-2/neu. O R '
Herceptin 6 mgtkg Q 3 ivity. T ith XRT and 3 = e weeks gestation (2960 g, Apgars 8/9)
weeks from| ®e pagitivity. Treated W ¥.and 3-cyeles doxcrabien Baby had normal renal function and no
. and cyclophosphamide and 3 cycles paclotaxel. Started ; :
28 ®® (time of None u ; . . evidence of pulmonary hypoplasia.
- A . erceptin near conception. Pregnancy diagnosed at 23
lable 1 conception/implantation) : : : .~ . | Normal placenta. Baby had normal
Case 3 until 20 weeks gestation wef:ks withanliydeaynios; Hevoeptin touped. 2ymniody growth at six months of age.
fluid started to reaccumulate at 25 weeks and was normal | © .
at 32 weeks gestation. This case was published. Watsonetal (20053, Sseveliraces
®E Two years of Herceptin Pregnancy diagnosed and confirmed by US at 17 weeks
—— therapy prior to pregnancy. gestation. Herceptin given at 15 weeks and probably Normal preterm female infant delivered
Table | 29 Herceptin discontinued None discontinued after treatment at 24 weeks gestation. by cesarean section at 34 weeks
Coerd after dose at about 24 Borderline low amniotic fluid at 25 weeks gestation gestation.
weeks gestation progressed to oligohydramnios.
@) (6) . ; :
. Twin pregnancy with oligohydramnios diagnosed at 24
5 : weeks gestation. According to the report, there was i ;
30 g?;f}efglf rll-{;r g‘;ﬁgd v;{ésx'il:ljali);le “gvidence that the lungs were not developing properly” Té‘;ﬁ?;;m abortion after 24 weeks
Table 1 & preg y and were considered incompatible with life. Mother had & '
Cascel 0 a therapeutic abortion.
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Appendix A:
| Detailed Summa

of MédWatch case ref

orts and published cases of olig

ohydramnios among
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pregnant women using

Patient diagnosed and treated for Grade III infiltratin
ductal carcinoma with positive nodes. She completed
treatment with Herceptin, paclitaxel, 5-FU, epirubicin,
and cyclophosphamide through a clinical trial. Fourteen
months after diagnosis, she presented with right upper
guadt_'ant PAlE an'd & 27, wesl pregnaney. Mulfiple Induction of labor at 34 5/7 weeks with
- imaging studies including ultrasound were performed. - iy
o6 She had multiple hepatic metastases and increased LFTs. norlrnz} f;aglnsa Ib A F} RS
' 26 Herceptin started at 27 Vi ; Patient was treated with Herceptin (4mg/kg load and 2 malc mfant (51bs, 11 0z Apgars'
: inorelbine x : 9/9/10). Normal and healthy at six
Table 1 weeks gestation mg/kg per week) and vinorelbine (weekly x 3, then 1 bRt e
Case 8 week rest). She was seen weekly by a high risk GES:
obstetrician and oncologist. After starting treatment,
oligohydramnios was noted. This was thought secondary Faiale etal (3003).: 568 relaaniss.
to fluid shifts or systemic therapy. Extra IV hydration
given with each chemotherapy treatment. Weekly fetal
monitoring. AFIs remained low. Decreased fetal
movement at 34 5/7 weeks with occasional, mild fetal
heart decelerations.
®© Patient previously diagnosed with breast cancer. Being Female infant delivered by cesarean
""" Herceptin throughout treated with Herceptin 441 mg Q 3 weeks. Pregnancy section at about 36 weeks gestation
Table 1 36 SrnanEy None confirmed and @ted by 26 wegk ultrasound. (_2690 g, Apga_rs 8/8). Baby had lower
Case 9 Anhydramnios diagnosed. Patient counseled and chose limb deformities and died of pulmonary
to continue pregnancy. hypoplasia at 6 hours of life.
Seven years prior to pregnancy, the patient was
diagnosed with Stage I breast cancer. She was treated Delivery of living infant by cesarean
with six cycles of cyclophosphamide, methotrexate, and section for anhydramnios, fetal growth
5-FU followed by XRT and 5 vears of tamoxifen. At 17 | restriction, and suspected fetal renal
weeks gestation, the patient developed paresthesia and failure. Normal placenta. Admitted to
- ®© hypoesthesia of the left arm and cervical neck pain. On | NICU with signs of bacterial sepsis and
38 Herceptin at 26 and 29 Paclitael MR, there was metastatic infiltration and collapse of the | decreased renal function. Renal
Table 1 weeks gestation second cervical vertebrae with spinal compression and function normalized by day of life 28,
Case 7 metastases in the fourth thoracic vertebrae and femur. and the baby was discharged home.
Between 26 and 32 weeks gestation, the patient received | Normal development at 12 weeks of
two treatments of Herceptin and paclitaxel. On US, the age.
fetal abdominal circumference stopped increasing and the
amniotic fluid volume decreased nearly to anhydramnios. | Bader et al (2007). See references.
Corticosteroids given for fetal lung maturation.
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Appendix A:
Detailed Summary of MedWatch case reports and published cases of pli ohydramnios among pregnant women using Herceptin®

Patient diagnosed with multifocal g;ie 2 invasive ductal
adenocarcinoma of the right breast with two of five nodes
positive. Estrogen and progesterone receptor negative.
Her-2/neu positive. Had been trying to conceive. Spontaneous vaginal delivery of a
Treated with four cycles of epirubicin followed by four healthy female infant at full term. No
. cycles of cyclophosphamide, methotrexate, and 5-FU complications.
QH0ie 30 3{;13?:;;?;1: S deyspTior None over six _months. Due to incomplete‘ excision and strong
Table 1 family history o_f breast CA, had a bilateral mastectomy
Case 11 followed by radiotherapy to the right chest wall. Enrolled | Waterston and Graham (2006). See
in Herceptin Adjuvant trial (HERA) and randomized to references. .
trastuzumab treatment every three weeks, Had a positive
pregnancy test before third treatment cycle. Conceived
three days after second dose. Withdrew from trial.

e IR e e e DT

J Clin
Onc

Patient diagnosed with Her-2/neu positive breast cancer
during her first pregnancy. She underwent radical
mastectomy and therapeutic abortion. Treated with
paclitaxel and carboplatin. Six months after completing
chemotherapy, diagnosed with lung metastases. Treated
with paclitaxel, carboplatin, and trastuzumab. Eighteen
months later had a single brain metastasis treated with
surgery and radiation. After one year of ongoing
06/07 32 I;E?gﬁh&':gﬁ;e%:%n None treatment with trastuzumab alone an_d no recurrence, the
Table 1 patient presented wi‘th a five week viable pregnancy.
Case 5 Treatment was continued and the pregnancy progressed
normally until trans-thoracic echocardiography revealed
an asymptomatic mild low ejection fraction at 18 weeks.
Fetal growth and anatomical survey were normal. Repeat
maternal echo at 24 weeks was unchanged but trstuzumab
was discontinued. Fetal US at 25 weeks gestation
showed normal growth, AFI, and BPP.

Reprod
Tox

Cesarean delivery (for breech
presentation) of a healthy female infant
at 37 weeks gestation. Normal
placental pathology without metastases.

Shrim et al (20007). See references.
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23, 26, and 27 weeks
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| AR
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(Australia) Patient was diagnosed with left infiltrating
ductal carcinoma, grade 2, stage T2N2M0 in| ®©
| She had a radical mastectomy and
lymphadenectomy with 18 of 18 nodes positive, The
tumor was E/P receptor negative and human epidermal
growth factor 2 (Her-2/neu) positive. She was treated
with chemotherapy and radiotherapy. At 20 weeks
gestation, MRI revealed brachial plexus and pulmonary
metastases. She was treated with three cycles of
docetaxel and trastuzumab at 23, 26, and 27 weeks
gestation. A fetal ultrasound was done at 30 weeks for
clinical suspicion of fetal growth restriction. The
ultrasound showed fetal growth measurements at <5™
percentile consistent with [UGR and anhydramnios.

| Chemotherapy was held until after delivery. Two doses

of betamethasone were given for fetal lung maturation in
case delivery was needed. At 33 weeks, amniotic fluid
was reaccumulating. Due to the patient’s advanced
disease state, she was delivered at 36 weeks.

Cesarean delivery for breech
presentation at 362/7 weeks due to
maternal disease state. Small amount of
clear amniotic fluid at delivery. Living
male infant, 2230 g, Apgars 7/9.
Normal neonatal urine output. No
complications.

Sekar and Stone (2007). See references.
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Appendix B: Proposed Changes to Current Pregnancy Labeling Language

Suggested deletions are indicated with strikeouts, and suggested insertions are indicated with an

underline.
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( DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service

Food and Drug Administration
Center for Drugs Evaluation and Research

Memorandum

Date: June 12, 2006
From: Monica Hughes, M.S.; DBOP/OODP/CDER

Subject: Meeting Minutes to IND 4517 (Prior to the meeting, draft FDA comments to
Genentech’s questions were provided by facsimile on
May 31, 2006). These final meeting minutes incorporate the draft comments
and additional discussion from the meeting. '

Meeting Type: Type B

Meeting Category: Pre-sBLA, IND 4517

Meeting Date and Time: May 31, 2006: 1:30PM-3:00PM EST

Meeting Format: Teleconference

Product: Trastuzumab [Humanized Monoclonal Antibody (Genentech) pl 8SHER2/neu]
Meeting Requestor/Sponsor: Genentech, Incorporated

Background: Genentech submitted an sSBLA in February 2006, which is currently under
Agency review, and included a joint analysis of data from 2 NCI cooperative group studies
(NSABP B-31 and NCCTG N9831) to support a labeling change to the indication statement to
include the use of Herceptin, as an adjunct to chemotherapy (sequential doxorubicin plus
cyclophosphamide followed by paclitaxel) for the post-surgical adjuvant treatment of HER-2
overexpressing, node-positive or high-risk node-negative, breast cancer as discussed during the
July 7, 2005, pre-sBLA meeting. The dosage regimen will consist of Herceptin administered on
a weekly schedule, initiated concurrently with paclitaxel, for a maximum of 52 doses.

Genentech is proposing to file a separate SBLA to expand the Herceptin label in support of
additional adjuvant chemotherapy regimens, initiated concurrently with chemotherapy or
following the completion of chemotherapy. Pharmacokinetic data from the HERA trial and two
other studies conducted in patients with metastatic breast cancer (BO15935, and WO016229) are
intended to support the addition of every-3-week dosing (following completion of adjuvant
chemotherapy) to the dosage and administration section of the label.




May 31, 2006: IND 4517 Teleconf_ereﬁce with Genentech, Inc.

BCIRG.006 was a large, international, randomized trial comparing three adjuvant treatment
strategies in patients with HER2-posmve, early-stage breast cancer who were either node-
positive or high-risk node-negative:

(1) AC-T (four cygles of AC followed by four cycles of docetaxel at 100mg/m?);

@ AC—TH (sarhe chemotherapy 'regimen with the addition of 52 weeks of Herceptin
starting concurrently with docetaxel and continuing as monotherapy); and

(3)  TCH (six cycles of docetaxel at 75mg/m? and carboplatin at an AUC of 6mg/mL/min
- every 3 weeks concurrently with Herceptln, followed by Herceptln monotherapy)

Patients were enrolled based on HER?2 positivity determined by FISH at one of two designated
central laboratories. Herceptin was administered weekly concurrently with chemotherapy and
then every 3 weeks (6 mg/kg Q3W) in the monotherapy portion of the study for a total of 52
weeks. BCIRG.006 was conducted by Sanofi-Aventis under IND 35,555. The study was
activated on December 29, 2000, with the protocols and subsequent amendments also being
submitted to Genentech’s IND 4517 as BCIRG.006 is being used to fulfill PMC #6 from the
original Herceptin approval letter issued on September 25, 1998.

HERA (study BO16348) was an international, r_nulti-center, randomized, three arm trial
comparing 1 year and 2 years of Herceptin versus observation alone in women with HER2-
positive, operable breast cancer who were either node-negative or node-positive and who have
completed definitive surgery, radiotherapy (if indicated), and at least four cycles of an acceptable
(neo-) adjuvant chemotherapy regimen. Patients were enrolled based on HER?2 positivity (ICH
3+ or FISH+) as determined by a central laboratory. Herceptin was administered according to an
every-3-week regimen (8mg/kg IV loading dose, 6mg/kg IV every 3 weeks). Hormonal therapy
was prescribed for women with hormone receptor-positive tumors. HERA was sponsored by F.

" Hoffmann-La Roche and was conducted by BIG. Data from HERA was submitted to the EMEA
on February 17, 2006, to support the use of Herceptin in early-stage breast cancer. A copy of the
final study report was submitted to the FDA under BL STN 103792/5150.

Meeting Purpose: The purpose of this meeting is to gain Agency agreement on the proposed .
plan for the submission of an SBLA to expand the Trastuzumab (Herceptin) label in support of
multiple (adjuvant) chemotherapy regimens and to support a dosing schedule of once every three -
weeks in the dosage and administration section of the Trastuzumab (Herceptin) label based on
data from the HERA and BCIRG:006 trlals




May 31, 2006: IND 4517 Teleconference with Genentech, Inc.

Sponsor Submitted Questions and FDA Response:

QUESTIONS:

1. - a Does the Agency agree that the proposed content for this filing is acceptable?

FDA RESPONSE FAXED ON 5-31-06: Yes. FDA acknowledges that the
sBLA will contain the following in a fully electronic eCTD submission:

_®  Clinical study reports for HERA, BCIRG.006, BO15935, and WO16229,

. Patient narratives for HERA and BCIRG.006 which will include (all
deaths, secondary malignancies, suspected symptomatic cardiac events,
pneumonitis, discontinuation of study treatment as a result of an adverse
event, and adverse events that occur at an increased incidence and/or
severity relative to the current Taxotere or Herceptin label),

. CRFs for patienté with narratives for HERA and BCIRG.006; and,

. Raw SAS datasets (with accompanying documentation) for HERA and
BCIRG.006, including PK data for patients in the HERA PK substudy.
‘Derived datasets (with accompanying documentation) for HERA and
BCIRG.006, as well as the programs that created the derived datasets.
Raw datasets (with accompanying documentation) for BO15935 and
WO016229. ' -

DISCUSSION DURING TELECONFERENCE: Genentech agreed. No
discussion was needed.

b. In particular, does the existing HERA clinical study report meet the Agency’s
o requirement for review? o

FDA RESPONSE FAXED ON 5-31-06: No. FDA is requesting that safety
data, including survival data, from Arm 3 be submitted in the SBLA for the
context of a safety review. In addition, FDA is requesting that all HERA related
DMC minutes are included in the original SBLA submission, including the DMC
meeting noting that the interim results of the 2-year Herceptin arm should not be
disclosed at this time.

DISCUSSION DURING TELECONFERENCE: Genentech cannot commit to
provide this data but did commit to request the data from the DMC and to ask the

3




May 31, 2006: IND 4517 Teleconference with Genentech, Inc.

DMC to put in writing if they refuse to provide the data acknowledging that the
request originated from the U.S. FDA.

Genentech agreed to provide the DMC recommendations to FDA. Genentech
also agreed to request the DMC minutes; if the minutes are not provided, .
Genentech agreed to provide a written response to the FDA indicating that the
study chair refuses to provide the minutes as requested by the U.S. FDA,

2]

FDA RESPONSE FAXED ON 5-31-06: [\ o
[
T e e

DISCUSSIQN DURING TELECONFERENCE: Genentech agreed. No
discussion was needed.

2. Does the Agency agree with
=

FDA RESPONSE FAXED ON 5-31-06: No.

To investigate safety and efficacy of Herceptin and the risk factors for cardiotoxicity and
adequacy of monitoring for cardiotoxicity in the following settings: In a population who
recently received anthracyclines and/or in population in which Herceptin is administered
concurrently with anthracycline therapy (e.g., NCI-sponsored study of Herceptin -+ Doxil
or Herceptin + prolonged infusion of doxorubicin; In population not previously treated
with anthracyclines (e.g., possible collaborative group adjuvant study of
taxane/Herceptin regimen in anthracycline naive patients).

The fulfillment of the PMC will be determined upon review of all data necessary to
address the commitment. Submission of data addressing a portion of the PMC may be
provided in PMC correspondence. Alternatively, all the data may be provided in a single
final study report. You may wish to submit a request to replace PMC 6 with separate
commitments addressing specific portions of the commitment in a final study report.




May 31, 2006: IND 4517 Teleconference with Genentech, Inc.

DURING TELECONFERENCE: An agreement was not reached

during this discussion. Both FDA and Genentech agreed to schedule a follow up
teleconference to discuss the fulfillment of PMC #6.

Genentech commented on a July 2005, teleconference, with FDA in which they agreed to
provide the data available for H1995g up until the study was closed, along with data from
NSABP-B31, NCCTG N9831, BCIRG 006, and H1995g to fulfill PMC #6. FDA agreed
to review the administrative record and discuss with Genentech at a future
teleconference.

FDA noted that the review of efficacy supplemems (6 or 10 months) and the review of
final study reports (12 months) have different review time clocks and noted that
ultimately they will be addressed under separate timelines,

We would like to request Agency feedback as to whether the efficacy and safety data
supplied with this proposed sBLA will support the use of Hercep:in with a variety of
chemotherapy regimens in the adjuvant setting?

FDA RESPONSE FAXED ON 5-31-06: No. From the information provided, FDA
notes the following:

L]

BCIRG.006 trial is designed to support a claim of AC followed by Taxotere in

combination with weekly Herceptin for 12 weeks followed by Herceptin alone every

3 weeks for a maximum of 52 weeks and

BCIRG.006 may also support a claim of Docetaxel in combination with Carboplatin
with weekly Herceptin for 18 weeks followed by Herceptin alone every 3 weeks for a

maximum duration of 52 weeks

o ERA trial is designed to support a claim for antluacyclinc' based chemotherapy
followed sequentially by 52 weeks of Herceptin given as every 3 week
administration.

G TELECO : Genentech agreed they were
requesting the claims outlined in bullets 1-3 above.

FDA noted that bullets 1 and 2 above will not support JII®®
P —




May 31,_ 2006: IND 4517 Teleconference with Genentech, Inc.

FDA stated that 3 supplements with 3 separate user fees will be required for the claims
described above (bullets 1-3 consisting of 2 supplements for the BCIRG 006-basedclaims
and 1 supplement for the HERA-based claim). FDA stated that one of the BCIRG 006
supplements could cross-reference the data in the other BCIRG 006 supplement.
Genentéch proposed and FDA agreed that no ISS or ISE would be included in module 2.
Genentech stated that they will discuss this with their upper management. FDA offered a
follow up teleconference with members of Genentech upper management and CDER’s

Office of Regulatory Policy if clarification is needed regarding the need for 3 separate
supplements and user fees.

4. We would like to request Agency feedback as to whether the efficacy, safety, and

pharmacokinetic data supplied with the proposed sBLA will support the proposed change
to the Herceptin dosing schedule?

FDA RESPONSE FAXED ON 5-31-06: Inclusion of the new dosing schedule will be
dependent on confirmation that the safety and efficacy data are compelling in studies

* which employ this dosing schedule. If the studies support labeling extension based upon

- demonstration of efficacy and safety, based on the summary of pharmacokinetics from
the PK-substudy of the HERA trial provided in the April 28, 2006, meeting briefing .
package, these data may be appropriate for inclusion in the Pharmacokinetics section of
the Herceptin labeling. Since this is ultimately a review issue, a final decision can only
be made after evaluating the data.

DISCUSSION DURING TELECONF ERENCE: Genentech agreed.

FDA RESPONSE FAXED ON 5-31-06: FDA requests that Genentech clarify the role

of the pharmacokmetlc data in BO 15935, and WO 16229 in support of specific labeling
claims.

DISCUSSION DURING TELECONFERENCE: Genentech stated they do not intend

to put this information in the package insert in either the clinical pharmacology or dosage
and administration section.

FDA requested that Genentech submit the toxicology data for the HERA PK substudy
and PK subsets from the metastatic disease setting. Genentech agreed and stated that it
would be possible to link this data to HERA study. Genentech also agreed to provide
complete datasets and study reports for BO 15935 and W016229.
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FDA RESPONSE FAXED ON 5-31-06: Please provide a separate pharmacokinetic

study report and detailed dataset from clinical studies assessing the pharmacokinetic

profile of Herceptin with 4 mg/kg loading dose and 2 mg/kg weekly doses in conjunction
-with docetaxol, including analyses assessing for evidence of drug-drug interactions.

DISCUSSION DURING TELECONFERENCE: Genentech stated that data from 16
patients in a Japanese study is available to address this request. The data available
include PK data from 10 patients and would address Herceptin and docetaxol drug-drug

interactions. Genentech agreed to provide a ﬁnal study report and dataset translated in
English, to FDA.

5. Does the Agency agree with the proposed submission of safety data for the sBLA?

FDA RESPONSE FAXED ON 5-31-06: No, FDA doés not agree. Genentech must

submit arm 3 of the HERA trial in order to allow FDA to adequately assess safety
concerns.

DISCUSSION DURING TELECONFERENCE: This was dlscussed and captured
under 1b above.

6. . Does the Agency agree with the proposed submission of Case Report Forms, financial
disclosure information, datasets, and statistical programs?

FDA RESPONSE FAXED ON 5-31-06: Yes, FDA agrees.

DISCUSSION DURING TELECONFERENCE: No discussion occurred.
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- Summary: _’

7. Genentech and FDA agreed to follow up on question 4. FDA agreed to rev1ew the
administrative record for discussions in July 2005 and to have a follow up teleconference
to dlscuss PMC #6.

8. Genentech agreed to request both the DMC to reiease the interim data for the 2-year
" Herceptin arm to the U.S. FDA along with the DMC minutes. Genentech agreed that if
the HERA steering committee refuses either request, Genentech will provide
correspondence stating, in writing, that the HERA steering committee and/or the DMC
refuses to provide this information to the FDA. FDA agreed that if the DMC refuses
these requests, that the final study report is acceptable provided there is written

documentation that the HERA steering committee refused to provide data to the U.S.
FDA. | '

9. Genentech agreed to discuss the number of supplements and claims with upper
management and get back to the FDA if further clarification was needed.

10. Genentech agreed to provide all PK data (including final study reports and datasets) for .
the Japanese study discussed, along with BO 15935 and W016229, and the HERA PK
substudy to both the HERA and BCIRG 006 supplements.



http:refused.to
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Attendees:

FDA Attendees:

Monica Hughes, M.S.
Karen Jones

Patricia Keegan, M.D.
Kaushikkumar Shastri, M.D.
Lydia Martynec, M.D.
Laura (Hong) Lu, Ph.D.
Iftekar Mahmood, Ph.D.
Nam Atiqur Rahman, Ph.D.

Genentech Attendees:
David Allison
Nancy Boman
Cheryl Jones
Jacqueline Lackey

Paul Pisacane
Josina Reddy
James Reimann
Leonard Reyno
Chang-Heok Soh
Li Zheng

Other Participants:
Diane Louie, Sanofi-Aventis
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	Figure
	/ . . 
	. DEPARTMENT OF HEALTH & Hu1"JAN SERVICES 
	Pµblic Health Service 
	Our STN: BL 103792/517S 
	' . / 
	Genertteclil, Incorporated 
	·. Attention: Todq Rich, ~LD. . __ Senior Director, Regulatory Affairs 1 DNA Way, MS #242 South San Francisco, CA 94080-4990 
	Dear Dr. Rich: _ 
	. ··, 
	Food and Drug Administration . R~ckville, MD ;20857. 
	Figure
	Your requesno supplement your biologics license. application for trast~mab (Herceptin) to revise the indication for use as a singl.e agent, for the adjuvant:treatmentof HER2-· ' overexpressing node-~egative (ER/PR negative or with one: h,igh-riskfeature) or node--positive . 
	·breast cancer, following multi-modalify anthracycline based therapy h?s been approved . 
	.A'11 applications for new active ingredients, new dosage.fonns, new indicatioµs, ne~ routes of administration, and<new dosing regimens are required to contain an assessment ofthe safety and. effectiveness ofthe.product in pediatric patients unless.this requir~ment is waived or deferred. We are waiving the pediatric study requirement for this application. " ,_ 
	'• . .. 
	-· We acknowledge that the Highlights section ofthe package insert currently meet,s the half page requirement sg a_waive~ ofthis requirement is no~peeded at this time. · 
	· We acknowledge your written conll+1itments to provide additional information on ongoing" · stµdies and to.conduct postmarketjng studies as described in your letters ofJanuary 18, 2008, as outlined below: 
	c. 
	. . ' .. 
	·rostmarketing Study Commitments subj.ect to reporting requirements of21CFR601.70. 
	·rostmarketing Study Commitments subj.ect to reporting requirements of21CFR601.70. 

	. ' .. 
	1. .To,provide a final clinical study report (CSR) ofthe safety and efficacy of2-years of trastuzun:iab treatmen6Ii Sttidy B016348 (HERA)in order to provide a final analysis of cardiac toxicity bas.ed Q_n serial-ejettion fraction monitoring, cb,aracterizing the CUmUfative 
	~ inddenc~, severity, duration and reversibility. The final study report will include the~ 
	· prihiary dcitasets an.d proiam~for· generation of analyses; analyses will include, 'but not be limited to the-analyses described fothe stattstical ;analysis plan. The final .CSR _will be­submitted by Dece~ber31, 2013. Ifthe results from the 2-year trastuzumab arm are released by the IDMC at the interim.analysis, then-the final CSR will be submitted by December 31, 2009. · · · · · · 
	\ 
	-

	) 
	Page 2 -BL 103792/5175 
	2. ' .To provide updated safety information ofthe observation and l~year trastuzumab arms in 
	-. .I . " 
	Study BO 16348 (HERA). Interim cardiac safety updates (narratives of new primary or secondary cardiac events) will be provided on an annual basis beginning in December 2008 and continuing until the time ofthe finalCSR, which {vill be submitted by December 
	1

	. .I ' . ' 
	31, 2013. Ifthe results from the 2-year tr,(lstuzumab arm are released by theJDMC at the 
	interim analysis, then the CSR will be submitted by December 31, 2009. 
	) 
	3.· .To submit a protocol for review for a prospectively and actively emolled pregnancy .registry that willcollect information assessing pregnancy complications and birth / .outcomes in women witlr breast cancer exposed to a Herceptin-containing regimen prior to .conception or during pregnancy. Notice of a pregnancy registry and the telephone contact .
	· number will be included in the package insert. A proposal, including a prospective protocol for FDA review will be submitted to FDA by June 30, 2008. The fegistrywill ~ become active by DecelJlber 31, 2008, and i,nterim reports of al1 data collected will be · submitted on an annual basis to FDA through December 31, 2019. 
	~ 
	: .

	4. .To conduct a QT protocol according to the principles ofICH El4: The Clinical. .Evaluation of QT/QTc Interval Prolongation and ProarFhythmic PoteO:tfal for Non­.Antiarrhythmic Drugs (Section IID) in a minimum of 50 subjects receiving trastuzumab. .A detailed protocol for this·study will be submitted by SeptemberJ0,2008. The study .will be iilitiate,d by Mll!ch 31, 2009, and will be completed by 31 March, 2013. Afinal .studyrepoi:t will be.submitted by September 30, 2013. A supplement with revised. .label
	' 
	We request that you submit clinical protocols to your IND, with a cross-reference letter to this·. .! · .manufacturing, and controls protocols and all study final reports to your BLA STN B:l 103792. .Please use the following designators to label prominently all submissions, including .
	biologics licens.e )application (BLA), STN BL 103792 .. Submit nonclinical and chemistry, 

	'i 
	' 
	supplements, relating' to these postmarketing study commitments as appropriate: .

	• .
	• .
	• .
	Postmarketi1;1g Study Commitment Protocol 

	• .
	• .
	Postmarketing Study Commitment -Ffoal. Study Report 

	• .
	• .
	Postmarketing Study CorrespondencG: 

	• .
	• .
	Annual Status Report of Postmarketihg Study Co.m±nitments 


	. . .•. . .L . 
	· For each postmarketing study subject t6 ·the reporting req~irements of 21 CFR 601. 70, you must describe the status in an 'allllual report on postmarketing stu4ies for this product. The status report for each study should include: 
	• 
	• 
	• 
	information to identify and describe the postmarketing commitment, .. • the original schedule for the commitment, .

	• .
	• .
	the status ofthe commitment (i.e. pending, ongoing, delayed, terminated, or .. submitted), ' 


	I .I 
	• ·an explanation ofthe status including, for cliniqll studies, the patient accrual rate 
	(i.e. number emolled to date and the t~tal plai;me.d emolhuent), and 
	Pag~ 3 -BL 103792/5175 
	• .a revised schedule if the study '8chedule has changed and an explanation ofithe basis for the revision~ 
	As descrioed in 21 CFR 601.70(e), we may publicly disclose information regarding these postmarketing studies on our Web to the February 2006 Guidance for Industry~ Reports on the Status of Postmarketing Study · Commitments -Implementation of Section 130 of th'e Food and Drug Administration Modernization Act of ! 
	site (http://www.fda.gov/cder/pmc/default.htrri). Please refer 
	1997 (see http://www.fda.gov/cder/guidance/5569fnl.htm) for further 
	information. · 

	Within 2i days of the date of this letter, submit content of labeling [21 CFR 60l.14(b)] in structured product labeling (SPL) format, as described at , that is identical in content to the enclosed labeling text. Upon receipt, we will transmit thatversion to the National Library of Medicine for public dissemination. ~For administrative purposes, please designate this submission "Product Correspondence -Final SPL for approved STN BL 103792/5175.';' In addition, within 21 days ofthe pate ofthis letter, amend ~
	http://www.fda.gov/oc/datacouncil/spl.html

	.You may submit draft copies ofthe proposed introdtJctory advertising and promotional labeling with a coverletter requesting advisory comments to the Food and Diug Administration, Center for Drug Evaluation and Resekch, Division ofDrug Marketing, Advertising and · Commlinication, 5901-B Ammendale Road, Beltsville, MD 20705-1266. Final printed advertising and promotional labeling should be submitted at the t\me of initia\ dissemination, accompanied by a FDA Form 2253. · 
	All promotional c1aims must be consistent with and not contrary to approved labeling. You .shquld not make \l comparative promotional cfaim or claim of superiority over other products .unless you have s.ubstantial evidence to" support that claim. .
	therapeutic biological products, including .the addresses for submissions. .
	Please refer to http://www.fda.gov/cder/biologics/default.htm for information regarding .

	This information will be included in your biologics l~cense'application file. 
	Sincerely, 
	,tL-41­
	,tL-41­
	Patricia Keegan, M.D. .
	~. .Division of Biologic Oncology Products .Office of Oncology Drug Products · . .Center for Drug Evaluation and Research ' .
	Director 
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	FDA APPROVED: 1-18-08 
	1.14.1.2 
	1.14.1.2 
	Annotated Draft Labeling Text 

	HIGHLIGHTS OF PRESCRIBING INFORMATION 
	These highlights do not include all the information needed to use Herceptin safely and effectively. See full prescribing information for Herceptin. 
	HERCEPTIN (Trastuzumab) Intravenous Infusion Initial U.S. Approval: 1998 
	®

	WARNING CARDIOMYOPATHY, INFUSION REACTIONS, and PULMONARY TOXICITY 
	See full prescribing information for complete boxed warning Cardiomyopathy: Herceptin can result in sub-clinical and clinical cardiac failure manifesting as CHF, and decreased LVEF, with greatest risk when administered concurrently with anthracyclines. Evaluate cardiac function prior to and during treatment. Discontinue Herceptin for cardiomyopathy. (5.1, 2.2) 
	Infusion reactions, Pulmonary toxicity: Discontinue Herceptin for anaphylaxis, angioedema, interstitial pneumonitis, or acute respiratory distress syndrome. (5.2, 5.4) 
	-----------------------------RECENT MAJOR CHANGES------------------------­
	Indications and Usage, Adjuvant Treatment of Breast Cancer (1 1) 01/2008 Dosage and Administration, Recommended Doses and Schedules (2.1) 01/2008 Dosage and Administration, Dose Modifications (2.2) 01/2008 Warnings and Precautions, Cardiomyopathy (5 1) 01/2008 Warnings and Precautions, Interstitial Pneumonitis (5.4) 01/2008 Warnings and Precautions, Embryo-Fetal Toxicity (5.6) 01/2008 
	---------------------------INDICATIONS AND USAGE---------------------------- 
	Herceptin is a HER2/neu receptor antagonist indicated for the treatment of HER2 overexpressing breast cancer (1.1, 1.2). 
	------------------------DOSAGE AND ADMINISTRATION---------------------- 
	For intravenous (IV) infusion only.  Do not administer as an IV push or bolus (5.2). Adjuvant Treatment of HER2-Overexpressing Breast Cancer (2.1) 
	Administer at either: 
	•. Initial dose of 4 mg/kg over 90 minute IV infusion, then 2 mg/kg over 30 minute IV infusion weekly for 52 weeks. 
	•. 
	•. 
	•. 
	•. 
	Or, initial dose of 8 mg/kg over 90 minutes IV infusion, then 6 mg/kg over 

	90 minutes IV infusion every three weeks for 52 weeks. Metastatic HER2-Overexpressing Breast Cancer (2.1) 
	90 minutes IV infusion every three weeks for 52 weeks. Metastatic HER2-Overexpressing Breast Cancer (2.1) 


	•. 
	•. 
	Initial dose of 4 mg/kg as a 90 minute IV infusion followed by subsequent weekly doses of 2 mg/kg as 30 minute IV infusions (as tolerated). 


	---------------------DOSAGE FORMS AND STRENGTHS---------------------- 
	•. Multidose vial nominally containing 440 mg Herceptin as a lyophilized, sterile powder. (3) 
	------------------------------CONTRAINDICATIONS------------------------------ 
	•. None. (4) 
	•. None. (4) 

	-----------------------WARNINGS AND PRECAUTIONS------------------------ 
	•. 
	•. 
	•. 
	•. 
	Cardiomyopathy (5.1, 6.1) 

	•. 
	•. 
	Infusion Reactions (5.2, 6.1) 

	•. 
	•. 
	Pulmonary Toxicity (5.4, 6.1) 

	•. 
	•. 
	Exacerbation of Chemotherapy-Induced Neutropenia (5.3, 6.1) 

	•. 
	•. 
	HER2 testing should be performed by laboratories with demonstrated proficiency. (5.5) 

	•. 
	•. 
	May cause oligohydramnios and fetal harm when administered to a pregnant woman. Pregnancy registry available.  (5.6, 8.1) 



	 ------------------------------ADVERSE REACTIONS------------------------------ Adjuvant Breast Cancer  
	•. Adverse reactions ( ≥ 2% higher incidence with Herceptin-containing treatment compared with control treatment) are fatigue, infection, neutropenia, anemia, myalgia, dyspnea, rash/desquamation, headache, diarrhea, and nausea. (6 1) 
	•. Adverse reactions ( ≥ 2% higher incidence with Herceptin-containing treatment compared with control treatment) are fatigue, infection, neutropenia, anemia, myalgia, dyspnea, rash/desquamation, headache, diarrhea, and nausea. (6 1) 
	Metastatic Breast Cancer  

	•. Adverse reactions (≥ 15% incidence with Herceptin monotherapy or ≥ 5% with Herceptin/ paclitaxel) are nausea, fever, infection, rash, increased cough, vomiting, diarrhea, headache, and anemia. (6.1) 
	To report SUSPECTED ADVERSE REACTIONS, contact Genentech at 1-888-835-2555 or FDA at 1-800-FDA-1088 or 
	www.fda.gov/medwatch. 

	See 17 for PATIENT COUNSELING INFORMATION. 
	See 17 for PATIENT COUNSELING INFORMATION. 
	Revised: 01/2008 

	FULL PRESCRIBING INFORMATION:  CONTENTS* 
	WARNING − CARDIOMYOPATHY, INFUSION REACTIONS, PULMONARY TOXICITY 1 INDICATIONS AND USAGE 
	1 1 Adjuvant Breast Cancer. 1 2 Metastatic Breast Cancer. 
	2 DOSAGE AND ADMINISTRATION 
	2 DOSAGE AND ADMINISTRATION 
	2 1 Recommended Doses and Schedules. 2 2 Dose Modifications. 2 3 Preparation for Administration. 
	3 DOSAGE FORMS AND STRENGTHS 4 CONTRAINDICATIONS 5 WARNINGS AND PRECAUTIONS 
	5 1 Cardiomyopathy 5 2 Infusion Reactions 5 3 Exacerbation of Chemotherapy-Induced Neutropenia 
	5.4 Pulmonary Toxicity. 5 5 HER2 Testing .
	5.6 Embryo-Fetal Toxicity 
	5.6 Embryo-Fetal Toxicity 
	6 ADVERSE REACTIONS 
	6 1 Clinical Trials Experience .6 2 Immunogenicity. 6 3 Post-Marketing Experience .
	7 DRUG INTERACTIONS 
	7 DRUG INTERACTIONS 
	8 USE IN SPECIFIC POPULATIONS 

	8 1 Pregnancy. 8 3 Nursing Mothers .
	8 1 Pregnancy. 8 3 Nursing Mothers .
	8.4 Pediatric Use .8 5 Geriatric Use .
	10 OVERDOSAGE 11 DESCRIPTION 12 CLINICAL PHARMACOLOGY 
	12.1 Mechanism of Action 
	12.2 Pharmacokinetics 
	13 NONCLINICAL TOXICOLOGY 
	13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
	13.2 Animal Toxicology and/or Pharmacology 
	14 CLINICAL STUDIES 
	14.1 Adjuvant Breast Cancer 
	14.2 Metastatic Breast Cancer 
	16 HOW SUPPLIED/STORAGE AND HANDLING 
	16.1 How Supplied 
	16.2 Stability and Storage 
	17 PATIENT COUNSELING INFORMATION 

	* Sections or subsections omitted from the Full Prescribing Information are not listed. 
	U.S. BL 103792/5175 Amendment: Trastuzumab⎯Genentech, Inc. 
	1 of 11/Regional (Adjuvant Breast Cancer [HERA]): 1-18-08 Final Draft FDA Approved (103792-5175).doc 
	FULL PRESCRIBING INFORMATION .2.2 Dose Modifications 
	WARNING CARDIOMYOPATHY, INFUSION REACTIONS, and PULMONARY TOXICITY 
	Cardiomyopathy 
	Herceptin can result in sub-clinical and clinical cardiac failure manifesting as CHF and decreased LVEF. The incidence and severity of left ventricular cardiac dysfunction was highest in patients who received Herceptin concurrently with anthracycline-containing chemotherapy regimens. 
	Evaluate left ventricular function in all patients prior to and during treatment with Herceptin. Discontinue Herceptin treatment in patients receiving adjuvant therapy and strongly consider discontinuation of Herceptin treatment in patients with metastatic breast cancer for clinically significant decrease in left ventricular function. [see Warnings and Precautions (5.1) and Dosage and Administration (2.2)] 
	Infusion Reactions; Pulmonary Toxicity 
	Herceptin administration can result in serious infusion reactions and pulmonary toxicity.  Fatal infusion reactions have been reported. In most cases, symptoms occurred during or within 24 hours of administration of Herceptin.  Herceptin infusion should be interrupted for patients experiencing dyspnea or clinically significant hypotension.  Patients should be monitored until signs and symptoms completely resolve.  Discontinue Herceptin for infusion reactions manifesting as anaphylaxis, angioedema, interstit
	1 INDICATIONS AND USAGE 
	1.1 Adjuvant Breast Cancer 
	Herceptin is indicated: 
	•. 
	•. 
	•. 
	As part of a treatment regimen containing doxorubicin, cyclophosphamide, and paclitaxel for the adjuvant treatment of HER2-overexpressing, breast cancer. 

	•. 
	•. 
	As a single agent, for the adjuvant treatment of HER2-overexpressing node-negative (ER/PR negative or with one high-risk feature) or node-positive breast cancer, following multi-modality anthracycline based therapy. [see Clinical Studies (14.1)] 


	1.2 Metastatic Breast Cancer 
	Herceptin is indicated: 
	•. 
	•. 
	•. 
	In combination with paclitaxel is indicated for treatment of HER2-overexpressing metastatic breast cancer 

	•. 
	•. 
	As a single agent for treatment of HER2-overexpressing breast cancer in patients who have received one or more chemotherapy regimens for metastatic disease. 




	2 DOSAGE AND ADMINISTRATION 
	2 DOSAGE AND ADMINISTRATION 
	2.1 Recommended Doses and Schedules Do not administer as an intravenous push or bolus. Do not mix Herceptin with other drugs. 
	Adjuvant Treatment, Breast Cancer 
	Administer according to one of the following doses and schedules: 
	•. 
	•. 
	•. 
	Initiate Herceptin following completion of anthracycline and concurrently with paclitaxel for the first 12 weeks.  Administer Herceptin at an initial dose of 4 mg/kg as a 90 minute intravenous infusion followed by subsequent once weekly doses of 2 mg/kg as 30 minute intravenous infusions, as tolerated, for a total of 52 doses.  [see Dose Modifications (2.2)] 

	•. 
	•. 
	Initiate Herceptin following completion of all chemotherapy.  Administer Herceptin at an initial dose of 8 mg/kg followed by subsequent doses of 6 mg/kg every three weeks for a total of 17 doses (52 weeks of therapy). Administer all doses 4 mg/kg as 90 minute intravenous infusions. [see Dose Modifications (2.2)] 
	>



	Metastatic Treatment, Breast Cancer 
	Administer Herceptin, alone or in combination with paclitaxel, at an initial dose of 4 mg/kg as a 90 minute intravenous infusion followed by subsequent once weekly doses of 2 mg/kg as 30 minute intravenous infusions until disease progression. 
	Infusion Reactions. [see Boxed Warning, Warnings and Precautions (5.2)] .
	Infusion Reactions. [see Boxed Warning, Warnings and Precautions (5.2)] .

	•. 
	•. 
	•. 
	•. 
	Decrease the rate of infusion for mild or moderate infusion reactions 

	•. 
	•. 
	Interrupt the infusion in patients with dyspnea or clinically significant hypotension 


	•. 
	•. 
	Discontinue Herceptin for severe or life-threatening infusion reactions. 


	Cardiomyopathy .[see Boxed Warning, Warnings and Precautions (5.1)] .
	Cardiomyopathy .[see Boxed Warning, Warnings and Precautions (5.1)] .
	Assess left ventricular ejection fraction (LVEF) prior to initiation of Herceptin and at regular intervals during treatment.  Withhold Herceptin dosing for at least 4 weeks for either of the following: 
	•.≥ 16% absolute decrease in LVEF from pre-treatment values 

	•. 
	•. 
	•. 
	LVEF below institutional limits of normal and ≥ 10% absolute decrease in LVEF from pretreatment values. 

	•. 
	•. 
	•. 
	Herceptin may be resumed if, within 4−8 weeks, the LVEF returns to normal limits and the absolute decrease from baseline is ≤ 15%. 


	•. 
	•. 
	Permanently discontinue Herceptin for a persistent ( > 8 weeks) LVEF decline or for suspension of Herceptin dosing on more than 3 occasions for cardiomyopathy. 


	2.3 Preparation for Administration 
	2.3 Preparation for Administration 
	2.3 Preparation for Administration 
	Reconstitution 

	Reconstitute each 440 mg vial of Herceptin with 20 mL of Bacteriostatic Water for Injection (BWFI), USP, containing 1.1% benzyl alcohol as a preservative to yield a multi-dose solution containing 21 mg/mL Trastuzumab.  In patients with known hypersensitivity to benzyl alcohol, reconstitute with 20 mL of Sterile Water for Injection (SWFI) without preservative to yield a single use solution. 
	Use appropriate aseptic technique when performing the following reconstitution steps: 
	Use appropriate aseptic technique when performing the following reconstitution steps: 

	•. 
	•. 
	•. 
	Using a sterile syringe, slowly inject the 20 mL of diluent into the vial containing the lyophilized cake of Herceptin. The stream of diluent should be directed into the lyophilized cake. 

	•. 
	•. 
	•. 
	Swirl the vial gently to aid reconstitution.  DO NOT SHAKE. 


	•. 
	•. 
	Slight foaming of the product may be present upon reconstitution.  Allow the vial to stand undisturbed for approximately 5 minutes. 

	•. 
	•. 
	Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever solution and container permit. Inspect visually for particulates and discoloration.  The solution should be free of visible particulates, clear to slightly opalescent and colorless to pale yellow. 

	•. 
	•. 
	; discard unused Herceptin after 28 days. without preservative, use immediately and discard any unused portion. 
	Store reconstituted Herceptin at 2-8
	○
	 C
	If Herceptin is reconstituted with SWFI 



	Dilution 
	Dilution 

	•. Determine the dose (mg) of Herceptin [see Dosage and Administration (2.1)]. Calculate the volume of the 21 mg/mL reconstituted Herceptin solution needed, withdraw this amount from the vial and add it to an infusion bag containing 250 mL of 0.9% Sodium Chloride Injection, USP. 
	DO NOT USE DEXTROSE (5%) SOLUTION. 
	DO NOT USE DEXTROSE (5%) SOLUTION. 
	•. Gently invert the bag to mix the solution. 



	3 DOSAGE FORMS AND STRENGTHS 
	3 DOSAGE FORMS AND STRENGTHS 
	3 DOSAGE FORMS AND STRENGTHS 
	440 mg lyophilized powder per multi-use vial. 

	4 CONTRAINDICATIONS 
	4 CONTRAINDICATIONS 
	None. 


	5 WARNINGS AND PRECAUTIONS 
	5 WARNINGS AND PRECAUTIONS 
	5 WARNINGS AND PRECAUTIONS 

	5.1 Cardiomyopathy 
	5.1 Cardiomyopathy 
	5.1 Cardiomyopathy 

	Herceptin can cause left ventricular cardiac dysfunction, arrhythmias, hypertension, disabling cardiac failure, cardiomyopathy, and cardiac death [see Boxed Warning Cardiomyopathy].  Herceptin can also cause a symptomatic decline in left ventricular ejection fraction (LVEF). 
	There is a 4−6 fold increase in the incidence of symptomatic myocardial dysfunction among patients receiving Herceptin as a single agent or in combination therapy compared with those not receiving Herceptin.  The highest absolute incidence occurs when Herceptin is administered with an anthracycline. 
	Withhold Herceptin for ≥ 16% absolute decrease in LVEF from pre-treatment values or an LVEF value below institutional limits of normal 
	U.S. BL 103792/5175 Amendment: Trastuzumab⎯Genentech, Inc. 
	2 of 11/Regional (Adjuvant Breast Cancer [HERA]): 1-18-08 Final Draft FDA Approved (103792-5175).doc 
	and ≥ 10% absolute decrease in LVEF from pretreatment values.  [see Dosage and Administration (2.2)] The safety of continuation or resumption of Herceptin in patients with Herceptin-induced left ventricular cardiac dysfunction has not been studied. 
	Cardiac Monitoring 
	Conduct thorough cardiac assessment, including history, physical examination, and determination of LVEF by echocardiogram or MUGA scan, prior to the first dose of Herceptin.  The following schedule was used to monitor cardiac function in clinical studies: 
	•. 
	•. 
	•. 
	Baseline LVEF measurement immediately prior to initiation of Herceptin 

	•. 
	•. 
	LVEF measurements every 3 months during and upon completion of Herceptin 

	•. 
	•. 
	LVEF measurements every 6 months for at least 2 years following completion of Herceptin 

	•. 
	•. 
	Repeat LVEF measurement at 4 week intervals if Herceptin is withheld for significant left ventricular cardiac dysfunction [see Dosage and Administration (2.2)] 


	In Study 1, 16% (136/844) of patients discontinued Herceptin due to 
	clinical evidence of myocardial dysfunction or significant decline in LVEF. 
	In Study 3, the number of patients who discontinued Herceptin due to 
	cardiac toxicity was 2.6% (44/1678). 
	Among 32 patients receiving adjuvant chemotherapy (Studies 1 and 2) who developed congestive heart failure, one patient died of cardiomyopathy and all other patients were receiving cardiac medication at last follow-up.  Approximately half of the surviving patients had recovery to a normal LVEF (defined as  ≥ 50%) on continuing medical management at the time of last follow-up.  The safety of continuation or resumption of Herceptin in patients with Herceptin-induced left ventricular cardiac dysfunction has no
	Table 1 
	Table 1 

	Incidence of Congestive Heart Failure in Adjuvant Breast Cancer Studies 
	Incidence 
	Incidence 

	Study Event Herceptin Control 
	1 & 2 Congestive heart failure*  2% (32/1677) 0.4% (7/1600) 
	3 Congestive heart failure 2% (30/1678) 0.3% (5/1708) 
	*Includes 1 patient with fatal cardiomyopathy. 
	Table 2 
	Table 2 

	Incidence of Cardiac Dysfunction* in Metastatic Breast Cancer Studies 
	Incidence 
	Incidence 
	NYHA I-IV NYHA III-IV 

	Study Event Herceptin Control Herceptin Control 
	4 Cardiac 
	4 Cardiac 
	4 Cardiac 
	28% 7% 19% 3%

	(AC) Dysfunction 

	4 Cardiac 
	4 Cardiac 
	4 Cardiac 
	11% 1% 4% 1%

	(paclitaxel) Dysfunction 

	Cardiac
	5 .7% N/A 5% N/A
	Dysfunction** 
	* Congestive heart failure or significant asymptomatic decrease in LVEF 
	** Includes 1 patient with fatal cardiomyopathy. 

	5.2 Infusion Reactions 
	5.2 Infusion Reactions 
	Infusion reactions consist of a symptom complex characterized by fever and chills, and on occasion included nausea, vomiting, pain (in some cases at tumor sites), headache, dizziness, dyspnea, hypotension, rash, and asthenia.  [see Adverse Reactions (6.1)]. 
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	In postmarketing reports, serious and fatal infusion reactions have been reported.  Severe reactions which include bronchospasm, anaphylaxis, angioedema, hypoxia, and severe hypotension, were usually reported during or immediately following the initial infusion.  However, the onset and clinical course were variable including progressive worsening, initial improvement followed by clinical deterioration, or delayed post-infusion events with rapid clinical deterioration.  For fatal events, death occurred withi
	Interrupt Herceptin infusion in all patients experiencing dyspnea, clinically significant hypotension, and intervention of medical therapy administered, which may include: epinephrine, corticosteroids, diphenhydramine, bronchodilators, and oxygen.  Patients should be evaluated and carefully monitored until complete resolution of signs and symptoms. Permanent discontinuation should be strongly considered in all patients with severe infusion reactions. 
	There are no data regarding the most appropriate method of identification of patients who may safely be retreated with Herceptin after experiencing a severe infusion reaction.  Prior to resumption of Herceptin infusion, the majority of patients who experienced a severe infusion reaction were pre-medicated with antihistamines and/or corticosteroids.  While some patients tolerated Herceptin infusions, others had recurrent severe infusion reactions despite pre-medications. 

	5.3 Exacerbation of Chemotherapy-Induced Neutropenia 
	5.3 Exacerbation of Chemotherapy-Induced Neutropenia 
	5.3 Exacerbation of Chemotherapy-Induced Neutropenia 

	In randomized, controlled clinical trials in women with metastatic breast cancer, the per-patient incidences of NCI CTC Grade 3-4 neutropenia and of febrile neutropenia were higher in patients receiving Herceptin in combination with myelosuppressive chemotherapy as compared to those who received chemotherapy alone. The incidence of septic death was not significantly increased. [see Adverse Reactions (6.1)]. 

	5.4 Pulmonary Toxicity 
	5.4 Pulmonary Toxicity 
	5.4 Pulmonary Toxicity 

	Herceptin use can result in serious and fatal pulmonary toxicity. Pulmonary toxicity includes dyspnea, interstitial pneumonitis, pulmonary infiltrates, pleural effusions, non-cardiogenic pulmonary edema, pulmonary insufficiency and hypoxia, acute respiratory distress syndrome, and pulmonary fibrosis.  Such events can occur as sequelae of infusion reactions [see Warnings and Precautions (5.2)]. Patients with symptomatic intrinsic lung disease or with extensive tumor involvement of the lungs, resulting in dys

	5.5 HER2 Testing 
	5.5 HER2 Testing 
	5.5 HER2 Testing 

	Detection of HER2 protein overexpression is necessary for selection of patients appropriate for Herceptin therapy because these are the only patients studied and for whom benefit has been shown.  Assessment for HER2 overexpression and of HER2 gene amplification should be performed by laboratories with demonstrated proficiency in the specific technology being utilized. Improper assay performance, including use of suboptimally fixed tissue, failure to utilize specified reagents, deviation from specific assay 
	Several FDA-approved commercial assays are available to aid in the selection of patients for Herceptin therapy.  These include HercepTest™ and PathwayHER-2/neu (IHC assays) and PathVysion and HER2 FISH pharmDx™ (FISH assays).  Users should refer to the package inserts of specific assay kits for information on the validation and performance of each assay. 
	® 
	®

	Limitations in assay precision (particularly for the IHC method) and in the direct linkage between assay result and overexpression of the Herceptin target (for the FISH method) make it inadvisable to rely on a single method to rule out potential Herceptin benefit.  A negative FISH result does not rule out HER2 overexpression and potential benefit from Herceptin. Treatment outcomes for metastatic breast cancer (Study 4) as a function of IHC and FISH testing are provided in Table 9.  Treatment outcomes for ad
	HER2 Protein Overexpression Detection Methods 
	HER2 Protein Overexpression Detection Methods 

	HER2 protein overexpression can be established by measuring HER2 protein using an IHC method. HercepTest, one test approved for this use, was assessed for concordance with the Clinical Trial Assay (CTA), using tumor specimens collected and stored independently from those obtained in Herceptin clinical studies in women with metastatic breast cancer.  Data are provided in the package insert for HercepTest. 
	®
	®

	HER2 Gene Amplification Detection Method 
	HER2 Gene Amplification Detection Method 
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	The presence of HER2 protein overexpression and gene amplification are highly correlated, therefore the use of FISH to detect gene amplification may be employed for selection of patients appropriate for Herceptin therapy.  PathVysion, one test approved for this use, was evaluated in an exploratory, retrospective assessment of available CTA 2+ or 3+ tumor specimens collected as part of patient screening for clinical studies in metastatic breast cancer (Studies 4 and 5).  Data are provided in the package inse
	®
	® 


	5.6 Embryo-Fetal Toxicity (Pregnancy Category D) 
	5.6 Embryo-Fetal Toxicity (Pregnancy Category D) 
	Herceptin can cause fetal harm when administered to a pregnant woman. Post-marketing case reports suggest that Herceptin use during pregnancy increases the risk of oligohydramnios during the second and third trimesters. If Herceptin is used during pregnancy or if a woman becomes pregnant while taking Herceptin, she should be apprised of the potential hazard to a fetus. [see Use in Specific Populations (8.1)]. 


	6 ADVERSE REACTIONS 
	6 ADVERSE REACTIONS 
	The following adverse reactions are discussed in greater detail in other sections of the label: 
	•. 
	•. 
	•. 
	Cardiomyopathy [see Warnings and Precautions (5.1)] 

	•. 
	•. 
	Infusion reactions [see Warnings and Precautions (5.2)] 

	•. 
	•. 
	Exacerbation of chemotherapy-induced neutropenia [see Warnings and Precautions (5.3)] 

	•. 
	•. 
	Pulmonary toxicity [see Warnings and Precautions (5.4)] 


	The most common adverse reactions in patients receiving Herceptin are fever, nausea, vomiting, infusion reactions, diarrhea, infections, increased cough, headache, fatigue, dyspnea, rash, neutropenia, anemia, and myalgia.  Adverse reactions requiring interruption or discontinuation of Herceptin treatment include CHF, significant decline in left ventricular cardiac function, severe infusion reactions, and pulmonary toxicity [see Dosage and Administration (2.2)]. 
	6.1 Clinical Trials Experience 
	6.1 Clinical Trials Experience 
	Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed in practice. 
	Adjuvant Breast Cancer Studies 
	The data below reflect exposure to Herceptin across three randomized, open-label studies, Studies 1, 2, and 3, with (n= 3355) or without (n= 3308) trastuzumab in the adjuvant treatment of breast cancer. 
	The data summarized in Table 3 below, from Study 3, reflect exposure to Herceptin in 1678 patients; the median treatment duration was 51 weeks and median number of infusions was 18.  Among the 3386 patients enrolled in Study 3, the median age was 49 years (range: 21 to 80 years), 83% of patients were Caucasian, and 13% were Asian. 
	Table 3 
	Table 3 

	Adverse Reactions for Study 3, All Grades*: 
	MedDRA (v. 7.1) Adverse Event Preferred Term 1 Year Herceptin (n= 1678) 
	MedDRA (v. 7.1) Adverse Event Preferred Term 1 Year Herceptin (n= 1678) 
	MedDRA (v. 7.1) Adverse Event Preferred Term 1 Year Herceptin (n= 1678) 
	Observation (n=1708) 

	Cardiac Hypertension 64 (4%) Dizziness 60 (4%) Ejection Fraction Decreased 58 (3.5%) Palpitations 48 (3%) Cardiac Arrhythmias** 40 (3%) Cardiac Failure Congestive 30 (2%) Cardiac Failure 9 (0.5%) Cardiac Disorder 5 (0.3%) Ventricular Dysfunction 4 (0.2%) Respiratory Thoracic Mediastinal Disorders Nasopharyngitis 135 (8%) 
	Cardiac Hypertension 64 (4%) Dizziness 60 (4%) Ejection Fraction Decreased 58 (3.5%) Palpitations 48 (3%) Cardiac Arrhythmias** 40 (3%) Cardiac Failure Congestive 30 (2%) Cardiac Failure 9 (0.5%) Cardiac Disorder 5 (0.3%) Ventricular Dysfunction 4 (0.2%) Respiratory Thoracic Mediastinal Disorders Nasopharyngitis 135 (8%) 
	35 (2%) 29 (2%) 11 (0.6%) 12 (0.7%) 17 (1%) 5 (0.3%) 4 (0.2%) 0 (0%) 0 (0%) 43 (3%) 


	Table 3 (cont’d) 
	Table 3 (cont’d) 
	Adverse Reactions for Study 3, All Grades*: 

	MedDRA (v. 7.1) Adverse Event Preferred Term 1 Year Herceptin (n= 1678) 
	MedDRA (v. 7.1) Adverse Event Preferred Term 1 Year Herceptin (n= 1678) 
	MedDRA (v. 7.1) Adverse Event Preferred Term 1 Year Herceptin (n= 1678) 
	Observation (n=1708) 

	Cough 81 (5%) Influenza 70 (4%) Dyspnea 57 (3%) URI 46 (3%) Rhinitis 36 (2%) Pharyngolaryngeal Pain 32 (2%) Sinusitis 26 (2%) Epistaxis 25 (2%) Pulmonary Hypertension 4 (0.2%) Interstitial Pneumonitis 4 (0.2%) Gastrointestinal Disorders Diarrhea 123 (7%) Nausea 108 (6%) Vomiting 58 (3.5%) Constipation 33 (2%) Dyspepsia 30 (2%) Upper Abdominal Pain 29 (2%) Musculoskeletal & Connective Tissue Disorders Arthralgia 137 (8%) Back Pain 91 (5%) Myalgia 63 (4%) Bone Pain 49 (3%) Muscle Spasm 46 (3%) Nervous System 
	Cough 81 (5%) Influenza 70 (4%) Dyspnea 57 (3%) URI 46 (3%) Rhinitis 36 (2%) Pharyngolaryngeal Pain 32 (2%) Sinusitis 26 (2%) Epistaxis 25 (2%) Pulmonary Hypertension 4 (0.2%) Interstitial Pneumonitis 4 (0.2%) Gastrointestinal Disorders Diarrhea 123 (7%) Nausea 108 (6%) Vomiting 58 (3.5%) Constipation 33 (2%) Dyspepsia 30 (2%) Upper Abdominal Pain 29 (2%) Musculoskeletal & Connective Tissue Disorders Arthralgia 137 (8%) Back Pain 91 (5%) Myalgia 63 (4%) Bone Pain 49 (3%) Muscle Spasm 46 (3%) Nervous System 
	34 (2%) 9 (0.5%) 26 (2%) 20 (1%) 6 (0.4%) 8 (0.5%) 5 (0.3%) 1 (0.06%) 0 (0%) 0 (0%) 16 (1%) 19 (1%) 10 (0.6%) 17 (1%) 9 (0.5%) 15 (1%) 98 (6%) 58 (3%) 17 (1%) 26 (2%) 3 (0.2%) 49 (3%) 11 (0.6%) 10 (.6%) 0 (0%) 10 (0.6%) 6 (0.4%) 37 (2%) 0 (0%) 30 (2%) 3 (0.2%) 0 (0%) 43 (3%) 13 (0.8%) 1 (0.06%) 0 (0%) 


	* The incidence of Grade 3/4 adverse reactions was <1% in both arms for 
	each listed term. ** Higher level grouping term. 
	each listed term. ** Higher level grouping term. 

	The data from Studies 1 and 2 were obtained from 3206 patients enrolled, of which 1635 patients received Herceptin; the median treatment duration was 
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	50 weeks.  The median age was 49.0 years (range: 24-80); 84% of patients were White, and 7% were Black, 4% were Hispanic, and 4% were Asian. 
	In Study 1, only Grade 3-5 adverse events, treatment-related Grade 2 events, and Grade 2-5 dyspnea were collected during and for up to 3 months following protocol-specified treatment.  The following non-cardiac adverse reactions of Grade 2-5 occurred at an incidence of at least 2% greater among patients randomized to Herceptin plus chemotherapy as compared to chemotherapy alone:  arthralgia (31% vs. 28%), fatigue (28% vs. 22%), infection (22% vs. 14%), hot flashes (17% vs. 15%), anemia (13% vs. 7%), dyspnea
	In Study 2, data collection was limited to the following investigator-attributed treatment-related adverse reactions NCI-CTC Grade 4 and 5 hematologic toxicities, Grade 3−5 non-hematologic toxicities, selected Grade 2−5 toxicities associated with taxanes (myalgia, arthralgias, nail changes, motor neuropathy, sensory neuropathy) and Grade 1−5 cardiac toxicities occurring during chemotherapy and/or Herceptin treatment.  The following non-cardiac adverse reactions of Grade 2−5 occurred at an incidence of at le
	Metastatic Breast Cancer Studies 
	The data below reflect exposure to Herceptin in one randomized, open-label study, Study 4, of chemotherapy with (n=235) or without (n=234) trastuzumab in patients with metastatic breast cancer, and one single-arm study (Study 5; n=222) in patients with metastatic breast cancer.  Data in Table 4 are based on Studies 4 and 5. 
	Among the 464 patients treated in Study 4, the median age was 52 years (range: 25−77 years). Eighty-nine percent were White, 5% Black, 1% Asian and 5% other racial/ethnic groups.  All patients received 4 mg/kg initial dose of Herceptin followed by 2 mg/kg weekly. The percentages of patients who received Herceptin treatment for ≥ 6 months and ≥ 12 months were 58% and 9%, respectively. 
	Among the 352 patients treated in single agent studies (213 patients from Study 5), the median age was 50 years (range 28−86 years), 100% had breast cancer, 86% were White, 3% were Black, 3% were Asian, and 8% in other racial/ethnic groups. Most of the patients received 4 mg/kg initial dose of Herceptin followed by 2 mg/kg weekly. The percentages of patients who received Herceptin treatment for ≥ 6 months and ≥ 12 months were 31% and 16%, respectively. 
	Table 4 
	Table 4 

	Per-Patient Incidence of Adverse Reactions Occurring in ≥ 5% of .Patients in Uncontrolled Studies or at Increased Incidence in the  .Herceptin Arm (Studies 4 and 5) (Percent of Patients). 
	Figure
	Figure
	Herceptin Single + Paclitaxel Herceptin AC Agent* Paclitaxel Alone + AC Alone n = 352 n = 91 n = 95 n = 143 n = 135 
	Herceptin Single + Paclitaxel Herceptin AC Agent* Paclitaxel Alone + AC Alone n = 352 n = 91 n = 95 n = 143 n = 135 

	Body as a Whole 
	Pain 47 61 62 57 42 
	Asthenia 42 62 57 54 55 
	Fever 36 49 23 56 34 
	Chills 32 41 4 35 11 
	Headache 26 36 28 44 31 
	Abdominal pain 22 34 22 23 18 
	Back pain 22 34 30 27 15 
	Infection 20 47 27 47 31 
	Flu syndrome 10 12 5 12 6 
	Accidental injury 6 13 3 9 4 
	Allergic reaction 3 8 2 4 2 
	Table 4 (cont’d) 
	Table 4 (cont’d) 
	Per-Patient Incidence of Adverse Events Occurring in ≥ 5% of .Patients in Uncontrolled Studies or at Increased Incidence in the  .Herceptin Arm (Studies 4 and 5) (Percent of Patients). 

	Herceptin Single + Paclitaxel Herceptin AC Agent* Paclitaxel Alone + AC Alone n = 352 n = 91 n = 95 n = 143 n = 135 
	Cardiovascular 
	Cardiovascular 
	Cardiovascular 

	Tachycardia 
	Tachycardia 
	5 
	12 
	4 
	10 
	5 

	Congestive heart 
	Congestive heart 
	7 
	11 
	1 
	28 
	7 

	failure 
	failure 

	Digestive 
	Digestive 

	Nausea 
	Nausea 
	33 
	51 
	9 
	76 
	77 

	Diarrhea 
	Diarrhea 
	25 
	45 
	29 
	45 
	26 

	Vomiting 
	Vomiting 
	23 
	37 
	28 
	53 
	49 

	Nausea and 
	Nausea and 
	8 
	14 
	11 
	18 
	9 

	vomiting 
	vomiting 

	Anorexia 
	Anorexia 
	14 
	24 
	16 
	31 
	26 

	Heme & Lymphatic 
	Heme & Lymphatic 

	Anemia 
	Anemia 
	4 
	14 
	9 
	36 
	26 

	Leukopenia 
	Leukopenia 
	3 
	24 
	17 
	52 
	34 

	Metabolic 
	Metabolic 

	Peripheral edema 
	Peripheral edema 
	10 
	22 
	20 
	20 
	17 

	Edema 
	Edema 
	8 
	10 
	8 
	11 
	5 

	Musculoskeletal 
	Musculoskeletal 

	Bone pain 
	Bone pain 
	7 
	24 
	18 
	7 
	7 

	Arthralgia 
	Arthralgia 
	6 
	37 
	21 
	8 
	9 

	Nervous 
	Nervous 

	Insomnia 
	Insomnia 
	14 
	25 
	13 
	29 
	15 

	Dizziness 
	Dizziness 
	13 
	22 
	24 
	24 
	18 

	Paresthesia 
	Paresthesia 
	9 
	48 
	39 
	17 
	11 

	Depression 
	Depression 
	6 
	12 
	13 
	20 
	12 

	Peripheral neuritis 
	Peripheral neuritis 
	2 
	23 
	16 
	2 
	2 

	Neuropathy
	Neuropathy
	 1 
	13 
	5 
	4 
	4 

	Respiratory 
	Respiratory 

	Cough increased 
	Cough increased 
	26 
	41 
	22 
	43 
	29 

	Dyspnea 
	Dyspnea 
	22 
	27 
	26 
	42 
	25 

	Rhinitis 
	Rhinitis 
	14 
	22 
	5 
	22 
	16 

	Pharyngitis 
	Pharyngitis 
	12 
	22 
	14 
	30 
	18 

	Sinusitis 
	Sinusitis 
	9 
	21 
	7 
	13 
	6 

	Skin 
	Skin 

	Rash 
	Rash 
	18 
	38 
	18 
	27 
	17 

	Herpes simplex 
	Herpes simplex 
	2 
	12 
	3 
	7 
	9 

	Acne 
	Acne 
	2 
	11 
	3 
	3 
	< 1 

	Urogenital 
	Urogenital 

	Urinary tract 
	Urinary tract 
	5 
	18 
	14 
	13 
	7 

	infection 
	infection 


	* Data for Herceptin single agent were from 4 studies, including 213 patients from Study 5. 
	* Data for Herceptin single agent were from 4 studies, including 213 patients from Study 5. 
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	The following subsections provide additional detail regarding adverse reactions observed in clinical trials of adjuvant breast, metastatic breast cancer, or post-marketing experience. 
	Cardiomyopathy 
	Serial measurement of cardiac function (LVEF) was obtained in clinical trials in the adjuvant treatment of breast cancer.  In Study 3, the median duration of follow-up was 12.6 months (12.4 months in the observation arm; 
	12.6  months in the 1-year Herceptin arm); and in Studies 1 and 2, 23 months in the AC-T arm, 24 months in the AC-T arm. In Studies 1 and 2, 6% of patients were not permitted to initiate Herceptin following completion of AC chemotherapy due to cardiac dysfunction (LVEF < 50% or ≥ 15 point decline in LVEF from baseline to end of AC).  Following initiation of Herceptin therapy, the incidence of new-onset dose-limiting myocardial dysfunction was higher among patients receiving Herceptin and paclitaxel as compa
	Table 5 
	Table 5 

	Per-patient Incidence of New Onset .Myocardial Dysfunction (by LVEF) Studies 1, 2 and 3 .
	Studies 1 and 2 
	Studies 1 and 2 
	Studies 1 and 2 
	Study 3 

	Criteria 
	Criteria 
	AC-TH (n=1606) 
	AC-T (n=1488) 
	Herceptin (n=1678) 
	Observation (n=1708) 

	Post-baseline LVEF <50% 
	Post-baseline LVEF <50% 
	22.8% (366) 
	9.1% (136) 
	8.6% (144) 
	2.7%  (46) 

	LVEF<50% and ≥10% decrease from baseline 
	LVEF<50% and ≥10% decrease from baseline 
	18.3% (294) 
	5.4% (81) 
	7.0%  (118) 
	2.0%  (35) 

	LVEF<50% and ≥16% decrease from baseline 
	LVEF<50% and ≥16% decrease from baseline 
	11.7% (188) 
	2.2% (33) 
	3.8%  (64) 
	1.2%  (20) 

	LVEF absolute decrease of ≥10%, <20% 
	LVEF absolute decrease of ≥10%, <20% 
	33.4% (536) 
	18.3% (272) 
	22.4% (376) 
	11.9%  (204) 

	LVEF absolute decrease ≥20% 
	LVEF absolute decrease ≥20% 
	9.2% (148) 
	2.4% (36) 
	3 5%  (59) 
	1.2%  (21) 


	Figure 1  
	Figure 1  

	Studies 1 and 2: Cumulative Incidence of Time to First LVEF. Decline of ≥ 10 Percentage Points from Baseline and to  .Below 50% with Death as a Competing Risk Event .
	Figure
	Time 0 is initiation of paclitaxel or Herceptin + paclitaxel therapy. 
	Figure 2 
	Figure 2 
	Study 3:  Cumulative Incidence of Time to First LVEF. Decline of ≥ 10 Percentage Points from Baseline and to  .Below 50% with Death as a Competing Risk Event .

	Figure
	Time 0 is the date of randomization. 
	Time 0 is the date of randomization. 

	The incidence of treatment emergent congestive heart failure among patients in the metastatic breast cancer trials was classified for severity using the New York Heart Association classification system (I−IV, where IV is the most severe level of cardiac failure) (see Table 2).  In the metastatic breast cancer trials the probability of cardiac dysfunction was highest in patients who received Herceptin concurrently with anthracyclines. 
	Infusion Reactions 
	Infusion Reactions 

	During the first infusion with Herceptin, the symptoms most commonly reported were chills and fever, occurring in approximately 40% of patients in clinical trials.  Symptoms were treated with acetaminophen, diphenhydramine, and meperidine (with or without reduction in the rate of Herceptin infusion); permanent discontinuation of Herceptin for infusional toxicity was required in  < 1% of patients.  Other signs and/or symptoms may include nausea, vomiting, pain (in some cases at tumor sites), rigors, headache
	Anemia 
	Anemia 

	In randomized controlled clinical trials, the overall incidence of anemia (30% vs. 21% [Study 4]), of selected NCI CTC Grade 2−5 anemia (12.5% vs. 6.6% [Study 1]), and of anemia requiring transfusions (0.1% vs. 0 patients [Study 2]) were increased in patients receiving Herceptin and chemotherapy compared with those receiving chemotherapy alone.  Following the administration of Herceptin as a single agent (Study 5), the incidence of NCI-CTC Grade 3 anemia was < 1%. 
	Neutropenia 
	Neutropenia 

	In randomized controlled clinical trials in the adjuvant setting, the incidence of selected NCI CTC Grade 4−5 neutropenia (2% vs. 0.7% [Study 2]) and of selected Grade 2−5 neutropenia (7.1% vs. 4.5 % [Study 1]) were increased in patients receiving Herceptin and chemotherapy compared with those receiving chemotherapy alone.  In a randomized, controlled trial in patients with metastatic breast cancer, the incidences of NCI-CTC Grade 3/4 neutropenia (32% vs. 22%) and of febrile neutropenia (23% vs. 17%) were a
	Infection 
	Infection 

	The overall incidences of infection (46% vs. 30% [Study 4]), of selected NCI-CTC Grade 2−5 infection/febrile neutropenia (22% vs. 14% [Study 1]) and of selected Grade 3−5 infection/febrile neutropenia (3.3% vs. 1.4%) [Study 2]), were higher in patients receiving Herceptin and chemotherapy compared with those receiving chemotherapy alone.  The most common site of infections in the adjuvant setting involved the upper respiratory tract, skin, and urinary tract. 
	In a randomized, controlled trial in treatment of metastatic breast cancer, the reported incidence of febrile neutropenia was higher (23% vs. 17%) in 
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	patients receiving Herceptin in combination with myelosuppressive chemotherapy as compared to chemotherapy alone. 
	Pulmonary Toxicity 
	Adjuvant Breast Cancer 
	Among women receiving adjuvant therapy for breast cancer, the incidence of selected NCI-CTC Grade 2−5 pulmonary toxicity (14% vs. 5% [Study 1]) and of selected NCI-CTC Grade 3−5 pulmonary toxicity and spontaneous reported Grade 2 dyspnea (3.4 % vs. 1% [Study 2]) was higher in patients receiving Herceptin and chemotherapy compared with chemotherapy alone. The most common pulmonary toxicity was dyspnea (NCI-CTC Grade 2−5: 12% vs. 4% [Study 1]; NCI-CTC Grade 2−5: 2.5% vs. 0.1% [Study 2]). 
	Pneumonitis/pulmonary infiltrates occurred in 0.7% of patients receiving Herceptin compared with 0.3% of those receiving chemotherapy alone.  Fatal respiratory failure occurred in 3 patients receiving Herceptin, one as a component of multi-organ system failure, as compared to 1 patient receiving chemotherapy alone. 
	In Study 3, there were 4 cases of pneumonitis in Herceptin-treated patients compared to none in the control arm. 
	Metastatic Breast Cancer 
	Among women receiving Herceptin for treatment of metastatic breast cancer, the incidence of pulmonary toxicity was also increased.  Pulmonary adverse events have been reported in the post-marketing experience as part of the symptom complex of infusion reactions.  Pulmonary events include bronchospasm, hypoxia, dyspnea, pulmonary infiltrates, pleural effusions, non-cardiogenic pulmonary edema, and acute respiratory distress syndrome. For a detailed description, see Warnings and Precautions (5.4). 
	Thrombosis/Embolism 
	In 3 randomized, controlled clinical trials, the incidence of thrombotic adverse events was higher in patients receiving Herceptin and chemotherapy compared to chemotherapy alone in two studies (3.0% vs. 1.3% [Study 1] and 2.1% vs. 0% [Study 4]). 
	Diarrhea 
	Among women receiving adjuvant therapy for breast cancer, the incidence of NCI-CTC Grade 2−5 diarrhea (6.2% vs. 4.8% [Study 1]) and of NCI-CTC Grade 3−5 diarrhea (1.6% vs. 0% [Study 2]), and of grade 1-4 diarrhea (7% vs. 1% [Study 3]) were higher in patients receiving Herceptin as compared to controls. Of patients receiving Herceptin as a single agent for the treatment of metastatic breast cancer, 25% experienced diarrhea.  An increased incidence of diarrhea was observed in patients receiving Herceptin in c
	Glomerulopathy 
	In the postmarketing setting, rare cases of nephrotic syndrome with pathologic evidence of glomerulopathy have been reported.  The time to onset ranged from 4 months to approximately 18 months from initiation of Herceptin therapy.  Pathologic findings included membranous glomerulonephritis, focal glomerulosclerosis, and fibrillary glomerulonephritis.  Complications included volume overload and congestive heart failure. 

	6.2 Immunogenicity 
	6.2 Immunogenicity 
	As with all therapeutic proteins, there is a potential for immunogenicity. Among 903 women with metastatic breast cancer, human anti-human antibody (HAHA) to Herceptin was detected in one patient using an enzyme-linked immunosorbent assay (ELISA).  This patient did not experience an allergic reaction.  Samples for assessment of HAHA were not collected in studies of adjuvant breast cancer. 
	The incidence of antibody formation is highly dependent on the sensitivity and the specificity of the assay.  Additionally, the observed incidence of antibody (including neutralizing antibody) positivity in an assay may be influenced by several factors including assay methodology, sample handling, timing of sample collection, concomitant medications, and underlying disease. For these reasons, comparison of the incidence of antibodies to Herceptin with the incidence of antibodies to other products may be mis

	6.3 Post-Marketing Experience 
	6.3 Post-Marketing Experience 
	The following adverse reactions have been identified during post approval use of Herceptin.  Because these reactions are reported voluntarily from a population of uncertain size, it is not always possible to reliably estimate their frequency or establish a causal relationship to drug exposure. 
	• Infusion reaction [see Warnings and Precautions (5.2)] 
	• 
	• 
	• 
	Oligohydramnios [see Warnings and Precautions (5.6)] 

	• 
	• 
	Glomerulopathy 




	7 DRUG INTERACTIONS 
	7 DRUG INTERACTIONS 
	7 DRUG INTERACTIONS 

	In clinical studies, administration of paclitaxel in combination with Herceptin resulted in a 1.5-fold increase in Trastuzumab serum levels [see Clinical Pharmacology (12.3)]. In drug interaction studies, the pharmacokinetics of docetaxel and paclitaxel were not altered when each was administered in combination with Herceptin. 

	8 USE IN SPECIFIC POPULATIONS 
	8 USE IN SPECIFIC POPULATIONS 
	8 USE IN SPECIFIC POPULATIONS 

	8.1 Pregnancy .Teratogenic Effects: Category D [see Warnings and Precautions (5.6)] .
	Herceptin can cause fetal harm when administered to a pregnant woman. Post-marketing case reports suggest that Herceptin use during pregnancy increases the risk for oligohydramnios during the second and third trimester. If Herceptin is used during pregnancy or if a woman becomes pregnant while taking Herceptin, she should be apprised of the potential hazard to a fetus. 
	In the postmarketing setting, oligohydramnios was reported in women who received Herceptin during pregnancy, either alone or in combination with chemotherapy. In half of these women, amniotic fluid index increased after Herceptin was stopped.  In one case, Herceptin was resumed after the amniotic fluid index improved, and oligohydramnios recurred. 
	Women using Herceptin during pregnancy should be monitored for oligohydramnios.  If oligohydramnios occurs, fetal testing should be done that is appropriate for gestational age and consistent with community standards of care. Additional intravenous (IV) hydration has been helpful when oligohydramnios has occurred following administration of other chemotherapy agents, however the effects of additional IV hydration with Herceptin treatment are not known. 
	Reproduction studies in cynomolgus monkeys at doses up to 25 times the recommended weekly human dose of 2 mg/kg trastuzumab and have revealed no evidence of harm to the fetus.  However, HER2 protein expression is high in many embryonic tissues including cardiac and neural tissues; in mutant mice lacking HER2, embryos died in early gestation.  Placental transfer of trastuzumab during the early (Days 20-50 of gestation) and late (Days 120­150 of gestation) fetal development period was observed in monkeys. [Se
	Because animal reproduction studies are not always predictive of human response, Herceptin should be used during pregnancy only if the potential benefit to the mother justifies the potential risk to the fetus. 
	Registry 
	Registry 

	Pregnant women with breast cancer who are using Herceptin are encouraged to enroll in the Cancer and Childbirth Registry: phone 1-800-690­6720. 
	8.3 Nursing Mothers 
	8.3 Nursing Mothers 
	8.3 Nursing Mothers 

	It is not known whether Herceptin is excreted in human milk, but human IgG is excreted in human milk. Published data suggest that breast milk antibodies do not enter the neonatal and infant circulation in substantial amounts. 
	Trastuzumab was present in the breast milk of lactating cynomolgus monkeys given 12.5 times the recommended weekly human dose of 2 mg/kg of Herceptin. Infant monkeys with detectable serum levels of trastuzumab did not have any adverse effects on growth or development from birth to 3 months of age; however, trastuzumab levels in animal breast milk may not accurately reflect human breast milk levels. 
	Because many drugs are secreted in human milk and because of the potential for serious adverse reactions in nursing infants from Herceptin, a decision should be made whether to discontinue nursing, or discontinue drug, taking into account the elimination half-life of trastuzumab and the importance of the drug to the mother. 

	8.4 Pediatric Use 
	8.4 Pediatric Use 
	8.4 Pediatric Use 
	8.4 Pediatric Use 
	The safety and effectiveness of Herceptin in pediatric patients has not been established. 
	8.5 Geriatric Use 

	Herceptin has been administered to 377 patients who were 65 years of age or over (244 in the adjuvant treatment and 133 in metastatic breast cancer treatment settings).  The risk of cardiac dysfunction was increased in geriatric patients as compared to younger patients in both those receiving treatment for metastatic disease in Studies 4 and 5, or adjuvant therapy in Studies 1 and 2. Aside from cardiac dysfunction, limitations in data collection and differences in study design of the 3 studies of Herceptin 
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	cancer preclude a determination of whether the toxicity profile of Herceptin in older patients is different from younger patients. The reported clinical experience is not adequate to determine whether the efficacy improvements (ORR, TTP, OS, DFS) of Herceptin treatment in older patients is different from that observed in patients <65 years of age for metastatic disease and adjuvant treatment. 
	10 OVERDOSAGE 
	There is no experience with overdosage in human clinical trials.  Single doses higher than 8mg/kg have not been tested. 
	11 DESCRIPTION 
	Herceptin (Trastuzumab) is a humanized IgG1 kappa monoclonal antibody that selectively binds with high affinity to the extracellular domain of the human epidermal growth factor receptor 2 protein, HER2. Trastuzumab is produced by recombinant DNA technology in a mammalian cell (Chinese Hamster Ovary) culture containing the antibiotic gentamicin.  Gentamicin is not detectable in the final product. 
	Herceptin is a sterile, white to pale yellow, preservative-free lyophilized powder for intravenous administration.  Each multi-use vial of Herceptin contains 440 mg Trastuzumab, 400 mg α,α-trehalose dihydrate, 9.9 mg L-histidine HCl, 6.4 mg L-histidine, and 1.8 mg polysorbate 20, USP.  Reconstitution with 20 mL of the appropriate diluent (BWFI or SWFI) yields a solution containing 21 mg/mL Trastuzumab, at a pH of approximately 6. 
	12 CLINICAL PHARMACOLOGY 
	12.1 Mechanism of Action 
	The HER2 (or c-erbB2) proto-oncogene encodes a transmembrane receptor protein of 185 kDa, which is structurally related to the epidermal growth factor receptor.  Herceptin has been shown, in both in vitro assays and in animals, to inhibit the proliferation of human tumor cells that overexpress HER2. 
	Herceptin is a mediator of antibody-dependent cellular cytotoxicity (ADCC). In vitro, Herceptin-mediated ADCC has been shown to be preferentially exerted on HER2 overexpressing cancer cells compared with cancer cells that do not overexpress HER2. 
	12.2 Pharmacokinetics 
	The pharmacokinetics of trastuzumab were studied in women with metastatic breast cancer. Short duration intravenous infusions of 10 to 500 mg Herceptin once weekly demonstrated dose-dependent pharmacokinetics. Mean half-life increased and clearance decreased with increasing dose level. The half-life averaged 2 and 12 days at the 10 and 500 mg dose levels, respectively. The volume of distribution of trastuzumab was approximately that of serum volume (44 mL/kg). At the highest weekly dose studied (500 mg), me
	In studies using an initial dose of 4 mg/kg followed by a weekly dose of 2 mg/kg, a mean half-life of 6 days (range 1-32 days) was observed. Between weeks 16 and 32, trastuzumab serum concentrations reached a steady state with mean trough and peak concentrations of approximately 79 mcg/mL and 123 mcg/mL, respectively. 
	In a study of women receiving adjuvant therapy for breast cancer, a mean half-life of trastuzumab of 16 days (range: 11-23 days) was observed after an initial dose of 8 mg/kg followed by a dose of 6 mg/kg every three weeks.  Between weeks 6 and 37, trastuzumab serum concentrations reached a steady-state with mean trough and peak concentrations of 63 mcg/mL and 216 mcg/mL, respectively. 
	Sixty-four percent (286/447) of women with metastatic breast cancer had detectable circulating extracellular domain of the HER2 receptor (shed antigen), which ranged as high as 1880 ng/mL (median 11 ng/mL). Patients with higher baseline shed antigen levels were more likely to have lower serum trough concentrations. 
	Data suggest that the disposition of trastuzumab is not altered based on age or serum creatinine (≤ 2.0 mg creatinine/dL). 
	Mean serum trough concentrations of trastuzumab, when administered in combination with paclitaxel, were consistently elevated approximately 1.5-fold as compared with serum concentrations of trastuzumab when used in combination with anthracycline plus cyclophosphamide.  In clinical studies in HER2+ metastatic breast cancer where Herceptin was administered in combination with paclitaxel, in combination with docetaxel, or in combination with paclitaxel and doxorubicin, Herceptin did not appear to alter the pla
	13 NONCLINICAL TOXICOLOGY 
	13 NONCLINICAL TOXICOLOGY 
	13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
	Herceptin has not been tested for carcinogenic potential. 

	No evidence of mutagenic activity was observed when trastuzumab was tested in the standard Ames bacterial and human peripheral blood lymphocyte mutagenicity assays, at concentrations of up to 5000 mcg/mL.  In an in vivo micronucleus assay, no evidence of chromosomal damage to mouse bone marrow cells was observed following bolus intravenous doses of up to 118 mg/kg Herceptin. 
	A fertility study conducted in female cynomolgus monkeys at doses up to 25 times the weekly recommended human dose of 2 mg/kg trastuzumab and has revealed no evidence of impaired fertility, as measured by menstrual cycle duration and female sex hormone levels. Studies to evaluate the effects of trastuzumab on male fertility have not been conducted. 
	13.2 Animal Toxicology and/or Pharmacology 
	13.2 Animal Toxicology and/or Pharmacology 
	Reproductive Toxicology Studies 

	Reproductive toxicology studies have been conducted in cynomolgus monkeys at doses up to 25 times the weekly recommended human dose of 2 mg/kg Herceptin and have revealed no evidence of impaired fertility or harm to the fetus. However, HER2 protein expression is high in many embryonic tissues including cardiac and neural tissues; in mutant mice lacking HER2, embryos died in early gestation. Placental transfer of Herceptin during the early (Days 20-50 of gestation) and late (Days 120-150 of gestation) fetal 
	14 CLINICAL STUDIES 
	14 CLINICAL STUDIES 
	14.1 Adjuvant Breast Cancer 

	The safety and efficacy of Herceptin in women receiving adjuvant chemotherapy for HER-2 overexpressing breast cancer, were evaluated in an integrated analysis of two randomized, open-label, clinical trials (Studies 1 and 2) with a total of 3752 women and in a third randomized, open-label, clinical trial (Study 3) with a total of 3386 women. 
	In Studies 1 and 2, breast tumor specimens were required to show HER2 overexpression (3+ by IHC) or gene amplification (by FISH).  HER2 testing was verified by a central laboratory prior to randomization (Study 2) or was required to be performed at a reference laboratory (Study 1).  Patients with a history of active cardiac disease based on symptoms, abnormal electrocardiographic, radiologic, or left ventricular ejection fraction findings or uncontrolled hypertension (diastolic > 100 mmHg or systolic > 200 
	Patients were randomized (1:1) to receive doxorubicin and cyclophosphamide followed by paclitaxel (AC→paclitaxel) alone or paclitaxel plus Herceptin (AC→paclitaxel + Herceptin). In both trials, patients received four 21-day cycles of doxorubicin 60 mg/mand cyclophosphamide 600 mg/m. Paclitaxel was administered either weekly (80 mg/m) or every 3 weeks (175 mg/m) for a total of 12 weeks in Study 1; paclitaxel was administered only by the weekly schedule in Study 2. Herceptin was administered at 4 mg/kg on the
	2 
	2
	2
	2

	A total of 3752 patients were included in the efficacy analyses. The data from both arms in Study 1 and two of the three study arms in Study 2 were pooled for efficacy analyses.   Of these patients, the median age was 49 years (range, 22−80 years; 6% > 65 years), 84% were white, 7% black, 4% Hispanic, and 4% Asian/Pacific Islander.  Disease characteristics included 90% infiltrating ductal histology, 38% T1, 91% nodal involvement, 27% intermediate and 66% high grade pathology, and 53% ER+ and/or PR+ tumors. 
	In Study 3, breast tumor specimens were required to show HER2 overexpression (3+ by IHC) or gene amplification (by FISH) as determined at a central laboratory. Patients with node-negative disease were required to have ≥ T1c primary tumor. Patients with a history of congestive heart failure or LVEF <55%, uncontrolled arrhythmias, angina requiring medication, 
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	clinically significant valvular heart disease, evidence of transmural infarction on ECG, poorly controlled hypertension (systolic> 180 mm Hg or diastolic > 100 mm Hg) were not eligible. 
	Patients were randomized (1:1) upon completion of definitive surgery, and at least four cycles of chemotherapy; to receive no additional treatment (n = 1693) or 1 year of Herceptin treatment (n = 1693).  Patients undergoing a lumpectomy had also completed standard radiotherapy. Patients with ER+ and/or PgR+ disease received systemic adjuvant hormonal therapy at investigator discretion. Herceptin was administered with an initial dose of 8 mg/kg followed by subsequent doses of 6 mg/kg once every three weeks f
	Among the 3386 patients randomized to the two treatment arms, the median age was 49 years (range 21−80), 83% were Caucasian, and 13% were Asian. Disease characteristics:  94% infiltrating ductal carcinoma, 50% ER+ and/or PgR+, 57% node positive, 32% node negative, and in 11% of patients, nodal status was not assessable due to prior neo-adjuvant chemotherapy. Ninety-six percent (1055/1098 of patients with node-negative disease had high-risk features:  among the 1098 patients with node-negative disease, 49% 
	(543) were ER− and PgR−, and 47% (512) were ER and or PgR + and had at least one of the following high-risk features:  pathological tumor size greater than 2 cm, Grade 2−3, or age < 35 years. Prior to randomization, 94% of patients had received anthracycline-based chemotherapy regimens. 
	The results for DFS for the integrated analysis of Studies 1 and 2 (Figure 3) and the analysis of DFS results in Studies 1 and 2, and Study 3 are presented in Table 7. Across studies 1 and 2, there were insufficient numbers of patients within each of the following subgroups to determine if the treatment effect was different from that of the overall patient population: patients with node negative disease, patients with low tumor grade, and patients within specific ethnic/racial subgroups (Black, Hispanic, As
	Table 6 
	Table 6 

	Efficacy Results from Adjuvant Treatment of. Breast Cancer (Studies 1 + 2 and Study 3). 
	Study 1 + 2 AC→ Herceptin + T (n =1872) AC→ T (n = 1880) 
	Study 1 + 2 AC→ Herceptin + T (n =1872) AC→ T (n = 1880) 
	Study 1 + 2 AC→ Herceptin + T (n =1872) AC→ T (n = 1880) 
	Study 3 Chemo→ Herceptin (n =1693 ) Chemo→ Observation (n = 1693) 

	Primary Endpoint DFS events 
	Primary Endpoint DFS events 
	133 
	261 
	127 
	219 

	 Hazard ratio (95% CI) 
	 Hazard ratio (95% CI) 
	0.48a (0.39, 0.59) 
	0.54 (0.44, 0.67)

	 p-value 
	 p-value 
	< 0.0001b 
	< 0.0001c 

	Secondary Endpoints Deaths 62 
	Secondary Endpoints Deaths 62 
	92 
	31 
	40 

	 Hazard ratio 95% CI 
	 Hazard ratio 95% CI 
	0.67 
	0.75 

	 p-value 
	 p-value 
	NSd
	 NSd 


	CI = confidence interval. Hazard ratio estimated by Cox regression stratified by clinical trial, intended paclitaxel schedule, number of positive nodes, and hormone receptor status.stratified log-rank test. log-rank test.NS= non-significant. 
	a 
	b 
	c 
	d 

	Figure 3 
	Figure 3 

	Duration of Disease-Free Survival in .Patients with Adjuvant Treatment of Breast Cancer (Studies 1 and 2). 
	Figure
	Exploratory analyses of DFS as a function of HER2 overexpression or gene amplification were conducted for patients in Studies 2 and 3, where central laboratory testing data were available.  The results are shown in Table 7. The number of events in Study 2 was small with the exception of the IHC 3+/FISH+ subgroup, which constituted 81% of those with data. Definitive conclusions cannot be drawn regarding efficacy within other subgroups due to the small number of events.  The number of events in Study 3 was ad
	Table 7 
	Table 7 
	Treatment Outcomes in Studies 2 and 3 as a Function of  .HER2 Overexpression or Amplification .

	Study 2 
	Study 2 
	Study 2 
	Study 3 

	HER2 Assay Result* 
	HER2 Assay Result* 
	Number of Patients 
	Hazard Ratio DFS (95% CI) 
	Number of Patients 
	Hazard Ratio DFS (95% CI) 

	IHC 3+
	IHC 3+

	 FISH (+) 
	 FISH (+) 
	1170 
	0.42 (0.27, 0.64) 
	91 
	0.56 (0.13, 2.50)

	 FISH (−) 
	 FISH (−) 
	51 
	0.71 (0.04, 11.79) 
	8
	 ---- 

	 FISH Unknown 
	 FISH Unknown 
	51 
	0.69 (0.09, 5.14) 
	2258 
	0.53 (0.41, 0.69) 

	IHC < 3+ /  FISH (+) 
	IHC < 3+ /  FISH (+) 
	174 
	1.01 (0.18, 5.65) 
	299 ^ 
	0.53 (0.20, 1.42) 

	IHC unknown / FISH (+) 
	IHC unknown / FISH (+) 
	----
	------
	724 
	0.59 (0.38, 0.93) 


	* IHC by HercepTest, FISH by PathVysion as performed at a central 
	* IHC by HercepTest, FISH by PathVysion as performed at a central 
	laboratory. 
	^ All cases in this category in study 3 were IHC 2+ . 
	14.2 Metastatic Breast Cancer 

	The safety and efficacy of Herceptin in treatment of women with metastatic breast cancer were studied in a randomized, controlled clinical trial in combination with chemotherapy (Study 4, n=469 patients) and an open-label single agent clinical trial (Study 5, n=222 patients).  Both trials studied patients with metastatic breast cancer whose tumors overexpress the HER2 protein. Patients were eligible if they had 2 or 3 levels of overexpression (based on a 0 to 3 scale) by immunohistochemical assessment of tu
	Previously Untreated Metastatic Breast Cancer (Study 4) 
	Previously Untreated Metastatic Breast Cancer (Study 4) 
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	Study 4 was a multicenter, randomized, open-label clinical trial conducted in 469 women with metastatic breast cancer who had not been previously treated with chemotherapy for metastatic disease.  Tumor specimens were tested by IHC (Clinical Trial Assay, CTA) and scored as 0, 1+, 2+, or 3+, with 3+ indicating the strongest positivity.  Only patients with 2+ or 3+ positive tumors were eligible (about 33% of those screened). Patients were randomized to receive chemotherapy alone or in combination with Hercept
	2
	2
	2
	2 

	Based upon the determination by an independent response evaluation committee the patients randomized to Herceptin and chemotherapy experienced a significantly longer median time to disease progression, a higher overall response rate (ORR), and a longer median duration of response, as compared with patients randomized to chemotherapy alone. Patients randomized to Herceptin and chemotherapy also had a longer median survival (see Table 8).  These treatment effects were observed both in patients who received He
	Table 8 
	Table 8 

	Study 4: Efficacy Results in  .First-Line Treatment for Metastatic Breast Cancer. 
	Combined Results Paclitaxel Subgroup AC Subgroup 
	Herceptin 
	+ All All Herceptin Chemo-Chemo-+ Herceptin therapy therapy Paclitaxel Paclitaxel + ACAC 
	a 

	(n = 235) (n = 234) (n = 92) (n = 96) (n = 143) (n = 138) 
	Primary Endpoint 
	Median TTP(mos)b,c 
	Median TTP(mos)b,c 
	Median TTP(mos)b,c 
	7.2 
	4.5 
	6.7 
	2.5 
	7.6 
	5.7 

	95% CI 
	95% CI 
	7, 8 
	4, 5 
	5, 10 
	2, 4 
	7, 9 
	5, 7 

	p-valued 
	p-valued 
	< 0.0001 
	< 0.0001 
	0.002 

	Secondary Endpoints 
	Secondary Endpoints 

	Overall Response Rateb 
	Overall Response Rateb 
	45 
	29 
	38 
	15 
	50 
	38 

	95% CI 
	95% CI 
	39, 51 
	23, 35 
	28, 48 
	8, 22 
	42, 58 
	30, 46 

	p-value e 
	p-value e 
	< 0.001 
	< 0.001 
	0.10 

	Median Resp 
	Median Resp 

	Duration 
	Duration 
	8.3 
	5.8 
	8.3 
	4.3 
	8.4 
	6.4 

	(mos)b,c 
	(mos)b,c 

	25%, 75% quartile 
	25%, 75% quartile 
	6, 15 
	4, 8 
	5 ,11 
	4, 7 
	6, 15 
	4, 8 

	Med Survival (mos)c 
	Med Survival (mos)c 
	25.1 
	20.3 
	22.1 
	18.4 
	26.8 
	21.4 

	95% CI 
	95% CI 
	22, 30 
	17, 24 
	17, 29 
	13, 24 
	23, 33 
	18, 27 

	p-valued 
	p-valued 
	0.05 
	0.17 
	0.16 


	AC = Anthracycline (doxorubicin or epirubicin) and cyclophosphamide.. Assessed by an independent Response Evaluation Committee..Kaplan-Meier Estimate. .log-rank test..χ2-test.. 
	a 
	b 
	 c 
	d 
	 e 

	Data from Study 4 suggest that the beneficial treatment effects were largely limited to patients with the highest level of HER2 protein overexpression (3+) (see Table 9). 
	Table 9 
	Table 9 
	Treatment Effects in Study 4 as a  .Function of HER2 Overexpression or Amplification .

	Relative Risk** for Number of Time to Disease Relative Risk** for HER2 Assay Patients Progression Mortality Result (N) (95% CI) (95% CI) 
	CTA 2+ or 3+ 469 0.49 (0.40, 0.61) 0.80 (0.64, 1.00) 
	FISH (+)* 325 0.44 (0.34, 0.57) 0.70 (0.53, 0.91) 
	FISH (−)* 126 0.62 (0.42, 0.94) 1.06 (0.70, 1.63) 
	CTA 2+ 120 0.76 (0.50, 1.15) 1.26 (0.82, 1.94) FISH (+)    32 0.54 (0.21, 1.35) 1.31 (0.53, 3.27) FISH (−) 83 0.77 (0.48, 1.25) 1.11 (0.68, 1.82) 
	CTA 3+ 349 0.42 (0.33, 0.54) 0.70 (0.51, 0.90) FISH (+) 293 0.42 (0.32, 0.55) 0.67 (0.51, 0.89) FISH (−) 43 0.43 (0.20, 0.94) 0.88 (0.39, 1.98) 
	* FISH testing results were available for 451 of the 469 patients enrolled on study. 
	** The relative risk represents the risk of progression or death in the .Herceptin plus chemotherapy arm versus the chemotherapy arm.. 
	** The relative risk represents the risk of progression or death in the .Herceptin plus chemotherapy arm versus the chemotherapy arm.. 
	Previously Treated Metastatic Breast Cancer (Study 5) 

	Herceptin was studied as a single agent in a multicenter, open-label, single-arm clinical trial (Study 5) in patients with HER2 overexpressing metastatic breast cancer who had relapsed following one or two prior chemotherapy regimens for metastatic disease. Of 222 patients enrolled, 66% had received prior adjuvant chemotherapy, 68% had received two prior chemotherapy regimens for metastatic disease, and 25% had received prior myeloablative treatment with hematopoietic rescue.  Patients were treated with a l
	The ORR (complete response+partial response), as determined by an independent Response Evaluation Committee, was 14%, with a 2% complete response rate and a 12% partial response rate.  Complete responses were observed only in patients with disease limited to skin and lymph nodes. The overall response rate in patients whose tumors tested as CTA 3+ was 18% while in those that tested as CTA 2+, it was 6%. 
	16 HOW SUPPLIED/STORAGE AND HANDLING 
	16 HOW SUPPLIED/STORAGE AND HANDLING 
	16.1 How Supplied 

	Herceptin is supplied in a multi-use vial containing 440 mg Trastuzumab as a lyophilized sterile powder, under vacuum. Each carton contains one vial Herceptin and one vial (20 mL) of Bacteriostatic Water for Injection (BWFI), USP, containing 1.1% benzyl alcohol as a preservative. NDC 50242-134-68. 
	®

	16.2 Stability and Storage 
	16.2 Stability and Storage 

	Vials of Herceptin are stable at 2−8 C (36−46 F) prior to reconstitution.  Do not use beyond the expiration date stamped on the vial. A vial of Herceptin reconstituted with BWFI, as supplied, is stable for 28 days after reconstitution when stored refrigerated at 2−8 C (36−46 F).  Discard any remaining multi-dose reconstituted solution after 28 days.  A vial of Herceptin reconstituted with unpreserved SWFI (not supplied) should be used immediately and any unused portion discarded. Do Not Freeze Herceptin fol
	The solution of Herceptin for infusion diluted in polyvinylchloride or polyethylene bags containing 0.9% Sodium Chloride Injection, USP, should be stored at 2−8 C (36−46 F) for no more than 24 hours prior to use. 
	17 PATIENT COUNSELING INFORMATION 
	17 PATIENT COUNSELING INFORMATION 

	•. Advise patients to contact a health care profession immediately for any of the following: new onset or worsening shortness of breath, cough, swelling of the ankles/legs, swelling of the face, palpitations, weight gain of more 
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	than 5 pounds in 24 hours, dizziness or loss of consciousness [see Boxed .Warning Cardiomyopathy]. .
	•. 
	•. 
	•. 
	Advise women with reproductive potential to use effective contraceptive methods during treatment and for a minimum of six months following Herceptin [see Pregnancy (8.1)]. 

	•. 
	•. 
	Encourage pregnant women who are using Herceptin to enroll in the Cancer and Childbirth Registry [see Pregnancy (8.1)]. 


	HERCEPTIN [Trastuzumab] 
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	Suoo# Proprietary I 
	Proprietary name: Herceptin 
	Established 
	USAN name: trastuzumab
	USAN name: trastuzumab

	(USAN) names Dosage forms I 
	400 mg lyophilized powder per multi-use vial 
	stremrth "Herceptin, as part ofa treatmeµt regimen containing doxorubicin, cyclophosphamide, and paclitaxel, is indicated for the adjuvant 
	Proposed 
	treatment ofpatients with HER2-overexpressing, node-positive breast 
	Indication(s) 
	cancer. [See Dosage and Administration (2.1) and Clinical Studies (14.1)1" 
	ApprovalAction: 
	1. Introduction to Review 
	This efficacy supplement contained the results ofa second randomized, multicenter, open­label trial (HERA trial, also referred to as BO 16348) evaluating the safety and efficacy of Herceptin in combination with standard adjuvant treatments in 3386 women with early stage (surgically respectable) HER2-overexpression breast cancer. This adequate and well­controlled trial was conducted by a European consortium ofinvestigators and was not · submitted to or conducted under the US IND for Herceptin (trastuzumab ).
	Aspects ofthis application that are specifically addressed in greater detail in this review: 
	BL STN 103792/5175 .Page 1of16 .
	1) Assessment ofthe tolerability and pharmacokinetics ofa new dose and schedule of 
	Herceptin 2) Efficacy in a new patient subgroup, patients with node-negative disease 3) Safety a~ses~ment ofHercepfo:~ given as a single agent or with.hormonal therapy rather 
	than in combination withtaxarie chemotherapy, with specific focus on characterizing 
	incidence, severity and time-to-onset ofmyocardial dysfunction 4) Evaluation ofsafety signals identified in the clinical study and spontaneous post-marketing 
	safety reports, which included oligohydramnios/ effects on fetal/infant outcomes and 
	interstitial pnuemonitis 5) Evaluation and characterization of drug interactions and impact of circulating HER2 receptor on pharmacokinetics. ·· 
	2. Background/Regulatory History/Pretjous Actions/Foreign Regulatory Actions/Status 
	The sole efficacy study provided to extend the currently approved indication ofadjuvant treatment ofHER-2 over-expressing breast cancer to patients with high-risk, ~TlcNO breast cancer and to support a new dose and schedule ofHerceptin for adjuvant treatment ofbreast cancer is Study BO 16348, also known as the HERA study. This study was supported financially by Roche (the European marketer oftrastuzumab) and conducted by a consortium ofinvestigators (BIG) outside the US. The clinical study protocol was firs
	The review ofthe efficacy supplement was complicated by issues with regard to database structure (which was rectified early in the review) and failure to submit all protocol amendments (which was identified late in the ini~ial review). This led to requests for additional data late in the review cycle which were classified as a major amendment that extended the PDUF A goal date. 
	3. CMC/Microbiology/Device 
	CMC review was conducted to ensure that the product used in the clinical trial (Herceptin manufactured at a non-US licensed site iri Europe (Roche-manufactured material at Penzberg facility) was sufficiently comparable to the US manufactured product to support extrapolation ofstudy results to the U.S. population. The assessment was based on information submitted by amendment to the application describing differences in manufacturing process and biochemical comparability data. The CMC reviewer (Wendy Weinber
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	In addition, Ms Colleen Hoyt ofthe Manufacturing Assessment and Preapproval Compliance Branch confirmed that there are no pending or ongoing compliance actions or investigations to prevent approval. The Genentech, Vacaville, CA manufacturing site inspected on 9122-29106 and Wyeth Biopharma, Andover, MA, was inspected on 9118-27/07; both sites were found to be acceptable. 
	4. .Nonclinical Pharmacology/Toxicology 
	No non-clinical studies were submitted, and such studies were not required, to support this efficacy supplement. Anne Pilaro, Ph.D. reviewed previously submitted non-clinical study reports to ensure that final product labeling, revised under this application to comply with 21 CFR 201.57 and recently published Guidances for Industry on product l~beling, was accurate and complete. 
	5. .Clinical Pharmacology/Biopharmaceutics 
	A review ofClinical Pharmacology was conducted by Angela Men, M.D., Ph.D., and was amended to consider supplemental information provided late in the review in justification of requested labeling. Dr. Men's review evaluated pharmacokinetic data from three clinical trials in support ofthe following new dosing regimen: 
	• .· Herceptin administered at an 8 mg/kg initial dose as a90-minute intravenous infusion followed by 6 mg/kg administered every 3 weeks as 60 minute intravenous infusions. for a total ofone year oftreatment. 
	This application contained data from a pharmacokinetic (PK) sub-study within the HERA trial (BO 16348) and data· from two additional studies in patients with :rµetastatic breast cancer (WO 16229 and BO 15935). 
	Key design elements ofthe study design and pharmacokinetic data collection for each ofthese trials, as abstracted from Dr. Men's review, are reproduced below 
	• .
	• .
	• .
	The HERA study is an ongoing, randomized, three-arm, open-label, multicenter study comparing 1or2 years oftreatment with Herceptin versus observation. For the HERA PK substudy, data have been analyzed for 44 patients randomized to the 1-year treatment arm only; Blood samples for Herceptin serum concentration analysis were collected pre-dose and extensively from 1.5 hours to 21 days post-dose during Cycles 1 and 13. During Cycle 18, the final administration ofHerceptin for patients in the 1-year treatment ar

	• .
	• .
	Study WO 16229 is an open-label, single-arm study ofefficacy and safety. Trough concentrations ofHerceptin were collected. The first loading dose ofHerceptin was 8 mg/kg, followed 3 weeks later by 6 mg/kg and given thereafter every 3 weeks. 

	• .
	• .
	Study 8015935 is an open label PK study. A loading dose of 8mg/kg ofHerceptin was given i.v. on Day 1 and thereafter a dose of6mg/kg was administered i.v. every three weeks. For the first cycle, paclitaxel was given 24 h before Herceptin administration. 
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	Thereafter, Herceptin was administered together with paclitaxel (175mglm) everythree \\'eeks for severi cycles (Cycles 2-8). Herceptin was then continued every three weeks until progression ofdisease or until the patient left the study. Patients continuing Herceptin beyond Cycle 16 entered an extension protocol. The PK parameters were compared between cycles 4 and 12 for Herceptin·and between cycles 1 and 4 for paclitaxel. 
	2

	5.1. General clinical phannacology/biopharmaceutics considerations, including metabolism, half-life, food effects, variability ofbioavailability, and pharmacologic properties other than those related to therapeutic effect. Dr. Men's review confirmed the applicant's characterization ofthe pharnacokinetic 
	·profile ofsingleagent Herceptin in the proposed· dosing regimen. Specifically, she confirmed that the mean half.:life is 16.2 days (ran:ge:' 11.0-22.8 days) and steady-state concentrations were achieved between weeks 6 and 37, with mean trough and peak concentrations of 63 mcglm~ and 216,. incglmL, respectively. 
	·.... ' 
	·.... ' 

	5.2. Drug-drug interactions Dr. Men noted that pharinacokinetic interactions were ·explored in one ofthe PK studies conducted in combinatiOn with taxane chemotherapy. The· study results showed that; on average, paclitaxel Cmax and systemic exposrire was·15% lower when administered in combination with Herceptin compared to that administered alone. Dr. Men noted that ~·sili~e efficacy ha8 been demonstrated inthe combination therapy, these observed PK difference is not considered clinically significant." The: 
	FDA requested data to support ofspecific labeling statements in the Clinical Pharmacology section ofthe label regarding the effect on shed target>antigen (extracellular domain ofthe HER2 receptor) on Herceptin phannacokinetics. Given the limited sample size studied·and inconsistent results, no conclusions could·be drawn with respect to the relationship between circulating extracellular domain ofthe HER2 receptor and Herceptin serum tro:ugh concentration or clinical responses ofHerceptin using data from Stud
	, observed with the highest shed antigen levels, 
	5.3. Pathway ofElimination No data were provided on pathway of elimination; this issue was adequately addressed in the original approval for this license application. 
	5.4. Demographic interactions/special populations: No population PK data were provided in this application, but have been reviewed under previous supplements to this license application. 
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	Based on subgroup analyses, there is no evidence of differences in drug safety or 
	efficacy in older as compared to younger ( <65 years) women. All indications for 
	Herceptin occur primarily in adult women, so assessment by gender and in children 
	are not relevant. 
	are not relevant. 

	5.5. Thorough QT study or other QT assessment: Studies to assess impact ofHerceptin on QT have not been performed. The applicant has agreed to conduct such studies under a post-marketing commitment (PMC #4) to this application. 
	5.6. Notable issues FDA reaues.ted addi.tlollaL®tulurineJhe _yiefilo SUD.D~otLo.r.QUQS$ld 
	aonlic.ati.Qn re,

	(b/(i 
	(b/(i 

	6. Clinical/Statistical 
	6.1. General Discussion The application is supported by a single, randomized, multicenter clinical trial for an expansion ofa previously approved indication ( adjuvant treatment ofHER2­overexpressing breast cancer). The design of the study, including primary endpoint, posed no concerns. The results were robust, observed across all relevant patients subgroups, and were clinically significant. Patients were randomized at the completion of adjuvant/neoadjuvant chemotherapy, surgical resection and radiotherapy.
	The one-year Herceptin and the observation arms were well balanced for all important 
	prognostic characteristics. The ITT population consisted primarily ofyounger women 
	(median age 49 years) with gooo performance status (90% ECOG PS 0), and three-quarters 
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	were from Europe, the Nordic.countries or Canada: ·Across tumor ~haracteristics there was a fairly equal distribution ofacross nodal risk groups with approximately 10% ofwomen who received neo-adjuvant therapy and approximately one-third each with high-risk node negative disease, 1-3 positive nodes, and 2:4 positive lymph nodes and median pathologic tumor size was 22 mm. Among 1098 women with node-negative disease, 49% (543) had estrogen and progresterone receptor negative tumors and 47% (512) had ER and/or
	Prior to randomization, 94% ofpatients had received anthracycline-based chemotherapy regimens. Approximately two-thirds received anthracycline, but non-taxane-containing adjuvant chemotherapy and approximately 25% received anthracyclin~-and taxane-based adjuvant chemotherapy (the current standard ofcare in the United States). Definitive surgical treatment consisted ofmodified radical mastectomy in approximately half the patients and lumpectomy in approximately' one quarter and 96% underwent axillary node di
	The median duration offollow-up was similar in the I-year I-ierceptin (12.65 months) and observatibn (12.42 months) arms, however the proportion ofpatients with DFS events was lower (7.5% vs. 12.9%) in the Herceptin arm compared to the observation arm. At the time ofthe interim analysis, there was a 46% reduction in the risk ofdisease progression or death (DFS) among patients receiving Herceptin for up to one year. The Kaplan-Meier curves for DFS begin to separate at approximately 4-6 months and remain sepa
	Primary Efficacy Analysis on Disease Free Survival 
	Table
	TR
	Observation 1-yr Herceptin N=l693 N=l693 

	Number ofPatients with DFS events 
	Number ofPatients with DFS events 
	219 (12.9%) . 127 (7.5%) .· 

	Hazard ratioa 
	Hazard ratioa 
	0.54 

	95%CI 
	95%CI 
	(0.44, 0'.67) 

	p-valµe (log-rank) 
	p-valµe (log-rank) 
	< 0.0001 


	. CI=confidence interval;a Efficacy relative to control arm; ed Cox regression model 
	unstratifi

	This beneficial treatment effect on DFS is consistent across various subgroups, including those defined by age (<65 vs. 2:65 yrs), race (Caucasion vs. non-Caucasian [predominantly Asians]), and nodal status (none, 1-3, 2:4). 
	Recummce-Free Survival (RFS) was apre-specified secondary efficacy endpoint stated in the protocol which is calculated from date ofrandomization to the date ofthe first local, regional, or distant tumor recurrence or death. The results ofRFS comparison show nominally statistically significant advantage in favor ofHerceptin arm (p<0.0001; HR=0.51, [95% CI: 0.40, 0.64]). 
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	Distant Disease-Free Survival (DDFS) was an additional, secondary efficacy endpoint pre­
	specified in the protocol. (DDFS) was calculated from the date ofrandomization to the 
	first distant tumor recurrence, second primary cancer, or contralateral breast cancer, or 
	death, whichever occurred first. Local and regiornll recurrences are not considered events 
	in the calculation ofDDFS. The results ofthe DDFS comparison also show nominally 
	statistically significant advanuige in favor of 1-year Herceptin ann (p<0.001 stratified log­
	rank test; HR=0.50, [95% CI: 0.39, 0.64]) 
	6.2. Efficacy 
	6.2.1. .Dose identificationiselection and limitations The dose and schedule selected is based on pharmacologic modeling, t6JC
	4 

	. The ba5is for this trough level is derived from non-clinical studies, however, the relevance ofthis non-clinical data to clinical safety and efficacy is not known and has not been established. 
	6.2.2. .Phase 3/essential clinical studies, including design and analytic features The primary efficacy study is an open-label, randomized, dose-ranging and observational controlled trial, in which Herceptin is given as an adjunct to the current standard ofcare (surgery, radiotherapy, chemotherapy, and in ER/PgR­positive patients, hormonal therapy). The comparator arm represents the · standard of care. · · 
	The primary and several key secondary composite efficacy endpoints provide 
	mutually supportive evidence that Herceptin delays the time to disease 
	recurrence, second priniary breast cancer, or death (disease-free survival 
	[DFS]), an endpoint that is an accepted measure ofclinical benefit in supporting 
	claims ofefficacy for adjuvant treatment ofsolid tumors. Although the study 
	arms were not blinded to treatment assignment, the diagnosis ofrecurrence is 
	often pathologically confirri:led and care in the confirmation ofsuch events is 
	generally. more stringent because of the clinical importanc:e ofsuch a finding in 
	terms ofpatient outcomes and managetllent. Typically, the Agency has not 
	requir~d an independent radiologic/clinical confirmation ofdisease recurrence 
	as it does for disease progression in Jl1etastatic solid tumors in open-label 
	efficacy trials. There were too few deaths at the time of the interim analysis for 
	DFS to conduct a meaningful analysis ofoverall survival (OS) for efficacy. 
	Data regarding survival provided in the application are J,"eviewed for safety 
	signals whereas an analysis ofOS for efficacy will be provided under an agreed 
	upon PMC, when the specified number ofdeaths triggers a protocol-specified 
	analysis for trea.tment effect.· 
	analysis for trea.tment effect.· 

	6.2.3. .Other efficacy studies No additional efficacy studies were provided, however the findings in the HERA trial ~econsistent with the findings in the NCCTG N9831 and NSABP B3 l joint analysis which supported the efficacy supplement (STN 
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	103792.5150) for adjuvant treatment ofHER2 overexpressing breast cancer using a weekly Herceptin dosing regimen.' 

	6.2.4. .Discussion ofprimary and secondary reviewers' comments and conclusions The primary and secondary clinical and statistical reviewers recommended approval, under the final labeling and associated post-marketing commitments. 
	6.2.5. .Pediatric use/PREA waivers/deferrals A wavier from the requirement to conduct pediatric studies under PREA has been granted because the indicated disease does not occur in children. ' 
	6.2.6. .Notable issues No data were provided in the clinical study report for one ofthe two treatment arms in the HERA trial.; this was the study arm that utilized a longer duration ofHerceptin therapy (2 years oftreatment). This information was requested by FDA prior to and during the review ofthis application, however the study steering committee refused to release the data to Roche, the supporting corporate entity. The applicant (Genentech) has obtained agreement from the study steering commitment to pro
	6.3. Safety 
	6.3.1. .General safety considerations The safety dataset includes information from 1672 women, ofwhom at least halfreceived all planned treatment. The study required routine collection of biochemical and hematology laboratory values and regularly scheduled clinic visits in both treatment arms. The frequency of assessment (clinic visits) was higher in the Herceptin arm, thus any bias in safety data collection tends to favor the control rather than the treatment arm. In addition, serial assessment of serial l
	In the 120-day safety update, there was inclusion ofsafety data obtained beyond the data cut-off point. This issue was problematic in that a protocol amendment activated after the date ofdatabase cut-off, permitted cross-over of patients in the control arm to treatment and re-randomization ofpatients in the one-year arm to one or to two years oftreatment. Resolution ofthese issues prolonged the time to completiOn ofthe review ofthis supplement. 
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	6.3.2. .Safety findings from submitted clinical trials Safety information was provided only from the HERA trial (BO 16348). The safety database included 1678 patients in the Herceptin group, consisting of all patients who received one or more doses ofHerceptin regardless of randomization assignment, and 1708 patients in the observation group, consisting ofall patients who did not receive Herceptin prior to disease­progression or analysis data cut-off date ofMarch 2005, regardless of randomization assignment
	The most serious adverse reaction is cardiomyopathy, which was also the most common reason for study treatment discontinuation and for dose modification. As observed in previous studies, the incidence of clinically symptomatic cardiomyopathy was increased by approximately 6-fold (2% [30/1678] vs. 0.3% [5/1708]) in Herceptin-treated patients compared with controls and the incidence ofobjective evidence ofmyocardial dysfunction (L VEF <50% with :::16% decline compared to baseline LVEF) was increased by three-
	An additional serious adverse reaction ofHerceptin that was identified in the 
	HERA study and further confirmed by review ofspontaneous post-marketing 
	adverse reaction reports, was pulmonary signs and symptoms falling under the 
	general term ofinterstitial lung disease ( 4 cases in Herceptin-treated patients 
	compared with none in the observation group). This finding has also been 
	observed in other studies, however routine evaluation with radiologic studies 
	and pathologic evaluation is uncommon, thus the specific pathology is 
	uncertain. 
	uncertain. 

	In addition, a review was conducted ofpost-marketing reports ofpregnancy 
	occurring in women receiving Herceptin, based on the likelihood ofpregnancy 
	in women receiving adjuvant chemotherapy and to follow-up on inconclusive 
	reports ofoligohydramnios in women receiving Herceptin in combination with 
	multiple other drugs, including anti-neoplastic therapy. In this review, new 
	cases ofoligohydramnios, including compelling reports ofpositive rechallenge 
	and dechallenge, were identified in women receiving single agent Herceptin. 
	The mechanism by which Herceptin may cause these findings is not 
	established, however effects on fetal development and nephrotoxic effects have 
	been postulated. Based on these reports, product labeling has been 
	strengthened and updated with this information and directions for patient 
	monitoring and management. The applicant has also agreed to establish a 
	registry for collection ofdata on maternal, fetal, and infant outcomes in women 
	who use Herceptin during pregnancy. 
	BL STN 103792/5175 Page 9of16 
	6.3.3. .Safety update At FDA's request during a pre.:.submission meeting, the safety update which was submitted on April 20, 2007, was to be limited to case report forms and narrative summaries for previously unreported serious and unexpected adverse events. It was upon review ofthis submission that FDA first became aware of post-analysis amendments permitting cross'-over and re-randomization, as discussed in 6.3.1 ofthis summary review memo, since some reports contained adverse events ~n patients originall
	6.3.4. .Immunogenicity, where pertinent The protocol did not require the collection ofbaseline and serial post-treatment samples to assess for anti-product antibodies. Given the efficacy results and · lack ofsafety signals regarding immunogenic responses, the lack ofsuch data was not considered important enough to impact a decision regarding approval ofthis supplemental indication. 
	6.3.5. .Special safety concerns Safety concerns of special interest include the myocardial dysfunction, interstitial lung disease/interstitial pneumonitis, and adverse outcomes in pregnant women using Herceptin, including oligohydramnios and impaired maternal, fetal, and infant outcomes. 
	6.3.6. .Discussion ofprimary and secondary reviewers' comments and conclusions The primary and secondary reviewers concurred that the risks oftreatment are manageable or monitorable in the short-term. Further, the clinical reviewers agree that these risks are acceptable in light ofthe benefits, however continued assessment is necessary to evaluate for delayed effects, particularly myocardial dysfunction. These data will be collected and provided under agreed-upon post-marketing commitments associated with t
	6.3.7. .Notable issues There were no additional issues regarding safety beyond those discussed in earlier sections ofthis summary review memo. 
	6.4. Clinical Microbiology Clinical microbiology data were not provided or requested for inclusion because such data are not relevant to this product or proposed indication. 
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	7. .
	7. .
	7. .
	Advisory Committee Meeting . . An advisory commit.tee meeting was :110t convened because ofthe magnitude and statistically robust .effects on disease-free survival which were compelling as well asl consistent with results in the adjuvant patient population reviewed under BL STN 103792.5150 and supported by clinical efficacy data in patients with metastatic disease (original approval) and no safety findings were identified in. the application which were considered to potentially outweigh the \Jenefits oftrea

	8. .
	8. .
	Risk Minimization Action Plan 


	8.1. General considerations. on the need for, and goals of, any RiskMAP No fonnal RiskMAP was developed; Safety concerns (cardiac toxicity and pregnancy/fetal outcomes) will be further assessed under agreed-upon post-marketing commitments for long-term study data and data collection within a pregnancy registry. 
	8.2. 
	8.2. 
	8.2. 
	Important issues .No additional issues. .

	9. .
	9. .
	Other Regulatory Issues 


	9.1. Application Integrity Policy (AIP) -_None identified. 
	9.2. Exclusivity/patent issues -Not. applicable for products,regulated under the PHS Act. 
	10. 
	10. 
	10. 
	Financial Disclosure There was no evidence ofsubstantive financial conflicts ofinterest as self-reported by study investigators. Reporting information was generally complete. In addition, given thy size of the study and the small percentage ofstudy subjects enrolled at any individual site, the study results could not have been impacted by individual inyestigators/clinical study sites. 

	11. 
	11. 
	Labeling 


	11.1. .Proprietary llrutfe The proprietary name was approved in 1998 and no new safety concerns( e.g., medication errors) have arisen with the current name.. 
	11.2. .Ph~ician labeling All major issues were resolved. A summary ofchfil\ges and rationale are listed befow: Indications and Usage 
	• .
	• .
	• .
	• .
	Added indication for use following adjuvant chemotherapy, modified appliqant' s proposed wording e&f<' ' for consistency with other approved indications, (b>l 

	and added clarifying description ofthe node-negatiye patient population '~Tic, high risk" to spe~ify subpopulation in which benefit is demonstrated 

	• 
	• 
	Revised this section for brevity and critical elements Dosage and Administration 

	• .
	• .
	Deleted initial capitalized statement for brevity ;J<4l: 

	• .
	• .
	Revised section 2.1 for brevity, critical content, and active voice. 

	• .
	• .
	Revised Section 2.2 for brevity, critical content, and active voice; deleted 
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	(6f(4 
	(6f(4 

	• .Revised section 2.3 for brevity, critical content and active voice. Moved statement on inspection ofparticulates; added storage information following reconstitution m1 
	Sect
	Figure
	Dosage Forms and Strengths 

	• 
	• 
	• 
	Revised for brevity arid critical content .Warnings and Precautions . .

	• .
	• .
	Section 5.1 revised to include new information from Study 3; Study 3 information integrated with Study 1 & 2 data; revised for brevity, critical content, and active voice. Re-ordered to provide described steps to be taken to reduce toxicity to early in section. Data regarding incidence of sigriificant/symptomatic cardic>myopathy for all studies changed from text to tabular format for prominence and more rapid communication. (1iR4I 
	Information on 


	• .
	• .
	Section 5:2 r~vised for brevity and critical information; second sentence in last paragraph deleted becaus~ ofredundancy with last sentence in last paragraph. ' 

	• .
	• .
	Section 5j revised for brevity and critical information 

	• .
	• .
	Section 5.4 added "interstitial" before pneumonitis as reports in study 3 and AERS mapped to the MedDRA higher level term "interstitial lung disease". Because ILD. should be pathologically confirmed (which did not happen in the clinical studies),. such events are classified as interstitial pneumonitis throughout the PI. 

	• .
	• .
	Section 5.5 revised to include information (1iH-regarding the importance ofassay methodology in interpreting results; revised for brevity and critical information (removed sentences 2 and 3 from first paragraph) 
	4 


	• .
	• .
	Secti~ri 5.6 (Embryofetal toxicity) adc;Ied to Warnings and Precautions 


	seetiOn with change in pregnancy category from C to_D. Adverse Reaction$ 
	• .
	• .
	• .
	Revised for consistency with Guidance documents, to first summarize most serious and most common ~dverse reactions. 

	• .
	• .
	Data fro_m clinical studi~ summarized under section 6.1 with adjuvant and metastatic disease treatment studies combined under this section. Tables presenting adverse reactions moved to front ofthis section and more detailed discussion ofspecific adv.erse reactions follow · (bf<I 
	4



	Sect
	Figure
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	integrated with results ofStudy 3. Interpretation ofLVEF data more readily 
	(b"J1 table from Study 3, as 
	(b"J1 table from Study 3, as 

	-------------------­
	• 

	. ~tudy3 had.longer and more complete patient follow-up and more complete assessment ofall adverse reactions. 
	• .Supplementary information from Studies I & 2 described in text. In 
	description ofcardiomyopathy, (bTC41 replaced with data on objective LVEF findings and 
	tinderstandable, can be displayed consistently across studies, and not filtered by interpretations ofsymptoms. Included figures with time-to-first LVEF event t.o provide information cardiac risks over time from Study 3 and Studies 1 & 2, as easier tQ read/interpret than previous tables with similar information. 
	• .
	• .
	• .
	Subsection on pulmon~toxicity revised to more clearly identify events in the adjuvant and metastatic disease ~ettings. 

	• .
	• .
	Remaining subsections revised to include any new information from Study 3 and for brevity and critical information. 

	• 
	• 
	Added Section 6.3 on Post-Marketing-----~;y-(Drug.Interactions ______..... .
	4 .


	• .
	• .
	Revised to include information from pharmacokinetic studies in this .application, evaluating effects ofHerceptin on docetaxel and on paclitaxel .phannacokinetics .. .


	Use in Specific Population 
	Use in Specific Population 

	• .
	• .
	• .
	Section 8.1 changed to pregnancy category D based on additional reports .with single agent Herceptin ofoligohydramnios . .Updated to reflect .additional reports, to describe patient management and monitoring, and to .recommend that pregnancy women enroll in Cancer and Childbirth .Registry. .

	• .
	• .
	Section $.3 revised to provide more detail on NHP s.tudies and to clarify 


	likelihood ofexpo~eto infants based on published information. .Description .
	• 
	• 
	• 
	Revised for brevity and critical content. .Cliniqll Pharmacology .

	• 
	• 
	• 
	Section 12.1 revised for brevity; non-essential information on 1.6J c
	41 


	deleted. Title ofsection changed for consistency with Guidance documents and labeling regulations. 
	Figure


	• .
	• .
	Section 12.2 revised to include pharmacolcinetic infonriation from Study 3, to include results of studies assessing effects ofhighest levels ofHER2­receptor shed antigen on trastuzumab pharmacokinetics, .and to include information on effects oftrastuzumab on taxane pharmacokinetic profile. 


	Nonclinical Toxicology trc; Studies to assess mutagenesis revised for 
	5

	• ,,___,..---,--...,..-..,...,..-,,---,....­
	brevity and critical information. Information on fertility studies revised to include information regarding aspect of fertility evaluated and lack of information in males. 
	• .Added subseetion 13:2 on reproductive toxicology and·moved information .previously described in Pregnancy section (8.1 ). .
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	Clinical Studies 
	Clinical Studies 

	• 
	• 
	• 
	Retitled sections for easier identification ofsection ofinterest. 

	• .
	• .
	Integrated information on Studie8 1, 2, and 3 in the same section (14. l ). t6f<for brevity 
	4 



	\:=========~~"""":"""'!""':"'-:"""~-:'!'""--":':"'"-:-----:~~~~-:'"
	Added details regarding study design/node negative patient population, for Study 3. (bT C4 
	• Re-ordered tables in section 14.2 so that Herceptin column comes first (before control arm) · · · 
	(bf(4] 
	(bf(4] 
	How Supplied 

	• 
	• 
	• 
	• 
	Minor revisions for cfarity .Patient Counseliz?.g .


	• 
	• 
	Revised for brevity and active voice 


	11.3. .Carton and immediate container labels .No concerns were noted regarding carton or container labels .
	11.4. .
	11.4. .
	11.4. .
	Patient labeling/Medication guide Neither patient labeling nor a medication guide was considered for this agent, Which must be administered in a hospital or clinic-infusion center. 

	12. 
	12. 
	DSI Audits 


	Biomonitoring inspections were not requested because ofthe large number ofstudy sites with relatively few patients·enrolled per site, such that no one site could have substantially altered study findings. In addition, the results of these trial are consistent with safety and efficacy findings in previous controlled trials in the adjuvant and metastatic disease setting, which are mutually supportive ofeach other. 
	13. Conclusions and RecoQlJllendations 
	13.L .Regulatory action All members ofthe review team (primary·and secondary reviewers) recommended approval. My recommendation is also for approval with revised labeling and.post-marketing commitments as agreed-upon with the applicant. 
	.13.2. .Safety concerns to be followed postmarketing The primary safety concern in this population would be those which result in death or long-term disability, The ma.jor toxicity which falls into this category is myocardial dysfunqtion, a previously well-known adverse reaction of Herceptin. The mechanism by which H(:rcep~ip caus~s this effect is unknown. The incidence a,nd severity ofmyocardial dysfu~ction during or shortly 
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	following completion ofHerceptin has been roughly determined in several settings, however late effects and long-term outcomes are less well known and will be evaluated under post-marketing commitments with continued patient monitoring in this and in other clinical trials. 
	Two additional safety concerns will also be further evaluated: 1) the risks and 
	maternal/fetal/infant outcomes ofoligohydramnios in pregnant women using 
	Herceptin, under PMC #3 and 2) the risks ofinterstitial lung disease, which is 
	best evaluated in fu~e controlled clinical trials, supplemented by regular re­
	assessment ofspontaneous post-marketing reports. 
	13.3. .Risk Minimization Action Plan, ifany In consultation with the Maternal I:Iealth Team (Dr. Karen Feibus) and as agreed to by Genentech, Inc., product labeling was updated in include new information regarding reports ofoligohydramnios, with specific recommendations for patient management and monitoring in pregnant women who elect to continue Herceptin. In addition, Genentech has committed to the following commitment (PMC #3, below) in order to gather more detailed information and track outcomes in preg
	• .To submit a protocol for review for a prospectively and actively enrolled pregnancy registry that will collect information assessing pregnancy complications and birth outcomes in women with breast cancer exposed to a Herceptin-containing regimen prior to conception orduring pregnancy. Notice ofa pregnancy registry and the telephone contact number will be included in the package insert. A proposal, including a prospective protocol for FDA review will be submitted to FDA by June 30, 2008. The registry will
	13.4. .Postmarketing studies 
	13.4.1. Required studies: There are no required studies under PREA because the indication approved is expected to occur very rarely ifat all in children. The approval for this supplement was granted under regular approval and they required studies under 21CFR601 Subpart E do not apply. 
	13.4.2. Commitments (PMCs) PMC #1 (below) was requested by FDA because ofconcerns that the optimal duration ofHerceptin therapy has not been established and the findings ofthe 2-yr arm should address whether a longer duration is more or less effective and whether such prolonged use substantially increases toxicity. 
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	• .To provide a final clinical study report (CSR) ofthe safety and efficacy of 2;..years oftrastuzumab treatment in Study B016348 (HERA)in order to provide afinal analysis ofcardiac toxicity based on serial ejection fraction monitoring, characterizing the cumulative incidence, severity, duration and reversibility. The final study report will include the primary datasets and programs for generation ofanalyses; analyses will include, but not be limited to the analyses described in the statistical analysis pla
	·· .CSR will be submitted by December 31, 2013. Ifthe results from the 2­year trastuzumab arm are released by the IDMC at the interim analysis, then the final CSR will be submitted by December 31, 2009. 
	PMC #2 (below) was requested by FDA to allow further characterization ofthe delayed toxicity, specifically with relationship new or worsening cardiac toxicity over time, in women receiving up to one year ofHerceptin. 
	• .
	• .
	• .
	• .
	To provide updated safety information of the observation and 1-year trastuzumab arms in Study B016348 (HERA). Interim cardiac safety updates (narratives ofnew primary or secondary cardiac events) will be provided on an annual basis beginning iil December 2008 and continuing until the time ofthe final CSR, which will be submitted by December 31, 2013. Ifthe results from the 2-year trastuzumab arm are released by the IDMC at the interim analysis, then the CSR will be submitted by December 31, 2009. 

	PMC #4 (belOw) was requested by FDA to assess for potential effects on cardiac conduction, in accordance with ICH El4 guidance. 

	• .
	• .
	To conduct a QT protocol according to the principles ofICH E14: The Clinical Evaluation ofQT/QTc Interval Prolongation and Proarrhythmic Potential for Non-Antiarrhythmic Drugs (Section IID) in a minimum of 50 subjects receiving trastuzumab. A detailed protocol for this study will be submitted by September 30, 2008. The study will be initiated by March 31, 2009, and will be completed by 31March,2013. A final study report will be submitted by September 30, 2013. A supplement with revised labeling, ifapplicabl
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	1. EXECUTIVE SUMMARY 
	1.1 Recommendation on Regulatory Action 
	It is the recommendation ofthis reviewer to approve the BLA efficacy supplement STN 103792/5175, for the use ofHERCEPTIN™ (Trastuzumab), at the recommended dose for early stage HER2-overexpressing breast cancer for both node positive and node negative disease greater than one centimeter, following multi-modality, anthracycline based chemotherapy. 
	The recommendation for approval is based on the interim results comparing two ofthe three, protocol-specified treatment arms in Study 8016348 (HERA); the comparison is between patients randomized to 1-year ofHerceptin posr-chemotherapy or to no Herceptin therapy (referred to as "observation only"). HERA is single, randomized, open label, multicenter study conducted outside the United States. With a total of 3386 women randomized between the two arms, the study demonstrated a clinically important and statist
	log-rank test; hazard ratio=0.54, 95%CI=[0.44, 0.67]). This manifested as an absolute 

	• .
	• .
	• .
	The risk ofa clinically important reduction in left ventricular ejection fraction (LVEF) ofbelow 50% and ten percentage points below baseline LVEF, which is three times higher than the risk ofcardiomyopathy in patients receiving not Herceptin. 

	• .
	• .
	Pregnancy category was elevated to a D from a B based on compelling post marketing data for oligohydramnios in dechallenge and rechallenge ofHerceptin and a pregnancy registry commitment from the applicant. 

	• .
	• .
	Hypertension and arrhythmias was added to warnings and precautions ofthe label. 

	• .
	• .
	Interstitial pneumonitis was added to the black box warning. 


	1.2 Recommendation on Postmarketing Actions 
	1.2.1 Risk Management Activity 
	The planned risk management activities include an agreed-upon PMC for collection of additional information on risks ofHerceptin to pregnant women and fetuses. 
	To submit a protocol for review for a prospectively and actively enrolled pregnancy 
	registry that will collect information assessing pregnancy complications and birth 
	outcomes in women with breast cancer exposed to a Herceptin-containing regimen 
	6 .
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	prior to conception or during pregnancy. Notice ofa pregnancy registry and the telephone contact number will be included in the package insert. A proposal, including a prospective protocol for FDA review will be submitted to FDA by June 30, 2008. The registry will become active by December 31, 2008, and interim reports ofall data collected will be submitted on an annual basis to FDA through December 31, 2019. 
	This PMC was generated in conjunction with consultants from the Maternal-Fetal Health Team. For details, see consult reviews by Dr. Karen Feibus. 
	1.2.2 Required Phase 4 Commitments 
	There are no post-marketing commitments required because regular approval is granted under 21 CFR 601 and a waiver is granted for required PMCs under PREA because the indication (HER-2 overexpressing, surgically resected breast cancer) does not occur in the pediatric population. 
	1.2.3 .Other Phase 4 Requests 
	1. .
	1. .
	1. .
	Safety and Efficacy of the 2-year Trastuzumab Arm in HERA To provide a final clinical study report (CSR) ofthe safety and efficacy of2-years oftrastuzumab treatment in Study BO16348 (HERA)in order to provide a final analysis ofcardiac toxicity based on serial ejection fraction monitoring, characterizing the cumulative incidence, severity, duration and reversibility. The final study report will include the primary datasets and programs for generation of analyses; analyses will include, but not be limited to 

	2. .
	2. .
	Updated Safety of the Observation and 1-year Trastuzumab Arms in HERA To provide updated safety information ofthe observation and 1-year trastuzumab arms in Study B016348 (HERA). Interim cardiac safety updates (narratives ofnew primary or secondary cardiac events) will be provided on an annual basis beginning in December 2008 and continuing until the time ofthe final CSR, which will be submitted by December 31, 2013. Ifthe results from the 2:..year trastuzumab arm are released by the IDMC at the interim ana

	3. .
	3. .
	To perform a QT Study To conduct a QT protocol according to the principles ofICH E 14: The Clinical Evaluation ofQT/QTc Interval Prolongation and Proarrhythmic Potential for Non­Antiarrhythmic Drugs (Section IID) in a minimum of 50 subjects receiving trastuzumab. A detailed protocol for this study will be submitted by September 30, 2008. The study will be initiated by March 31, 2009, and will be completed by March 31, 2013. A final study report will be submitted by September 30, 2013. A supplement with revi
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	2014. 
	2014. 

	1.3 Summary of Clinical Findings 
	1.3.1 Brief OveI'View of Clinical Program Trastuzumab is a recombinant DNA-derived humanized monoclonal antibody that selectively binds with high affinity to the extracellular domain ofthe human epidermal growth factor receptor 2 protein, HER2. The antibody is an IgG1 kappa that contains human framework regions with the complimentarity-determining regions ofa murine antibody (4D5) that binds to HER2. rastuzumab is produced by a mammalian cell (Chinese Hamster Ovary [CHO]) suspension culture in a nutrient me
	for 52 weeks, initiated after surgical resection and completion of(neo) adjuvant chemotherapy and radiation,. 
	The clinical program leading to this submission consisted ofa singlt;: trial conducted outside the United States. The applicant submitted interim results ofstudy B016348, the Herceptin Adjuvant (HERA) trial was an iQ.temational, multi-center, open-labeled randomized three-arm trial comparing 1 year and 2 years ofHerceptin to observation alone. This study was conducted in multiple centers outside the United States and was supported by F. Hoffinan-La Roche, the European marketer oftrastuzumab. The applicant f
	The clinical protocol for the HERA study was not submitted to the US IND until 2006, after the conduct ofthe interim analysis and dissemination ofthe study results and thus no Special Protocol Assessment (SPA) was requested or performed for study B016348 (HERA). 
	The B016348 trial was a randomized, open-label, three arm study comparing the addition ofeither 1 year or 2 years ofHerceptin following completion ofchemotherapy to no additional treatment (observation) after completion ofthe standard ofcare (surgery, adjuvant chemotherapy) for the adjuvant treatment ofwomen with surgically resectable, HER2-overexpressing breast cancer. Women in all three arms were also to receive, as appropriate, hormonal therapy and radiation in accordance with the standard ofcare, based 
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	group. 
	This is the second trial demonstrating a clinically meaningful and highly significant improvement in disease-free survival with the addition ofHerceptin to adjuvant chemotherapy for the treatment ofHER2 overexpressing breast cancer. The safety and efficacy results of B016348 (HERA) trial are consistent with the findings ofthe joint analysis ofNSABP-B31 and NCCTG N983 l, which supported the first labeling expansion ofHerceptin for adjuvant treatment ofHER-2 positive breast cancer. 
	This application supports further expansion ofthe label to include adjuvant treatment of women with early-stage, node-negative HER2-overexpressing breast cancer whose tumors are greater than one centimeter (TlcNO) as well as confirmation oftreatment effect in node-positive disease. Adjuvant chemotherapy consisted ofanthracycline-based, combination chemotherapy in 94% ofthe population. The application also supports an new dosing regimen as follows: 
	• .Initiation ofHerceptin following completion of all chemotherapy. Administer Herceptin at an initial dose of 8 mg/kg followed by subsequent doses of6 mg/kg every three weeks for a total of 17 doses (52 weeks oftherapy). Administer as a 90 minute intravenous infusion. 
	The clinical safety data obtained in this study was collected at protocol-specified serial timepoints, and coded in MedDRA, version 7.1 and supplemented toxicity severity grading using the NCI CTCAE version 2.0, for non-cardiac adverse events and coded for severity according to the New York Heart Association (NYHA) classification system for symptomatic congestive heart failure. Post-marketing surveillance using the adverse events reporting system (AERS) was utilized for confirmation ofnew safety signals. 
	1.3.2 Efficacy The clinical data submitted in support ofthe proposed indication was derived from interim analysis ofa single, randomized, open label, multicenter study, Study B016348 (HERA). Data were submitted by the applicant only from two ofthe three study arms: the one-year Herceptin and observation arms. Across these two arms, a total of3386 women were randomized to either one year ofHerceptin (n=1693) or observation (n=1693) following 
	completion ofchemotherapy and the trial was designed to assess the impact ofHerceptin therapy on disease-free survival (DFS) as the primary objective. 
	Randomization was 1: 1: 1, one-year Herceptin versus two-year Herceptin versus observation. Prior to randomization, patients were stratified for a number offactors; age, geographical region, nodal status, hormone receptor status and associated endocrine therapy, type ofprevious adjuvant chemotherapy regimen, and ECOG Performance status ECOG (0 vs. 1). A minimization procedure according to Pocock and Simon was used for allocation ofsubjects to the treatment arms in order to secure a balance between the treat
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	three weeks later and every subsequent three weeks for one year (52 weeks). The schedule ofassessments for disease status and toxicity was identical across treatment arms. 
	The primary efficacy endpoint was disease free survival (DFS), as defined in the next 
	paragraph. Secondary efficacy endpoints overall survival (OS), recurrence-free survival (RFS), and distant disease-free survival (DDPS). 
	The primary efficacy endpoint ofDPS was measured from the date ofrandomization to the date ofthe first DPS-defining event. A DPS event included any ofthe following: any loco­regional or distant recurrence ofbreast cancer, the development ofa secondary primary cancer other than basal or squamous carcinoma ofthe skin and carcinoma in situ ofthe cervix, and death fromany·cause; Lobular carcinoma in situ (LCIS) was not considered a DPS-defining event. Diagnosis ofa second cancer had to be confirmed histological
	The study opened for enrollment on November 30, 2001, the-data cut-off date for the 
	interim analysis was March 29, 2005, and the interim analysis was performed on April 25, 
	2005. Data clean-up continued over the 6 months following data cut-off with the database 
	closure October 7, 2005. The date interim analysis was performed on April 25, 2005. 
	At the time ofthe interim analysis, the median duration offollow-up was similar across 
	both arms: I-year Herceptin (12.65 months) and observation (12.42 months). 
	The interim analysis was planned for each pair-wise comparison (one-year Herceptin vs. 
	observation and two-year Herceptin vs. observation) after 50% ofthe planned 951 events 
	for the final analysis ofthat pair-wise comparison had occurred (e.g., 475 events). A step­
	down adjustment procedure ofthe Bonferroni method was to be used for the pair-wise 
	comparisons. Based on this procedure, the significance levels for the second pair-wise 
	comparison were 0.001 for the interim analyses and 0.0247 for the final analysis. Ifthe ·significance was reached, the significance levels for the second pair-wise comparison were 
	to b.e.0.002 for the interim analysis .and 0.0494 for the final analysis. This procedure was 
	to 
	assure that the overall study-wise significaQ.ce level was controlled at 0.050 level. 

	The required number ofevents to conductthe interim analysis for DFS appear to have 
	occurred by March 2005 for both ofthe planned pair-wise comparisons, however only the 
	one-year Herceptin versus observation arm comparison were provided, along with 
	supporting data, in this supplemental application. The re~mlts ofthe interim analysis 
	showed significant results in favor ofone-year Herceptin arm and the IDMC 
	recommended to the HERA Steering committee the disclosure ofdata .from 1-year 
	Herceptin arm and the observation arm. 
	The interim analysis results demonstrated a beneficial treatment effect on disease-free 
	survival for the I-year Herceptin arm in women receiving adjuvant treatment for HER2­
	overexpressing breast cancer (p<0.0001 based on log-rank test; hazard ratio of0.54 [95% 
	CI: 0.44, 0.67]). This beneficial treatment effect on DPS appears to be consistent across 
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	various subgroups, such as.age, race, nodal status, and HER2 assay results. There were fewer total DFS events in the one-year Herceptin arm, with 7.5% ofpatients experiencing a DFS event compared to 12.9% in the observation arm. There was also a statistically significant advantage in two-year DFS rates with an absolute increase of7.6% higher K-M estimated two-year DFS rates among patients in the 1-year Herceptin arm compared to the observation arm. 
	Since the 2-year Herceptin arm data was not submitted and based on the original statistical plan, the protocol pre-specified comparisons can not be completed. The original statistical plan was inclusive ofthe 2-year Herceptin arm data that was not submitted; as a result the protocol pre-specified comparisons can not be completed. The comparison of2-year Herceptin arm to observation arm must be performed in order to determine whether there is any remaining alpha to test the secondary endpoints. As a conseque
	1.3.3 Safety The safety database consists ofthe following groups: Herceptin group (n =1678) which included all patients who received one or more doses ofHerceptin regardless of randomization assignment and observation group (n= 1708) which included all patients 
	who did not receive Herceptin prior to disease-progression or analysis data cut-off date ofMarch 2005, regardless ofrandomization assignment. 
	Exposure information is provided for 1672 patients who received one or more doses of trastuzumab. The median duration ofexposure was 51 weeks. The 25th % and 75th % of duration ofHerceptin administration are 33 and 51 weeks respectively. While the applicant reported the extent ofexposure to Herceptin in 1678 subjects, an analysis performed by the reviewer reveals exposure data in datasets for only 1672 subjects, a six subject discrepancy. The applicant was made aware ofthis discrepancy early in the review a
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	Table 1. Duration ofHerceptin in the Randomized Treatment for Efficacy 
	Lower upper 
	N Mean Maximum 
	N Mean Maximum 
	N Mean Maximum 
	Median 
	Quartile 
	Quartile 
	Minimum 

	1672 42.0669856 59.5714286 
	1672 42.0669856 59.5714286 
	51..1428571 
	33.0714286 
	51.1428571 
	0.1428571 


	The Means Procedure . .[Calculated using MEDT dataset (last MTENDDT-MTBEGDT +1)/7] .
	The clinical safety datawere captured in datasets using MedDRA coding version 7.1 and toxicity grading assigned according to NCI CTCAE version2.0 non-cardiac. toxicity and according to the New York Heart Association (NYHA) classification system for symptomatic congestive heart failure, Safety data in this application was supplemented by analyses ofthe FDA post-marketing surveillance database, AERS (adverse events reporting system), for confirmation ofnew safety signals. 
	Key safety findings concerning Herceptin therapy emerging :from study BO16348 (HERA): 
	• 
	• 
	• 
	Treatment emergent signs and symptoms were cardiac failure congestive, cardiac failure and ejection fraction decreased. 

	• 
	• 
	In the 1 year Herceptin arm there were more grade 3-4 toxicities under Cardiac Disorders compared to the observation arm: cardiac failure congestive 0.4 % (7/1678) vs. 0%; cardiac failure .02% (4/1678) vs. 0.1 % (1/1708); tachyarrhythmia 0.1 % (2/1678) vs. 0%; sudden death 0.1% (1/1678) vs. 0%. 

	• .
	• .
	New information regarding overall incidence ofhypertension and arrhythmia not previously reported in legacy studies revels a higher incidence ofboth in Herceptin­treated subjects. The incidence ofhypertension is 4% (64/1678) with Herceptin compared to 2% (35/1708) without Herceptin and the incidence ofarrhythmia is 3 % (43/1678) compared to 1 % (17/1708). 

	• .
	• .
	Common (2 5%) adverse events ofaµygrade with higher incidence ( 2 2%) in the Herceptin-treated patients were reported as the following: Headache, arthralgia, nasopharyngitis, fatigue, diarrhea, nausea, pyrexia, back pain, and chills. 
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	• 
	• 
	• 
	Rare and serious adverse reactions associated with Herceptin are known cardiomyopathy with an incidence of<l% (2/1678). 

	• 
	• 
	Better characterized risk ofclinical signifiGant cardiomyopathy (left ventricular ejection fraction (LVEF) dropping to less than 50 % and::::: 10 % point drop from baseline) is three times higher for subjects receiving Herceptin. 

	• 
	• 
	New finding ofinterstitial lung disease ( 4/1678). 

	• 
	• 
	Pregnancy category was elevated to a D from a B based on compelling post marketing data for oligohydramnios. 

	• 
	• 
	A limitation ofthis application in the safety findings was that safety for the 2 year Herceptin arm data was not disclosed. 


	New safety signal ofinterstitial lung disease (ILD) was flagged with standardized medical query (SMQ). Cases of!LD were n=4 (0.2%) p-Value = 0.0435. The office of surveillance and epidemiology (OSE) was consulted An AERS (adverse event reporting system) data mining report was generated revealing a disproportionate risk ratio oftwo times the expected incidence ofILD in reporting with trastuzumab use. 
	The incidence ofheart failure (composite term combining preferred terms "cardiac failure congestive" and "cardiac failure") was 2% among Herceptin-treated patients compared to 0.5% in patients not receiving Herceptin. Further characterization ofdecline in cardiac function was captured under preferred term "ejection :fraction decreased"; all events were reported as grade 1-2 in severity and thus were apparently asymptomatic. The incidence of "ejection :fraction decreased" was 3.5 % in Herceptin-treated subje
	1.3.4 Dosing Regimen and Administration The currently approved, recommended schedule ofHerceptin for treatment ofboth metastatic and adjuvant treatment ofHER2 overexpressing breast cancer is as an intravenous infusion once every seven days. The approved initial dose is 4 mg/kg administered over 90 minutes. The recommended subsequent weekly doses is 2 mg/kg administered over 30 minutes. The recommended duration oftherapy in metastatic breast 
	cancer is until tumor progression. For adjuvant treatment ofbreast cancer, recommended duration oftherapy is 52 weeks. 
	The proposed application requests inclusion ofthe following new dose and schedule in the adjuvant treatment ofHER2-overexpressing breast cancer in women with node-positive and pre-defined high risk node-negative disease in the product labeling. 
	• .
	• .
	• .
	An initial dose of8 mg/kg as an intravenous infusion administered over 90 minutes 

	• .
	• .
	Subsequent doses of6 mg/kg as an intravenous infusion administered over 90 minutes every three weeks 

	• .
	• .
	• .
	Total duration oftreatment of52 weeks. 



	13 .
	13 .

	Clinical Review .Katherine Fedenko .BLA 103972/5175 .Trastuzumab HERCEPTIN® .
	Reviewer comments: The HERA protocol was not conducted under United States IND. 
	The standard anthracycline used in the HERA clinical trial most frequently was epirubicin 
	in both arms followed by doxorubicin. In the United States, clinical trials leading to . 
	approval ofanthracycline-based chemotherapy regimens use doxorubicin. Overall, 
	anthracycline therapy with epirubicin was given in 6()% ofHERA study subjects compared 
	to 34% treated with doxorubicin-containing a<fjuvant chemotherapy regimens. The HERA 
	protocol has data only to support a<fjuvant single agent use oftrastuzumab post-completion 
	ofanthracycline-based chemotherapy, but not use ofthis dose/schedule in combination 
	with taxanes.. . 
	1.3.5 Drug-Drug Interactions ·No formal drug interaction-drug interactions studies were conducted. in support ofthis application and none were required because Herceptin is administered as a single agent (monotherapy) in the proposed indication. However, pharmacokinetic data were provided for three studies, a subset of44 patients in the HERA trial and two studies employing the proposed dose/schedule ofHerceptin in combination with taxane-based chemotherapy in women with HER-2 overexpressing, metastatic brea
	(extracellular domain ofthe HER2/neu receptor which can be detected and measured in the blood) and interactions between taxane chemotherapy and Herceptin. 
	1.3.6 Special Populations Pharmacokinetic data were provided from Studies B015935 and W016229, in women with metastatic breast cancer and in 44 patients in the 1-year treatment arm ofthe HERA PK substudy. In the HERA PK substudy, Herceptin serum concentration data were available 
	from 37 patients at Cycle 1, from 12 patients at Cycle 13, and from 8 patients at Cycle 18 .who provided extensive samples. .
	Across the pharmacokinetic dataset, there were insufficient numbers ofelderly women (age 65 years or greater) or with renal or hepatic dysfunction to permit .an assessment ofthe impact ofthese patient factors onHerceptin pharmacokinetics. There are no studies ofthe pharmacokinetics ofHerceptin in males or in pediatric subjects; in both these groups, the 
	incidence ofHER2-overexpressing breast cancer.is expected to be extremely rare. 

	Given the limited sample size studied and inconsistent results, no conclusions could be 
	drawn with respect to the relationship between circulating extracellular domain ofthe 
	HER2 receptor and Herceptin serum trough concentration or clinical responses of 
	Herceptin using data from Studies B015935 and W016229. 
	Subgroup analyses of safety and efficacy in the elderly populat.ion were conducted.. The 
	proportion ofsubjects age :::: 65 years, combining the observation and one year Herceptin 
	arms, comprised of7% ofthe total ITT population (120 women in the one-year Herceptin 
	arm and 114 in the observation arm). There were insufficient numbers ofevents in this 
	subgroup to reliably assess for differential treatment effects in older versus younger 
	patients. There did not appear to be substantially increased toxicity, particularly cardiac 
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	toxicity, in older versus younger women. 
	2. INTRODUCTION AND BACKGROUND 
	2.1 Product Information 
	• 
	• 
	• 
	• 
	Established Name: Trastuzumab 

	• 
	• 
	Trade Name: Herceptin 


	• 
	• 
	Pharmacologic Class: Humanized monoclonal antibody 

	• 
	• 
	Target: .Selectively binds to the extracellular domain ofthe human epidermal growth factor receptor 2 protein, HER2. 

	• 
	• 
	Proposed Indication: .~>I'


	-
	-

	• 
	• 
	• 
	The applicant proposes administration oftrastuzumab 

	• .
	• .
	• .
	Route ofadministration; Intravenous 



	Sect
	Figure

	Trastuzumab is produced by a mammalian cell (Chinese Hamster Ovary [CHO}) suspension culture in a nutrient medium containing the antibiotic gentamicin. Gentamicin is not detectable in the final product. Herceptin is supplied as a sterile, white to pale yellow preservative-free ~ypholized powder. The nominal content ofeach Herceptin vial is 440 mg trastuzumab, 400 mg a., Cl-trehalose dehydrate, 9.9 mg L-histidine HCL, 6.4 mg L­histidine, and 1.8 mg polysorbate 20, USP. Reconstitution with 20 ml ofthe supplie
	2.2 Currently Available Treatment for Indications 
	In the adjuvant setting for breast cancer there is currently no other product approved for marketing the target ofthe human epidermal growth factor receptor 2 protein, HER2. 
	For node-positive, HER-2 overexpressing, breast cancer the results from studies NSABP B­3 I and NCCTG 9831 resulted in FDA approval in November 2006 for the expanded . indication ofthe addition of trastuzumab to chemotherapy treatment regimen containing doxorubicin, cyclophosphamide, and paclitaxel. This approval was based on a·highly robust and clinically important increase in disease-free survival in Herceptin-treated patients. 
	2.3 Availability ofProposed Active Ingredient in the United States 
	Herceptind!l is commercially available. It was approved by the FDA in 1998 for use as a single agent for the treatment ofpatients with HER2 -over-expressing metastatic HER­
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	overexpressing breast cancer who have received one or more chemotherapy regimens for their metastatic disease and also in combination with paclitaxel for the adjuvant treatment ofpatients with HER2 -over-expressing metastatic node-positive HER-2 overexpressing breast cancer who have not received chemotherapy for their metastatic disease. In November 2006 the FDA approved the addition ofHerceptin to treatment regimen containing doxorubicin, cyclophosphamide, and paclitaxel. 
	2.4 Important Issues with Pharmacologically Related Products There are no commercially available pharmacologically related products. 
	Herceptin is the only US-FDA approved antibody product directed against the HER2 receptor. The key safety issues continue to bethose reflected in the knoW'n black box warning; cardiac and pulmonary toxicity. Based on safety information derived from the HERA study and supplemented by voluntary post-marketing reports, the FDA has revised the product label to provide additional characterization oftreatment-induced myocardial dysfunction and new information regarding interstitial lung disease. 
	There is one approved drug, lapatinib (Ty kerb), a tyrosine kinase inhibifor that is approved for treatment ofHER2-overexpressing metastatic breast cancer that has progressed following Herceptin therapy, based on evidence ofimprovement in progression-free survival and evidence ofno decremental effect on overall survival. The toxicity profile of of lapatinib includes decrease in left ventricular ejection fraction, interstitial lung disease, and pneumonitis. 
	2.5 Presubmission Regulatory Activity 
	2.5.1 Reguiatory History ofTrastuzumab Biologics License Application 
	U.S. FDA Marketing Authorization for trastuzumab was granted on September 25, 1988, for the indication oftreatment ofmetastatic breast cancer whose tumors overexpressed the HER2 protein, as a single agent in women who received .one or more chemotherapy regimens for metastatic disease and in combination with paclitaxel for patients who have not received chemotherapy for metastatic disease. 
	Two studies supported initial approval in HER2-overexpressing metastatic breast .cancer. The first study, a randomized open label trial in previously untreated metastatic disease (n=469) with the endpoint oftime to tumor progression (TTP)and the second, a single arm study in previously untreated metastatic·disease (n=222)with the endpoint ofoverall response rate (ORR) .. The results ofthe trials demonstrated patients randomized to Herceptin and chemotherapy experienced a significantly longer median time to 
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	An efficacy supplement was approved on November 16, 2006 (BL STN 103792.5150) to expand labeling claims to include adjuvant treatment ofHER2 overxpressing breast cancer. The data supporting this supplemental application were derived from a combined, interim analysis oftwo studies (NCCTG N9831 and NSABP B31), two NCI-funded cooperative group studies. In both studies, patients were randomized to chemotherapy alone (doxorubicin and cyclophosphamide every three weeks for four cycles followed by 12 weeks ofTaxol
	2.5.2 Regulatory History ofthis Application 
	The key milestones in the regulatory history ofthe current application are summarized in the following table. The clinical protocol for Study B016348 (HERA) was first submitted to the US IND in preparation for the first pre-sBLA submission. The FDA requested th;:it the original three arms ofthe study be submitted for review at pre-sBLA meeting on May 31, 2006. At a second pre.;sBLA meeting held on November 17, 2006, the FDA requested IDMC minutes regarding the 2-year Herceptin arm be disclosed. The Breast I
	" ...complying with the FDA request would require us to go against the charter and recommendations ofour own IDMC". 
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	Table 2. Summary of sBLA Milestones · (communications in italics) 
	Figure
	Figure
	Sect
	Figure

	Figure
	Pre-Submission Historv 
	May31, 2006 
	First Pre-sBLA meeting. .-FDA requested arm 3 data from HERA (2-year Herceptin) . Genentech could .not commit to provide this data but did commit to request the data from DMC. .
	November 20, 2006 
	Teleconferencewith Genentech at the request ofthe FDA. .-FDA requests data the from 2-year Herceptin arm including survival data be .included in the Proposed supplement. Reaueste not granted (see Appendix A). .
	Submission Historv December 22, 2006 
	Submission Historv December 22, 2006 
	Supplement receipt date 

	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Sect
	Figure

	Figure
	Figure
	January 30, 2007 
	Amendm.ent 1: explanation ofrandomization procedures and neo~a4juvant chemotheraov ref!imen dataset ·· January 31, 2007 
	Teleconference regarding inadequacy ofsubmitted data structure, requested new data sets with data shell examples given Februarv 13, 2207 
	Amendment 2: revised datasets submitted February 15, 2007 
	Amendment 3: response to manufacturing status ofthe Herceptin used in HERA trial 
	Februarv 27, 2007 
	Februarv 27, 2007 
	Filinf! letter 

	Februarv 28, 2007 
	Februarv 28, 2007 
	Amendment 4: List ofindependent Ethics Committees (membershio lists) 

	March 6, 2007 
	March 6, 2007 
	74-dav deliciencv letter 

	March 29, 2007 
	Amendment 5: Response fo 74-dav Deficiency Letter 815 pages April 20, 2007 
	Amendment 6: 120-Dav Safetv Update 
	April 24, 2007 
	April 24, 2007 
	Teleconference disczissihg coding ofcardiac endpoints. Agency requested GNE to review data codinf! QfNYHA vs. CTC v2.0 

	May 8,2007 
	Amendment 7: Responses to. March 6, 2007, deficiency letter 
	June 12, 2007 
	Teleconference A~ency requested status ofcardiac endpoints. codin~ 
	June 21, 2007 
	Amendment 8, Respon~es to April 24, Mayland May 18 2007, teleconference .questions. .!Deleted informal submissions/communications} .
	July 17, 2007 
	Teleconference discussing responses to cardiac endpoints coding andproposed new 5 dataset submission. end Julv 20, 2007 
	Formal letter from the Af!encv.bv week's 

	Information reauest letter 
	Information reauest letter 

	August 20, 2006 
	Amendment 9: response to 7-20-07 FDA letter containing revised datasets for cardiac endpoints January 21, 208 
	New PDUF A date 
	New PDUF A date 

	The HERA trial results were published in: 
	• .
	• .
	• .
	October 2005, in the New England Journal of Medicine, which contained limited 2 year Herceptin arm data published; 

	• .
	• .
	January 2007, Lancet; and 

	• .
	• .
	June 2007, Clinical Breast Cancer. 


	2.6 Other Relevant Background Information There are 65 countries other than the United States registered for use in adjuvant treatment 
	ofHER-2 overexpressing breast cancer based on the interim analysis oftwo ofthe three arms of study B016348 (HERA). 
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	Foreign market approvals include 440 mg and 150 mg strengths. Not all countries are 
	approved for use in both strengths. In Mexico 150 mg was de-registered and in the 
	Philippines 440 mg was deregistered and replaced by 150 mg. 
	3. SIGNIFICANT FINDINGS FROM OTHER REVIEW .DISCIPLINES .
	3.1 CMC (and Product Microbiology, ifApplicable) 
	For details, see CMC review by Wendy C. Weinberg, Ph.D. 
	Trastuzumab is an IgG1 kappa recombinant DNA-derived humanizeci monoclonal antibody 
	that selectively binds with high affinity to the extracellular domain ofthe human epidennal . growth factor receptor 2 protein, HER2. · 
	Chemistry, manufacturing, and controls information was submitted to 'this application to support the comparability ofthe product used in the clinical efficacy study to the U.S. licensed product, Hetceptin. Specifically, the CMC review ofthe process and biochemical characteristics ofEU approved trastuzumab Drug Sub.stance manufactured by Roche in their Penzberg facility using the vl .0 process coQipared ~o trastuzulllab manufactured by Genentech under their FDA license using the vl.O and vl.1 process·e~. The
	In addition, the CMC review considered the acceptability ofendotoxin levels ofFDA 
	approved Herceptin at the intended dose for this application and Genentech's claim of 
	categorical exclusion. Dr. Weinberg concluded that the dose of8 mg/kg would yield a 
	maximum endotoxin exposure of r<1 EU/kg, well within the USP limit of5 EU/kg and 
	4

	that the categorical exclusion claim is appropriate. 
	3.2 Animal Pharmacologytroxicology 
	For details, see Toxicology review memo by Anne Pilaro, Ph.D. 
	No new nonclinical data were submitted in this supplement and none were required to support the proposed extended labeling claims. However, a review ofnonclinical dafa was required to assess the accuracy and appropriateness of revised product labeling, specifically to the WARNINGS and PRECAUTIONS (Section 5.6, Pregnancy Category D), USE IN SPECIFIC POPULATIONS (Section 8.1, Teratogenic Effects and Section 8.3, Nursing Mothers), and NONCLINICAL TOXICOLOGY (Section 13. I; Impairment ofFerti/ity and 13.2, Anim
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	reviewed within the original BLA (BL STN 103792.0000). 
	Dr. Pilaro concluded that these studies were of appropriate design (e.g., included appropriate dose range oftrastuzumab with resulting exposure margins comparable to human dosing; contained information on the fetal outcomes and data regarding evaluation ofmale fertility parameters) to support the proposed labeling modifications and c,onversion to PLR format. Based on her review of these study reports, Dr. Pilaro verified that accuracy ofthe claims as described in the relevant sections ofthe proposed package
	4. DATA SOURCES, REVIEW STRATEGY, AND DATA INTEGRITY 
	4.1 Sources of Clinical Data 
	The source ofdata used in this review was derived from a single study, BO 16348, HERA. The electronic version ofthe study report and protocol for study BO 16384 were reviewed. Electronic raw and derived datasets were analyzed using statistical program JMP 6.0. Case report forms and narratives submitted by the applicant were reviewed and cross-referenced against the datasets provided by the Applicant. In addition, voluntary post-marketing surveillance reports from the FDA's Adverse Event Reporting System (AE
	Study BO 16348. .. . 
	Raw and Derived Datasets Reviewed 
	Safety Review 
	Safety Review 
	Safety Review 
	Efficacy Review 

	AE (adverse event) 
	AE (adverse event) 
	EFEX ( Efficacy and special safety assessments) 

	CAB (Cardiac Advisory Board Review) 
	CAB (Cardiac Advisory Board Review) 
	EFEXLVEF (LVEF) · 

	CHEMOTX (Prior chemotherapy) 
	CHEMOTX (Prior chemotherapy) 
	EFEXRE (radiological exam) 

	DEMO (demographic data) DIAG (previous and current diseases) 
	DEMO (demographic data) DIAG (previous and current diseases) 
	EFFEXSURV (disease recurrence and survival) *CARDIAC (cardiac\LVEF data) 

	DIED (Death information) 
	DIED (Death information) 
	*CARDIC 2(secondarv cardiac LVEF, CAB) 

	EFEXCE (Cardiac Event) 
	EFEXCE (Cardiac Event) 
	*PAT (efficacy analysis data) 

	EFEXCQ (cardiac auestionnaire) 
	EFEXCQ (cardiac auestionnaire) 

	EXCL (Exclusions) 
	EXCL (Exclusions) 

	EXIT (study completion/discontinuation 
	EXIT (study completion/discontinuation 

	HORMTX (hormone therapy) 
	HORMTX (hormone therapy) 

	LABP (Laboratorv results) 
	LABP (Laboratorv results) 

	MEDO (previous and concomitant treatment) 
	MEDO (previous and concomitant treatment) 

	MEDT (Studv drUg adniinistration) 
	MEDT (Studv drUg adniinistration) 


	4.2 Tables of Clinical Studies 
	Results ofthe following studies were submitted as clinical study reports, in summary form, and supported by datasets containing raw and derived data in support ofthis submission (Table 3). 
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	Table 3. List of Clinical and Pharmacokinetic Studies 
	Studv 
	Studv 
	Studv 
	Title 
	No. of Patients 

	Efficacv and Safef' Data 
	Efficacv and Safef' Data 

	HERA :B016348 
	HERA :B016348 
	A randomized phase III multi-center trial for comparison of 1 year ofHercep~in treatment versus observation only in women with HER-2 positive primary breast cancer who have completed adiuvant therapy. 
	3386 

	Pharmacokinetic D
	Pharmacokinetic D
	ata 

	BO 15935 
	BO 15935 
	A phase I/II study to determine the safety, tolerability and pharmacokinetics ofHerceptin (trastuzumab) and paclitaxel in three weekly combination in women with metastatic breast cancer. 
	31 

	WO 16229 
	WO 16229 
	A phase II study ofHerceptin monotherapy administered 3 weekly in women with HER2 overexpression/amplification in metastatic breast cancer, 
	105 


	4.3 Review Strategy Study BO 16348 was reviewed for evidence ofsafety and efficacy. The electronic submission, with the Clinical Study Reports, Summary ofClinical Safety, Summary of Clinical Efficacy, and other relevant portions were reviewed. Throughout the review process, consistency between the SAS dataset entries and case report forms (CRFs )was examined. Major efficacy and safety analyses were reproduced using raw datasets in JMP. 
	In addition statistical, pharmacology/toxicology, and product reviewers were part ofthe multi-disciplinary approach. 
	4.4 Data Quality and Integrity Early in the review process issues ofdata quality were identified regarding the organization ofthe data within the dataset, which did not permit ease ofanalysis. The applicant addressed FDA's concerns through submission ofdatasets in a revised structure in amendment 2. The applicant could not comment on the quality assurance monitoring 
	program during data collection as conducted by the European cooperative group or as · supplemented by monitoring or auditing by F. Hoffman-La Roche. 
	Because this is the second study in the treatment ofadjuvant breast cancer and the HERA data were consistent with the results ofthe previous trial, as well as the fact that the trial was conducted by an experienced cooperative group and the clinical trial results were consistent across study sites, FDA did not request source data verification and auditing of study sites through FDA's Division of Scientific Integrity. 
	4.5 Compliance with Good Clinical Practices Included in the BLS was a statement of compliance with the principles outlined in the "Guideline for Good Clinical Practice: ICH Tripartite Guideline (January 1997) based on the principles ofthe Declaration ofHelsinki (1996) or with the laws and regulations ofthe 
	country in which the research was conducted, which ever afforded a greater protection to the subject. 
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	The study was supervised by an Independent Data Monitoring Committee (IDMC). The IDMC was to be composed ofmedical oncologists, a statistician, cardiologists. and a patient representative. The members qfthe IDMC would be independent of the trial. The purpose of the IDMC was to ensure the.prot.ection ofsubjects participating in the HERA trial. Both safety and ethical conduct ofthe .study was monitored. The IDMC was responsible for the review ofsafety data. with primary focus on cardiac; safety and efficacy a
	On May 31, 2006, in a teleconference with Genentech. the FDA requested minutes to be in_cluded in the supplemental BLA submission, including the IDMC meeting noting· that tht? interim results ofthe 2 year Herceptin arm should not be disclosed at this time. The sBLA submission did not contain _the requested information. 
	4.6 Financial Disclosures The major randomized. controUed trial is the only study submitted with this application with a design adequate for registration. Per the Applicant's report, financial disclosure information was available for 2853 of2945 (97%) investigators and subinvestigators that participated and enrolled patients in the 1 year 1-{erceptin and observation only arms of HERA. Ofthe 2853 respondents, there· were 2 investigators (one principal investigator and 
	one subinvestigator) who recorded a financial interest. Each ofthe qualifying disclosures is summarized in the following table. 
	Site 
	#ofPatients 
	#ofPatients 

	No. 
	No. 

	ed 
	ed 
	Enroll


	Name Disclosure ·°'ni Speaking honorarium and consulting for Roche (to~ether <$25,000) Indeterminate financial disclosure information available at the time offiling 
	Reviewers comment: There is minimal potential for bias ofclinical study results as a result ofthese financial interests. The primary endpoint ofHERA was disease free survival with a secondary endpoint ofoverall survival. It is not expected that the financial intereSJ disclosed here andofthose who did not file financial disclosure would affect the study results. 
	S. CLINICAL PHARMACOLOGY For details, see Clinical Pharmacology reviews by Dr. Angela Men. 
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	5.1 Pharmacokinetics 
	The application contained two studies with phannacokinetic data intended, together with the results ofstudy BO16348 HERA , to sup ort a new every 3-week dosing regimen. In this submission, Genentech (li>T4 
	Sect
	Figure

	Meanwhile, Genentech provided additional infonnation on the pharqlacokinetic (PK) simulation (6H
	Figure
	4 

	(b)(4l 
	(b)(4l 

	This model was based on PK parameters that better match HERA PK than the population PK par&nleter estimates. 
	Figure
	The simulation results show that after a 7-day or 14-day dose delay; restart of6 mg/kg of Herceptin undershoots trough concentrations and it takes 2-4 cycles ofstandard treatment to catch the trough concentrations. An 8 mg/kg reload matches trough concentrations by taking lip to 2-cycle treatment. However, this reload of 8 mg/kg Herceptin results in approximately 30% higher in peak concentratiOn compared fo the observed peak concentration in HJ?RA study, which raises a safety concern. 
	Figure
	Sect
	Figure

	IfHerceptin dosing is delayed by more than one week (> 28 days from the last actual dose), Herceptin will be still administered at doses of6 mg/kg once every three weeks without loading dose of8 mg/kg. 
	5.2 Pharmacodynamics There \y.ere no studies provided in the application which justifjed the dose and schedule based on phannacodyn.amic findings. The mechanism( s) ofaction oftrastuzumab are not well-understood. In previous submissions, a rough correlation between phannacodynamic effects, specifically the blockade of HER-2 receptor signaling and anti-tumor activity has · been identified in preclinical but not in clinical mode!S. No additional data were provided 
	in the application that investigated the phannacodyriamic effects oftrastuzumab at the new dose and s~hedule. · · · 
	5.3 Exposure-Response Rela~ionships 
	The application did not contain data which addressed exposure-response relationships. The primary efficacy study was conducted at a fixed dose and dose-ranging studies were not provided which could have provided insight into the relationship between dose and efficacy or safety outcomes. 
	23 .
	23 .

	Clinical Review Katherine Fedenko BLA 103972/5175 Trastuzumab HERCEPTIN® 
	6. INTEGRATED REVIEW OF EFFICACY 
	6.1 Indication 
	The indication sought is: HERCEP}IN™ is indicated for the treatment 
	The approved indication is: HERCEPTIN™ is indicated as a single agent, for the adjuvant treatment of HER2-overexpressing breast cancer following multi-modality anthracycline based therapy for node positive and high-risk node negative· disease. 
	' . ' I 
	Unique aspects ofthis application ~eevery three week dosing ofHerceptir,t., administration after completion ofall adjuvant chemotherapy, and expansion ofthe indication to patients with high-risk, node-negative disease. 
	6.1.1Methods The clinical efficacy da.ta are derived from a single, international, multi-center, open-label, three-arm, controlleq and duration-ranging ~dy,BOI6348; these data support the analyses provided in this section ofthe clinical rev.iew. Data for efficacy are limited support this 
	application consisted oftwo oftbe three arms ofthe srudy: one-year ofHerceptin and no Herceptin. 
	Efficacy analyses that were prespecifie<l in the protocol and provided in the application by the applicant inclu~ed the primary endpoinJ ofdisease free survival (DFS); and the secondary efficacy endpoints ofC;ivenill survival (OS), recurrence-free survival (RFS), and distant disease-free survival (DDFS). The submitted efficacy analyses, as provided by the applicant and summarized in section 6.1.4, were·verified by this reviewer (using JMP 6.0) and the biostatistical reviewer, Dr, Yuan Li Shen (using SAS). D
	6.1.2 General Discussion ofEndpoints The recommendation for approval ofHerceptin 
	linically important and ly 
	is based on the demonstration ofc
	statistical
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	significant prolongation ofdisease-free survival following one year ofHerceptin therapy 
	compared to observation only. 
	Primary Endpoint The primary objective ofthis study was efficacy defined by a comparison ofdisease free 
	survival (DFS) of subjects treated in two arms. According to the Guidance for Industry 
	Clinical Trial Endpoints for the Approval ofCancer Drugs and Biologics published in May 2007, the most frequent use ofDFS endpoint is in the adjuvant setting. DFS has been the primary basis for approval for hormonal therapy, for trastuzumab (103792.5150), and for cytotoxic therapy for the adjuvant treatment ofbreast cancer. In this setting, DFS is considered to provide direct evidence ofclinical benefit. 
	DFS was calculated in the HERA study as the time between randomization and the date of first event. A DFS event was defined as any loco-regional or distant recurrence ofbreast cancer, the development ofsecondary primary cancer other than basal or squamous carcinoma ofthe skin and carcinoma in situ ofthe cervix, death from any cause without documentation ofone these events. Lobular carcinoma in situ (LCIS) was not considered a DFS event. Diagnosis ofa second cancer, per-protocol was to be confirmed histologi
	Secondary Endpoints 
	• 
	• 
	• 
	Overall Survival (OS), defined in the protocol as the time from date ofrandomization to date ofdeath due to any cause. 

	• 
	• 
	Recurrence Free Survival (RFS), defined as the time from date ofrandomization to the date ofthe first instance oflocal, regional or distant tumor recurrence. 

	• 
	• 
	Distant Disease Free Survival (DDFS), defined as the time from date ofrandomization to the date ofthe first distant tumor recurrence, second primary cancer, or contralateral breast cancer, whichever occurred first. 


	The secondary endpoints ofRFS and DDFS are composite endpoints with incorporate some but not all ofthe events which are also part ofthe composite endpoint ofDFS. All three include distant disease recurrence as events, which is one ofthe most common events anticipated in this setting. The endpoints .of RFS and DFS both include local-regional and distant disease recurrence which are the events which drive both analyses and are very similar mea.sures oftreatment effect. Therefore, RFS and DDFS are not independ
	6.1.3 Study Design 
	Protocol Title 
	HERA (B016348): A Randomized Multi-Center Comparison of 1 year ofBerceptin Treatment versus Observation in Woman with HER2-positive Primary Breast Cancer Who 
	25 .
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	Have Completed Adjuvant Therapy. .
	Study Sites .The study was conducted in 462 centers in 39 non-US countries. .
	Study Period .Enrollment opened: November 30, 2001 .First patient randomized: December 7, 2001 .Last patientrandomized: March 11, 2005 .Date ofdata cut-off: March 29, 2005 .IDMC recommended the disclosure ofdata from the 1 year arm: April 25, 2005 .. .Date ofsurvival data cut-off: March 29, 2005 .
	Data base closure: October 7, 2005 
	1

	Objectives Primary 
	• .
	• .
	• .
	To compare disease-free survival (DFS) in patients with HER2-overexpressing breast cancer who have completed acceptable adjuvant chemotherapy and radiotherapy, if applicable, and who have been randomized to Herceptin for one year versus no Herceptin. 

	• .
	• .
	To compare disease-free survival (DFS) in patients with HER2-overexpressing breast cancer who have completed acceptable adjuvant chemotherapy and radiotherapy, if applicable, and who have been randomized to Herceptin for two years versus no Herceptin. 


	Secondary .. 
	• .
	• .
	• .
	To compare overall survival (OS) in patients randomized to no Herceptin versus one year or two years ofHerceptin 

	• .
	• .
	To compare recurrence-free survival (RFS) in patients randomized to no Herceptin versus one year or two years ofHerceptin 

	• .
	• .
	To compare distant disease-free survival (DDFS) in patients randomized to no Herceptin versus one or two years ofHerceptin 

	• .
	• .
	To evaluate the safety and tolerability ofHerceptin 

	• .
	• .
	To compare the incidence ofcardiac dysfunction in patients treated and not treated with Herceptin 


	Cardiac Objectives 
	• 
	• 
	• 
	Estimate the incidence ofsymptomatic cardiac dysfunction and asymptomatic cardiac dysfunction in the adjuvant setting in patients who received adequate systemic adjuvant therapy followed or not by Herceptin treatment for one year 

	• 
	• 
	Identify patients at risk for cardiotoxicity with chemotherapy and/or Herceptin 


	Pharmacokinetic Objectives 
	• .To estimate the terminal elimination half-life oftrastuzumab after three-weekly administration ofHerceptin for one year's duration 
	26 .
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	• 
	• 
	• 
	To evaluate the extent of accumulation oftrastuzumab after three weekly administration ofHerceptin after one year oftreatment 

	• .
	• .
	To compare the steady state pharmacokinetic parameters oftrastuzumab administered as adjuvant treatment with data obtained previously in woman with metastatic breast cancer. 


	Study Design This was a randomized, three arm, open-label study designed to enroll 5079 patients with early stage breast cancer whose tumors overexpress HER2, after completion of (neo) adjuvant chemotherapy. Randomization was 1: 1:1, one or two year Herceptin versus observation only. 
	Prior to randomization patients were stratified for a number of factors; age, geographical region, nodal status, hormone receptor status and associated endocrine therapy, and previous adjuvant chemotherapy regimen, 
	Table 4. Stratification Factors Employed in the HERA Trial 
	• .
	• .
	• .
	• .
	• .
	Nodal status A: 


	1. .
	1. .
	1. .
	Any nodal status, neo-adjuvant chemo1herapy (nodal status unknown prior to chemotherapy) 

	2. .
	2. .
	No posi1ive nodes, no neoadjuvant chemolherapy 

	3. .
	3. .
	l ·3 nodes positive, no neoadjuvant chemotherapy 

	4. .
	4. .
	:;:4 nodes positive, no neoadjuvant chemotherapy 



	• .
	• .
	• .
	• .
	Adjuvanl chemothc:rapy regimen: 

	I. .no anthracyclines or taxanes 
	2. .
	2. .
	2. .
	anthracyclines but no taxanes 

	3. .
	3. .
	anlhracyclines + taxanes 




	• .
	• .
	• .
	• .
	Receptor status and endm.Tine 1herapy"-11-c: 

	l. .negative 

	2. .
	2. .
	2. .
	positive and no endocrine therapy 

	3. .
	3. .
	3. .
	positive and endocrine therapy 




	• .
	• .
	• .
	• .
	Age: 
	0 


	I. .< 35 years 
	2. .
	2. .
	2. .
	35 • 49 years 

	3. .
	3. .
	SO· 59 years 

	4. .
	4. .
	~ 60 years 



	• .
	• .
	E 
	Region 




	A Patien1s wilh synchronous bila1erai breast primaries: Stratification was based on lhc highest slagc tumor and was considered honnoue rcceploi slalus positive ifal least one tmnor bad positive receptors as defined below. 
	Honnone receptor slams had to be known for each patient in the study. For this sttuly, hom1011e receptor stams ("negative" or "positive") followed !he definition of!he local Jab for both estrogeu and progesterone rcceploIS, or eslrogen receplors alone for cenrers tbar did not routinely measure progesterone receptors. Acnial values obtained from assays were used to define cohorts for exploratory analyses 
	9 .

	c Endocrine therapy included tamoxifeJ!, anastrozole (Arimide:,;) and ovarian ablation. Chen10therapy induced 
	amenorrhea was not considered endocrine therapy. Based on age at time ofraudomizatiou E Geographic region 
	amenorrhea was not considered endocrine therapy. Based on age at time ofraudomizatiou E Geographic region 
	0 
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	Table 5. Definition of Risk Categories For Patients with Node Negative Breast Cancer 
	Risk Category 
	Risk Category 
	Risk Category 
	Endocrine Responsive' 
	Endocrine Non-Responsive1 

	"MinimaliLow Risk..~ 
	"MinimaliLow Risk..~ 
	ER and/or PgR positive, and all ofthe following features: pT* 5: 2 cm, and Grade 1**, and Age***;?;· 35 years 
	Not Applicable 

	"AverageiHigh Risk" 
	"AverageiHigh Risk" 
	ER and/or PgR positive, and at least one ofthe following features: pT*>2cm, gr Grade 2-3**. QI Age••• <35 years 
	ER and PgR negative 


	(St. Gallen Consensus Conference 200 l. [31]) 
	(St. Gallen Consensus Conference 200 l. [31]) 
	•Definition at time ofstudy start 

	Responsiveness to endocrine therapies is related to expression of ER and PgR in the tumor cells. The exact threshold of ER and/or PgR staining (with currently available immunohistochemical methods), which should be used to distinguish between endocrine responsive and endocrine non-responsive tumor is unknown. Even a low number of cells stained positive (as low as 1% of tumor cells) identify a cohort of tumors having some responsiveness to endocrine therapies [32}. Probably, as typical for biological systems
	Some Panel members recognize lymphatic andior vascular invasion as a factor indicating greater risk than minimal or low. On the other hand, mucinous histological type is associated with low risk of relapse. 
	pT =pathological tumor size (i.e., size of the invasive componem). Histologic and/or nuclear grade. *** Patients with breast cancer at young age have been shown to be at high risk ofrelapse [33}. 
	*"' 

	Node-positive breast cancers are all considered at averageihigh risk of relapse. Offering adjuvant treatments is based upon endocrine responsiveness or non-responsiveness of the tumor and the patient's menopausal status and age. 
	Inclusion Criteria 
	• 
	• 
	• 
	Female gender 

	• 
	• 
	Age 2: 18 years 

	• 
	• 
	Eastern Cooperative Oncology Group (ECOG) performance status 2: 1 

	• 
	• 
	Non-metastatic operable primary invasive adenocarcinoma ofthe breast that was: histologically confirmed, adequately excisedA,F, axillary node posltiveB or negativec, and H 
	tumor size 2:Tlc according to TNM 


	• 
	• 
	Known hormone receptor status (ER/PgR or ER alone) 

	• 
	• 
	Must have received at least four cycles of an approved (neo-) adjuvant chemotherapy regimen 

	• 
	• 
	Baseline L VEF 2: 55% measured by echocardiography or MUGA scan after completion of all (neo-) adjuvant chemotherapy and radiotherapy. 

	• 
	• 
	Completion ofradiotherapy for any patients undergoing radiotherapy 

	• 
	• 
	Overexpression ofHER2 in the invasive component ofthe primary tumourG, according 
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	to one ofthe following definitions: 
	0

	• .
	• .
	• .
	3+ overexg,ression by IHC or 2+ overexpression by IHC and FISH test (Path Vysion or INFORM HER-2/neu test) demonstrating c-erbB2 gene amplification (ratio ofc-erbB2 gene signals to centromere 17 signals ~ 2 or > 4 copies Her2/neu gene observed, where there was no centromere control) 

	• 
	• 
	• 
	c-erbB2 gene amplification by FISH (PathVysion or INFORM.HER-2/neu test: ratio of 

	c-erbB2 gene signals to centromere 17 signals = 2 or > 4 copies Her2/neu gene observed, · where there was no centromere control) 

	• 
	• 
	Completion ofall necessary baseline laboratory and radiologic investigations 

	• 
	• 
	Signed written informed consenf (approved by the Independent Ethics Committee [IEC] and obtained prior to any study specific screening procedures). 


	(See Appendix B for footnote descriptions) 
	Exclusion Criteria 
	• 
	• 
	• 
	History ofany prior (ipsi-and/or contralateral) invasive breast carcinomaA. 

	• .
	• .
	Past or current history ofmalignant neoplasms, except for curatively treated: Basal and squamous cell carcinoma ofthe skin or in situ carcinoma ofthe cervix 

	• .
	• .
	Any "clinical" T4 tumor, including inflammatory breast cancer. 

	• 
	• 
	Maximum cumulative dose ofdoxorubicin > 360 mg/m2 or maximum cumulative dose ofepirubicin > 720 mg/m2 or any prior anthracyclines unrelated to the present breast cancer. 

	• 
	• 
	(Neo-) or adjuvant chemotherapy using peripheral stem cell or bone marrow stem cell support. 

	• .
	• .
	Any prior mediastinal irradiation except internal mammary node irradiation for the present breast cancer8. 

	• 
	• 
	Patients with positive or suspicious internal mammary nodes identified by sentinel node technique which had not been irradiatedB or patients with supraclavicular lymph node involvemenf. 

	• 
	• 
	Prior use ofanti-HER2 therapy for any reason or other prior biologic or immunotherapy for breast cancer. 

	• 
	• 
	Concurrent anti-cancer treatment in another investigational trial, including hormone therapy, immunotherapy, and bisphosphonate therapy
	0 


	• 
	• 
	Serious cardiac illness or medical conditionsE including but not confined to: 

	• 
	• 
	History ofdocumented congestive heart failure (CHF) 

	• 
	• 
	• 
	High-risk uncontrolled arrhythmias 


	• 
	• 
	Angina pectoris requiring antianginal medication 

	• 
	• 
	Clinically significant valvular heart disease 

	• 
	• 
	Evidence oftransmural infarction on ECG 

	• 
	• 
	Poorly controlled hypertensionF (e.g. systolic > 180 mm Hg or diastolic greater than 100 mm Hg). 

	• 
	• 
	Other concurrent serious diseases that could interfere with planned treatment including severe pulmonary conditions/illness. 

	• .
	• .
	Any ofthe following abnormal laboratory tests immediately prior to randomization: 
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	• .
	• .
	• .
	serum total bilirubin > 2.0 .x upper limit of normal (ULN) 

	• .
	• .
	alanine aminotransferase (ALAT) or aspartate aminotransferase (ASAT) > 2.5 xULN 

	• .
	• .
	alkaline phosphatase (ALP)> 2.5 x ULN 

	• .
	• .
	• .
	serum creatinine > 2.0 x ULN 


	• .
	• .
	total white blood cell count (WBC) < 2,500 I mm3 

	• .
	• .
	absolute neutrophil count< 1,500 I mm3 

	• .
	• .
	• .
	platelets< 100,000 I mm3. 


	• 
	• 
	Pregnant or lactating women°. 

	• 
	• 
	Women ofchildbearing potential or less than one year after menopause (unless surgically sterile) who were unable or unwilling to use adequate contraceptive measures during study treatment8. · 


	(See Appendix C for footnote descriptions) 
	Randomization Eligible patients were randomized in a ratio of 1: 1: 1 to either one or two years of post­chemotherapy/post-surgical Herceptin or to no Herceptin (referred to as the "observation" arm). Randomization was stratified for age, geographical region, nodal status, hormone receptor status and associated endocrine therapy, and previous adjuvant chemotherapy regimen. (Table 4 ). A minimization procedure according to Pocock and Simon was used for the allocation of subjects to the treatment arms in orde
	The protocol specified thatpatients should be randomized to treatment assignment within seven weeks from day one ofthe last chemotherapy cycle or within six weeks from the end of radiotherapy, or definitive surgery, whichever was last. Herceptin treatment was to be initiated within two weeks of randomization assignment. 
	Blinding Study B016348 (HERA) was open-label. In the setting ofadjuvant cancer treatment, confirmation of disease recurrence frequently requires biopsy or unequivocal confirmation of disease recurrence. This is because a diagnosis ofdisease recurrence alters all future patient prognostic considerations and results in initiation oftoxic chemotherapies in patients who would otherwise not receive such interventions. This differs from diagnosis of disease progression in patients with metastatic disease where di
	indications. 
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	TR
	Treatment Plan 

	TR
	Overview 


	HER2 screening Time 
	HER2 screening Time 
	HER2 screening Time 
	Randomization Time 
	Herceptin Therapy Week 
	(Safetyt,B follow-upc after completion of treatment period Week 
	Follow-up Month 

	Any time before randomization but after signed screening consent fonn 
	Any time before randomization but after signed screening consent fonn 
	Within 7 weeks from day 1 ofthe last chemotherapy cycle or 6 weeks from the end of radiotherapy, or definitive surgery, whichever was last and within 2 weeks of start of Herceptil1 therapy 
	1 to 52A 1 to 103B 
	56 107 
	14 to 120A 27 to 120B 1 to 120c 


	A Patients randomized to one year ofHerceptil1 B Patients randomized to two years ofHeceptin c Patients randomized to observation 
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	.Schedule of Asse$sments 
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	Schedule of Assessments Continued 
	Every 
	Every 
	Every 
	Follow-up th.ree months (± 28 d
	ays)" 
	Ev
	Follow-up ery six months(± 28 day
	s)8 

	Mandatory items 
	Mandatory items 
	Month 15 Month 18 
	Month 21 
	Month 24 
	Month JO 
	Month36 
	Montb42 
	Month .J8 
	Month 54 
	Month 60 

	Radiologic Exam: Chest X-ray Bone scan 5 Bilateral Mammogram Liver imaging 
	Radiologic Exam: Chest X-ray Bone scan 5 Bilateral Mammogram Liver imaging 
	(X) x' (x) 
	(x) x' (X) 
	fx)x' (') 
	(x) x' (X) 


	·-------------··--·--··------··---·-----·---··----1---_,f----1----+-----+-----+-----1-----f-----1--·····-·········-··-·--· Physical Exam. 
	-·-----····-·------------······----·--·------·-··--··--·----·l------+----+-----t--.,..---1------+-----+-----t-----+------; 
	Canl. Monitoring: 
	Canl. Monitoring: 
	-ECG -LVEF -. Signs/symptoms -Cardiac que&ionnaire 

	·-·-----------------·----··--·---------------··-·lf----1----+----+----+-----i-----+----+-----+-----:--··"···-·--····-······ 
	llaematology and Biochemistry 
	llaematology and Biochemistry 
	Soluble ECO (only in subset of patients) 
	7 


	-------------·-----------·---•M•----···----------·1----~---~---~----------~----~----~----~----~•0•••••••••-••-••••-••-· 
	AJ,·~rse Events .(only specific AEs as defined in the protocol) .
	AJ,·~rse Events .(only specific AEs as defined in the protocol) .

	·----··----····-----··---··---..-------·-------·---------·t-----------------1-------------------------------1 
	SAE .(only specific SAEs as defined in protocol) .
	SAE .(only specific SAEs as defined in protocol) .

	" Day l of week l corresponds lo the date offirst Hcrceptin infusion. Patients randomized into the observation arm did not return until their ·wcek 13" visit R All patients randomized. Timing starts from date of Herceptin treatment, or date of randomization forobS\!rvation palients. Safety follow-up \'isits W\..'TC to be ()l!rfbrmed within 4 weeks from period. · c Patients randomized to the J-year Herc!!ptin arm. 0 
	Patienls randomized 10 the 2-year Herceptin arm. E Cardiac questionnaire: to be filled out once at lO years after randomization. The questionnaire is not required for years 6, .7, 8, or 9 post randomizalion F All adverse events occurring up lo 28 days after the last infusion of study medication were to he reported and· are included in the adverse event and sate\)' ossessments. 
	0 
	Any event related to stud~ drug that met the definition ofan SAE was reported as such at any time during the course ofthe study regardless oft1"' time elapsed since last dose of study drug. H Patients randomiz~ to the I-year Hcn.."c!plin or observation group. Visits com.>spond to weeks 6-t.. 79, 91 and 103 of the 2-ycar Herccptin group. Within six monlhs prior to randomization. 
	1 

	Within one year prior to randomization. 
	Within one year prior to randomization. 

	3 
	Within seven days prior to randomization. -' Unilateral for patients with mastectomy. 
	5 
	Plain films (CAT scan in the case ofv~'rtebral column abnormalities) Wt.Tc required to exclude mctascatic disease ifa bone scan was positive 
	6 
	LVEF assessment results hod to be available prior lo administralion orthe next scheduled Hcrceptin dose. A decision to give or withhold that dose was lo be based on the algorithm in Figure Investigated in the first 900 patients only. 
	7 
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	Herceptin Dosing Subjects randomized to Herceptin were required to begin study drug within 2 weeks of randomization. Herceptin was administeredat an initial dose of8 mg/kg intravenously over ninety minutes. Three weeks later Herceptin was administered at a dose of 6 mg/kg intravenously over ninety minutes; this dose was repeated every three weeks for a total of one year oftreatment. 
	Dose Modifications and Delays Hematologic and Non-Hematologic Toxicity Actions for Herceptin Related Toxicity 
	Toxicity Related to Herceptin 
	Toxicity Related to Herceptin 
	Toxicity Related to Herceptin 
	Action 

	Non-hematological, grade l or 2 (NCI-CTC; excluding cardiac*) 
	Non-hematological, grade l or 2 (NCI-CTC; excluding cardiac*) 
	Continue Herceptin therapy. 

	Non-hematological, grade 3 or 4 (NCI-CTC; excluding cardiac*), and toxicity resolved within a maximum of5 weeks calculated from last planned administration 
	Non-hematological, grade 3 or 4 (NCI-CTC; excluding cardiac*), and toxicity resolved within a maximum of5 weeks calculated from last planned administration 
	Hold Herceptin therapy until recovery to grade::;; 2. 

	Non-hematological, grade 3 or 4 (NCI-CTC; excluding cardiac*), and toxicity not resolved to grade ::;; 2 or disappeared within a maximum of 5 weeks calculated froni last planned administration 
	Non-hematological, grade 3 or 4 (NCI-CTC; excluding cardiac*), and toxicity not resolved to grade ::;; 2 or disappeared within a maximum of 5 weeks calculated froni last planned administration 
	Action (discontinue or resume Herceptin therapy) in individual cases to be decided by HERA Executive Committee 

	Non-hematological, grade 3 or 4 (NCI-CTC; excluding cardiac*), upon re-challenge with Herceptin 
	Non-hematological, grade 3 or 4 (NCI-CTC; excluding cardiac*), upon re-challenge with Herceptin 
	Discontinue Herceptin therapy permanently 

	Cardiac (asymptomatic drop inLVEF or symptomatic congestive heart failure) . 
	Cardiac (asymptomatic drop inLVEF or symptomatic congestive heart failure) . 
	Herceptin therapy to be held, continued or resumed according to the algorithm depicted in Figure 2. Herceptin therapy to be discontinued permanently in case ofsymptomatic CHF 

	Cardiac (NCI-CTC; other cardiac toxicities not covered by treatment algorithm in Figure 2) 
	Cardiac (NCI-CTC; other cardiac toxicities not covered by treatment algorithm in Figure 2) 
	Actions must follow rules I. to 4. for non-hematological toxicities 

	Hematological 
	Hematological 
	Herceptin dose should not be held 


	* Severity corresponding to NYHA criteria 
	* Severity corresponding to NYHA criteria 
	34 .
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	Algorithm for Continuation and Discontinuation ofHerceptin Bases on Interval LVEF Assessments 
	l~OHcrnptnt M:c r t.VEFict ;W«b LVliH« OR LVEF ~S-19Ol>d :t 10 'rn (tum b:ueoflM LVEHS-49311<1 <IOpoints rton.b1~Hm OR LVEF :.-49 ~toE.F pointt from biakl"'llC HOU>Htf\'Cpd" Re­LV6FlnJ\,wh l.VEF S "" OR LVEf "'549 Mld ~ 10 poinu °""' bakUno RESU)t£ STOP ffct' 11111 H«M da 1.VEF ~SO CO..,TllUJE ftft"C .• 
	Cardiac Functio.n All patients were required to undergo a baseline L VEF evaluation; only patients with an LVEF ofgreater than or equal to 55% were eligible for study registration and randomization. L VEF was to be monitored serially over the course study as specified in the schedule ofassessments. Cf an investigator was concerned tbat an adverse event was related to cardiac dysfunction or ifcardiac dysfunction was documented, additional L VEF measurements were to be perfonned. 
	Patients with a significant drop in LVEF were managed according to the monitoring and treatment algorithm, outlined in the Figure 2. A significant L VEF drop was defined as an absolute Q.ecrease ofat lea~ 10 points below the baseline measurement and L VEF values f less than 50%. 
	Herceptin was to be dis.continued in patients who developed NYHA class Ill/IV cardiac dysfunction. In such patients Herceptin was not resumed, even after resolution of symptoms or normalization ofLVEF. However, patients remained on study and were to complete all protocol-specified assessments as originally planned. 
	Infusion Associated Symptoms severe cardiorespiratory components of an infusion reaction on the first dose (e.g. tachypnea, bronchospasm, hypotension, and hypoxia) were withdrawn from study medication. 
	Patients who experienc.ed 

	Patients who experienced severe or moderate lnfusion symptoms were managed by: 
	• 
	• 
	• 
	Slowing or stopping the Herceptin infusion 

	• 
	• 
	Supportive care with, for example, oxygen, beta agonists, antihistamines, corticosteroids. 


	Patients who experienced mild or moderate infusion symptoms were treated with 
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	antipyretics and antihistamines. 
	Patients who experienced mild, moderate or severe infusion reactions on the first dose could be retreated with Herceptin. Premedication with corticosteroids, antihistamines, and antipyretics could be used before subsequent Herceptin infusions. 
	Herceptin Dosing in the Event of Delayed Scheduled Doses 
	Delay of Herceptin Administration 
	Delay of Herceptin Administration 
	Delay of Herceptin Administration 
	Action 

	Dose delayed by up to and including 7 days(::> 28 days from last actual dose) 
	Dose delayed by up to and including 7 days(::> 28 days from last actual dose) 
	It was recommended to give a dose of6 mg/kg as soon as possible and continue the maintenance doses (6 mg/kg every 3 weeks) according to the original schedule. 

	Dose delayed more than 7 days (> 28 days from last actual dose) 
	Dose delayed more than 7 days (> 28 days from last actual dose) 
	It was recommended to re-start the treatment as ifthe patient were a new patient. The treatment was to be re-started as soon as possible with a loading dose of8 mg/kg followed by the usual maintenance dose of 6 mg/kg every 3 weeks thereafter. 


	Concomitant Treatment 
	• .
	• .
	• .
	Any hormonal therapy, including TAM and/or surgical and radiation.:induced ovarian ablation and drug induced ovarian suppression (type, drug name, dose and schedule, anticipated duration oftherapy). 

	• 
	• 
	Any additional medication that was necessary for the management ofthe patient could be µsed at the discretion ofthe investigator. 

	• 
	• 
	Acetaminophen (paracetamol) and antihistamines (e.g. diphenhydramine) could be used to relieve Herceptln infusion-associated symptoms. 

	• 
	• 
	Administration ofany adjuvant chemotherapy was not allowed during this study (all previous adjuvant chemo'-and radiotherapy had to be completed before randomization). 

	• 
	• 
	Patients may have started bisphosphonate therapy before entering the study. Bisphosphonate therapy could also be initiated during the HERA trial for treatment of· documented osteoporosis. The use ofbisphosphonates for prevention ofbone metastases was not allowed before being licensed for this indication and approved by the HERA Steering Committee. 

	• 
	• 
	Concomitant use ofTAM (tamoxifen), anastrozole (Arimidex) or ovarian ablation was permitted. 


	Statistical Analysis Plan (Refer to statistical analysis and review by Yuan Li Shen, Ph.D., Mathematical Statistician for detailed review) 
	Efficacy Endpoints The primary efficacy endpoint is disease free survival (DFS). DFS is calculated from the time between randomization and the date offirst event. An event was defined as any loco­regional or distant recurrence ofbreast cancer, the development ofsecondary primary cancer other than basal or squamous carcinoma ofthe skin and carcinoma in situ ofthe cervix, death from any cause without documentation ofone these events. Lobular carcinoma in situ (LCIS) was not considered an event. Diagnosis ofa 
	36 .
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	The diagnosis offirst breast cancer recurrence could be made only when both clinical and 
	laboratory findings met the criteria for loco-regional or distant recurrence. 
	All subjects were followed according to the schedule ofassessment irrespective ofthe arm to which they were randomized. 
	Secondary Endpoints 
	• 
	• 
	• 
	Overall survival was the key secondary efficacy endpoint. The study objective was to compare overall survival (OS) in patients randomized to no Herceptin versus one year of Herceptin. OS was defined as the time to randomization to death due to any cause. For subjects alive at the time ofanalysis, the censoring date was the date of ;last radiological exam, last L VEF assessment, date ofrandomization, last contact, last survival follow-up, or last post-study treatment. 

	• 
	• 
	To compare recurrence-free survival (RFS) in patients randomized to no Herceptin versus one year. This was defined as the time form randomization to the first local, regional and/or distant tumor recurrence. For subjects· without an event the censoring date was the first date ofthe second primary cancer, contralateral breast cancer, death without evidence ofdisease recurrence, or the last date of last radiological exam, last L VEF assessment, date ofrandomization, last contact, or last survival follow-up. 

	• 
	• 
	To compare distant disease-free survival (DDFS) in patients randomized to no Herceptin versus one year ofHerceptin. DDFS was defined as the time between randomization and the date ofthe first distant tumor recurrence, second primary cancer, or contralateral breast cancer, whichever occurred first. Local and regional recurrences were ignored for calculating DDFS. Subjects who died without evidence ofdisease, the censoring time is the date ofdeath. For subjects without events, the censoring time is the date o

	• 
	• 
	To evaluate the safety and tolerability ofHerceptirt 

	• 
	• 
	To compare the incidence ofcardiac dysfunction in patients treated and not treated with Herceptin. 


	The primary analysis ofeach ofthe efficacy endpoints was carried out on the intent-to-treat (ITT) population known as the full analysis set. The full analysis set consists of randomized patients as they were randomized irrespective ofHerceptin treatment received and eligibility. 
	Amendments to Protocol 
	The original version ofthe protocol was dated May/June 2001 and initiated on November 30, 2001. Overview ofthe major changes made to the protocol are listed below: 
	Amendment A (Date: June 5, 2001) 
	1. Original protocol per applicant 
	Amendment B (Date: December 3, 2001) 
	1. Specifying Follow up Time 
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	2. .
	2. .
	2. .
	The requirement for a consistent chest X-ray for diagnosis ofsymptomatic heart failure was removed. 

	3. .
	3. .
	Monitoring Visit Schedule in Observation Arm 

	4. .
	4. .
	First Herceptin Dosing 


	• The first Herceptin dose was recommended to be given two weeks after .randomization rather than 4 weeks after randomization. .
	5. .Schedule ofAssessments and Procedures-Inclusion ofTime Windows 
	Amendment C (Date: November 25, 2002) 
	1. .
	1. .
	1. .
	Introduction of Cardiac Marker Sub-Protocol. 

	2. .
	2. .
	Positive Margins and Primary Tumor 

	3. .
	3. .
	Change in HER2 Testing Strategy-Central Reconfirmation ofLocal HER2 Status 

	4. .
	4. .
	Recommendation for Herceptin Dosing in Case ofDelayed Scheduled Doses 


	Protocol Amendment D (Date: November 13, 2003): 
	1. Increase in Sample Size 
	• Original estimates of event rates and disease-free survival were based on retrospective sub-group analysis of HER2 positive patients in the NSABP B 15 adjuvant trial. In calculating a sample size for HERA, the major prognostic factors, lymph node status and prior adjuvant chemotherapy, as well as the expected proportion ofpatients in different prognostic sub-groups, were taken into consideration. However, it was clear at the time, that there were relatively few data on which to base the estimates and that
	2. .
	2. .
	2. .
	Weekly Taxanes in the Adjuvant Setting 

	3. .
	3. .
	Concomitant Hormonal Therapy with Anastrozole (Arimidex) 

	4. .
	4. .
	Cardiac Endpoints, Definitions and Reporting Requirements 

	5. 
	5. 
	Clarification ofTarget Population Revision ofAcceptable Chemotherapy Regimens for the HERA Trial 


	6.1.4 Efficacy Findings There were 3386 women enrolled and randomized to the 1-yr Herceptin and observation arms between November 30, 2001 and March 29, 2005 at 462 sites in 39 non-U.S countries (Table 6 ). There were 1693 women randomized to each ofthe two treatment arms (one ­year Herceptin and observation). The following series oftables characterizes the countries/geographic regions and regional distribution ofthe clinical study sites. The 
	highest-accruing individual clinical study sites were located in the Russian Federation, Hungary, Germany, and Japan (Table 7). 
	3.8 .
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	Table 6. Countries with Investigation Sites for the HERA Trial 
	Argentina 
	Argentina 
	Argentina 
	Croatia 
	Italy 
	Russian Federation 

	Austria 
	Austria 
	Denmark 
	Japan 
	Singapore 

	Australia 
	Australia 
	France 
	Korea 
	Slovakia 

	Belgium 
	Belgium 
	Germany 
	Mexico 
	South Africa 

	Brazil 
	Brazil 
	Great Britain 
	Netherlands 
	Spain 

	Canada 
	Canada 
	Greece 
	New Zealand 
	Sweden 

	Chile 
	Chile 
	Guatemala 
	Norway 
	Switzerland 

	China 
	China 
	Hungary 
	Panama 
	Taiwan 

	Colombia 
	Colombia 
	Ireland 
	Poland 
	Thailand 

	Costa Rica 
	Costa Rica 
	Israel 
	Portugal 


	Table 7. Geographic Region for Single Highest-Accruing Clinical Sites 
	Site 
	Site 
	Site 
	Country 
	Patients 
	% (of3386) 

	31181 
	31181 
	Russian Federation 
	76 
	2.2 

	31230 
	31230 
	Hungary 
	54 
	1.6 

	31295 
	31295 
	Germany 
	39 
	1.2 . 

	31654 
	31654 
	Japan· 
	37 
	1.1 

	31303 
	31303 
	Germany 
	34 
	1.0 

	31247 
	31247 
	Germany 
	31 
	0.9 


	The next series oftables provide descriptive statistics showing the distribution between the two treatment arms ofbaseline entry characteristics for the ITT population. The two treatment arms were well balanced for all important prognostic characterics. The ITT population consisted primarily ofyounger women (median age 49 years) with good performance status (90% ECOG PS 0), and three-quarters were from Europe, the Nordic countries or Canada. Across tumor characteristics there was a fairly equal distribution
	39 .
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	three-quarters ofthe patients also received radiotherapy. 
	Table 8. ITT Population Characteristics by Stratification Variables 
	Figure
	Nodal Status neo-adiuvant chemotherapy Node-negative, no neoadiuvant therapy 1-3 LN, no rteo-adi chemotheraov 
	· >4 LN, no neo-adi chemotheraov .missing values .
	· >4 LN, no neo-adi chemotheraov .missing values .

	Ad:iuvant Chemotheraov Re2;imenNo Anthracyclines or Taxanes Anthracyclines but no Taxanes Anthracvclines + Taxanes 
	1 

	Receptor Status and Endocrine Theraov Negative Positive and no Endocrine Theraov Positive and Endocrine Theraov 
	A2e 2roup < 35 years 35 -49 years 50 -59 years ::::: 60 years 
	Re~ion 
	Europe; Nordic Countries, Canada, South Africa, Australia, New Zealand Asia Pacific and Japan Eastern Eur.ope Central and South America 
	Europe; Nordic Countries, Canada, South Africa, Australia, New Zealand Asia Pacific and Japan Eastern Eur.ope Central and South America 

	ECOG Performance Status 0 1 Missing 
	Observation (n=1693) 
	Observation (n=1693) 
	176 ( 10.4%) 555 ( 32.8%) 490 ( 28.9%) 471 ( 27.8%). 1 ( 0.1%) 

	99 (.5.8%) 1154 ( 68.2%) 438 ( 25.9%) 
	841 ( 49.7%) 34 ( 2.0%) 818 ( 48.3%) 
	841 ( 49.7%) 34 ( 2.0%) 818 ( 48.3%) 
	126 ( 7.4%) 749 ( 44.2%) 546 ( 32.3%) 272 ( 16.1%) 

	1222 ( 72.2%) 
	202 ( 11.9%) 175 ( 10.3%) 94 ( 5.6%) 
	202 ( 11.9%) 175 ( 10.3%) 94 ( 5.6%) 
	1542 (91%) 149 (8.8%) 2 (0.1%) 
	Herceptin (n=1693) 
	190 ( 11.2%) 543 ( 32.1%) 483 ( 28.5%) 477 (28.2%) 0 ( 0.0%) 
	97 ( 5.7%) 1150 ( 67.9%) . 443 ( 26.2%) 
	838 (49.5%) .53 ( 3.1%) .802 ( 47.4%) .
	126 ( 7.4%) .751 ( 44.4%) .546 ( 32.3%) .270 ( 15.9%) .
	1208 ( 71.4%) .
	202 (11.9%) .189 ( 11.2%) .94 ( 5.6%) .
	1550(92%) .143 (8%) .0 (0%) .
	40 .
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	Table 9. Additional Baseline Characteristics (ITT Population) 
	Table
	TR
	Herceptin (n=1693) 
	Observation (n=1693) 

	Median al?;e in yrs (ran2e) pts < 40 yrs 
	Median al?;e in yrs (ran2e) pts < 40 yrs 
	49.0 (21-80) 18% 
	49.0 (23-77) 18% 

	pts 40-64 yrs 
	pts 40-64 yrs 
	75% 
	76% 

	pts ~ 65 yrs (%) 
	pts ~ 65 yrs (%) 
	7% 
	7% 

	Race 
	Race 

	Caucasian 
	Caucasian 
	84% 
	83% 

	Black 
	Black 
	0.5% 
	0.3% 

	Oriental 
	Oriental 
	12% 
	12% 

	Other 
	Other 
	3% 
	4% 

	Menopausal Status 
	Menopausal Status 

	Postmenopausal 
	Postmenopausal 
	45% 
	46% 

	Premenopausal 
	Premenopausal 
	15% 
	14% 

	Uncertain 
	Uncertain 
	40% 
	41% 

	Radiotheraov 
	Radiotheraov 

	YES 
	YES 
	77% 
	76% 

	NO 
	NO 
	23% 
	24% 

	Cardiac Disease 
	Cardiac Disease 

	YES 
	YES 
	22% 
	23% 

	NO 
	NO 
	78% 
	77% 

	Weh!ht in k!! 
	Weh!ht in k!! 
	(n=1686) 
	(n-1675) 

	Mean 
	Mean 
	68 
	67 

	SD 
	SD 
	13.1 
	13.0 

	Median (Min-Max) 
	Median (Min-Max) 
	66 (36-149) 
	65 (40-138) 

	Hei2ht in cm 
	Hei2ht in cm 
	(n=1688) 
	(n=1689) 

	Mean 
	Mean 
	162 
	162 

	SD 
	SD 
	7 
	7 

	Median (Min-Max) 
	Median (Min-Max) 
	162(129-185) 
	162(136-96) 
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	Table 10. Primary Tumor Pathology (ITT Population) 
	Table
	TR
	Herceptin (n=l693) 
	Observation (n=1693) 

	Patholof!V 
	Patholof!V 

	Comedo 
	Comedo 
	8% 
	7% 

	Ductal 
	Ductal 
	95% 
	94% 

	Infiltrating 
	Infiltrating 
	0.2% 
	0.1% 

	Lobular 
	Lobular 
	6% 
	5% 

	Medullary 
	Medullary 
	1% 
	1% 

	Mucinous 
	Mucinous 
	1% 
	1% 

	Tubular 
	Tubular 
	0.8% 
	0.7% 

	Other 
	Other 
	5% 
	6% 

	Tumor Grade 
	Tumor Grade 

	Gl 
	Gl 
	2% 
	2% 

	G2 
	G2 
	32% 
	33% 

	G3 
	G3 
	60% 
	60% 

	Gx 
	Gx 
	4% 
	5% 

	NA 
	NA 
	0.1% 
	0.1% 

	ND 
	ND 
	0.6% 
	0.3% 

	Receptor Status 
	Receptor Status 

	ER +/PR+­
	ER +/PR+­
	31% 
	27% 

	ER+/PR­
	ER+/PR­
	12% 
	15% 

	ER-IPR+ 
	ER-IPR+ 
	5% 
	5% 

	ER-IPR­
	ER-IPR­
	48% 
	48% 

	ER+/PRUNK 
	ER+/PRUNK 
	2% 
	4% 

	ER UNK/PR+ 
	ER UNK/PR+ 
	0.06% 
	0% 

	ER-IPR UNK 
	ER-IPR UNK 
	2% 
	2% 


	NA=Not Available .ND= Not Done .
	NA=Not Available .ND= Not Done .

	Table 11. Definitive Surgical Approach (ITT Population) 
	Table
	TR
	1-yr Herceptin (n=l693) 
	Observation (n=1693) 

	Lumpectomv 
	Lumpectomv 
	22% 
	25% 

	Radical Mastectomy 
	Radical Mastectomy 
	4% 
	5% 

	Modified Radical Mastectomy 
	Modified Radical Mastectomy 
	48% 
	48% 

	Simple Mastectomy 
	Simple Mastectomy 
	4% 
	6% 

	Segment* 
	Segment* 
	31% 
	30% 

	Resection ofAxillary Lymph Nodes 
	Resection ofAxillary Lymph Nodes 
	95% 
	96% 


	*=Quadrantectomy-segmentectomy 
	*=Quadrantectomy-segmentectomy 
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	Table 12. Tumor Size and l\'largins 
	1 Yr Hercepttn 
	1 Yr Hercepttn 
	1 Yr Hercepttn 
	Observation 

	(n=l693) 
	(n=l693) 
	(n=l693) 

	Clinical Size 
	Clinical Size 

	Mean 
	Mean 
	44.4 mm 
	47.3 mm 

	Median 
	Median 
	40mm 
	40mm 

	Ran2e 
	Ran2e 
	0-200 mm 
	O-L70 mm 

	Patholoeical Size 
	Patholoeical Size 

	Median 
	Median 
	22mm 
	22 mm· 

	Ran2e · 
	Ran2e · 
	0-260mm 
	0-220 mm 

	Free Mare:ins 
	Free Mare:ins 

	Left 
	Left 

	YES 
	YES 
	49% 
	52% 

	NO 
	NO 
	1% 
	1% 

	Ri2ht 
	Ri2ht 

	YES 
	YES 
	49% 
	46% 

	NO 
	NO 
	1% 
	1% 


	Table 13. HER21umor Status by Central and Local Testing in I'IT Population 
	Observation 1 Yr Rerceptia n=l693 0=1693 Central Results IHC 3+ onl FISH + onl CHC 3+ and FISH + IHC 2+ and FISH + Local Results IHC 2+ onl 136 IHC 3+ and FISH + 123 Other 76 
	43 .
	43 .

	: 
	: 
	: 
	'.'Herceptin 1-year (o=1693l 
	Observation (n=I693) 

	Patients with Adiuvant Endocrine Theraov 
	Patients with Adiuvant Endocrine Theraov 
	828 (48.9%) 
	844 ( 49.9%) 

	Tamoxifen alone 
	Tamoxifen alone 
	521 (30.8%) . 
	516 ( 30.5%) 

	AI alone 
	AI alone 
	7UA.2%) . 
	75 ( 4.4%) 

	LHRHalone 
	LHRHalone 
	13 ( 0.8%) 
	18 ( 1.1%) 

	Ovarian Ablation alone 
	Ovarian Ablation alone 
	7J0.4%) 
	11 ( 0.6%) 

	Tamoxifen ->Al 
	Tamoxifen ->Al 
	63'( 3.7%) 
	.83 ( 4.9%) 

	Tamoxifen +LHIUI 
	Tamoxifen +LHIUI 
	103 (6.1%) 
	93 ( 5.5%) 

	Tamoxifen +Ovarian Ablation 
	Tamoxifen +Ovarian Ablation 
	17 ( 1.0%) 
	. 16 ( 0.9%) 

	Tamoxifen + LHRH ->AI 
	Tamoxifen + LHRH ->AI 
	10 (0:6%) 
	15 (0.9%) 

	Tamoxifen +LHRH + Ovarian Ablation 
	Tamoxifen +LHRH + Ovarian Ablation 
	3 (0.2%) ,· 
	2 ( 0.1%) 

	Tamoxifen +Ovarian Ablation ...> AI 
	Tamoxifen +Ovarian Ablation ...> AI 
	. 4 (0.2%) .. 
	3 ( 0.2%) 

	Tamoxifen +Ovarian ablation+ LHRH->AI 
	Tamoxifen +Ovarian ablation+ LHRH->AI 
	. 0 ( 0.0%). 
	1 (0.1%) 

	LHRH->AI . . 
	LHRH->AI . . 
	12 ( 0.7%) 
	9{ 0.5%) 

	LHRH + Ovarian Ablation 
	LHRH + Ovarian Ablation 
	0 ( 0.0%) 
	ff( 0.0%), 

	LHRH + Ovarian Ablation-> AI 
	LHRH + Ovarian Ablation-> AI 
	2 ( 0.1%) 
	l ( 0.1%) 

	AI +Ovarian Ablation 
	AI +Ovarian Ablation 
	2 ( 0.1%) 
	l ( 0.1%) 


	Clinical Review . .Katherine Fedenko .BLA 103972/5175 .Trastuzumab HERCEPTIN® .
	Table 14. Summary ofAdjuvant Endocrine Therapy 
	~ 
	~ 
	. . 
	AI: Aromatase Iithib1tor;·->: followed by' 

	Efficacy results 
	Primary endpoint 
	The following series·oftables summarized the primary and key secondary efficacy analysis results. These FDA has confirmed the results, provided by the Applicant, and summarized · in following tables an~ figu.res. The median duration offollow-up·was similar in the 1-· year Herceptin (12.65 months) and observation (12.42 months) arms, however the proportion ofpatients with DFS events was lower (7.5% vs. 12,.9%) in the Herceptin ann compared to the observation arm, Table 15. Summary c:>fDisease·Free, Survival 
	Table 15. Sti~mary ofDisease Free Sur,vival 
	Observation 1-yr Herceptin N=1693 N=1693 Nl.imber ofPatients with DFS events 219 (12.9%) 127 (7.5%) Hazard ratioa 0.54 95%CI (0.44, 0.67) p-value (log-rank) < 0.0001 
	CI=confidence interval;" Efficacy relative to control arm; unstratified Cox regression model 
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	Figure 1. Kaplan -Meier Disease Free Survival in Intent to Treat Population 
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	TR
	Disease-Free Survival (monthS) 

	Number at riSk 
	Number at riSk 

	Observation Only Hen;eptin 1 Year 
	Observation Only Hen;eptin 1 Year 
	1693 1693 
	1111 1176 
	789 898 
	459 543 
	228 271 


	The results demonstrated a beneficial treatment effect ofthe 1-year Herceptin arm on disease-free survival for non-metastatic breast cancer (p<0.0001 log-rank test; hazard ratio 0.54, [95% CI:0.44, 0.67]). . This beneficial treatment effect on DFS is consistent across various subgroups, including those defined by age, race (Caucasian vs. non.,.Caucasian), and nodal status. There was an absolute increase of7.6% in two-year K-M estimated DFS rates for the 1-year Herceptin arm. 
	Since the 2-year Herceptin arm data was not submitted and based on the original statistical plan, the protocol pre-specified comparisons can not be completed. The original statistical plan was inclusive ofthe 2-year Herceptin arm data that was not submitted; as a result the protocol pre-specified comparisons can not be completed. The comparison of2-year Herceptin arm to observation arm must be performed in order to determine whether there is any remaining alpha to test the secondary endpoints.· As a consequ
	Secondary Endpoints 
	The protocol-specified secondary efficacy endpoints were as follows: 
	• 
	• 
	• 
	Overall Survival (OS), defined in the study as the time from randomization to death due to any cause. 

	• 
	• 
	Recurrence Free Survival (RFS), defined as the time from randomization to the first local, regional and/or distant tumor recurrence. 

	• 
	• 
	Distant Disease Free Survival (DDFS), defined as the time between randomization and 
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	the date ofthe first distant tumor recurrence, second primary cancer, or contralateral breast cancer, whichever occurred first. 
	At FDA's request, Genentech submitted the results ofan unplanned interim analysis of overall survival between the I-year Herceptih arm and observation; this was requested to evaluate safety and was not intended to support efficacy claims. With a total of71 events, as expected, the analysis did not demonstrate a statistically significant difference in overall survival. FDA confirmed the results provided by the Applicant and summarized in Table 
	16. 
	Table 16. Summary of Overall Survival 
	Number ofpatients with event Number ofpatients without event' 
	Number ofpatients with event Number ofpatients without event' 
	Number ofpatients with event Number ofpatients without event' 
	Observation N=1693 40 (2.4%) 1693 (97.6%) 0.00, 36.21 
	1-Y r Herceptin N=1693 31 (1.8%) 1662 (98.2%) 0.00, 36.24 

	Log-rank statistic (vs. observation) p-yalue vs observation (log-rank test) Range ofOS time (months) j 
	Log-rank statistic (vs. observation) p-yalue vs observation (log-rank test) Range ofOS time (months) j 
	1.393 0.2379 

	Hazard Ratio vs observation 95% CI for hazard raiio · 
	Hazard Ratio vs observation 95% CI for hazard raiio · 
	0.75 (0.47, 1.21) 


	1 Censored .2 Kaplan-Meier estimates .3 Including censored observations .
	1 Censored .2 Kaplan-Meier estimates .3 Including censored observations .

	Recurrence-Free Survival (RFS) was a pre-specified secondary efficacy endpoint stated in the protocol which is calculated from date ofrandomization to the date ofthe first local, regional, or distant tumor recurrence or death. Since the majority ofDFS events also include and are primarily driven by local and distant tumor recurrence, the RFS results are similar to the comparison ofDFS. Unlike DFS, the analysis ofRFS does not include · second primary tumors as an event and thus is a better measure ofadjuvant
	46 .
	46 .

	Clinical Review Katherine Fedenko BLA 103972/5175 Trastuzumab HERCEPTIN® 
	Table 17. Applicants Summary of Recurrence-Free Survival 
	Observation 
	Observation 
	Observation 
	Herceptin 

	(n-1693) 
	(n-1693) 
	(n-1693) 

	Number ofsubjects with event 
	Number ofsubjects with event 
	208 (12.3%) 
	113 (6.7%) 

	P-Value vs, observation ((log-rank test) 
	P-Value vs, observation ((log-rank test) 
	<0.0001 

	Hazard Ratio vs observation 
	Hazard Ratio vs observation 
	0.51 

	95% CI for hazard ratio 
	95% CI for hazard ratio 
	(0.40, 0.64) 


	Distant Disease-Free Survival (DDFS) was an additional, secondary efficacy endpoint pre­specified in the protocol. (DDFS) was calculated from the date ofrandomization to the first distant tumor recurrence, second primary cancer, or contralateral breast canc~r, or death, whichever occurred first. Local and regional recurrences are not considered events in the calculation ofDDFS. Similarly to RFS, since the majority ofDFS events were distant tumor recurrence, the comparison ofthe DDFS results was similar to t
	Table 18. Applicants Summary of Distant Disease-Free Survival 
	Table
	TR
	Observation (n=l693) 
	I Yr Herceptin (n=1693) 

	Number ofpatients with event 
	Number ofpatients with event 
	184 (10.9%) 
	99 (5.8%) 

	P-Value vs observation (log-rank test) 
	P-Value vs observation (log-rank test) 
	<.0001 

	Hazard Ratio vs observation 
	Hazard Ratio vs observation 
	0.50 

	95% Cl for hazard ratio 
	95% Cl for hazard ratio 
	(0.39, 0.64) 


	6.1.5 Clinical Microbiology 
	No clinical microbiology data were provided in the application. Clinical microbiology was not required or relevant for this product and proposed indication. 
	6.1.6 Efficacy Conclusions The results ofstudy B016348 (HERA) demonstrated beneficial treatment effect ofthe 1­year Herceptin arm on disease free survival (DFS) for adjuvant breast cancer. This 
	beneficial treatment effect on DFS appears to be consistent across various subgroups, such as age, race, and nodal status. 
	Since the 2-year Herceptin arm data was not submitted and based on the original statistical plan, the protocol pre-specified comparisons can not be completed. The original statistical plan was inclusive ofthe 2-year Herceptin arm data that was not submitted; as a result the protocol pre-specified comparisons can not be completed. The comparison of2-year Herceptin arm to observation arm must be performed in order to determine whether there is any remaining alpha to test the secondary endpoints. As a conseque
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	submission, any further evaluation ofsecondary efficacy endpoints will not be meaningful. Overall, the applicant's primary and secondary endpoints are based on composite measures which are not well documented, the interpretation ofthe results is not clear. 
	7. INTEGRATED REVIEW OF SAFETY 
	7.1 Methods and Findings. In this application, data from 3386 subjects who received either Herceptin (n=1678) or were observation (ri=l 708) afl:er completion ofmultimodality anthracycline-based therapy, were reviewed and analyzed to assess safety. The safety database.was analyzed at all levels ofthe MedDRA hierarchy in order to identify new safety signals using a series of standardized medical queries (SMQs) designed for use with MedDRA coded databases. The relevant data sources in the application are the 
	issues. Table 19, displays the raw and derived datasets reviewed for study B016348 (HERA). 
	Table 19. Raw and Derived Datasets Reviewed for study-B016348 (HERA) 
	Safety Review 
	Safety Review 
	Safety Review 
	Efficacy Review 

	AE (adverse event) 
	AE (adverse event) 
	EFEX (Efficacy and special safety assessments) 

	CAB (Cardiac Advisory Board Review) 
	CAB (Cardiac Advisory Board Review) 
	EFEXL VEF (L VEF) 

	CHEMOTX (Prior chemotherapy) 
	CHEMOTX (Prior chemotherapy) 
	·EFEXRE (radiological exam) 

	DEMO (demographic data) 
	DEMO (demographic data) 
	EFFEXSURV (disease recurrence and survival) 

	DIAG (previous and current diseases) 
	DIAG (previous and current diseases) 
	* CARDIAC (cardiac\L VEF data) .. 

	DIED (Death information) 
	DIED (Death information) 
	* CARDIC 2 (secondarv cardiac LVEF, CAB) 

	EFEXCE (Cardiac Event) 
	EFEXCE (Cardiac Event) 
	*PAT (efficacy analysis data) 

	EFEXCQ (cardiac questionnaire) 
	EFEXCQ (cardiac questionnaire) 

	EXCL (Exclusions) 
	EXCL (Exclusions) 

	EXIT (study completion/discontinuation 
	EXIT (study completion/discontinuation 

	HORMTX (hormone therapy) 
	HORMTX (hormone therapy) 

	LABP (Laboratory results) 
	LABP (Laboratory results) 

	MEDO·(previous and concomitant treatment) 
	MEDO·(previous and concomitant treatment) 

	MEDT {Study drug administration) 
	MEDT {Study drug administration) 

	* Derived data 
	* Derived data 


	Subjects were evaluated for safety the same whether they received study drug Herceptin or not. The schedule ofassessments included physical examination and cardiac monitoring (ECG, LVEF, signs/symptoms, and cardiac questionnaire) every 12 weeks up to month 24, then every six month~from month 30-60. In addition yearly radiological exams (chest x­ray, bone scan, bilateral mammogram, and liver imaging) starting with week 52 through month 60. From years five through ten yearly follow-up consisted ofbifateral ma
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	Herceptin treatment were included in the analyses of adverse events The trial was not blinded, but was controlled and adverse events were all attributed to drug in the 1-year Herceptin arm ifthe adverse event occurred at a higher incidence ( ::'.'.: 2%) in comparison to the control arm. Adverse events per-event incidence were reproducible from the reviewer using the raw datasets and was comparable to the applicant's table (see Table 20). 
	Table 20. Summary of per-Event Incidence of Adverse Events 
	Reviewer 
	Reviewer 
	Reviewer 
	Observation Events=2246 
	Herceptin Events=5271 

	AE Grade 
	AE Grade 

	1 
	1 
	1405 (62.5%) 
	3526 (66.9%) 

	2 
	2 
	726 (32.3%) 
	1547 (29.3%) 

	3 
	3 
	103 (4.59%) 
	184 (3.49%) 

	4 
	4 
	12 (0.53%) 
	14 (0.27%) 


	Per-Patient Incidence of Serious Adverse Events 
	Table
	TR
	Observation n=1708 
	Herceptin n=1678 

	Artv SAE 
	Artv SAE 
	93 (5.4%) 
	135 (8.0%) 

	AEs Resulting in Death 
	AEs Resulting in Death 
	2 (0.1%) 
	4 (0.2%) 

	AE Resulting in Discontinuation ofHerceptin 
	AE Resulting in Discontinuation ofHerceptin 
	NIA 
	103 (6.1%) 

	Premature Withdrawal due to AE 
	Premature Withdrawal due to AE 
	NIA 
	97 (5.8%) 


	The most common adverse events reported with ::'.'.: 5% ofany grade with higher incidence ::'.'.: 2% in the 1-year Herceptin arm were: headache, arthralgia, nasopharyngitis, fatigue diarrhea, nausea, pyrexia, back pain, and chills. 
	The most serious adverse events reported in the 1-year Herceptin arm was: congestive heart failure, cardiac failure, cerebral vascular accident, and sudden death. 
	7.1.1 Deaths 
	Table 21. Overall Causes of Death 
	Table
	TR
	Observation 
	Herceptin 

	40/1693 (2%) 
	40/1693 (2%) 
	3111693 (2%) 

	Progressive Disease 
	Progressive Disease 
	38 (2%) 
	26 (2%) 

	Adverse Event 
	Adverse Event 
	2 (0.1%) 
	4 (0.2%) 

	Missing 
	Missing 
	0 
	1 


	Case report forms, narratives, and subject profiles were reviewed for the six subjects whose deaths were reported as an adverse event, Table 22 . The AE.xpt dataset was the primary source of analysis for serious adverse events (SAE's) in addition the DIED.xpt dataset was 
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	analyzed. for further death information. Serious adverse even~·occurringat anytime during the conduct ofthe study were identified. Multiple occurrences ofthe·same SAE were eliminated by reduCing each adverse event to one row per subject at maximum grade of toxicity reported There were seventy-one deaths were reported totaI between the one year Herceptin arm versus observation. The one year Herceptin ann reported 31 deaths with 4 reported as adverse events (cerebral vascular accident, acute appendicitis, sud
	Table 22. Deaths Doring Active Tr~atmentPhase ?fStudy ~eported as Adverse Event 
	Death
	Death
	Death
	Death
	Death
	Treatment 

	Death 

	Site


	Pt# Age Study Adverse Event 
	Received 
	Received 
	Received 
	Date 

	ID
	ID
	Day ·· 


	;)16} 
	(b)(e 
	(b)(e 
	(b)(e 

	Cerebral Vascul~
	Figure

	65 
	65 
	HERCEPTIN I YR 
	289 
	Accident 

	139 
	Acute Appendicitis . 

	41 
	41 
	HERCEPTIN 1YR 
	366 
	HERCEPTIN 1 YR 
	290 
	Sudden Death 
	58 
	Cerebral Hemorrhage Cardiac Death/Heart 
	Cerebral Hemorrhage Cardiac Death/Heart 
	HERCEPTIN 1YR 

	115 
	75 
	OBSERVATION 
	205 
	Failure 
	29 
	29 
	146 

	Suicide
	Suicide
	OBSERVATION 


	Death study day was defined by the applicant as follQws: 
	• .
	• .
	• .
	1-year Herceptin Arm, based on the date offirst iierceptin administration to date of · death. ·· · · 

	• .
	• .
	.Observation Arm, based on date ofrandomization to date ofdeath: 


	,pp 1can an ev1ewer s
	,pp 1can an ev1ewer s

	A r t dR . ' Attr.b 1 ufion flor Cause QfDeathRltdeae to StudIY Drug 
	Pt# 
	Pt# 
	Cause of Death 

	Herceptin 1-Year 
	Observation Annlicant 
	Annlicant 
	Annlicant 
	Annlicant 
	Annlicant 
	Reviewer 

	"Reviewer 

	\UJ\' 
	y
	Cerebral Vascular 
	N 
	-
	-
	Accident .Acute ADDendicitis .
	N 
	N .
	: 

	-
	-
	-

	y
	SUdden Death' 
	N 

	-Cerebral HemorrhaJ!e 
	-
	-

	Figure
	N 
	N 
	N 
	-
	-
	.
	Carqiac Death/Heart 
	N
	N
	-
	Failure .Suicide .
	. 
	N 
	N 
	N

	-
	N= Not annbutable 
	Figure

	Y= High Index of suspicion to be attributable 

	Subject <6fe6l 
	Event: Cerebral Vascular Accident 
	Sixty-five year old, postmenopausal, Hispanic female was diagnosed with ductal carcinoma 
	50 
	50 
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	ofthe right breast s/p right simple mastectomy on Cb>l6l, and pathological diagnosis 
	was made Cb)l • The tumor was ER and PR negative. The subject completed 4 
	cycles ofcyclophosphamide, methotrexate, and fluorouracil from CbTI , through 
	(6}(6) 
	(6}(6) 

	The subject was a non-smoker with a past medical history positive for type II diabetes 
	mellitus since 1994, treated with isophane insuline (200 units/day subcutaneous) and 
	hypertension since 1997 treated with atenelol (100 mg/day) and chlorthalid~ne ( 50 
	mg/day). F~ily history was negative for coronary artery disease. 
	Baseline ECG performed on Cb116l reported QT prolongation "Light" and 
	repolarization abnormality "Light". The subject was randomized to Herceptin on 
	CbT<6l. For the first seven doses the subject received premedication of 
	dexamethasone and dipenhydramine for prevention of infusional side effects from 
	Herceptin. Completed 12 cycles ofHerceptin on CbfC6l. On Cb)l , the 
	subject experienced a neurological event on rising consisting. ofrapid onset ofright 
	hemiplegia, irregular respiration, dilated fixed pupil, spasticity, stupor and coma. The 
	subject died an hour later. The investigator and family physician considered the picture 
	compatible with the diagnosis .of cerebral vascular accident ofa hemorrhagic tYpe, with 
	intracranial hypertension and cerebral edema. No autopsy or brain _imaging were 
	performed . According to the investigator the event was not related to Herceptin. 
	Subject Cb114 .. 
	Event: Sudden Death 
	Thirty-nine year old, oriental female, diagnosed with lymph node negative, ER positive/PR 
	negative and HER2 positive (IHC 3+) ductal carcinoma ofthe left breast on Cb>(6l 
	• · Underwent lumpectomy on Cbfl , (ollowed by modified radical .mastectomy and resection of Axillary lymph nodes on t6J16l . Subsequently .receives six cycles ofadjuvant chemotherapy with cyclophosphamide, fluorouracil and .Methotrexate from (b)161. The subject was categorized as .
	premenopausal and started Tamoxifen 20 mg/day on (bTCi • Randomized to .receive 1 -year Herceptin on CbT<6l. .
	The subject was a non-smoker with no family history ofheart disease. The subject did not 
	report any previous or current disease. The only concomitant medication was Tamo~ifen 
	and a r.eported allergy to penicillin. Baseline visit Cb>l , reported that the ECG 
	and echocardiogram revealed no signs o.r symptoms ofcardiac disease. Blood pressure . 110/8.0 mm Hg, LVEF 68%, and ECOG performance status 0. 
	The first dose ofHerceptin was given CbrCi • Echocardiogram on scheduled assessment week 13 <6H ) and week 25 t6H reported normal findings with LVEF values of64% and 60%. Blood pressure week13, 120/80 and week 25, 110/70. The ECG ofweek 13 and 25 showed myocardial repolatization disorder in lead V1-V4 (T-wave and ST segment was abnormal. but not clinically significant to the investigator). Laboratory tests performed at week 25 were reported all in normal range. On t6H sip 13 cycles ofHerceptin the patient f
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	symptoms. She was brought to a local hospital/emergency facility where she received an injection ofadrenalin. Subsequently she was transferred to another hospital. According t<? the medical record the patient was·dead on arrival. ECG showed cardiac arrest. The diagnosis ofdeath was "sudden death:, the cause ofdeath is unknown, an autopsy was refused The investigator consjdered sudden death ofthe subject not to be related to Herceptin. Upon request for further information the investigator declared the· follo
	Table 23, are additional deaths related to study drug that the applicant submitted within the 120 day safety update. 

	Table 23. 120 Day Safety Update: Attribution for Cause ofDeath Related to Study Dru2 
	Table 23. 120 Day Safety Update: Attribution for Cause ofDeath Related to Study Dru2 
	Observation Annlicant 
	Herceotin 1-Year
	Herceotin 1-Year
	Herceotin 1-Year
	A2e 

	Cause of Death

	Pt# 
	Pt# 
	Reviewer
	Reviewer
	Reviewer
	Reviewer 

	Aoolicant 

	(II) I"' 
	y 
	y
	Cardiac Failure 
	60 
	-
	-
	Anaplastic 
	N 
	N
	71 
	-
	-
	Menhrioma .Metastatic Renal .
	N 
	N 
	-
	57 
	-
	Cell Carcinoma .69 .
	N 
	N 
	N

	Pulmonarv Seosis 
	·­
	-
	Pulmonary 
	N 
	N 
	N

	55 
	-
	-
	Embolism · .Myocardial .
	N
	N
	N

	58 

	Infarction =Not attnbutable
	N
	ya High Index ofsuspicion to be attributable 
	Revie-wer Note: The reviewer attributes death ofsubjects f~ a~as related to study drug. In subject CbTC6l the symptoms ofstroke are correlative with known incidence of thrombotic events with llerceptin. In three randomized, controlled clinical trials, the incidence ofthrombotic adverse events was higher in subjects receiving Herceptin and chemotherapy compared to chemotherapy alone. This is in the current labeling of 
	Herceptin. · 
	7 .1.2 Other Serious Adverse Events Accuracy ofcoding from verbatim tenn to MedDRA 7.1 Preferred Term (PT) was·verified by a review ofAE line Jistings. Events were then grouped and analyzed at individual levels ofth~ Med.ORA hierarchy, by treatment group and other relevant subgroups. Data 
	listings, CRF's and narratives were also reviewed for cases ofpaiticular interest. Finally, these data were oompared to the legacy study data. . 
	In HERA a serious adverse event was defined as any experience that suggests a significant 
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	hazard, contraindication, side effect or precaution. It is any adverse event that at any dose fulfills at least on ofthe following criteria: fatal (results in death); life threatening; required inpatient hospitalization or prolongation ofexisting hospitalization; results in persistent or significant disability/incapacity; congenital anomaly/birth defect; medically significant or requires intervention to prevent one or other ofthe outcomes previously listed. In addition subjects entered into the primary card
	Table 24, represents the incidence ofreported SAEs grouped by treatment arm and MedDRA System Organ Class (SOC). The clinical reviewer's analysis revealed a total of 228 subjects who experienced an SAE, 5.4% (93/1708) subjects in the Observation arm and 8.0% (135/1678) subjects in the Herceptin arm. 
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	Table 24. Reviewers' Table of SAE Incidence by Treatment Arm 
	MedDRASOC 
	MedDRASOC 
	MedDRASOC 
	Observation 
	Herceptin 1-year 

	TR
	(n=1708) 
	(n=1678) 

	BLOOD AND LYMPHATIC SYSTEM DISORDERS 
	BLOOD AND LYMPHATIC SYSTEM DISORDERS 
	1 
	1 

	CARDIAC DISORDERS 
	CARDIAC DISORDERS 
	4 
	23 

	EAR AND LABYRINTH DISORDERS 
	EAR AND LABYRINTH DISORDERS 
	0 
	1 

	ENDOCRINE DISORDERS 
	ENDOCRINE DISORDERS 
	1 
	1 

	EYE DISORDERS 
	EYE DISORDERS 
	2 
	0 

	GASTROINTESTINAL DISORDERS 
	GASTROINTESTINAL DISORDERS 
	8 
	8 

	GENERAL DISORDERS AND 
	GENERAL DISORDERS AND 
	2 
	16 

	ADMINISTRATION SITE CONDITIONS 
	ADMINISTRATION SITE CONDITIONS 

	HEPATOBILIARY DISORDERS 
	HEPATOBILIARY DISORDERS 
	2 
	2 

	IMMUNE SYSTEM DISORDERS 
	IMMUNE SYSTEM DISORDERS 
	1 
	0 

	INFECTIONS AND INFESTATIONS 
	INFECTIONS AND INFESTATIONS 
	17 
	40 

	INJURY, POISONINGAND 
	INJURY, POISONINGAND 
	7 
	9 

	PROCEDURAL COMPLICATIONS 
	PROCEDURAL COMPLICATIONS 

	METABOLISM AND 
	METABOLISM AND 
	1 
	0 

	NUTRITION DISORDERS 
	NUTRITION DISORDERS 

	MUSCULOSKELETAL AND 
	MUSCULOSKELETAL AND 
	5 
	3 

	CONNECTIVE TISSUE DISORDERS 
	CONNECTIVE TISSUE DISORDERS 

	NEOPLASMS BENIGN, MALIGNANT AND 
	NEOPLASMS BENIGN, MALIGNANT AND 
	13 
	IO 

	UNSPECIFIED (INCL CYSTS AND POLYPS) 
	UNSPECIFIED (INCL CYSTS AND POLYPS) 

	NERVOUS SYSTEM DISORDERS 
	NERVOUS SYSTEM DISORDERS 
	6 
	8 

	PREGNANCY, PUERPERIUM AND 
	PREGNANCY, PUERPERIUM AND 
	5 
	2 

	PERINATAL CONDITIONS 
	PERINATAL CONDITIONS 

	PSYCHIATRIC DISORDERS 
	PSYCHIATRIC DISORDERS 
	1 
	1 

	RENAL AND URINARY DISORDERS 
	RENAL AND URINARY DISORDERS 
	1 
	2 

	REPRODUCTIVE SYSTEM AND 
	REPRODUCTIVE SYSTEM AND 
	13 
	19 

	BREAST DISORDERS 
	BREAST DISORDERS 

	RESPIRATORY, THORACIC AND 
	RESPIRATORY, THORACIC AND 
	9 
	5 

	MEDIASTINAL DISORDERS 
	MEDIASTINAL DISORDERS 

	SKIN AND SUBCUTANEOUS TISSUE DISORDERS 
	SKIN AND SUBCUTANEOUS TISSUE DISORDERS 
	1 
	4 

	SURGICAL AND MEDICAL PROCEDURES 
	SURGICAL AND MEDICAL PROCEDURES 
	7 
	1 

	VASCULAR DISORDERS 
	VASCULAR DISORDERS 
	5 
	10 


	The most common serious adverse event reported related to drug was cardiac failure, congestive, cardiac failure, and cardiomyopathy in the 1-year Herceptin arm (Table 25). 
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	Table 25. R ev1ewer s . ' Card"iac D"1sorders Inc1"dence o f SAE b 1y Treatment Arm 
	Observation 
	Observation 
	Observation 
	Herceptin 

	Preferred Term 
	Preferred Term 
	(n=l708) 
	(n=1678) 

	ANGINA PECTORIS 
	ANGINA PECTORIS 
	1 
	2 (0.1%) 

	ATRIAL FIBRILLATION 
	ATRIAL FIBRILLATION 
	1 
	1 

	CARDIAC FAIL URE 
	CARDIAC FAIL URE 
	1 (.06%) 
	4 (0.2%) 

	CARDIAC FAIL URE 
	CARDIAC FAIL URE 
	0(0%) 
	7 (0.4%) 

	CONGESTIVE 
	CONGESTIVE 

	CARDIOMYOPATHY 
	CARDIOMYOPATHY 
	0(0%) 
	2 (0.1%) 

	CORONARY ARTERY 
	CORONARY ARTERY 
	0 
	1 

	STENOSIS 
	STENOSIS 

	EXTRASYSTOLES 
	EXTRASYSTOLES 
	0 
	1 

	PERICARDITIS LUPUS 
	PERICARDITIS LUPUS 
	0 
	1 

	SUPRA VENTRICULAR 
	SUPRA VENTRICULAR 
	0 
	1 

	T ACHY CARD IA 
	T ACHY CARD IA 

	T ACHY ARRHYTHMIA 
	T ACHY ARRHYTHMIA 
	0 
	2 (0.1%) 

	TACHYCARDIA 
	TACHYCARDIA 
	0 
	1 


	7.1.3 Dropouts and Other Significant Adverse Events . 
	7.1.3.1 Overall profile ofdropouts Premature withdrawal was defined as withdrawal ofthe patient from the study prior to completion ofthe protocol defined treatment/observation period for any ofthe following 
	reasons: adverse event, death, insufficient therapeutic response, loss to follow-up, violation ofeligibility criteria or other protocol violations. 
	A total of485 patients (14%) were reported withdrawn prematurely during the observed period ofthe study: 267/1708 (16%) observation subjects and 218/1678 (13%) from the Herceptin treated subjects. Three patients were "withdrawn" from the observation group due to death and 1 patient was ''withdrawn" from this group due to an adverse event. Among Herceptin treated subjects arm, 3 were "withdrawn" from the study due to death and 97 patients were withdrawn as a result ofan adverse event. 
	The most common pre-defined non-safety reason for premature withdrawal from the study indicated on the CRF was 'insufficient therapeutic response' (recurrence ofdisease, second non-breast malignancy or contralateral breast cancer). One hundred and forty eight patients withdrew from the observation and 69 patients withdrew from the Herceptin arm for this reason. 
	One hundred observation arm patients and 40 Herceptin patients were withdrawn from the study for refusal oftreatment including 'did not co-operate' and 'withdrew consent'. Eleven patients (6 in the observation arm, 5 receiving Herceptin) were withdrawn due to a violation ofselection criteria at entry and 1 observation arm patient was withdrawn due to a protocol violation. Seven patients (6 in the observation arm, 1 in the Herceptin arm) failed to return and 5 patients (2 observation, 3 Herceptin) withdrew f
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	Summary of Premature Withdrawals by Reason 
	Reason for Withdrawal Observation Herceptm 
	Only 1 Year 
	N =1708 N =1678 
	No. (%) No. (%) 
	Safety 4 ( <l) 10.0 ( 6) 
	Adverse Event (a) 1 97 .Death 3 3 .
	Non-Safety 263 ( 15) 118 ( 7) 
	Insufficient Therapeutic Response 148 69 .Violation of Selection criteria at Entry 6 5 .Other Protocol Violation 1 0 .Refused Treatment (b) 100 40 .Failure to Return 6 1 .other 2 3 .
	Total 267 ( 16) 218 ( 13) 
	7 .1.3 .2 Adverse events associated with dropouts The applicant provided in this submission a table titled "Summary ofPatients Discontinuing Study Treatment as a Result ofan Adverse Event (safety Population)" referenced as table 36 in the clinical study report. In cross referencing the adverse event dataset against the narrative summaries, the adverse events were separated into two sets: "Narratives for Patients who Discontinued Herceptin because ofan Adverse Event"; and "Narratives for Premature Withdrawal
	summaries. Within these summaries were subjects followed in cardiac endpoints who discontinued Herceptin due to adverse event. 
	Table 26, was compiled by the Reviewer from the following data sources : Adverse Event dataset; Narratives for Patients who Discontinued Herceptin because ofan Adverse Event; Narratives for Premature Withdrawal Due to Adverse Events; and Narratives of subjects in the cardiac endpoints who discontinued drug due to adverse event. The table includes the subject number to ensure no double counting ofevents. 
	Clinical Reviewer Summary of Drop Quts · dD. . P . H
	an

	1scontmuat10ns m at1ents rece1vme: erceptm 
	Table
	Event 
	Event 
	#of Patients (n=1678) 
	Incidence 

	Discontinuation for any cause 
	Discontinuation for any cause 
	93/1678 
	5.5% 

	Discontinued On-study* 
	Discontinued On-study* 
	30/1678 
	1.8% 

	Withdrawal Due to Non"-Cardiac Adverse Event 
	Withdrawal Due to Non"-Cardiac Adverse Event 
	26/1678 
	1.5% 


	*Patients who discontinue observation or Herceptiil treatment within less than one year from randomization (observation patients) or first Herceptin infusion for any reason (except withdrawal ofstudy consent and disease recurrence) should complete the first safety follow-up visit (week 56) within 4weeks from discontinuation (observation 
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	APPEARS 1HIS WAY ON .ORIGINAL .
	Clinical Review .Katherine Fedenko .BLA 103972/5175 .Trastuzumab HERCEPTIN® .
	patients) or the last Herceptin\.administration. 
	patients) or the last Herceptin\.administration. 

	Table 2~. Herceptin Premature Withdrawal/Discontiuations · Herceptin Discontinued Onstudy* 
	~1ht~~~f.~~ · ·iia-~~~'~f~!.·~tlRii~~~i~tl!vents
	•.. .• '"'· .. ..."11 ;vS.CQ . . . . . t. .... 
	..

	'" ) ) AE ....;. 
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	APPEARS THIS WAY ON .ORIGINAL .
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	Adverse Event -;~~~i:~lf:-, . EJECTIO){. ~RAcnbRDECREASED • . Outcome 
	APPEARS TIIlS WAY ON .ORIGINAL .
	Clinical Review Katherine Fedenko BLA 103972/5175 Trastuzumab HERCEPTIN® 
	Pt # Adverse Event (brf" PERICARDIAL EFFUSION HEPATITIS TOXIC 
	Pt # Adverse Event (brf" PERICARDIAL EFFUSION HEPATITIS TOXIC 
	Pt # Adverse Event (brf" PERICARDIAL EFFUSION HEPATITIS TOXIC 
	AE IntensI 2 2 
	Outcome 

	EJECTION FRACTION DECREASED 
	EJECTION FRACTION DECREASED 

	CARDIAC FAILURE CONGESTIVE 
	CARDIAC FAILURE CONGESTIVE 
	2 

	CARDIOMYOPATHY FATIGUE 
	CARDIOMYOPATHY FATIGUE 
	2 3 

	ERYTHEMA 
	ERYTHEMA 
	2 . 


	Adverse events leading to treatment discontinuation: In total 6.1 % (103/1678) subjects in the Herceptin arm discontinued treatment because of one or more adverse events. Ejection fractio!l decreased and congestive cardiac failure were the most common adverse events each being reported as reason for discontinuation in 
	L % ( 23/1678) ofHerceptin subjects . . Seven discontinued due to cardiac failure 0.4%. Of the103 subjects who had adverse events that lead to discontinuation oftreatment 5.2 % (87/1678) were considered related to Herceptin. 
	Adverse events leading to premature withdrawal from study: 97 subjects were prematurely withdrawn from a study as a result ofat least one adverse event. Eighty eight ofthe 97 subjects who prematurely withdrew from study due to an adverse event considered related to Herceptin. The most common adverse event leading to premature withdrawal from the study was congestive heart failure (23 subjects) and ejection fraction decreased (21 subjects). 
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	. 
	. 

	The following Table 27, is a sub table derived from table characterizing discontinuation of Herceptin in the cardiac endpoints subpopulation. 
	Table 27. Cardiac Endpoints with Adverse Events Leading to 
	Discontinuation of Herceptin 
	Adverse Event by Preferred Term 
	Adverse Event by Preferred Term 
	Adverse Event by Preferred Term 
	n (%) 37 
	AE Intensity CTCv2.0 

	Primarv Cardiac Endooint 
	Primarv Cardiac Endooint 

	Cardiac Failure Congestive 
	Cardiac Failure Congestive 
	5 (14) 
	3-4 

	Cardiac· Failure­
	Cardiac· Failure­
	4 (11) 
	3-4 . 

	Secondarv Cardiac Endooint 
	Secondarv Cardiac Endooint 

	Cardiac Failure Congestive 
	Cardiac Failure Congestive 
	12 (32) 
	1-2 

	Eiection fraction Decreased 
	Eiection fraction Decreased 
	12 (32) 
	1-2 

	Angina Pectoris 
	Angina Pectoris 
	1 (3) 
	3 

	Cardfotoxicitv 
	Cardfotoxicitv 
	1 (3) 
	1 

	Cardiac Disorder 
	Cardiac Disorder 
	1 (3) 
	1 

	Cardiac Failure 
	Cardiac Failure 
	1 (3) 
	1 

	Echocardiogram abnormal 
	Echocardiogram abnormal 
	1 (3) 
	1 

	MUGA Abnormal 
	MUGA Abnormal 
	l (3) 
	.1 


	7.1.3.3 Other significant adverse events . Table 28, summarizes the combined routine schedule ofLvEF assessment and "back ofthe book" variable which categorized subjects requiring monitoring ofL VEF outside routine panuneters. The "back ofthe book week" was collapsed into the week closest to the routihe schedule Ofassessment week. For multiple back ofthe book dates~ the worst LVEF was used. The mean and median at baseline for both arms was identical. By week 25 the Herceptin group mean decreased to 61 % and
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	Table 28 0 veraII Summary o fLVEF Changes Based on WorstLVEF * 
	Herceotin Observation Herceotin Observation Hercentin Observation Herceptin· Observation Herceptin Observation Herceptin Observation Herceptin Observation Herceptin Observation 
	Herceotin Observation Herceotin Observation Hercentin Observation Herceptin· Observation Herceptin Observation Herceptin Observation Herceptin Observation Herceptin Observation 
	Herceotin Observation Herceotin Observation Hercentin Observation Herceptin· Observation Herceptin Observation Herceptin Observation Herceptin Observation Herceptin Observation 
	n (o/o) · 1677 (100) 1707 (100) 1592 (95) 1509 (88) 1465 (87) 1392 (81) 1049 (63) 947 (55) 606 (36) 540 (32) 270 (16) 253 (15) 68 (4) 66 (4) 4 (0.2) 2 (0.1) 
	Mean 64 64 62 64 61 64 61 64 63 64 64 64 66 64 70 66 
	Median 64 64 62 64 62 64 62 64 63 65 64 64 66 65 71 66 
	Baseline Week13 Week25 Week52 Week 79/ Month 18 Week 103/ Month24 Month30 Month36 


	*Based on Raw data .Herceptin total # subjects= 1678 .Observation total # subjects=1708 .
	*Based on Raw data .Herceptin total # subjects= 1678 .Observation total # subjects=1708 .

	Table 29. Applicant's Summary ofLVEF Over Time Applicant's Summary ofLVEF Over Time 
	stslvef_3001 -Summary of LVEF Over Time (incl. additional examinations) 
	Study 8016348 (HERA) ' Herceptin in·.Adjuvant Breast Cancer .Safety population .
	Observation on1y N=l708 
	Observation on1y N=l708 
	Observation on1y N=l708 
	Herceptin 1 Year N=l678 

	Overall (worst value) n Increase or no change Decrease < 10 ts Decrease >= 10% 
	Overall (worst value) n Increase or no change Decrease < 10 ts Decrease >= 10% 
	1545 516 ( 33. 4 816 ( 52 .8 213 ( 13.8 
	\) %) %) 
	1600 323 ( 20.2 883 ( 55.2 394 ( 24.6 
	%) %) t) 

	LVEF < LVEF < 
	LVEF < LVEF < 
	sot 50% and decrease 
	>~ 10 
	49 35 
	( ( 
	3.2 %) 2 .3 %) 
	144 ( 118 ( 
	9.0 %) 7.4 %) 


	Reviewer comment: The above applicant's Table 29 was not included in the clinical study report (CSR), instead was a line listed table with submission. 
	To assess overall cardiac function using an objective measurable parameter, LVEF function for both arms was compared across study. Table Table 30 reflects changes in LVEF based on the following parameters: NCI CTC version 2 , definition for cardiac left ventricular 
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	function; HERA protocol algorithm for continuation and: di.scontinuation ofHerceptin based on the 'following interval assessment, drop pf ~10 Ejection fraction (EF) points from baseline and LVEF < 50%; and change in LVEF ~ 16%·and LVEF < 50% based on previous labeling ofproduct in dose·modifications section. .., : · · 
	criteria.of

	Table 30. Summary of Changes from B~li~eto WorsfLVEF * 
	Sect
	Figure

	LVEF 
	LVEF 
	LVEF 
	Observation. 
	Herceptio 

	only 
	only 

	Change from ba5eline ;::: 10% 
	Change from ba5eline ;::: 10% 
	213/1708(12.47%) 
	394/1678(23.48%) 

	Post L VEF <50% 
	Post L VEF <50% 
	49/1708(2.87%) 
	l 44/l 678(8:SSo/o) 

	Significant drop :LEVF<50% and 
	Significant drop :LEVF<50% and 
	35/1708(2.05%) 
	118/1678(7.03%) 

	change;::: 10% 
	change;::: 10% 
	.. 

	CTC grade l : L VEF <20%,;:::: 10% 
	CTC grade l : L VEF <20%,;:::: 10% 
	20411708(11.94%) 
	376/1678(22.41%) 

	drop 
	drop 

	..... 
	..... 

	CTC grade 2 : LVEF ;:::: 20% ~op 
	CTC grade 2 : LVEF ;:::: 20% ~op 
	21/1708(1~23%) 
	49/1678.(2.94%) 

	Change in LVEF ;:::: 16% and 
	Change in LVEF ;:::: 16% and 
	20/1708(1.17%) 
	64/1~78(3.8·1%) 

	LVEF<50% 
	LVEF<50% 
	·. 

	... 
	... 

	*Based on Applicant's Derived Variables 
	*Based on Applicant's Derived Variables 


	Table 3 lsummarizes subj.ects excluded from th~ LVEF silmmary analysis a.s the CTC grade for these subjects required ciinical jud.gment from the reporting investigator and this data was not properly collected, an noted as a protocol violation, by the Sponsor ofthe study. For detailed explanation see section 7.1. 5.1. 
	Table 31. Cardiac Events Excluded from CTC Summary ofLVEF 
	Pt# 
	Pt# 
	Pt# 
	NYHAClass 

	TR
	(b/1~ 
	IV 

	III 
	III 

	Ill 
	Ill 

	IV 
	IV 

	III 
	III 

	III 
	III 

	III 
	III 

	III 
	III 

	III 
	III 

	Ill 
	Ill 


	The majority ofsubjects fell into three categories for L VEF; change from baseline;::: 10% was 23% (394/1678) for Herceptin. group vs. 1~%(2111708) for Observation group, grade 1 toxiCicy for cardiac left ventricular function 22 % (376/1678) for the Herceptin.group vs. 
	12% (20411708) for the Observation group, and post baseline LVEF < 50% was 9% (14411678) for the Herceptin group vs. 3% ( 49/1708) for the Observation group. 
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	Table 32. Summary of LVEF by Advanced Age 
	LVEF LVEF Significant Drop LVEF Drop 2: 10% LVEF <50% 
	LVEF LVEF Significant Drop LVEF Drop 2: 10% LVEF <50% 
	LVEF LVEF Significant Drop LVEF Drop 2: 10% LVEF <50% 
	A!!e <65 :::: 65 <65 :::: 65 <65 .:::: 65 
	Observation 32/1594 (2.01%) 3/114 (2.63%) 203/1594 (12.74%) . 10/114 (8.77%) 45/1594 (2.82%) 4/114 (3.51%) 
	Hercentin 112/1558 (7.19%) 6/120 (5.00%) 376/1558 (24.13%) 18/120 (15.00%) 133/1558 (8.54%) 11/120 (9.17%)' 
	*n-Value <0.0001 0.1771 <0.0001 0.0557 <0.0001 0.0464 


	*Fisher's Exact Test 
	Statistical significant differences in decreasing L VEF are seen between the Herceptin and 
	Observation groups consistently in the age group less than 65 years old. Due tothe small 
	sample size in the greater than or equal to 65 years ofage category, statistically difficult to 
	interpret. No difference in L VEF parameters can be found based on this subgroup 
	Table 32). 
	After looking at L VEF changes at intervally scheduled and unscheduled time points, the next approach was too look at L VEF drops over time. Figure 2,is a Kaplan-Meier curve that represents time to event analysis using first L VEF decline using the parameter greater than or equal to ten percent ofbaseline and LVEF below 50%. Subjects who did not experience LVEF drop as defined above were censored at the last date ofthe following; follow-up date, radiological exam, L VEF assessment, contact, survival follow-
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	Figure 2. Time to First L~FDecline of::= 10% from Baseline and to Below-50 % Subjects Based on Safety Population (Reviewer's Analysis) 
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	Analysis ofMllXimwn Likelihood Estimates 
	Parameter Standard Hazard 95% Hazard Ratio .Variable OF Esrhmue Error Chi-Square Pr > ChiSq Ratio Confidence Llmils Variable Lube:! .
	TRTSAF I l.19S73 0. 19249 38.5878 <.0001 3.306 2.267 4.821 Actual treatment (for Safety) 
	[.Hazard ratio 3.306, 95%CI (2.27, 4.82), p-value by log rank< .0001] 
	Figure 3, provides the Applicant's time to event analysis which includes disease recurrence as well as death as a competing risk. Ifsubjects did not have a significant L VEF drop, then the last date of; fo llow-up, radiological exam, L VEF assessment, contact, or survival follow-up was used. However the results are similar. 
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	Figure 3. Time to First L VEF Decline of~ 10% from Baseline and to Below 50 % Subjects Based on Safety Population (Sponsor's Analysis) 
	Genentech, Inc. Phase 111 Study: B016348 (HERA) .Herceptin Adjuvant Herceptin Therapy in Breast Cancer .Figure 1 .Time to First LVEF Decline of >=10 Percentage Points from Baseline and to Below 50% .Patients from the Safety Population in the HERA Study .
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	0.0 
	Observation Only (n = 1706) Herceptin 1 Year (n = 1676) 

	TR
	0 
	6 
	12 
	18 
	24 

	TR
	nme to First LVEF Decline of >=10 Perce
	ntage Points from Bas
	eline and to Below 50% 
	(months) 

	Number at risk Observation Only Hercepfin 1 Year 
	Number at risk Observation Only Hercepfin 1 Year 
	1708 1678 
	1100 1108 
	no 827 
	448 499 
	220 246 


	The Kaplan-Meier curves were truncateel at 24 months because there were too few patients at risk to reliably estimate the Kaplan-Meier curves beyond 24 months. Only 36 and 46 patients were at risk in the observation arm and 1-year Herceptin arm, respectively, at 30 montlls and onlv ? nattents were at risk In ear.h treatment arm at 36 montM · 
	[Hazard ratio 3.23, 95%CI (2.21, 4.71), p-value by log rank <.0001] 
	Reviewer Comment: Based on the Kaplan-Meir Curve, Time to First LVEF Decline of ?: 10% from Baseline and to Below 5 0 % and hazard ratio, subjects treated in the 1-year Herceptin arm had three times the risk ofLVEF dropping below 50% and ?: 10% decline from the baseline compared to the Observation arm. This finding is the first reported in any study with the use ofHerceptin. This finding is clinically meaningful and statistically significant and will have direct implication in the label ofHerceptin. 
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	7 .1.4 Other Search Strategies Standardized Medical Query (SMQ) Table 33 and Table 34 summarize.adverse events by Standardized Medical Queries using a Med ORA based analysis tool for a4v.erse events. The SMQ is a grouping ofterms from one or more MedDRA SOC that relate to a defined medical condition or area ofinterest. The results ofthe SMQ level analysis can highlight areas offurther inquiry. Terms are grouped as either broad or narrow in scope which correlates to sensitivity and specificity. 
	Note that p-values are intended for ranking purposes only and are not intended for a determination ofstatistical significance. 
	Table 33 • . Standardized MedDRA Queries by p-Value (Broad Scope) 
	-Value SM 0.0000 0.0000 0.0064 
	• p-Va.lues,a:re derived from a Mantel-Haenszel test for ranking purposes only Table 34. Standardized MedDRA Queries by p-Value (Narrow Scope) 
	• p-Va.lues,a:re derived from a Mantel-Haenszel test for ranking purposes only Table 34. Standardized MedDRA Queries by p-Value (Narrow Scope) 


	Obsen-ation 
	Obsen-ation 
	Herceotin
	SMO
	SMO
	o-Value 


	<N...1678) At least l SMO 
	(N• l708) 
	(N• l708) 
	(N• l708) 
	236 04.1%) 

	0.0000 . 
	129 (7.6%) 
	20 (l.2%) 

	96 (5.7%) .0.0435 .
	Cardiac Faililre 
	Cardiac Faililre 

	4 (0.2%) .0.0435 .
	0 <0.0%) 
	0 <0.0%) 
	Interstitia.I Lune: Disease 

	4(0.2%) .0.0450 .
	0(0.0%) 
	0(0.0%) 

	Hemorrh,.<>ic Cerebrovascular Condition 
	7 (0.4%) .0.0805 .
	17 0.0%)
	17 0.0%)
	Malianant or unsoecified tumors 
	0 (0.0%) 
	3 (0.2%) 
	Parkinson-like events 

	* p-Values are derived from a Mantel-Haenszel test for ranking purposes only 
	Figure
	Table 34, using the narrow scope SMQ identified cases of interest, specifically interstitial .lung disease. .Narratives ofsubjects with a safety signal que for interstitial lung disease: .
	Subject ltiJi .Non-smoker and no documented radiation therapy. Randomized to 1-year Herceptin . . .
	Last dose ofHerceptin: IJ'tlJ. Adverse event reported chronic pulmonary .obstruction with dyspnea Grade 1. Onset .
	Treatment: Tiotropium bromide 
	Treatment: Tiotropium bromide 
	Treatment: Tiotropium bromide 
	w 

	Outcome: Unresolved. 
	Outcome: Unresolved. 

	Last dose of Herceptin: 
	Last dose of Herceptin: 
	>R6J. 
	Adverse event obstructive bronchitis with 


	Dyspnea -Grade 1. Onse....t======~w 
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	Treatrnent: Beclomathasone 
	Outcome: Resolved __;___;_---.!==:::;;;:;..------------' 
	Last dose ofHerceptin: .____-~· Adverse event productive bronchitis -Grade I. 
	~fOO
	~fOO

	Onset iH'l. .>J ....1.
	Treatmetn: clarithromycin, .._________

	<., 
	<., 
	""\!___

	(tiHQ 
	Cefadroxyl 

	lill .(b>C .(b){I · .
	Codeine, 
	ambroxol 
	Outcome Resolved 

	(ti)( .Completed radiotherapy to right breast ltiH • Randomized t? 1-year Herceptin. .2 adverse events 1-pulmonary and I-cardiac .
	Subject: 

	(bRi • Adverse event reported pneumonitis actinica ­
	Last dose ofHerceptin: 

	Grade 2. .<i ('> .Treatment: Prednisone '---------.......... .Ranitidine .
	Onset: 

	Salbuterol l'Ttll .BreJtotide .Outcome: Resolved .
	Last dose ofHerceptin: ______,. Adverse event reported pericardial effusion-Grade 
	oow
	oow

	l . Onset !ti><'> Treatment: None reported 
	---· 
	---· 

	Ecbocardiogram: reported as normal. 
	..______. (11)(6)
	Outcome Resolved . Unresolved 
	Subject 1'6Hi Completed left chest wall radi_otherapy ____~ . Non-smoker. Randomized to l-year Herceptin. 
	Last dose ofHerceptin: Incomplete CRF no initial dose (8mg/kg) documented or reason not given. The next dose closest to adverse event ~ Adverse event chronic pneumonitis due to radiotherapy Grade l . Onset Miit Treatment; None reported Outcome: Unresolved Comments on AE "the causality is probably due to radiotherapy" 
	00

	Last dose ofHerceptin _____,.. Adverse event reported respiratory infection Grade
	~ill&J
	~ill&J

	3. Onset Treatment; LevofloJtacin 
	Figure

	__c------'
	__c------'

	(bl 
	Ceftriaxone 
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	Trastuzumab HERCEPTIN® ."Tioprobio" .Chest/abdominal CT (results not reported). .Outcome: Resolved °'100 .Comments on AE "Hospitalization due to SAE" .
	Sect
	Figure

	Subject <'J{'l .Chest radiotherapy completed ....._____lb)_. • Randomized to 1-year Herceptin . .
	Last dose ofHerceptin °'TC6l. Adverse event reported Upper respiratory .infection-Grade 1. Onset=====~< .
	(!>)~
	(!>)~

	Treatment: Fenspiride .Loratadine ..!::::::======;"°"'..
	°'~Cl'lr-Acemet °'H 
	l)l!
	l)l!

	Outcome Resolved 
	Last dose ofHerceptio: lbTCl • Adverse event reported radiation pneumonitis ­lf{&J Treatment: Fluticasone accub i...-------------c6J Sputant lb><'> Outcome Resolved lbH6J 
	Grade-1. Onset 

	Reviewer Note: Subject had the most compelling data revealing onset ofrespiratory symptomsfollowing Herceptin in less than seven days after dosing with all three adverse events reported. · 
	New safety signal of interstitial lung disease (ILD) was flagged with standardized medical query (SMQ). Cases ofILD were n=4 (0.2%) p-Value = 0.0435. The office of surveillance and epidemiology (OSE) was consulted. An AERS (adverse event reporting system) data mining report was generated revealing a disproportionate risk ratio oftwo times the expected incidence ofILD in reporting with trastuzumab use. 
	Post marketing reports were reviewed from AERS that identified 110 unduplicated cases of ­interstitial lung disease (ILD) by narrow scope SMQ in patients receiving Herceptin. 
	In general the 110 cases are complex and confounding variables for interpretability : scattered missing infonnation; confounding by concomitant treatments that have known pulmonary toxicity; and confounding by potential complications ofthe underlying disease. Disease stage and treatment history were incomplete and variably reported. Radiation exposure as.well as chemotherapy exposure is also variably reported. 
	Summary ofAERS Postmarketjng Report on ILD n = 110 cases 
	Age (n=90): Median = 56 y, Range = 32 -79 y 
	Gender (n= I07): Female = 95.3%, Male = 4.7% 
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	Death outcome: .n = 31 
	Primary pulmonary event: Pneumonitis/ILD = 29 Pulmonary fibrosis = 25 · Pulmonary infiltrate = 20 
	.ARDS = 9 Infection related = 5 Radiation related = 4 Hypersensitivity pneumonitis = 4 Infusion related = 4 
	. Alveolitis = 3 Other = 7 
	. Alveolitis = 3 Other = 7 

	Time to event (n=86): .Median = 35 d, Range 0 -665 d 
	Concomitant treatments: .Paclitaxel = 36 
	(number ofcases) .Docetaxel = 30 Cyclophosphamide = 11 · Dpxorubicin = 8 Vinorelbine = 7 Gemcitabine = 4 Fluorouracil = 5 Methotrexate = 3 
	Indication: .Breast cancer = 88 NSCLC=4 SCCHN = I Ovarian = ·l Unknown= 16 
	The AERS data search revealed 29 cases ofpneumonitis/ILD as a primary event, the demographics reveal the majority ofthe 110 cases were in women, the chemotherapy most often given as concomitant treatment was paclitaxel and docetaxel, and the most common cancer pulmonary events reported was breast cancer. 
	The evidence supporting a new safety signal ofILD initially was found in HERA study (bJC6l, who had compelling evidence ofa positive rechallenge with trastuzumab. An AERS (adverse event reporting system) data mining report was generated revealing a disproportionate risk ratio oftwo times the expected incidence ofILD in reporting with trastuzumab use. 
	.Subject 

	7.1.5 Common Adverse Events 
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	7 .1.5 .1 Eliciting adverse events data in the development program 
	All clinical adverse events (AEs) encountered during the conduct ofthe study up to 28 
	days after last dose oftrial treatment were reported on the AE pages ofthe Case Report . Form. It was a special follow-up requirement ofthis study to report cardiac or 
	cardiovascular events, as well as related adverse events occurring after completion ofthe 
	treatment or observation phase (2 years) and beyond the common 28 days safety follow-up. 
	All cardiac and cardiovascular events are to be reported until 10 years after randomization. 
	Refer to section 6.1.3 for Schedule ofAssessment and frequency offollow-up. In addition the design ofthe HERA study kept the schedule ofassessments the same for both arms of the study, however, subjects receiving Herceptin were seen every three weeks for study drug and this introduced a potential for bias increase reporting adverse events in the Herceptin arm. 
	The data on long-term follow-up in the one year Herceptin arm will be inconclusive as the HERA study allowed for re-randomization ofsubjects to the two year arm through protocol amendment E, which post dates database closure for the one year arm. 
	Subjects who were followed in the secondary cardiac endpoint were originally coded to be captured using New York Heart Association (NYHA) classification system. Amendment D, which was approved in November of2003, changed the coding criteria for the secondary cardiac endpoint. Significant and asymptomatic drops in L VEF would be graded in NCI-CTC version 2 .instead ofthe NYHA classification system. Prior to amendment D 1700 subjects were enrolled into the HERA study per the applicant. The CRF form and instru
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	NYHA Classification 
	Class I 
	Class I 
	Class I 
	Patients with cardiac disease but activity. Ordinary physical activpalpitation, dyspnea, or anginal 
	without resulting limitations ofphysical ity does not cause undue fatigue, pain. 

	Class II Class III 
	Class II Class III 
	Patients with cardiac disease resactivity. They are comfortable ain fatigue, palpitation, dyspnea, . Patients with cardiac disease resactivity. They are comfortable aactivity causes fatigue, palpitatio
	ulting in slight limitation ofphysical t rest. Ordinary physical activity results or anginal pain . ulting in marked limitation ofphysical t rest. Less than ordinary physical n, dyspnea, or anginal pain. 


	Table 35..Applicant Summary of Secondary Cardiac Endpoint 
	Observation HerceptinOnly l Year N=l708 N=l678 n (%) n (%) 
	Incidence of Secondary cardiac Endpoint 9(0.S) Exact 95% CI for Incidence• (0.24, l.00) 
	Incidence of Secondary cardiac Endpoint 9(0.S) Exact 95% CI for Incidence• (0.24, l.00) 
	Incidence of Secondary cardiac Endpoint 9(0.S) Exact 95% CI for Incidence• (0.24, l.00) 
	51(3.0) (2.27, 3.98) 

	Difference in Incidence 95% CI for the difference• 
	Difference in Incidence 95% CI for the difference• 
	3 (l.6, 
	3 .4) 


	1 Exact 95% Confidence Interval for one sanple binonual using Pearson-Clopper method 2 Approximate 95% Confidence Interval for difference of two rates using Hauck-Anderson correction 
	. Not all subjects who meet the criteria for entering the secondary cardiac endpoint entered into the endpoint. The total number of subjects in the secondary endpoint between both arms was 1.8% (60/3386), Table 35. In order to asses true cardiac function for the entire study population L VEF was analyzed for both arms using the EFEXL VEF .xpt dataset. 
	7 .1.5 .2 Appropriateness ofadverse event categorization and preferred terms Adverse events were coded using the Medical Dictionary for Regulatory Activities (MedDRA) version 7.1. All five hierarchal terms were utilized. Adverse event grading was performed utilizing NCI CTC version 2. A side by side comparison ofthe verbatim term to MedDRA Lower level Term (LLT) was performed to verify the accuracy ofthe coding process. Included was a review ofapproximately 8400 AE line listings. Coding was deemed appropria
	7.1.5.3 Incidence ofcommon adverse events 
	The safety database for HERA was comprised of3386 subjects arm had 1678 subjects and 
	the observation had 1708 subjects. To determine the number ofsubjects who experienced 
	an adverse event (AE) at any time during the study, the AE.xpt data set was grouped by 
	patient identifier, MedDRA terms from highest level ofhierarchy to lowest, treatment arm, 
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	and maximum AE grade. This resulted in a dataset containing one subject per row per AE by maximum grade. The remaining dataset contained only those subjects who experienced at least one AE. These data were then tabulated for the total number ofsubjects, AE events by grade, and incidence rates per arm. Refer to section 7 .1., for overview ofAE by intensity (Table 20) and overall incidence ofadverse events. Table 36 ,is the highest order of categorization ofMedDRA , the system organ class (SOC). Next level of
	Table 38. 
	Table 36. Adverse Events by SOC All Grades 1-4 
	Observation Herceptin Observation Herceptin Adverse Events All Grades All Grades Grades3-4 Grades 3-4 Svstem Ore:an Class n % n % n % n % GENERAL DISORDERS AND 166 9.72 517 30.81 1 0.06 16 0.95 ADMINISTRATION SITE CONDITIONS INFECTIONS AND INFESTATIONS 205 12.00 496 29.56 9 0.53 27 1.61 MUSCULOSKELETAL AND CONNECTIVE 318 18.62 450 26.82 17 1.00 13 0.77 TISSUE DISORDERS GASTROINTESTINAL DISORDERS 130 7.61 392 23.36 5 0.29 16 0.95 SKIN AND SUBCUTANEOUS TISSUE 91 5.33 318 18.95 2 0.12 1 0.06 DISORDERS NERVOUS 
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	Table
	TR
	Observation. 
	Herceptin 
	Observation 
	Herceotin 

	Adverse Events 
	Adverse Events 
	All Grades 
	All Grades 
	Grades3-4 
	Grades3-4 

	System Ore;an Class 
	System Ore;an Class 
	n 1% 
	n .j% 
	n 1% 
	n 1% 

	PERINATAL CONDITIONS 
	PERINATAL CONDITIONS 
	I 
	I 
	I 
	I 


	[Refer to appendix D for a complete table ofall adverse events in the study B016348(HERA) by preferred term.] 
	To provide more categorization ofthe adverse events MedDRA higher level terms (HLT) was used. Table 37,_was sorted by Herceptin grades from largest to smallest using the threshold of:::: 2% as the lower limit ofincidence. 
	Table 37. Adverse Event by HLT Herceptin :'.::2% Difference Between Arms 
	Observation Herceptin Observation Hie;h Level Term All Grades 1-4 All Grades 1-4 Grade3-4 Adverse Event n % n % n % UPPER RESPIRATORY TRACT INFECTIONS 81 4.74 249 14.84 0 0.00 MUSCULOSKELETAL AND CONNECTIVE 168 9.84 220 13.11 6 0.35 TISSUE SIGNS AND SYMPTOMS NEC ASTHENIC CONDITIONS 73 4.27 210 12.51 0 0.00 HEADACHES NEC 49 2.87 164 9.77 3 0.18 JOINT RELATED SIGNS AND SYMPTOMS 105 6.15 147 8.76 3 0.18 NAUSEA AND VOMITING SYMPTOMS 24 1.41 146 8.70 3 0.18 DIARRHOEA (EXCL INFECTIVE) 16 0.94 123 7.33 0 0.00 FEBR
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	Table 38. Adverse. Events by HLGT with Herceptin Difference~2% Between Arilis 
	-. .. . . . Observation Herceotln Observation Herceotio Adverse Event All Grades 1-4 All Grades 1-4 Grades3-4 Grades 3-4 lfo•her Level Grouoin2 Tenn n % D : % n % n % INFECTIONS-PATHOGEN CLASS 165 9.66 397 23.66 6 0.35 18 1.07 UNSPECIFIED GENERAL SYSTEM DISORDERS 154 9.02 389' . 23.18 1 0.06 9 0.54 NEC GASTROINTESTINAL SIGNS AND 70 4.10 · ·230 . 13.71 4 023 9 0.54 SYMPTOMS MUSCULOSKELETAL AND 173 10.13 224 13.35 6 0.35 . ·5 0.30 CONNECTIVE TISSUE DISORDERS NEC EPIDERMAL AND DERMAL 62 3.63 214 12.75 l 0.06 1
	CbTI · these adverse events have been 
	reported in past.experience with Herceptin. . 
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	Table 39. Common~5% _Adverse Events of Any Grade with Higher Incidence~ 2% in the 1-Year Herceptin Arm by Preferred Term 
	Table
	TR
	Observation 
	Herceptin 
	Observation 
	Herceptin 

	Preferred Term · 
	Preferred Term · 
	All Grades 1-4 
	All Grades 1-4 
	Grades3-4 
	Grades3-4 

	Adverse Event 
	Adverse Event 
	n 
	% 
	n 
	o/o 
	n 
	% 
	n 
	% 

	HEADACHE 
	HEADACHE 
	49 
	2.87 
	162 
	9.65 
	3 
	0.18 
	4 
	0.24 

	ARTHRALGIA 
	ARTHRALGIA 
	98 
	5.74 
	137 
	8.16 
	3 
	0.18 
	4 
	0.24 

	NASOPHARYNGITIS 
	NASOPHARYNGITIS 
	43 
	2.52 
	135 
	8.05 
	0 
	0.00 
	0 
	0.00 

	FATIGUE 
	FATIGUE 
	44 
	2.58 
	128 
	7.63 
	0 
	0.00 
	4 
	0.24 

	DIARRHEA 
	DIARRHEA 
	16 
	0.94 
	123 
	7.33 
	0 
	0.00 
	5 
	0.30 

	NAUSEA 
	NAUSEA 
	19 
	1.11 
	108 
	6.44 
	1 
	0.06 
	2 
	0.12 

	PYREXIA 
	PYREXIA 
	6 
	0.35 
	100 
	5.96 
	0 
	0.00 
	1 
	0.06 

	BACK PAIN 
	BACK PAIN 
	58 
	3.40 
	91 
	5.42 
	3 
	0.18 
	3 
	0.18 

	CHILLS 
	CHILLS 
	0 
	0.00 
	85 
	5.07 
	0 
	0.00 
	3 
	0.18 


	M dDRAA I . T I
	e na1ys1s 00 
	Sect
	Figure

	Observation 
	Observation 
	Observation 
	Herceptin 

	Adverse Event by Preferred Term 
	Adverse Event by Preferred Term 
	% 
	% 

	HYPERTENSION 
	HYPERTENSION 
	2 
	4 

	*EJECTION FRACTION DECREASED 
	*EJECTION FRACTION DECREASED 
	0.6 
	3 

	PALPITATIONS 
	PALPITATIONS 
	0.7 
	3 

	UPPER RESPIRATORY TRACT INFECTION 
	UPPER RESPIRATORY TRACT INFECTION 
	I 
	3 

	MUSCLE SPASMS 
	MUSCLE SPASMS 
	0.2 
	3 

	CHEST PAIN 
	CHEST PAIN 
	I 
	3 

	NAIL DISORDER 
	NAIL DISORDER 
	0 
	3 

	ONYCHORRHEXIS 
	ONYCHORRHEXIS 
	0.1 
	2 

	CONSTIPATION 
	CONSTIPATION 
	1 
	2 

	*CARDIAC FAIL URE CONGESTIVE 
	*CARDIAC FAIL URE CONGESTIVE 
	0.3 
	2 

	ABDOMINAL PAIN UPPER 
	ABDOMINAL PAIN UPPER 
	I 
	2 

	*PARAESTHESIA 
	*PARAESTHESIA 
	0.6 
	2 

	VERTIGO 
	VERTIGO 
	0.4 
	2 

	EPISTAXIS 
	EPISTAXIS 
	0.1 
	2 

	RHINORRHOEA 
	RHINORRHOEA 
	0.3 
	I 

	CHEST DISCOMFORT 
	CHEST DISCOMFORT 
	0.1 
	1 

	BLOOD PRESSURE INCREASED 
	BLOOD PRESSURE INCREASED 
	0.2 
	I 

	TREMOR 
	TREMOR 
	0.1 
	1 

	CARDIAC DISORDER 
	CARDIAC DISORDER 
	0 
	0.3 

	PULMONARY HYPERTENSION 
	PULMONARY HYPERTENSION 
	0 
	0.2 

	VENTRICULAR DYSFUNCTION 
	VENTRICULAR DYSFUNCTION 
	0 
	0.2 


	AE subset ofadverse event by PT with ranking p-values 0.0000-0.0435 
	*= In the current label 
	*= In the current label 

	7.1.5.4 Common adverse event.tables 
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	APPEARS nns WAY ON .ORIGINAL .
	Table 40, is a comprehensive listing ofadverse events in HERA between study arms. The table lists toxicity by MedDRA category ofbody systems. A MedDRA analysis tool for adverse events was utilized using preferred tenns which based on incidence was assigned a p-value for ranking purposes only. This list was crossed referenced against the most commonly reported adverse events ( 2:. 5% any grade with higher incidence 2:. 2% mthe 1­year Herceptin arm). More serious but lesser incidence adverse events was also c
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	APPEARS TIIIS WAY ON .ORIGINAL .
	Table 40. Overall Summary of Toxicity by Body System 
	\ 
	\ 
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	MedDRA (v. 7.1) 
	MedDRA (v. 7.1) 
	MedDRA (v. 7.1) 

	Adverse Event 
	Adverse Event 
	1 Year Herceptin 
	Observation 

	Preferred Term 
	Preferred Term 
	(n= 1678) 
	(n=1708) 

	Cardiac 
	Cardiac 

	Hypertension 
	Hypertension 
	64 
	(4%) 
	35 
	(2%) 

	Dizziness 
	Dizziness 
	60 
	(4%) 
	29 
	(2%) 

	Ejection Fraction Decreased 
	Ejection Fraction Decreased 
	58 
	(3.5%) 
	11 
	(0.6%) 

	Palpitations 
	Palpitations 
	48 
	(3%) 
	12 
	(0.7%) 

	Cardiac Arrhvthmias 
	Cardiac Arrhvthmias 
	42 
	(3%) 
	17 
	(1%) 

	Cardiac Failure Congestive 
	Cardiac Failure Congestive 
	30 
	(2%) 
	5 
	(0.3%) 

	. Cardiac Failure 
	. Cardiac Failure 
	9 
	(0.5%) 
	4 
	(0.2%) 

	Cardiac Disorder 
	Cardiac Disorder 
	5 
	(0.3%) 
	0 
	(0%) 

	Ventricular Dvsfunction 
	Ventricular Dvsfunction 
	3 
	(0.2%) 
	0 
	(0%) 

	Catdiomvopathv 
	Catdiomvopathv 
	2 
	(0.1%) 
	0 
	(0%) 

	Respiratory Thoracic 
	Respiratory Thoracic 

	Mediastinal Disorders 
	Mediastinal Disorders 

	Nasooharvngitis 
	Nasooharvngitis 
	135 (8%) 
	43 
	(3%) 

	Cou~h 
	Cou~h 
	81 
	(5%) 
	34 
	(2%) 

	Influenza 
	Influenza 
	70 
	(4%) 
	9 
	(0.5%) 

	Dvsonea 
	Dvsonea 
	57 
	(3%) 
	26 
	(2%) 

	URI 
	URI 
	46 
	(3%) 
	20 
	(1%) 

	ILD 
	ILD 
	4 
	(0.2%) 
	0 
	(0%) 

	Rhinitis 
	Rhinitis 
	36 
	(2%) 
	6 
	(0.4%) 

	Pharvngolaryngea!Pain 
	Pharvngolaryngea!Pain 
	32 
	(2%) 
	8 
	(0.5%) 

	Sinusitis 
	Sinusitis 
	26 
	(2%) 
	5 
	(0.3%) 

	Epistaxis 
	Epistaxis 
	25 
	(2%) 
	1 
	(0.06%) 

	Rhinorrhea 
	Rhinorrhea 
	24 
	(1%) 
	5 
	(0.3%) 

	Pharyngitis 
	Pharyngitis 
	22 
	(1%) 
	9 
	(0.5%) 

	Pulmonary Hypertension 
	Pulmonary Hypertension 
	4 
	(0.2%) 
	0 
	(0%) 

	Gastrointestinal Disorders 
	Gastrointestinal Disorders 

	Diarrhea 
	Diarrhea 
	123 
	(7%) 
	16 
	(1%) 

	Nausea 
	Nausea 
	108 (6%) 
	19 
	(1%) 

	Vomiting 
	Vomiting 
	58 
	(3.5%) 
	10 
	(0.6%) 

	Constipation 
	Constipation 
	33 
	(2%) 
	17 
	(1%) 

	Dyspepsia 
	Dyspepsia 
	30 
	(2%) 
	9 
	(0.5%) 

	Uooer Abdominal Pain 
	Uooer Abdominal Pain 
	29 
	(2%) 
	15 
	(1%) 

	Musculoskeletal & 
	Musculoskeletal & 

	Connective Tissue Disorders 
	Connective Tissue Disorders 

	Arthralgia 
	Arthralgia 
	137 (8%) 
	39 
	(6%) 

	Back Pain 
	Back Pain 
	91 
	(5%) 
	58 
	(3%) 

	Mvalgia 
	Mvalgia 
	63 
	(4%) 
	17 
	(1%) 

	Bone Pain 
	Bone Pain 
	49 
	(3%) 
	26 
	(2%) 

	Muscle Spasm 
	Muscle Spasm 
	46 
	(3%) 
	3 
	(0.2%) 

	Nervous System Disorders 
	Nervous System Disorders 

	Headache 
	Headache 
	162 (10%) 
	49 
	(3%) 

	Paraesthesia 
	Paraesthesia 
	29 
	(2%) 
	11 
	(0.6%) 

	Vertigo 
	Vertigo 
	25 
	(1.5%) 
	7 
	(0.7%) 

	Tremor 
	Tremor 
	11 
	(0.7%) 
	2 
	(0.1%) 

	Skin & Subcutaneous Tissue 
	Skin & Subcutaneous Tissue 

	Disorders 
	Disorders 

	Rash 
	Rash 
	70 
	(4%) 
	10 
	(.6%) 

	Nail Disorders 
	Nail Disorders 
	43 
	(2%) 
	0 
	(0%) 
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	MedDRA (v. 7.1) Adverse Event Preferred Term 
	MedDRA (v. 7.1) Adverse Event Preferred Term 
	MedDRA (v. 7.1) Adverse Event Preferred Term 
	1 Year Herceptin (n= 1678) 
	Observation (n=1708) 

	Pruritis 
	Pruritis 
	40 (2%) 
	10 (0.6%) 

	Onvchorrhexis 
	Onvchorrhexis 
	36 (2%) 
	1 (0.06%) 

	Onvchomvcosis 
	Onvchomvcosis 
	8 (0.5%) 
	1 (0%) 

	General Disorders 
	General Disorders 

	Pyre xi a 
	Pyre xi a 
	100 (6%) 
	6 (0.4%) 

	Edema Perioheral 
	Edema Perioheral 
	79 (5%) 
	37 (2%) 

	Chills 
	Chills 
	85 (5%) 
	0 (0%) 

	Aesthenia 
	Aesthenia 
	75 (4.5%) 
	30 (2%) 

	Influenza-like Illness 
	Influenza-like Illness 
	40 (2%) 
	3 (0.2%) 

	Chest Discomfort 
	Chest Discomfort 
	20 (1%) 
	2 (0.1%) 

	Sudden Death 
	Sudden Death 
	1 (.06%) 
	0 (0%) 

	Infections 
	Infections 

	Nasopharvngitis 
	Nasopharvngitis 
	135 (8%) 
	43 (3%). 

	UTI 
	UTI 
	42 (3%) 
	13 (0.8%) 

	Immune System Disorders 
	Immune System Disorders 

	Hypersensitivity 
	Hypersensitivity 
	10 (0.6%) 
	1 (0.06%) 

	Autoimmune Thvroiditis 
	Autoimmune Thvroiditis 
	4 (0.3%) 
	0 (0%) 

	Psychiatric Disorders 
	Psychiatric Disorders 

	Anxietv 
	Anxietv 
	40 (2%) 
	3 (0.2%) 


	7.1.5.5 Identifying common and drug-related adverse events 
	Serious adverse events which are probable or definitely due to Herceptin, based on comparison between both arms ofthe HERA study include congestive heart failure, cardiac failure, decreased ejection fraction, infusion reactions, and pulmonary toxicity associated with and without infusion reactions. The most common adverse events probable or definitely due to Herceptin, based on comparison between both arms ofthe HERA study include headache, nasopharyngitis, fatigue, diarrhea, nausea, pyrexia, back pain , an
	7 .1.6 Less Common Adverse Events 
	Adverse events interstitial lung disease and sudden death although less common are serious events, 
	Table 41. These events occurred in the Herceptin group only. Refer to section 7 .1.4, for interstitial lung disease and section 7 .1.1, for sudden death narrative. 
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	Table 41. Adverse events< 1 % in 1-year Herceptin Arm 
	MedDRA.(v. 7.1) Adverse Event Preferred Term 
	MedDRA.(v. 7.1) Adverse Event Preferred Term 
	MedDRA.(v. 7.1) Adverse Event Preferred Term 
	1 
	Year Herceptin (n= 1678) 
	Observation (n=1708) 

	Cardiac 
	Cardiac 

	Cardiac Failure 
	Cardiac Failure 
	9 
	(0.5%) 
	4 
	(0.2%) 

	Cardiac Disorder 
	Cardiac Disorder 
	5 
	(0.3%) 
	0 
	(0%) 

	Ventricular Dvsfunction 
	Ventricular Dvsfunction 
	3 
	<0.2%) 
	0 
	(0%) 

	Respiratory Thoracic Mediastinal ·Disorders 
	Respiratory Thoracic Mediastinal ·Disorders 

	. Pulmonfily Hypertension 
	. Pulmonfily Hypertension 
	4 
	(0.2%) 
	0 
	(0%) 

	Interstitial Lung Disease 
	Interstitial Lung Disease 
	4 
	(0.2%) 
	0 
	(0%) 

	Musculoskeletal~ Connective Tissue Disorders 
	Musculoskeletal~ Connective Tissue Disorders 

	Tremor 
	Tremor 
	11 
	(0.7%) 
	2 
	(0.1%) 

	Skin & Subcutaneous Tissue Disorders 
	Skin & Subcutaneous Tissue Disorders 

	Onvchomvcosis 
	Onvchomvcosis 
	8 
	(0.5%) 
	1 
	(0%) 

	GeneralDisorders .. 
	GeneralDisorders .. 

	Sudden Death 
	Sudden Death 
	I 
	(.06%) 
	0 
	(0%)'/ 

	Immune Svstem Disorders 
	Immune Svstem Disorders 

	Hvoersensitivitv 
	Hvoersensitivitv 
	10 
	(0.6%) 
	I 
	.· (0.06%) 

	Autoimmune Thvroiditis 
	Autoimmune Thvroiditis 
	4 
	(0.3%) 
	0 
	(0%) 


	7.1.7 Laboratory Findings 
	7.1.7.1 Overview oflaboratory testing in the development program The schedule ofassessment for laboratory parameters included hematology and biochemistry screens. Hematology labs consisted of,: hemoglobin, total white blood cell. count, absolute neutrophil count, and platelet count Biochemistry labs included: serum creatinine, blood urea nitrogen, electrolytes, AST (SGOT) or ALT (SGPT), ALP, and bilirubin. The planned schedule ofassessment for the laboratory parameters were as follows: baseline, week 25, we
	months until month 60, after month 60 every 12 months for 5 years. Unscheduled assessments were captured under the variable "back ofthe book". 
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	11 Levels 
	7.1.7.3 Standard analyses and explorations oflaboratory data 
	The incidence of grade 1-4 laboratory values in HERA was analyzed. Severity was graded according to the NCI-CTCAE version 2.0. Worst-grade per subject values were determined and compared beriveen treatment groups. Refer to Table 42 through 
	Table44. 
	Table 42. Incidence ofHematologic AEs by CTC Grade 
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	Table
	TR
	Observation n=l708 
	Herceptin n=l678 

	TR
	n 
	% 
	n 
	% 

	Hemo2lobin 
	Hemo2lobin 

	Grade 1 
	Grade 1 
	439 
	25.7 
	540 
	32.2 

	Grade 2 
	Grade 2 
	37 
	2.2 
	45 
	·2.7 

	Grade 3 
	Grade 3 
	.. 1 
	.06 
	1 
	.06 

	Grade4 
	Grade4 
	'27 
	1.6 
	22 
	1.3 

	WBC 
	WBC 
	. 

	Grade 1 
	Grade 1 
	538 
	31.5 
	549 
	32.7 

	Grade2 
	Grade2 
	106 
	6.2 
	120 
	7.2 

	Grade 3 
	Grade 3 
	7 
	.41 
	7 
	.42 

	Grade4 
	Grade4 
	5 
	.29 
	4 
	.24 

	Platelet 
	Platelet 

	Grade 1 
	Grade 1 
	156 
	9.1 
	157 
	9.4 

	Grade2. 
	Grade2. 
	2 
	.12 
	5 
	.30 

	Grade3 
	Grade3 
	4 
	.23 
	2 
	.12 

	Grade4 
	Grade4 
	2 
	.12 
	1 
	.06 

	Neutrophil 
	Neutrophil 

	Grade 1 
	Grade 1 
	212 
	12.4 -
	198 
	11.8 

	Grade2 
	Grade2 
	64 
	3.7 
	70 
	4.2 

	Grade3 
	Grade3 
	8 
	.5 
	8 
	.5 

	Grade4 
	Grade4 
	8 
	.5 
	7 
	.4 


	Table 43. Incidence of Hepatic AEs by CTC Grade 
	Table
	TR
	Observation n=1708 
	Herceptin n=1678 

	TR
	n 
	% 
	n 
	% 

	Alkaline Phosphatase 
	Alkaline Phosphatase 

	Grade 1 
	Grade 1 
	295 
	17.3 
	254 
	15.1 

	Grade 2 
	Grade 2 
	16 
	.94 
	9 
	.54 

	Grade 3 
	Grade 3 
	8 
	.47 
	0 
	0 

	Grade4 
	Grade4 
	-
	-

	SGOT 
	SGOT 

	Grade 1 
	Grade 1 
	382 
	22.4 
	402 
	24 

	Grade2 
	Grade2 
	29 
	1.7 
	21 
	1.25 

	Grade3 
	Grade3 
	11 
	.64 
	5 
	.30 

	Grade4 
	Grade4 
	2 
	.12 
	0 
	0 

	SGPT 
	SGPT 

	Grade 1 
	Grade 1 
	432 
	25.3 
	460 
	27.4 

	Grade2 
	Grade2 
	55_, 
	3.2 
	_,33 
	2.0 

	Grade3 
	Grade3 
	10 
	.59 
	4 
	0.24 

	Grade4 
	Grade4 
	'2 
	.12 
	0 
	0 

	Total Bilirubin 
	Total Bilirubin 

	Grade 1 
	Grade 1 
	66 
	3.8 
	75 
	4.5 

	Grade 2 
	Grade 2 
	16 
	.94 
	19 
	1.1 

	Grade3 
	Grade3 
	5 
	.3 
	2 
	.01 

	Grade4 
	Grade4 
	2 
	.12 
	0 
	0 
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	Table 44. Incidence of Chemistry AEs by CTC Grade 
	Observation Herceptin n=1708 n=1678 n % n Sodium Grade 1 151 8.8 154 Grade 2 8 .5 12 Grade 3 5 .3 8 Grade4 7 .4 5 Potassium Grade 1 177 10.3 173 Grade 2 10 .6 24 Grade 3 14 .8 10 Grade 4 13 .76 15 Serum Creatinine Grade 1 86 5 102 Grade 2 4 .2 7 Grade.3 ---Grade4 1 .06 0 % 9.1 .71 .5 .3 10.3 1.4 .6 .9 6 .4 -0 
	7.1. 7. 3.2 Analyses focused on outliers or shifts from normal to abnormal 
	During the study the majority of patients in either study arm did not exhibit a shift from their baseline laboratory test parameter values or exhibited a shift of 2 grades or less between baseline and their worst test value. Fewer patients in the Herceptin 1 year arm experienced a shift of 3 or 4 grades from baseline than in the observation arm. A summary of 3-grade or 4-grade shifts from baseline during the study is shown in Table 45. 
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	Table 45. Suminary of Grade 3 or 4 Shifts from Baseline in Laboratory Test Parameters 
	Parameter 
	Parameter 
	Parameter 
	Observation Only 
	Herceptin 1 Year 

	TR
	N=1708 
	N=-1678 

	Hematology 
	Hematology 

	Hemoglobin glL (hypo) 
	Hemoglobin glL (hypo) 

	3-grade shift 
	3-grade shift 

	4-grade shift 
	4-grade shift 

	\\lhite Blood Cell (WBC) Hi'IL (hypo) 
	\\lhite Blood Cell (WBC) Hi'IL (hypo) 

	3-grade shift 
	3-grade shift 
	2 

	4-grade shift Platelets 1 ifIL (hypo) 
	4-grade shift Platelets 1 ifIL (hypo) 
	2 

	3-grade shift 
	3-grade shift 
	2 
	2 

	4-grade shift Neutrophils I 09IL (hypo) 
	4-grade shift Neutrophils I 09IL (hypo) 

	3~grade shift 
	3~grade shift 
	4 
	I 

	4-gradc shift 
	4-gradc shift 
	I 
	2 

	Blood Chemistry 
	Blood Chemistry 

	ASAT (SGOT) U/L (hyp.:r) 
	ASAT (SGOT) U/L (hyp.:r) 

	3-grade shift 
	3-grade shift 
	6 
	5 

	4-gradc shift 
	4-gradc shift 
	2 

	Alkaline Phosphatase U/L (hyper) 
	Alkaline Phosphatase U/L (hyper) 

	3-erade shift 
	3-erade shift 
	7 

	4-irade shift 
	4-irade shift 

	ALAT (SGPT) U/L (hyper) 
	ALAT (SGPT) U/L (hyper) 

	3-grade shift 
	3-grade shift 
	5 

	4-grade shift 
	4-grade shift 
	.2 

	Total bilirubin µmol/L (h;per) 
	Total bilirubin µmol/L (h;per) 

	3-grade shift 
	3-grade shift 
	s 

	4-grade shift 
	4-grade shift 
	2 

	Electrolytes 
	Electrolytes 

	Potassium mmoli1.. (h;per) 
	Potassium mmoli1.. (h;per) 

	3-grade shift 
	3-grade shift 
	5 
	5 

	4-grade shift 
	4-grade shift 
	9 
	7 

	Potassium mmol/L (hypo) 
	Potassium mmol/L (hypo) 

	3-grade shift 
	3-grade shift 
	2 
	2 

	4-grade shift 
	4-grade shift 
	4 
	3 

	Sodium mmol/L (hyper) 
	Sodium mmol/L (hyper) 

	3-grade shift 
	3-grade shift 
	2 

	4-grade shift 
	4-grade shift 
	2 
	2 

	Sodium mmol/L (hypo) 
	Sodium mmol/L (hypo) 

	3-grade shili 
	3-grade shili 
	2 
	3 

	4-grade shift 
	4-grade shift 
	4 
	2 


	7.1.7.5 Special assessments .No other special assessments were conducted. .
	7 .1.8 Vital Signs 
	7.1.8.1 Overview of vital signs testing in the development program Vital signs were taken at the screening visit and every 12 weeks corresponding with schedule of assessments follow-up refer to Table 46. The pulse vital sign was only recoded 
	with screening visit and therefore unable to be analyzed over time in relation to changes in blood pressure. 
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	Table 46. Vital Signs for BO 16348 (HERA) ( Safety Population) 
	Observation 
	Observation 
	Observation 

	N 
	N 
	N Missing 
	Mean 
	SD 
	Median 
	Range 

	Screening 
	Screening 

	SBP 
	SBP 
	1604 
	1147 
	125 
	17 
	121 
	79-220 

	DBP 
	DBP 
	1604 
	1147 
	77 
	10 
	80 
	30-115 

	Pulse Pressure 
	Pulse Pressure 
	1604 
	1147 
	47 
	12 
	45 
	20-105 

	Pulse 
	Pulse 
	1604 
	1147 
	47 
	12 
	45 
	20-105 

	Week 
	Week 

	13 
	13 

	SBP 
	SBP 
	1361 
	359 
	125 
	17 
	124 
	80-130 

	DBP 
	DBP 
	1361 
	359 
	78 
	10 
	80 
	50-120 

	Pulse Pressure 
	Pulse Pressure 
	1367 
	359 
	48 
	12 
	47 
	15-110 

	Pulse 
	Pulse 
	1720 

	Week25 
	Week25 

	SBP 
	SBP 
	1268 
	306 
	125 
	16 
	120 
	80-200 

	DBP 
	DBP 
	169 
	305 
	77 
	10 
	80 
	40-126 

	Pulse Pressure 
	Pulse Pressure 
	1268 
	306 
	47 
	12 
	45 
	20-100 

	Pulse 
	Pulse 
	1574 

	Week 
	Week 

	52 
	52 

	SBP 
	SBP 
	855 
	229 
	125 
	16 
	122 
	90-185 

	DBP 
	DBP 
	855 
	229 
	78 
	10 
	80 
	40-130 

	Pulse Pressure 
	Pulse Pressure 
	855 
	229 
	47 
	12 
	45 
	20-97 

	Pulse 
	Pulse 
	1084 

	Week 79/Month 
	Week 79/Month 

	18 
	18 

	SBP 
	SBP 
	489 
	137 
	124 
	16 
	122 
	90-192 

	DBP 
	DBP 
	489 
	127 
	77 
	9 
	80 
	50-105 

	Pulse Pressure 
	Pulse Pressure 
	489 
	137 
	47 
	12 
	45 
	16-94 

	Pulse 
	Pulse 
	626 

	Week 103/Month 
	Week 103/Month 

	24 
	24 

	SBP 
	SBP 
	230 
	69 
	124 
	15 
	120 
	85-165 

	DBP 
	DBP 
	230 
	69 
	78 
	9 
	80 
	50-110 

	Pulse Pressure 
	Pulse Pressure 
	230 
	69 
	46 
	11 
	45 
	14-101 

	Pulse 
	Pulse 
	299 

	Back of Book 
	Back of Book 
	-Missing 

	SBP 
	SBP 

	DBP 
	DBP 
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	Pulse Pressure Pulse 
	Pulse Pressure Pulse 
	Screening SBP DBP Pulse Pressure Pulse 
	Week .13 .SBP .DBP .Pulse Pressure .Pulse .
	Week .25 .SBP .DBP .Pulse Pressure .Pulse .
	Week .52 .SBP .DBP .Pulse Pressure .Pulse .
	Week 79/Month .18 .SBP .DBP .Pulse Pressure .Pulse .
	Week 103/Month .24 .SBP .DBP .
	Pulse Pressure Pulse 
	Back of Book SBP DBP Pulse Pressure 
	N 
	1617 .1616 .1616 .1576 .
	1450 .
	1450 .
	1450 .
	1343 .
	1343 .
	1343 .
	937 .937 .937 .
	535 .535 .535 .
	251 .251 .251 .
	Missing 

	Herceptin N Missing 
	1079 .1080 .1080 .1120 .
	1079 .1080 .1080 .1120 .
	337 .337 .337 .1787 .
	290 .290 .290 .1633 .
	236 .236 .236 .1173 .
	120 .120 .120 .655 .
	46 .46 .46 .297 .
	86 .
	Mean 
	124 .
	77 .
	47 .76 .
	126 .78 .48 .
	126 .78 .48 .
	126 .78 .48 .
	125 .78 .47 .
	125 .78 .46 .
	SD Median Range 
	16 120 80-230 .10 80 40-134 .12 45 16-118 .10 76 49-114 .
	17 124 75-210 .
	10 80 50-130 .
	12 46 11-107 .
	17 124 80-220 .
	10 80 40-130 .
	12 47 17-98 .
	17 125 80-200 .10 80 46-128 .12 48 15-95 .
	16 121 79-180 .10 80 52-120 .12 46 15-96 .
	17 120 90-180 .10 80 51-110 .12 45 20-90 .
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	Pulse 
	Pulse 

	Vital signs (systolic and diastolic blood pressure) were assessed regularly throughout the study. There were no clinically relevant changes from baseline in vital signs and no differences between the study arms with respect to the change from baseline data. A summary ofthe mean systolic and diastolic blood pressure at baseline and at time points throughout the study is provided in the tables above. Median BP at baseline for the Herceptin arm was 120 mmHg and by week 52 the median BP was up to 125 mmHg. In c
	Reviewer note: A limitation to the vital signs data is pulse measurements were only collected at baseline and "Back ofthe Book" measurements which indicated unscheduled measurements ofvital signs was coded as missing data. Also, captured in the adverse events datasets (AE.xpt), the incidence ofhypertension in the Herceptin arm was 4% (6411678) vs. observation arm 2% (3511708). 
	7.1.8.2 Selection of studies and analyses for overall drug-control comparisons 
	Drug-control comparisons oflaboratory values were limited to the analyses ofthe differences between the 1-year Herceptin arm and observation arm (see section 7.1.8.3). 
	7.1.8.3 Standard analyses and explorations of vital signs data Baseline systolic and diastolic blood pressure and pulse data were analyzed. In addition per schedule of assessment serial blood pressures were analyzed. As stated in section 7.1.81., a limitation to the vital signs data is pulse measurements were only collected at baseline and "Back ofthe Book" measurements which indicated unscheduled measurements ofvital signs was coded as missing data. Long term follow-up data was limited to follow-up out to 
	arm and 251 in the Herceptin arm. The data for the Herceptin arm shows that the median blood pressure returned to baseline levels at 24 months follow-up. 
	Blood pressure changes revealed a 5 point increase from baseline median BP in the Herceptin arm, versus a 1 point increase in the observation arm. Clinically meaningful is the correlate of incidence ofhypertension reported in the adverse events data where hypertension was reported twice as often in the Herceptin arm than the observation arm. 
	7.1.8.4 Additional analyses and explorations None were performed. 
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	7 .1.9 Electrocardiograms (ECGs) 
	7.1.9.1 Overview ofECG testing in the development program, including briefreview of preclinical results 
	Standard 12-Lead electrocardiogram (ECG) was performed for both arms ofthe study at baseline, weeks 13, 25, and 52. Post drug follow-up ofECG monitoring included months 18, 24, 30, 36, and 60. A limitation to the ECG data was no submission ofa electronic dataset but as a line by line submission. Section 7.l.9.3, contains the analysis ofEC,G abnormalities reported as AEs in the AE.xpt datatset. 
	7.1.9.3 Standard analyses and explorations ofECG data The total number of subjects report,ing ECG abnormalities as AEs in the observation arm was 0.23% (411708) compared to 0.54% (9/1678) in the Herceptin arm, Table 47. No grade 3-4 abnormalities were reported, however the incidence ofT-wave inversion reported 
	between arms is clinically meaningful. The Herceptin arm was reported the event of T-wave inversion four times higher than the observation arm. 
	Table 47. ECG abnormalities reported as AEs Between Arms 
	Observation 
	Observation 
	Observation 
	Herceptin 

	(n=l708) 
	(n=l708) 
	(n=1678) 

	All Grades 
	All Grades 
	All Grades 

	Preferred Term 
	Preferred Term 
	n 
	% 
	n 
	% 

	ECG P WA VE INVERTED 
	ECG P WA VE INVERTED 
	0 
	0.00 
	1 
	0.06 

	ELECTROCARDIOGRAM 
	ELECTROCARDIOGRAM 
	1 
	0.06 
	3 
	0.18 

	ABNORMAL 
	ABNORMAL 

	ELECTROCARDIOGRAM 
	ELECTROCARDIOGRAM 
	0 
	0.00 
	1 
	0.06 

	CHANGE 
	CHANGE 

	ELECTROCARDIOGRAM 
	ELECTROCARDIOGRAM 
	1 
	0.06 
	0 
	0.00 

	OT PROLONGED 
	OT PROLONGED 

	ELECTROCARDIOGRAM 
	ELECTROCARDIOGRAM 
	1 
	0.06 
	4 
	0.24 

	TWAVE INVERSION 
	TWAVE INVERSION 

	QRS AXIS ABNORMAL 
	QRS AXIS ABNORMAL 
	1 
	0.06 
	0 
	0.00 


	\ 
	\ 

	7 .1.9 .4 Additional analyses and 'explorations None were performed. 
	7.1.10 Immunogenicity The HERA study was not designed to collect serum safnples in order to determine the incidence ofhuman anti-human antibody (HAHA) to trastuzumab. Data to immunogenecity is limited to legacy data in the metastatic setting. The incidence of · immune responses (HAHA) to trastuzumab in the setting ofmetastatic disease is low. The 
	impact on HAHA, ifany, is ofminimal risk and does not offset the benefits ofthe effects onDFS. 
	7 .1.11 Human Carcinogenicity 
	Human carcinogenicity studies were not required and therefore not conducted or included in the application in support ofthis proposed labeling extension. 
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	7.1.12 Special Safety Studies .No special safety studies were conducted in support ofthis application. .
	7.1.13 Withdrawal Phenomena and/or Abuse Potential .No withdrawal phenomenon is known. Trastuzumab has no expected abuse potential. .
	7 .1.14 Human Reproduction and Pregnancy Data .Oligohydramnios was initially identified five post marketing cases in 2004. Changes made .to the label were based on three cases and the addition ofoligohydramnios identified in the .post marketing setting was added. The pregnancy category remained a "B". In 2007 post .marketing reports through the adverse events reporting system (AERS) identified 18 cases .ofoligohydramnios. A consult was placed to the Maternal Heath Team at the FDA to .review the post marketi
	Review ofthe published literature and MedWatch forms submitted to FDA reveal ten reported and unique pregnancies in women with breast cancer who used Herceptin during some portion oftheir pregnancy, nine ofwhom developed oligohydrarrinios. In one other case, a woman received two doses ofHerceptinjust prior to conception. Table 1 summarizes the key features ofthese 11 cases including the gestational ages at which Herceptin was given, the gestational age at which oligo-or anhydramnios was diagnosed, concomita
	RECOMMENDATIONS 
	1. .
	1. .
	1. .
	The pregnancy category for Herceptin (trastuzumab) should be changed to a "D" based on the available human data that suggest a possible teratogenic effect leading to oligohydramnios. 

	2. .
	2. .
	The pregnancy portion ofthe Herceptin label should include information about the known cases ofoligohydramnios that occurred with use ofHerceptin during pregnancy. 

	3. .
	3. .
	The label should recommend that pregnant women using Herceptin undergo screening for oligohydramnios with obstetrical ultrasound examination at regular intervals. 

	4. .
	4. .
	Ifoligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the gestational age ofthe fetus and consistent with the standards ofcare for the community. This testing should continue on a regular basis until one oftwo conditions is met: 


	a. .
	a. .
	a. .
	Herceptin therapy is discontinued and oligohydramnios resolves 

	b. .
	b. .
	b. .
	Delivery. 
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	5. .
	5. .
	5. .
	In cases where the physician and patient decide to continue Herceptin therapy for maternal reasons despite the presence of oligohydrarnnios, additional intravenous hydration should be considered. With other forms of chemotherapy during pregnancy, transient oligohydrarnnios has been observed, and extra hydration sometimes mitigates this effect. 

	6. .
	6. .
	Include contact information for the Cancer and Childbirth Registry and encourage enrollment of pregnant patients using Herceptin. 


	(Refer to Appendix E for consult) 
	7.1.15 Assessment ofEffectonGrowth 
	There is no information on the use ofthis drug in children. The indication supported by this application occurs exclusively in adults. 
	7 .1.16 Overdose Experience .There was no report of overdose in the sBLA application. .
	7 .1.16 Overdose Experience .There was no report of overdose in the sBLA application. .
	7 .1.16 Overdose Experience .There was no report of overdose in the sBLA application. .

	7 .1.1 7 Postrnarketing Experience .See section 7.l.14. .
	7 .1.1 7 Postrnarketing Experience .See section 7.l.14. .


	7.2 Adequacy of Patient Exposure and Safety Assessments 
	7.2.1 Description ofPrimary Clinical Data Sources (Populations Exposed and Extent ofExposure) Used to Evaluate Safety 
	Raw and Derived Datasets Reviewed Safetv Review 
	Efficacy Review AE (adverse event) 
	EFEX ( Efficacy and special safety assessments) CAB (Cardiac Advisory Board 
	EFEXLVEF (LVEF) Review) CHEMOTX (Prior chemotherapy) 
	EFEXRE (radiological exam) DEMO (demographic data) 
	EFFEXSURV (disease recurrence and survival) DIAG (previous and current 
	* CARDIAC ( cardiac\L VEF data) diseases) DIED (Death information) 
	. * CARDIC 2. (secondary cardiac L VEF, CAB) EFEXCE (Cardiac Event) 
	*PAT (efficacy analysis data) 
	EFEXCO (cardiac questionnaire) 
	EXCL (Exclusions) 
	EXIT (study 
	completion/discontinuation 
	HORMTX (hormone therapy) 
	LABP (Laboratory results) 
	MEDO (previous and concomitant 
	treatment)· 
	MEDT (Study drug 
	90 .
	90 .

	II administration) 
	* Derived data 
	In addition source documentation included CRFs and narrative summaries. .Exposure data to drug was adequate to provide safety information. Refer to section 1.3.3. .
	7 :2.1.1 Study type and design/patient enumeration .Refer to section 6.1.3 Study Design .
	7.2.1.2 Demographics .The characteristics ofboth the 1-year Herceptin and observation group were well balanced. .Most patients were a median age of49 years (range 21-80), Caucasian (83%), .postmenopausal (45%), and had node negative disease with no neoadjuvant chemotherapy .(33%). Tumor characteristics were mostly commonly reported was infiltrating ductal .(95%), tumor grade 3 (60%), estrogen and progesterone receptor negative (48%), and .HER2 status IHC 3+ (79%). Primary surgery most often performed was a 
	taxanes (68%) and radiotherapy (77%). Tamoxifen alone was the most commonly received .adjuvant endocrine therapy (31 % ). .
	7.2.1.3 Extent ofexposure (dose/duration) .Refer to section 1.3.3 Safety, Table 1. Duration ofHerceptin in the Randomized Treatment .for Efficacy. .
	7.2.2 Description ofSecondary Clinical Data Sources Used to Evaluate Safety 
	Post-marketing/AERS (adverse events reporting system) reports were reviewed for this .application. Cross-reference section 7.1.4 Interstitial Lung Disease (ILD) and section .
	7.1.14 Human Reproduction and Pregnancy Data and oligohydramnios. 
	7.2.2.1 Other studies .There are no other studies. .
	7.2.2.2 Postmarketing experience A periodic safety update report (PSUR) was included in the submission for Herceptin. The dates of surveillance spanned February 14, 2006-November 16, 2006. Summary of changes included new indication for use in early breast cancer in nodeOpositive disease following doxorubicin and cyclophosphamide. From this adjuvant study information was updated regarding L VEF assessment, adverse events were updated. No new safety signals were reported. Information ofthe risk ofcardiac dysf
	updated . Dose modification section was added to include information on dose .modification performed during early breast cancer trials. .
	7 .2.3 Adequacy of Overall Clinical Experience .An adequate number ofsubjects had exposure to drug to provide safety information. .
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	7.2.4 Adequacy of Special Allimal and/or In Vitro Testing .Not applicable to this efficacy supplement. .
	7.2.5 Adequacy ofRoutine Clinical Testing .Routine clinical testing was adequate. Refer to section 6.1.3 Schedule ofAssessments. .
	7.2.6 Adequacy ofMetabolic, Clearance, and Interaction Workup .No drug-drug interactions were conducted or necessary during study B016348 (HERA). .
	7.2.8 Assessment ofQuality and Completeness ofData .
	The following statements regarding data quality and completeness with regard to adverse .event evaluation and toxicity gr~ding are pertinent to the review ofthis application: .
	• 
	• 
	• 
	The study was open labeled, which could lead to over and/or under reporting of toxicities in both treatment arms. The extent to which observed toxicities concurred with the investigator's pre-study bias, whether seen on the treatment or observation arm could have influenced reporting. It is not possible to estimate the magnitude ofthis potential bias. · 

	• 
	• 
	Although the schedule ofassessments was identical to both arms, subjects in the .Herceptin arm had the opportunity to report symptoms more often in conjunction with .the infusion appointment (every three weeks). .

	• 
	• 
	Collection ofdata post 52 weeks dropped off considerably and unable to draw clinically meaningful conclusions. 


	7 .2.9 Additional Submissions, Including Safety Update The applicant submitted a 120-day safety update at the FDA's request. The safety update of subjects who experienced adverse events after the data cutoff period ofthe original 21 December 2006 sBLA submission. This safety update included subsequent safety data on subjects from the HERA clinical trial who were randomized to the observation and I-year Herceptin arms as captured in the 31 October 2006 F. Hoffinan-La Roche clinical database. 
	Revised narratives and corresponding case report forms (CRFs) for 31 patients who experienced adverse events were included in the update. 
	7.3 Summary of Selected Drug-Related Adverse Events, Important Limitations ofData, and Conclusions 
	Cardiac Adverse events considered to be related to study drug and consistent with known toxicity include; ejection :fraction decreased Herceptin arm 3.5% (54/1678) in comparison to observation 0.6% (1111708), cardiac failure congestive Herceptin 2% (30/1678) in comparison to observation 0.3% (5/1708), cardiac failure Herceptin arm 0.55% (9/1678) in. comparison to observation 0.2% (4/1708). Cardiomyopathy reported in the Herceptin arm only, as 0.12% (2/1678). In addition the incidence of hypertension on stud
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	Limitation ofData The data on long-term follow-up in the one year Herceptin arm will be inconclusive as the HERA study allowed for re-randomization of subjects to the two year arm through protocol amendment E, which post dates data~ase closure for the one year arm. · 
	Subjects who were followed in the secondary cardiac endpoint were originally coded to be captured using New York Heart Association (NYHA) classification system. Amendment D, which was approved in November of2003, changed the coding criteria for the secondary cardiac endpoint. Significant and asymptomatic drops in L VEF would be graded in NCI-CTC version 2 instead ofthe NYHA classification system. Prior to amendment D 1700 subjects were enrolled into the HERA study per the applicant. The CRF form and instruc
	7 .4 General Methodology 
	7.4.1 Pooling Data Across Studies to Estimate and Compare Incidence Data from B016348 (HERA) were reviewed to assess the overall frequency ofadverse events for subjects treated with Herceptin as contrasted with those in the observation comparator arm. In addition, these results were compared to summaries ofdata from the 
	legacy studies, the current product label, and post marketing safety updates. There was no pooling ofdata from these sources. 
	8. ADDITIONAL CLINICAL ISSUES 
	8.1 Dosing Regimen and Administration 
	The basis for this regimen relies heavily on the applicant's identification ofthe minimum effective trough level in non-clinical animal models; the doses selected to be administered every three weeks were designed tO achieve and maintain trough levels at or above this proposed threshold. The sponsor did not provide clinical study data to address the dose­response or dose-toxicity relationships according to this every 21 day schedule. However there is substantial experience with this regimen off-label which 
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	efficacy ofthis every three week dosing regimen. The application does not contain the 
	results ofclinical studies evaluating the comparative safety and activity ofthis regimen 
	with the approved regimen. 
	In addition to the clinical study results characterizing safety and efficacy ofthis dosing 
	regimen, the application contains pharmacokinetic data from three trials (see table below, 
	reproduced from Dr. Angela Men's) which characterize the pharmacokinetic profile ofthis 
	dosing regimen, assess for pharmacokinetic interactions between Herceptin and taxane 
	chemotherapeutic agents, and assess for pharmacokinetic interactions between the . Herceptin and serum levels ofshed target antigen (extracellular domain ofthe HER2/neu 
	receptor). 
	0
	0
	h
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	a e mica tu 1es or w 1chPharma co kinetlc ata were prov1 e ID t e .pp 1catmn 
	Study 
	Study 
	Study 
	Design 
	Subjects 
	N 
	Dose/Schedule 

	IB016348 (HERA) 
	IB016348 (HERA) 
	Phase 3, open-label, randomized, multi-center 
	Women with HER2( + ), early-stage, node+ or high-ris~ node-breast cancer 
	3386 (PK­44) 
	8 mg/kg loading dose followed by 6mg/kg :.i3w 

	W016229 
	W016229 
	Phase2, open-label, single-arm 
	Women with metastatic breast cancer with HER2 over~xpression/amplification IHC3+ and/or FISH+) 
	105 
	8·mglkg; loading dose followed by 6mg/kg q3w 

	BOl5935 
	BOl5935 
	Phase 112 open-label, 
	Women with metastatic breast canc~r with HER2 overexpression/aniplification IHC2+ or 3+ or FISH+) 
	32 
	8 mg/kg loading dose on Dayl followed by 6mg/kg q3w with/without oaclitaxel 


	8.2 Drug-Drug Interactions .No drug-drug interactions were conducted or necessary during study B016348 (HERA).. .
	8.3 Special Populations .This efficacy supplement contained no specific studies to evaluate dosing based on race, .
	gender, age or major organ impairment. No data from study B016348 (HERA) suggested .dosing should be modified based on demographic characteristics. .
	8.4 Pediatrics 
	A waiver for pediatric studies under PREA is granted in this application because the indication sought is for a condition which does not occur in children. 
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	8.5 Advisory Committee Meeting The review team, including this reviewer, decided not to present the findings in the application to the Oncologic Drugs Advisory Committee for the following reasons: l)the effects of Herceptin on the primary endpoint, DFS, and related secondary endpoints were both clinically relevant, highly significant, and internally consistent across relevant subgroups. In addition, this study replicates the findings ofan early supplemental application (BL STN 103792.5150) for essentially t
	and 3) there were no safety signaJs that were considered to outweigh the clinical benefit .demonstrated. .
	8.6 Literature Review A review ofpublished literature was performed to identify cases ofpregnancy in women receiving Herceptin therapy. These data are reviewed in detail in the consultant review 
	memo ofAugust 17, 2007, by Dr. Karen Feibus ofthe Maternal/Fetal Health team and are summarized /abstracted in Section 7.1.14 ofthis review. 
	8.7 Postmarketing Risk Management.Plan Consultation provided by the Office ofSurveillance and Epidemiology (Dr. Allen Brinker) and by the Maternal and Fetal Health Team (Dr. Karen Feibus). Upon review of the post­marketing information and identification ofadditionaJ cases ofoligohydramnios both in the literature and in spontaneous post-marketing reports submitted to AERS, and as summarized in Section 7.1.14 ofthis review, both the consultants and the clinical reviewers requested that Genentech provide a pos
	not be sufficient to provide data on outcomes due to the expected low incidence of Herceptin use in pregnancy women and ---..if<' 
	In subsequent discussions, Genentech modified their plan and agreeing to develop a protocol for data collection through an established registry system. The PMC is summarized in Section 1.2.1. 
	In addition, product labeling has been revised to include tbe available data and to provide guidance on additional monitoring for the presence and progression ofoligohydramnios in pregnant women receiving Herceptin. 
	8.8 Other Relevant Materials 
	There were no additional studies, including actual use, labeling comprehension studies and marketing studies, were considered in this review. 
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	Consultation on product labeling was requested from the Division ofDivision ofDrug ·. Marketing, Advertising, and Communication (DDMAC). For details, refer to the consult meino generated by Carole Broadn~x Ph.D. All ofthe recommended changes to product labeling were incorporated into final product labeling. 
	Protocols have been request~d for the evaluation ofthe impact ofHerceptin on the QTc interval and for the evaluation ofeffects ofcurrent/recent Herceptiri use on pregnancy. These protocols will be submitted post-approval, under PMCs described in Section 1 ofthis review. Consultation on these proposed studies will be obtained upon submission ofthe draft/final protocols. 
	9. OVERALL ASSESSMENT 
	9.1 Conclusions 
	The recommendation for approval is based on the results oftwo arms out ofa three arm study B016348 (HERA), 1..:year Herceptin versus observation only. HERA is single, randomized, open label, phase III, multicenter study conducted outside the United States. A total of3386 women were randomized between the two arms and demonstrated clinically important and statistically significant prolongation to disease free sur\iival (DFS). Two years ofsurvival follow-up demonstrated a statistically significant advantage o
	log-rank test; hazard ratio=0.54, 
	95%CI=[0.44

	9.2 Recommendation on Regulatory Action 
	Approval is recommended for the following indication: Herceptin for use as a single agent, for the adjuvant treatment ofHER2-overexpressing node-negative (ER/PR negative or with one high-risk feature) or node-positive breast cancer, following multi-modality anthracycline based therapy. 
	9.3 Recommendation on Postmarketing Actions 
	9.3.1 Risk Management Activity Post marketing identification ofan increased number ofcases ofoligohydramnios in pregnancy with trastuzumab and level ofevidence in case reports (positive dechallenge and rechallenge) was cause to change the pregnancy category from B to D. A post marketing commitment by the applicant was agreed upon to submit a protocol for a prospectively and actively enrolled pregnancy registry that will collect information assessing pregnancy 
	complications, and birth outcomes in women with breast cancer exposed to a Herceptin containing regimen (refer to section 1.2.1 ). 
	9.3.2 Required Phase 4 Commitments The Applicant is to provide a final clinical study report (CSR) ofthe safety and efficacy of 2-years ofTrastuzumab treatment in Study B016348 (HERA)in order to provide a final 
	analysis ofcardiac toxicity based on serial ejection fraction monitoring, characterizing the cumulative incidence, severity, duration and reversibility (refer to section 1.2.3) 
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	To conduct a QT study according to the principles ofICH E14: The Clinical Evaluation of QT/QTc Interval Prolongation and Proarrhythmic Potential for Non-Antiarrhythmic Drugs (Section IID) in approximately 50 subjects receiving trastuzumab (refer to section 1.2.3). 
	9.4 Labeling Review 
	Implementation ofthe Physician's Labeling Rule (21 CPR 201.57) required extensive format and content changes to the label. A copy ofthe original proposed label is attached as an appendix. There were labeling negotiations with the Applicant, and the final version ofthe label is also attached. 
	Summary ofthe Major Changes to Herceptin Label 
	Highlights Section 
	• .Condensed to half a page 
	Black Box Warning 
	• .Addition ofinterstitial pnuemonitis 
	Indications and Usage 
	• .Revised to include adjuvant breast cancer as a single agent for node positive and node negative (ER/PR negative or with one high risk feature) following multi-modality anthracyclines based therapy 
	Dosage and Administration 
	• .
	• .
	• .
	New dose and schedule ofadministration added to adjuvant breast cancer (2.1) 

	• .
	• .
	Revised instructions for overall dose modification (2.2) 


	Warning and Precautions 
	• .Under Cardiomyopathy; hypertension and arrhythmias added, revised cardiac monitoring 
	(5.1) 
	(5.1) 

	• .
	• .
	• .
	Table 1: Incidence ofCongestive Heart Failure in Adjuvant Breast Cancer Studies. And Table 2: Incidence ofCardiac Dysfunction* in Metastatic Breast Cancer Studies replaced text in Cardiomyopathy (5.1). 

	• .
	• .
	Under pulmonary toxicity; interstitial pnuemonitis added (5.4) 

	• .
	• .
	Embryo-fetal toxicity pregnancy category changed to D and updated information on oligohydramnios (5;6) 


	Adverse Reactions 
	• .
	• .
	• .
	New Table 3, updated adverse reactions by MedDRA preferred term (6.1) 

	• .
	• .
	New Table 5, Per-patient Incidence ofNew Onset .Myocardial Dysfunction (by LVEF) Studies 1, 2 and 3 (6.1) .

	• .
	• .
	New Figure 1, Studies 1 and 2: Cumulative Incidence ofTime to First LVEF .Decline of ~10 Percentage Points from Baseline and to .Below 50% with Death as a Competing Risk Even (6.1) .

	• .
	• .
	New Figure 2, Study 3: Cumulative Incidence ofTime to First L VEF .Deeline of ~10 Percentage Points from Baseline and to .Below 50% with Death as a Competing Risk Even (6~1) .
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	Postmarketing Experience 
	• .Oligohydramnios (6.3) 
	Use in Specific Populations _ 
	• .Pregnancy category changed to D (8.1) 
	Clinical Studies 
	• .
	• .
	• .
	Study 3, B016348 (HERA) added (14.1) 

	• .
	• .
	Table 6, Efficacy Results from Adjuvant Treatment of Breast Cancer (Studies 1 + 2 and Study 3) (combined information across adjuvant studies into one table). (14.1) 

	• .
	• .
	Table 7, Treatment Outcomes in Studies 2 and 3 as a Function of HER2 Overexpression or Amplification (combined information across adjuvant studies into one table). (14.1) 

	• .
	• .
	Table 8. Study 4: Efficacy Results in First-Line Treatment for Metastatic Breast Cancer (replaced fonner table 12). (14Zj) 


	Patient Counseling information section 17 new: 
	• .Encourage pregnant women who are using Herceptin to enroll in the Cancer and .Childbirth Registry · .
	9.5 Comments to Applicant 
	No additional comments to the applicant were provided. 
	10.0 APPENDICES 
	10.1 Review ofIndividual Study Reports 
	Study BO 16348 (HERA) was the only study with supporting datasets reviewed for this application. The review discusses the data from this study in depth. FDA reviews oflegacy study reports were also reviewed (STN 103792.0, STN 103792/5150). 
	10.2 Line-by-Line Labeling Review , .Substantive changes are summarized in section 9.4. FDA has recommended the following major .changes in the content ofthe originally proposed label for this submission: (Refer to Appendix .F andG) · .
	. Overall changes in the content ofmost sections, including (bf<1 -were made pursuant to the Physician Labeling Rule (21 CFR 201.57) 
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	Black Box Warning inclusive of interstitial pneumonitits under Infusion reactions, Pulmonary 
	Toxciity: 
	Infusion reactions, Pulmonary toxicity: Discontinue Herceptinfor anaphylaxis, angioedema, 
	interstitial pneumonitis, or acute respiratory distress syndrome. 
	Indications and Usage in section 1.1 revised to include use as a single agent in adjuvant breast 
	cancer. 
	As a single agent, for the adjuvant treatment ofHER2-overe'Xpressing node-negative (ERIP R negative or with one high-riskfeature) or node-positive breast cancer, following multi-modality anthracycline based therapy. 
	Dosage and Administration in section 2.1 revised to include new dose schedule in adjuvant 
	breast cancer. .· 
	New dose and schedule ofadministration added to adjuvant breast cancer (2.1) .Initiate Herceptin following completion ofall chemotherapy. Administer Herceptin at an initial .dose of8 mg/kgfollowed by subsequent doses of6 mg/kg every three weeks for a total of17 .doses (52 weeks oftherapy). Administer all doses >4 mg/kg as 90 minute intravenous infusions. .
	Dose modification section 2.2, for cardiomyopathy revised for clarity: 
	Assess left ventricular ejection fraction (LVEF) prior to initiation ofHerceptin and at regular 
	intervals during treatment. Withhold Herceptin dosing for at least 4 weeks for either ofthe following: 
	• .
	• .
	• .
	~16% absolute decrease in L VEF from pre-treatment values 

	• .
	• .
	L VEF below institutional limits ofnormal and~10% absolute decrease in L VEF from pretreatment values. 

	• .
	• .
	Herceptin may be resumed if, within 4-8 weeks, the LVEF returns to normal limits and the absolute decrease from baseline is 5 15%. 

	• .
	• .
	Permanently discontinue Herceptin for a persistent ( > 8 weeks) L VEF decline orfor suspension ofHerceptin dosing on more than 3 occasions for cardiomyopathy. 


	Warnings and precautions section 5.1, added Table 1 and 2 in place oftext 
	Table 1 .Incidence ofCongestive Heart Failure in Adjuvant Breast Cancer Studies .
	Incidence 
	Incidence 
	Incidence 

	Study 
	Study 
	Event 
	Herceptin 
	Control 

	I & 2 
	I & 2 
	Congestive heart failure* 
	2% (32/1677) 
	0.4% (7/1600) 

	3 
	3 
	Congestive heart failure 
	2% (30/1678) 
	0.3% (5/1708) 


	*Includes I patient with fatal cardiomyopathy. 
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	Table2 .Incidence ofCardiac Dysfunc.tion* in Metastatic Breast Cancer Studies .
	Incidence 
	Incidence 

	NYHAI-IV NYHAIII-iv 
	Study Event Herceptin Control Herceptin Control 
	4 
	4 
	4 
	Cardiac 
	28% 
	7% 
	19% 
	3% 

	(AC) 
	(AC) 
	Dysfunction 

	4 
	4 
	Cardiac 
	11% 
	1% 
	4% 
	1% 

	(paclitaxel) 
	(paclitaxel) 
	Dysfunction 

	5 
	5 
	Cardiac Dysfunction•• 
	7% 
	NIA 
	5% 
	NIA 


	* Congestive heart failure or significant asymptomatic decrease in LVEF •• Includes I patient with fatal cardiomyopathy. 
	Warnings and precautions section, 5.4 Pulmonary Toxicity, added new safety finding interstitial pnuemonitis: . 
	Herceptin use can result in serious andfatal pulmonary toxicity'. Pulmonary toxicity includes 
	dyspnea, interstitial pneumonitis, pulmonary infiltrates, pleural effusions, non-cardiogenic pulmonary edema, pulmonary insufficiency and hypoxia, acute respiratory distress syndrome, 
	andpulmonary fibrosis. 
	Warning and Precautions section, 5.6 Embryo-Fetal Toxicity, pregnancy category changed 
	from B to D and updated information on oligohydramnios: 
	Em/Jryo-Fetal Toxici(J! (.Pregnancy Category .D) 
	Herceptin can cause fetal harm when administered to a pregnant woman. Post-marketing case 
	reports suggest that Herceptin use during pregnancy increases the risk ofoligohydramnios during the second and third trimesters. IfHerceptin is used during pregnancy or ifa woman 
	becomes pregnant while taking Herceptin, she should be apprised ofthe potential hazard to a fetus. 
	Adverse Rea~tions section, 6.1 Clinical trials experience, new Table 3 ofupdated adverse 
	reactions by MedDRA preferred term. 
	Adverse Reactions section, 6.1 Clinical trials experience, new Table 5, Per-patient Incidence of New Onset Myocardial Dysfunction (by L VEF) Studies 1, 2 and 3: 
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	T•blcS .Per-patient Incidence ofNew Onset .Myocardial Dysfunction (by LVEF) Studies l, 2 and 3 .
	Studies I and 2 
	Studies I and 2 
	Studies I and 2 
	Study 3 

	Criteria 
	Criteria 
	AC-TH (n=J606I 
	AC·T Cn=l488) 
	HcrccpCln (1?1678) 
	Obsctvation Cn• l708l 

	Post-baseline L VEF <50% 
	Post-baseline L VEF <50% 
	228% (366) 
	9.1% (136) 
	8.6% (1 44) 
	2.7% (46) 

	LVEF<SO"A> and ;?:100.4 decrease from baseline 
	LVEF<SO"A> and ;?:100.4 decrease from baseline 
	18.3% (294) 
	5.4% (81) 
	7.0% (118) 
	2.0% (JS) 

	LVEF<50% and ~16% decrease from baseline 
	LVEF<50% and ~16% decrease from baseline 
	11.7% (188) 
	2.2% (33) 
	3.8% (64) 
	1.2% (20) 

	LVEF absolute decrease of:::.10%, <200.4 
	LVEF absolute decrease of:::.10%, <200.4 
	33.4% (536) 
	18.3% (272) 
	22.4% (376) 
	11 .9% (204) 

	LVEF absolute decrease ;?:20% 
	LVEF absolute decrease ;?:20% 
	9.2% (1 48) 
	2.4% (36) 
	3.$% (59) 
	1.2% (21} 


	Adverse Reactions section, 6.1 Clinical trials experience, new Figure 1, Studies 1 and 2: Cumulative Incidence ofTime to First L VEF Decline of~10 Percentage Points from Baseline and to Below 50% with Death as a Competing Risk Event: 
	F"tptt 1 .Studies I and 2: Cumulative Incidence ofTune to First L VEF .Decline of~10 Per-cencage PointS from Baseline and to .Bdow 50% with Death as a Competing Rist Event .
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	Adverse Reactions section, 6.1 Clinical trials experience, new Figure 2, Study 3: Cumulative Incidence ofTime to First LVEF Decline of~10 Percentage Points from Baseline and to Below 50% with Death as a Competing Risk Event: 
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	Figure2 .Study 3: Cumulative Incidence ofTime io First LVEF .Declineof <?: 10 Percentage Points fromBaseline and to .Below 50%with'Death as!! ~ompeting_RiskEvent .
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	Postmarketing Experience section 6.3, oligohydramnios added. 
	Use in Specific Populations, section 8.1 Pregnancy Category, changed to D: 
	Pregnancy 
	Teratogenic Effects,· Category D [see Warnings and Precailtions (5. 6)] 
	Herceptin can cause fetal harm when administered to q pregnant woman. Post-marketing case reports suggest that Herceptin use during pregnancy increases the risk/or oligohydramnios during the second and third trimester. IfHerceptin is used during pregnancy or ifa woman becomes pregiiant while taking Herceptin, she shquld be apprised'ofthe potential hazardto a fetus. 
	In the postmarketing setting, oligohydramnios was reported in women who received Herceptin during pregnancy, either alone or in combination with chemotherapy. In halfofthese women, amnioticfluid index increased after Herceptin was stopped. In one case, Herceptin was resumed after the amnioticfluid index improved, and oligohydramnios recurred 
	Women using Herceptin during pregnancy should be monitoredfor oligohydramnios. If oligohydramnios occurs, fetal testing should be done that is appropriate for gestational age and consistent with community standards ofcare. Additional intravenous (IV) hydration has been helpful when oligohydramnios has occurredfollowing administration ofother chemotherapy agents, however the effects ofadditional IV hydration with Herceptin treatment are not known. 
	Clinical Studies section 14.1, Study 3, B016348 (HERA) added: 
	In Study 3, breast tumor specimens were required to show HER2 overexpression (3 + by IHC) or gene amplification (by FISH) as determined at a central labor4tory. Patients with rzode-negative disease were required to have ~Tlc primary tumor. Pqtients with a history ofcongestive heart failure or LVEF <55%, uncontrolled arrhythmias, angina requiring medication clinically significant valvular heart disease, evidence oftransmural infarction on ECG, poorly controlled hypertension (systolic > I80 mm Hg or diastolic
	Patients were randomized (1: 1) upon completion ofdefinitive surgery, and at least four cycles 
	ofchemotherapy; to receive no additional treatment (n = 1693) or I .year ofHerceptin treatment 
	(n = 1693). Patients undergoing a lumpectomy had also completed standard radiotherapy. 
	Patients with ER+ and/or PgR+ disease receivedsystemic adjuvant hormonal therapy at 
	investigator discretion. Herceptin was administered with an initial dose of8 mg/kgfollowed by 
	102 .
	102 .

	subsequent doses of6 mg/kg once every three weeks for a total of52 weeks. The primary 
	endpoint was disease-free survival (DFS), defined as in Studies 1 and 2. 
	Among the 3386 patients randomized to the two treatment arms, the median age was 49 years 
	(range 21-80), 83% were Caucasian, and 13% were Asian. Disease characteristics: 94% 
	infiltrating ductal carcinoma, 50% ER+ and/or PgR+, 57% node positive, 32% node negative, 
	and in 11% ofpatients, nodal status was not assessable due to prior neo-adjuvant chemotherapy. 
	Ninety-six percent (105511098 ofpatients with node-negative disease had high-risk features: 
	among the 1098 patients with node-negative disease, 49% (543) were ER-andPgR-, and 47% 
	(512) were ER and or PgR + and had at least one ofthe following high-risk features: 
	·pathological tumor size greater than 2 cm, Grade 2-3, or age <35 years. Prior to randomization, 94% ofpatients had received anthracycline-based chemotherapy regimens. 
	Clinical Studies section 14.1 Table 6, Efficacy Results from Adjuvant Treatment of 
	Breast Cancer (Studies 1 + 2 and Study 3). Combined information across adjuvant studies into 
	one table: 
	Table6 .Efficacy Results from Adjuvant Treatment of .Breast Cancer (Studies I + 2 and Study 3) .
	Study 1+2 AC-+ AC-+ Herceptin + T T (n=l872) (n= 1880) 
	Study 1+2 AC-+ AC-+ Herceptin + T T (n=l872) (n= 1880) 
	Study 1+2 AC-+ AC-+ Herceptin + T T (n=l872) (n= 1880) 
	Study 3 Chemo--+ Chemo--+ Herceptin Observation (n=l693) (n = 1693) 

	Primary Endpoint DFS events 
	Primary Endpoint DFS events 
	133 
	261 
	127 
	219 

	Hazard ratio (95%Cl) 
	Hazard ratio (95%Cl) 
	0.48" (0.39, 0.59) 
	0.54 (0.44, 0.67) 

	p-value 
	p-value 
	< O.OOOlb 
	< 0.0001' 

	Secondary Endpoints Deaths 62 
	Secondary Endpoints Deaths 62 
	92 
	31 
	40 

	Hazard ratio 95%CI p-value 
	Hazard ratio 95%CI p-value 
	0.67 NSd 
	. 0.75 NSd 


	CI= confidence interval. 
	CI= confidence interval. 

	• Hazard ratio estimated by Cox regression stratified by clinical trial, intended paclitaxel schedule, number ofpositive nodes, and hormone receptor status. 
	b stratified log-rank test. .' log-rank test. .d NS= non-significant. .
	b stratified log-rank test. .' log-rank test. .d NS= non-significant. .

	Clinical Studies section 14 Table 7, Treatment Outcomes in Studies 2 and 3 as a Function of HER2 Overexpression or Amplification. Combined information across adjuvant studies into one table: 
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	Table7 .Treatment Outcomes in Studies 2 and 3 as a Function of .HER2 oVefexi>ression or Amplification .
	Study 2 SIUdy 3 
	Number Hazard Ratio Number Hazard Ratio HER2Assay of -DFS of DFS Result• Patients (9S%Cl) Patients ~9S%C[) 
	.!HC.1.± 
	.!HC.1.± 

	1170 0.42 91 0.56 (0:27, 0.64) (0.13. 2.50) 
	FISH(-) .·­
	FISH(-) .·­
	FISH(+) 

	51 .0.71 8 (0,04, 11.79? 
	51 .0.71 8 (0,04, 11.79? 
	51 .0.71 8 (0,04, 11.79? 

	51 .0.69 2258 0.53 (0.09, 5. 14) (0.41, 0.69) 
	51 .0.69 2258 0.53 (0.09, 5. 14) (0.41, 0.69) 


	FISH Unknown 
	FISH Unknown 
	FISH Unknown 
	174. . 


	IHC <3+/ 1.01 299" 0.53 ,. (0.18, 5.65) (020, 1.42) 
	FISH (+) 

	IHC unknown I ----724 0.59 FISH (+) (0.38, 0.93) 
	• IHC by HercepTeS~ FISH by ~thVysioo a:s performed at a central 
	laboratory. " All cases in this category in srudy 3 were me 2+ . 
	Clinical Studies section 14 Table 8. Study 4: Efficacy Results in First-Line Treatment for Metastatic Breast Cancer (replaced former table 
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	Table8 .Study 4: Efficacy Results in .. First-Line Treatment for Metastatic Breast Cancer .
	Combined Results PacliW<el Subgroup AC $ubgroup 
	Hcrceptin 
	Hcrceptin 

	+ All All Herce~tin Chemo-Chemo-+ Herceptin therapy lherapy Paelituel Paclitaxel + AC' AC 
	In; 235) (n • 234\ (n • 92\ (n s 96) In ~ 143) (n • 138) 
	Primary Endpoint 
	Primary Endpoint 

	MWan 
	MWan 
	MWan 
	7.2 
	4.S 
	6.7 
	·2.5 
	7.6 
	5.7 

	J:If!m2U"' 
	J:If!m2U"' 

	9S%CI 
	9S%CI 
	7, 8 
	4, 5 
	s, 10 
	2,4 
	7,9 
	5, 7 

	p·valued 
	p·valued 
	<0.0001 
	<0.0001 
	0.002 

	Secondary Endpoints 
	Secondary Endpoints 

	Overall 
	Overall 
	45 
	29 
	38 
	15 
	. 
	50 
	38 

	B.~l'l!S?•~ Rill~· 
	B.~l'l!S?•~ Rill~· 

	95%CI 
	95%CI 
	39, 51 
	23,35 
	28,48 
	8,22 
	42, 58 
	30,46 

	p-value • 
	p-value • 
	<0.001 
	<0.()()1 
	0.10 

	M~!!!B."R ~ 
	M~!!!B."R ~ 
	8.3 
	5.8 
	8.3 
	4.3 
	8.4 
	6.4 

	<mos)'' 
	<mos)'' 

	25%, 75% quartile 
	25%, 75% quartile 
	6, 15 
	4, 8 
	5 ,I I 
	4, 7 
	6, 15 
	4, 8 

	M~!l~llll!WI 
	M~!l~llll!WI 
	25.1 
	20.3 
	22.1 
	18.4 
	26.8 
	21.4 

	~' 
	~' 

	95%CI 
	95%CI 
	22, 30 
	17,24 
	17,29 
	13,24 
	23, 33 
	18,27 

	p-valued 
	p-valued 
	0.05 
	0.17 
	0.16 

	TR
	. . 
	. .


	' AC -Anthracychne (doxorub1cm or epnub1can) and cycl()ph.ospham1de. 
	b Assessed by an independent Response.Evaluation Committee. · 
	• 
	• 
	• 
	• 
	Kaplan-Meier Estimate. d log-rank iest 

	• 
	• 
	x2-test. 



	Patient Counseling Information section 17, new: 
	• 
	• 
	• 
	Advise patients to contact a health care profession immediately for any ofthe following: new onset or worsening shortness ofbreath, cough, swelling ofthe ankles/legs, swelling ofthe face, palpitations, weight gain ofmorethan 5 pounds in 24 hours, dizziness or loss of consciousness. 

	• 
	• 
	Advise women with reproductive potential to use effective contraceptive methods during treatment and for a minimum ofsix months following Herceptin. 

	• 
	• 
	Encourage pregnant women who are using Herceptin to enr9ll in the Cancer and Childbirth Registry. 
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	Appendix A Correspondence to Applicant from Breast International Group (B.LG.) 
	Etfi~cy · bo16348-addendum -275 
	Sect
	Figure
	8.I.G.-abbl Seaetarl11t 
	Jules Bo~Institute .Boulevard de Waterloo 121. 7th Fl .1000 Brussels Belgiuin .Tel: 32 2 541 33'04 .Fax: 32 541 3199 .
	BIG@bordet.be .
	www.breastlntematlonalgroyp.orn .


	Or. Leonan! Reyno Brussel$ 30 June2006 Medlall OiteelOr 
	Hen:eptin Genenlech Inc. 460 Poil'lt S.. BMo IM SClUlll S.. FIWlCisco (Caibnia) 940S04990 UnltBd StallsofAmerica 
	Hen:eptin Genenlech Inc. 460 Poil'lt S.. BMo IM SClUlll S.. FIWlCisco (Caibnia) 940S04990 UnltBd StallsofAmerica 
	Dear Or. Reyno, 

	It was nice ID lalk ID you on the phooe. .We truly want b ~Genentech as much as we can will the ftllng cladjuvant tranmJmabIn .the US. Unfcrbtalely, complying with the FDArequest would mquite us IDgoagaRSt the .and'reaimmendaliOO's ofo..-own IOMC. .
	cnamr

	Currently, 1) The IDMC minu1es are conf!dential. They were written and 8'lPIO'led by the meinbeis of the oommilee • ltlls liidelsblding. We would have to convene aspecial session clthe IDMC to cooslder the request and prepare 8Xl:efPbl minutes. as the lrial is Siii Ol\gOlrlg ror h 1­yu 'l9ISUS 2-year compaiisot~ This would villafe the tenns of1he IDMC chBl1ef and requi9 subslantial effort and inconvenierice·ilr all concerned. 2) The IDMC has recommended !hat the 2-year trastuntmab arm data remain blinded. R
	The next meeti1g of our HERA IDMC will take place in December 2006. Thent iiaplai ~look at Interim efficacy ~of the; 2-rear versus 1·Yelllcomparison at lhatUme. 
	I am sony ttlat I can notbe of greater help at this Ume. 
	I am sony ttlat I can notbe of greater help at this Ume. 
	Please do not hesitate to cootactme again if needed. IM Picc.art. MO. PhD 
	twatnnwlfttttal ~(SrG)-olsbl J-""*1~ 
	~-~12V7Htl'­
	IOOO....'-!rllll 
	t.&•R(q)Z611JJ04 ~)t541.11 99 
	faic:.32 
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	Appendix B Footnotes to study B016348 (HERA) Inclusion Criteria 
	A Margins ofthe resected specimen had to be histologically free of invasive adeno-carcinoma and ductal carcinoma in situ (DCIS). Lobular carcinoma in situ (LCIS) did not count as a positive margin. Exception: Patients who had 'non-resectable' deep margin invasion were eligible provided they had had radiotherapy encompassing the region concerned. Patients with histologically documented infiltration ofthe skin (pT4) were eligible provided they had undergone radiotherapy encompassing the tumor bed. Node positi
	8 
	0 
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	Appendix C Footnotes to study B016348 (HERA) Exclusion Criteria 
	A Previous history of ductal carcinoma in situ (DCIS) ofthe breast was not an exclusion criterion. .For radiotherapy planning and dose details, please refer to Protocol Section 5.1.4 · .c Clinical suspicion ofsupraclavicular lymph node involvement must be accompanied by a negative fine needle .aspirate (FNA) or biopsy in order to be eligible. · .Patients may have participated in a (neo-) adjuvant chemotherapy trial prior to enrollment in the HERA trial, .provided that the chemotherapy trial was approved by 
	8 
	0 

	·not indicated in this patient population:· 
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	Appendix D Adverse Events Table for B016348 (HERA) by Preferred Term 
	All Ad verse events ra es -or tu IY 1y re erre ermG d 1 4 £ HERA S d b P ti d T Observation Herceptin Observation Herceptin Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4 n % n % n % n % HEADACHE 49 2.87 162 9.65 3 0.18 4 0.24 ARTHRALGIA 98 5.74 137 8.16 3 0.18 4 0.24 NASOPHARYNGITIS 43 2.52 135 8.05 0 0.00 0 0.00 FATIGUE 44 2.58 128 7.63 0 0.00 4 0.24 DIARRHOEA 16 0.94 123 7.33 0 0.00 5 0.30 NAUSEA 19 1.11 108 6.44 1 0.06 2 0.12 PYREXIA 6 0.35 100 5.96 0 0.00 1 0.06 HOT FLUSH 84 4.92 9
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	Observation Herceptin Observation Herceptin Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4 n % n % n % n % CONGESTIVE DYSPEPSIA 9 0.53 30 1.79 0 0.00. 0 0.00 SHOULDER PAIN 28 1.64 30 1.79 1 0.06 1 0.06 ABDOMINAL PAIN UPPER 15 0.88 29 1.73 0 0.00 1 0.06 WEIGHT INCREASED 17 1.00. 29 1.73 1 0.06 1 0.06 PARAESTHESIA 11 0.64 29 1.73 0 0.00 0 0.00 STOMATITIS 1 0.06 26 1.55 0 0.00 0 0.00 SINUSITIS 5 029 26 1.55 0 0.00 1 0.06 CHEST WALL PAIN 24 1.41 26 1.55 1 0.06 o· 0.00 VERTIGO 7 0.41 25 1.49
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	Observation Herceptin Observation Herceptin Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4 n % n % n % n % CELLULITIS 5 0.29 11 0.66 1 0.06 2 0.12 LOCALISED INFECTION 1 0.06 11 0.66 0 0.00 1 0.06 HERPES SIMPLEX 5 0.29 11 0.66 0 0.00 0 0.00 TREMOR 2 0.12 11 0.66 0 0.00 0 0.00 HYPOAESTHESIA 13 0.76 11 0.66 0 0.00 0 0.00 VAGINAL DISCHARGE 6 0.35 11 0.66 0 0.00 0 0.00 VISION BLURRED 4 0.23 IO 0.60 0 0.00 0 0.00 ABDOMINAL DISTENSION 4 0.23 IO 0.60 0 0.00 0 0.00 HAEMORRHOIDS 5 0.29 IO 0.60 0 
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	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	ECG P WA VE INVERTED 
	ECG P WA VE INVERTED 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	ELECTROCARDIOGRAM CHANGE 
	ELECTROCARDIOGRAM CHANGE 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	PULSE ABNORMAL 
	PULSE ABNORMAL 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BLOOD PRESSURE ABNORMAL 
	BLOOD PRESSURE ABNORMAL 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BLOOD PRESSURE SYSTOLIC INCREASED 
	BLOOD PRESSURE SYSTOLIC INCREASED 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	PLATELET COUNT 
	PLATELET COUNT 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	HAEMOGLOBIN DECREASED 
	HAEMOGLOBIN DECREASED 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 

	WHITE BLOOD CELL COUNT INCREASED 
	WHITE BLOOD CELL COUNT INCREASED 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	ASP ART ATE AMINOTRANSFERASE 
	ASP ART ATE AMINOTRANSFERASE 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	GAMMA­GLUTAMYLTRANSFERASE INCREASED 
	GAMMA­GLUTAMYLTRANSFERASE INCREASED 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 

	BLOOD CHOLESTEROL INCREASED 
	BLOOD CHOLESTEROL INCREASED 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	LIPIDS INCREASED 
	LIPIDS INCREASED 
	0 
	0.00 
	I 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BLOOD UREA INCREASED 
	BLOOD UREA INCREASED 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BIOPSY BREAST 
	BIOPSY BREAST 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BLOOD MAGNESIUM DECREASED 
	BLOOD MAGNESIUM DECREASED 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BLOOD POTASSIUM INCREASED 
	BLOOD POTASSIUM INCREASED 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	HYPOKALAEMIA 
	HYPOKALAEMIA 
	0 
	0.00 
	I 
	0.06 
	0 
	0.00 
	0 
	0.00 

	ALCOHOL INTOLERANCE 
	ALCOHOL INTOLERANCE 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	FOOD INTOLERANCE 
	FOOD INTOLERANCE 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	LACTOSE INTOLERANCE 
	LACTOSE INTOLERANCE 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	DIABETES MELLITUS INADEOUATECONTROL 
	DIABETES MELLITUS INADEOUATECONTROL 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	DIABETES MELLITUS NON­INSULIN-DEPENDENT 
	DIABETES MELLITUS NON­INSULIN-DEPENDENT 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	DYSLIPIDAEMIA 
	DYSLIPIDAEMIA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	HAEMARTHROSIS 
	HAEMARTHROSIS 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	MONARTHRITIS 
	MONARTHRITIS 
	3 
	0.18 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 

	GOUTY ARTHRITIS 
	GOUTY ARTHRITIS 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
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	123 .

	·Observation Herceptin Observation Herceptin Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4 n % n % n % n % JOINT EFFUSION 0 0.00 1 0.06 0 0.00 0 0.00 RHEUMATOID ARTHRITIS 2 0.12 1 0.06 0 0.00 0 0.00 MYOSITIS 0 0.00 1 0.06 0 0.00 0 0.00 MUSCLE DISORDER 0 0.00 1 0.06 0 0.00 0 0.00 MUSCLE RIGIDITY 0 0.00 1 0.06 0 0.00 0 0.00 LOWER LIMB DEFORMITY 0 0.00 1 0.06 0 0.00 0 0.00 TOE DEFORMITY 1 0.06 1 0.06 1 0.06 0 0.00 INTERVERTEBRAL DISC 0 0.00 1 0.06 0 0.00 1 0.06 · DISPLACEMENT FLANK PAIN 5
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	Adverse Event MedDRA PT 
	Adverse Event MedDRA PT 
	Adverse Event MedDRA PT 
	Observation All Grades 
	Herceptin All Grades 
	Observation Grades 3-4 
	Herceptin Grades 3-4 

	TR
	n 
	% 
	n 
	% 
	n 
	% 
	n 
	% 

	APHONIA 
	APHONIA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	OPTIC NEURITIS RETROBULBAR 
	OPTIC NEURITIS RETROBULBAR 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 

	VISUAL FIELD DEFECT 
	VISUAL FIELD DEFECT 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	POLYNEUROPATHY 
	POLYNEUROPATHY 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	GRAND MAL CONVULSION 
	GRAND MAL CONVULSION 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	CERVICOBRACHIAL SYNDROME 
	CERVICOBRACHIAL SYNDROME 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	NERVE ROOT COMPRESSION 
	NERVE ROOT COMPRESSION 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	CEREBELLAR ATROPHY 
	CEREBELLAR ATROPHY 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 

	ECTOPIC PREGNANCY 
	ECTOPIC PREGNANCY 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	PREGNANCY 
	PREGNANCY 
	5 
	0.29 
	1 
	0.06 
	2 
	0.12 
	1 
	0.06 

	ADJUSTMENT DISORDER WITH DEPRESSED MOOD 
	ADJUSTMENT DISORDER WITH DEPRESSED MOOD 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BEREAVEMENT REACTION 
	BEREAVEMENT REACTION 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	ANTICIPATORY ANXIETY 
	ANTICIPATORY ANXIETY 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	PANIC ATTACK 
	PANIC ATTACK 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	RESTLESSNESS 
	RESTLESSNESS 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	DYSTHYMIC DISORDER 
	DYSTHYMIC DISORDER 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	TEARFULNESS 
	TEARFULNESS 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	DELUSION 
	DELUSION 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 

	MOOD SWINGS 
	MOOD SWINGS 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	LOSS OF LIBIDO 
	LOSS OF LIBIDO 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	CYSTITIS NONINFECTIVE 
	CYSTITIS NONINFECTIVE 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	LUPUS NEPHRITIS 
	LUPUS NEPHRITIS 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	RENAL CYST 
	RENAL CYST 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	HYDRONEPHROSIS 
	HYDRONEPHROSIS 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 

	BLADDER PAIN 
	BLADDER PAIN 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	MICTURITION DISORDER 
	MICTURITION DISORDER 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0,00 

	MICTURITION URGENCY 
	MICTURITION URGENCY 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	CHROMA TURIA 
	CHROMA TURIA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	URINE ODOUR ABNORMAL 
	URINE ODOUR ABNORMAL 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	NOCTURIA 
	NOCTURIA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BREAST HYPERPLASIA 
	BREAST HYPERPLASIA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BREAST DISCHARGE 
	BREAST DISCHARGE 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	BREAST HAEMORRHAGE 
	BREAST HAEMORRHAGE 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	.CERVICAL DYSPLASIA 
	.CERVICAL DYSPLASIA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	POSTMENOPAUSAL HAEMORRHAGE 
	POSTMENOPAUSAL HAEMORRHAGE 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	MENSTRUAL DISORDER 
	MENSTRUAL DISORDER 
	1 
	0.06 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	HYPO MENORRHOEA 
	HYPO MENORRHOEA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	MENOMETRORRHAGIA 
	MENOMETRORRHAGIA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	POL YMENORRHAGIA 
	POL YMENORRHAGIA 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	OVARIAN DISORDER 
	OVARIAN DISORDER 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	OVARIAN HYPERFUNCTION 
	OVARIAN HYPERFUNCTION 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	OVULATION PAIN 
	OVULATION PAIN 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 

	GENITAL HAEMORRHAGE 
	GENITAL HAEMORRHAGE 
	2 
	0.12 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
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	Observation Herceptin Observation Herceptin Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades'3-4 n % n % n % n % GENITAL RASH 0 0.00 1 0.06 0 0.00 0 0.00 ENDOMETRIAL DISORDER 0 0.00 1 0.06 0 0.00 0 0.00 UTERINE DISORDER 0 0.00 1 0.06 0 0.00 0 0.00 UTERINE HAEMORRHAGE 1 0.06 1 0.06 0 0.00 0 0.00 VAGINAL DISORDER 0 0.00 1 0.06 0 0.00 0 0.00 VAGINAL DYSPLASIA 0 0.00 1 0.06 0 0.00 0 0.00 GENITAL PRURITUS 1 0.06 1 0.06 0 0.00 0 0.00 FEMALE VAGINAL BURNING 1 0.06 1 0.06 0 0.00 0 0.00 SENSATION VAGI
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	Observation Herceptin Observation Herceptin Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4 n % n % n % n % SKIN CHAPPED 0 0.00 1 0.06 0 0.00 0 0.00 PIGMENTATION DISORDER 1 0.06 1 0.06 0 0.00 0 0.00 PYODERMA 0 0.00 1 0.06 0 0.00 0 0.00 GANGRENOSUM SKIN ULCER 0 0.00 1 0.06 0 0.00 0 0.00 INTERTRIGO 0 0.00 1 0.06 0 0.00 0 0.00 HYPOTRICHOSIS 1 0.06 1 0.06 0 0.00 0 0.00 DYSHIDROSIS 0 0.00 1 0.06 0 0.00 0 0.00 HEAT RASH 0 0.00 1 0.06 0 0.00 0 0.00 INGROWING NAIL 0 0.00 1 0.06 0 0.00 0 0.00 KOI
	127 .
	127 .

	Observation Herceptin Observation Herceptin Adverse EventMedDRA PT All Grades All Grades Grades 3-4 Grades 3-4 n % n % n % n % DYSKINESIA ARNOLD-CHIARI 1 0.06 0 0.00 0 0.00 0 0.00 MALFORMATION DERMOID CYST OF OVARY 1 ·0.06 0 0.00 0 0.00 0 0.00 DERMOID CYST 1 0.06 0 0.00 0 0.00 0 0.00 PIGMENTED NAEVUS 2 0.12 0 0.00 0 0.00 0 0.00 HYPOACUSIS 1 0.06 0 0.00 0 0.00 0 0.00 CUPULOLITHIASIS · 1 0.06 0 0.00 0 0.00 0 0.00 VERTIGO POSITIONAL 1 0.06 0 0.00 0 0.00 0 0.00, TYMPANIC MEMBRANE 1 ' 0.06 0 0.00 0 0.00 0 0.00 D
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	Observation Herceptin Observation Herceptin Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4 n % n % n % n % HEPA TIC FUNCTION 1 0.06 0 0.00 1 0.06 0 0.00 ABNORMAL FOOD ALLERGY 1 0.06 0 0.00 0 0.00 0 . 0.00 BORRELIA INFECTION 1 0~06 0 0.00 0 0.00 0 0.00 HELICOBACTER GASTRITIS 1 0.06 0 0.00 0 0.00 0 0.00 BRONCHOPULMONARY 1 0.06 0 0.00 0 0.00 0 0~00 ASPERGILLOSIS GENITAL CANDIDIASIS 1 0.06 0 0.00 0 0.00 0 0.00 NAIL CANDIDA 1 '0.06 0 0.00 0 0.00 0 0.00 NAILTINEA 1 0.06 0 0.00 0 0.00 0 0.00 D
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	Adverse Event MedDRA PT 
	Adverse Event MedDRA PT 
	Adverse Event MedDRA PT 
	Observation All Grades 
	Herceptin All Grades 
	Observation Grades 3-4 
	Herceptin Grades 3-4 

	TR
	n 
	% 
	n 
	% 
	n 
	% 
	n 
	% 

	IRON DEFICIENCY 
	IRON DEFICIENCY 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	. HYPERLIPIDAEMIA 
	. HYPERLIPIDAEMIA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	BONE DISORDER 
	BONE DISORDER 
	2 
	0.12 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	QSTEOSCLEROSIS 
	QSTEOSCLEROSIS 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	·PERlOSTITIS . 
	·PERlOSTITIS . 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	. COCCYDYNIA 
	. COCCYDYNIA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	PAININJAW 
	PAININJAW 
	2 
	0.12 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	PERlARTHRlTIS 
	PERlARTHRlTIS 
	3 
	. 0.18 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	SHOULDER PAIN 
	SHOULDER PAIN 
	1 
	·0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	SPONDYLITIS 
	SPONDYLITIS 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	BUTTOCK PAIN 
	BUTTOCK PAIN 
	2 . 
	Q.12 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	CHEST WALL MASS 
	CHEST WALL MASS 
	2 
	0.12 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	NODULE ON EXTREMITY 
	NODULE ON EXTREMITY 
	. 1 
	0.06 
	0 
	0.00 
	0 
	O.QO 
	0 
	0.00 

	SACRAL PAIN 
	SACRAL PAIN 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	SENSATION OF HEAVINESS. 
	SENSATION OF HEAVINESS. 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	. 0.00 

	TENOSYNOVITIS STENOSANS 
	TENOSYNOVITIS STENOSANS 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	TRIGGER FINGER. 
	TRIGGER FINGER. 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	BREAST CANCER IN SITU 
	BREAST CANCER IN SITU 
	1 
	0.06 
	0 
	0.00 
	1 
	0~06 
	0 
	0.00 

	. SEBORRHOEIC KERATOSIS 
	. SEBORRHOEIC KERATOSIS 
	1 
	0.06' 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	PAPILLARY THYROID CANCER 
	PAPILLARY THYROID CANCER 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 
	0 
	o:oo 

	GASTROINTESTINAL TRACT ADENOMA 
	GASTROINTESTINAL TRACT ADENOMA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	COLON.CANCER 
	COLON.CANCER 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 

	PAN CREA TIC CARCINOMA 
	PAN CREA TIC CARCINOMA 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 

	HAEMANGIOMA 
	HAEMANGIOMA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	TERATOMA BENIGN 
	TERATOMA BENIGN 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	NEOPLASM MALIGNANT 
	NEOPLASM MALIGNANT 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	SQUAMOUS CELL CARCINOMA 
	SQUAMOUS CELL CARCINOMA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	NEOPLASM 
	NEOPLASM 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	MENINGIOMA 
	MENINGIOMA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	CERVIX CARCINOMA 
	CERVIX CARCINOMA 
	1 
	0.06 
	0 
	. 0.00 
	1 
	0.06 
	0 
	0.00 

	ENDOMETRlAL CANCER 
	ENDOMETRlAL CANCER 
	2 
	0.12 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	CHONDROMA 
	CHONDROMA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	BASAL CELL CARCINOMA 
	BASAL CELL CARCINOMA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	CEREBRAL ISCHAEMIA 
	CEREBRAL ISCHAEMIA 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 

	CAROTID ARTERY ATHEROMA 
	CAROTID ARTERY ATHEROMA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	VERTEBROBASILAR INSUFFICIENCY 
	VERTEBROBASILAR INSUFFICIENCY 
	2 
	0.12 
	0 
	0.QO 
	1 
	0.06 
	o· 
	0.00 

	COGNITIVE DISORDER 
	COGNITIVE DISORDER 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	o.bo 

	MOVEMENT DISORDER 
	MOVEMENT DISORDER 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	HEMIPARESIS 
	HEMIPARESIS 
	1 
	0.06 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 

	NYSTAGMUS 
	NYSTAGMUS 
	2 
	0.12 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	FORMICA TION 
	FORMICA TION 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	DYSARTHRlA 
	DYSARTHRlA 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 
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	Observation Herceptin Observation Herceptin Adverse Event MedDRA PT All Grades All Grades Grades 3-4 Grades 3-4 n % n % n % n % MEDIAN NERVE LESION 1 0.06 0 0.00 0 0.00 0 0.00 NEUROPATHY 1 0.06 0 0.00 0 0.00 0 0.00 CONVULSION 2 0.12 0 0.00 0 0.00 0 0.00 RADICULITIS 1 0.06 0 0.00 0 0.00 0 0.00 LUMBOSACRAL ADJUSTMENT DISORDER 1 0.06 0 0.00 0 0.00 0 0.00 ANXIETYDISORDER 1 0.06 0 0.00 0 0.00 0 0.00 COGNITIVE 1 0.06 0 0.00 0 0.00 0 0.00 DETERIORATION MAJOR DEPRESSION 1 0.06 0 0.00 0 0.00 0 0.00 MOOD ALTERED 2 0.
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	Table
	Adv:erse Event MedDRA PT 
	Adv:erse Event MedDRA PT 
	Observation All Grades 
	Herceptin All Grades 
	Observation Grades 3-4 
	Herceptin Grades J-4 

	TR
	n 
	% 
	n 
	% 
	n 
	% 
	n 
	% 

	SKIN INFLAMMATION 
	SKIN INFLAMMATION 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	·PSORIASIS 
	·PSORIASIS 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	PALMAR~PLANTAR ERYTHRODYSAESTHESIA SYNDROME 
	PALMAR~PLANTAR ERYTHRODYSAESTHESIA SYNDROME 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	HIRSUTISM 
	HIRSUTISM 
	2 
	0.12 
	0 
	0.00 
	0 
	0.00 
	o. 
	0.00 

	NAIL DISCOLOURATION 
	NAIL DISCOLOURATION 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	ECCHYMOSIS 
	ECCHYMOSIS 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	FOOT OPERATION 
	FOOT OPERATION 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	BREAST PROSTHESIS IMPLANTATION 
	BREAST PROSTHESIS IMPLANTATION 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	APPENDICECTOMY 
	APPENDICECTOMY 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	L YMPHADENECTOMY 
	L YMPHADENECTOMY 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	·0.00 

	OOPHORECTOMY BILATERAL 
	OOPHORECTOMY BILATERAL 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	SCAR EXCISION 
	SCAR EXCISION 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	NERVE BLOCK 
	NERVE BLOCK 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	HOSPITALISATION 
	HOSPITALISATION 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	SURGERY 
	SURGERY 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	ATHEROSCLEROSIS 
	ATHEROSCLEROSIS 
	1 
	0.06 
	0 
	0.00 
	b 
	0.00 
	0 
	0.00 

	LYMPHOCELE 
	LYMPHOCELE 
	1 
	0.06 
	0 
	0.00 
	0 
	0.00 
	0 
	0.00 

	HAEMORRHAGE 
	HAEMORRHAGE 
	2 
	0.12 
	0 
	0.00 
	1 
	0.06 
	0 
	0.00 
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	Appendix E FDA Maternal Health Team Consult DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
	Pediatric and Maternal Health Staff Office ofNew Drugs Center for Drug Evaluation and Research Food and Drug Administration Silver Spring, MD 20993 
	Pediatric and Maternal Health Staff Office ofNew Drugs Center for Drug Evaluation and Research Food and Drug Administration Silver Spring, MD 20993 
	Tel 301-796-0700 FAX 30.1-796-9744 

	MEMORANDUM 
	Date: August 17, 2007 (amended 09/07/07) Date Consulted: May 29, 2007 From: Karen B. Feibus, M.D. Medical Team Leader, Pediatric and Maternal Health Staff 
	Through: .Lisa Mathis, MD Associate Director, Pediatric and Maternal Health Staff Sandra K weder, MD 
	Deputy Director, Office ofNew Drugs To: Division ofBiological Oncology Products Drug: Trastuzumab (Herceptin®) Subject: Case reports ofoligohydramnios associated with Herceptin use during pregnancy. 
	Are changes needed in the pregnancy section oflabeling? Materials Reviewed: 
	• .
	• .
	• .
	19 MedWatch reports that reported on eight unique cases ofoligohydramnios 

	• .
	• .
	Published literature on oligohydramnios associated with Herceptin use during pregnancy 

	• .
	• .
	Published literature on oligohydramnios associated with pregnancies in patients with cancer or pregnancies in patients with cancer receiving chemotherapy 

	• 
	• 
	Published literature on the role ofepidermal growth factor in renal development. Consult Question: 
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	Should available information on the 18 case reports ofoligohydramnios with Herceptin® use during pregnancy lead to changes in labeling ofthe drug for use during pregnancy? EXECUTIVE SUMMARY 
	Herceptirt (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that targets the extracellular domain ofthe Erb-2/Her2/neu receptor (epithelial growth factor 2 protein). In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with paclitaxel ( chemotherapy-nieve patients only) for the treatment ofmetastatic breast cancer in women withHER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA appl'.oved Herceptin as part ofan adjuvant treatment regimen containin
	7 

	The Division ofBiologic Oncology Products (DBOP) consulted the Maternal Health Team (MHT) regarding the potential need for changes in labeling based on 18 case reports of oligohydramnios associated with Herceptin use during pregnancy. The Pregnancy and Lactation Labeling Team (PL T, now the Maternal Health Team) reviewed this issue in September 2004, when there were five known cases ofoligohydramnios associated with Herceptin use in pregnancy, and at that time, PLT felt that the data was confounded and not 
	Currently, there are nine unique reports of oligohydramnios associated with Herceptin use in pregnancy both in the published literature and post-marketing reports in the AERS database. In four, and possibly five, ofthese cases, the amniotic fluid volume has recovered following discontinuation ofHerceptin therapy. There is one case with both a positive dechallenge and rechallenge. Transient oligohydramnios has occasionally been reported following courses of chemotherapy with other agents; but the amniotic fl
	Pre-clinical data suggest an important role for epidermal growth factor in renal development. Human renal tubular development continues until 36 weeks gestation. Data from studies in organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest that blocking the EGF receptor may interfere with normal nephron development. It seems scientifically plausible, based on the drug's mechanism ofaction that Herceptin could potentially increase the likelihood ofoligohydramnios. 
	At this time, the data are not robust enough to conclude that a clear association exists between the use ofHerceptin during pregnancy and the occurrence ofoligohydramnios; however, the data do suggest a possible association that deser\res monitoring. Additional data are needed to more clearly define and understand this possible relationship. Based on a woman's individual disease 
	134 .
	134 .

	state and cours~ ofprogression and on risk/benefit counseling between physician and patient, some women may continue Herceptin when oligohydramnios occurs and some may stop. Some women who continue therapy may be delivered depending on the gestational age ofthe fetus and other factors, and some may continue their pregnancy with fetal monitoring and ultrasound examinations. In order to optimize the clinical outcomes for pregnant women with breast cancer and their babies, women using Herceptin during pregnanc
	While oligohydramnios is not a classically teratogenic effect, the oligohydramnios may be 
	caused by an untoward effect ofHerceptin on nephron growth and function. 
	RECOMMENDATIONS 
	2. .
	2. .
	2. .
	The pregnancy category for Herceptin (trastuzumab) should be changed to a "D" based on the available human data that suggest a possible teratogenic effect leading to oligohydramnios. 

	3. .
	3. .
	The pregnancy portion ofthe Herceptin label should include information about the known cases ofoligohydramnios that occurred with use ofHerceptin during pregnancy. 

	4. .
	4. .
	The label should recommend that pregnant women using Herceptin undergo screening for oligohydramnios with obstetrical ultrasound examination at regular intervals. 

	5. .
	5. .
	Ifoligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the gestational age ofthe fetus and consistent with the standards ofcare for the community. This testing should continue on a regular basis until one oftwo conditions is met: 


	a. .
	a. .
	a. .
	Herceptin therapy is discontinued and oligohydramnios resolves 

	b. .
	b. .
	b. .
	Delivery. 



	6. .
	6. .
	6. .
	In cases where the physician and patient decide to continue Herceptin therapy for maternal reasons despite the presence ofoligohydramnios, additional intravenous hydration should be considered. With other forms ofchemotherapy during pregnancy, transient oligohydramnios has been observed, and extra hydration sometimes mitigates this effect. 

	7. .
	7. .
	Include contact information for the Cancer and Childbirth Registry and encourage enrollment ofpregnant patients using Herceptin. 

	8. .
	8. .
	Please see Appendix B for suggested draft language for the pregnancy and nursing mothers portions ofthe label. 


	INTRODUCTION Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that 
	135 .
	135 .

	targets the extracellular domain ofthe Erb-2/Her2/neu receptor (epithelial growth factor receptor 2 protein). lt is indicated as single agent therapy in metastatic, Her2-overexpressing breast cancer and as part ofa chemotherapy regimen for Her2"'overexpressing, node positive breast cancer. The Division ofBiologic Oncology Products (DBOP) consulted the Maternal Health Team (MHT) regarding the potential need for changes in labeling based on 18 case reports of oligohydramnios associated with Herceptin use duri
	BACKGROUND 
	While breast cancer is primarily a disease ofolder women, with a median age at diagnosis of61 years, seven to 14%ofbreast cancers are diagnosed in women less than 40 years ofage. ?,lO With delay ofchildbearing by many women into their 30's and even 40's, breast cancer (treated, recurrent, or newly diagnosed) is seen with increasing frequency in pregnancy. Up to one in 3000 live births is complicated by breast cancer, and this number does not include pregnancy terminations done for the mother's condition. Br
	7 
	10 

	Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that targets the extracellular domain ofthe Erb-2/Her2/neu receptor. In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with paclitaxel (chemotherapy-nieve patients only) for the treatment ofmetastatic breast cancer in women with HER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA approved Herceptin as part ofan adjuvant treatment regimen containing doxorubicin, cyclophosphamide, and pac
	In 2004, the Division consulted PLT on whether information on five cases ofoligohydramnios that occurred with Herceptin use during pregnancy should be included in labeling. At that time,· Gerard Nahum MD, medical officer, reviewed information submitted by the sponsor on 23 women with breast cancer exposed to Herceptin during pregnancy. In all cases, the women were also exposed to other chemotherapeutic agents concurrently. Among 12 pregnancies that resulted in live births, eight ofthe women had metastatic d
	136 .
	136 .

	maternal disease combined with a probability ofa false-positive diagnosis ofoligohydramnios 
	were all variables that supported PL T's conclusion that this information should not be included 
	in product labeling. The team felt that the data was not robust enough to support a potential 
	association between the occurrence ofoligohydramnios and the use ofHerceptin in these · women. The most recently approved label (November 2006) includes the following statement: 
	Jn the postmarketing setting, oligohydramnios has been reported in women who received Herceptin during pregnancy, either in comhination with chemotherapy or as a single agent-Given t.he limited number ofreported cases, the high background rate ofoccurrence ofoligohydrarnnios, the lack ofclear temporal relation&hips hetween drug use and clinical findings, and the lack ofsupportive findings in animal studies, an association hetween Herceptin and oligohydramnios has not been established. 
	Oligohydramnios is a reduced volume ofamniotic fluid around the fetus, and anhydramnios is the absence offluid around the fetus. In utero, the placenta is primarily responsible for maintaining fetal homeostasis. Fetal urine formation begins by 12 weeks ofgestation and is the main constituent ofamniotic fluid. Amniotic fluid volume peaks at an average ofone liter at 36 weeks gestation and then slowly declines. Often, decreased fluid volume occurs in pregnancies that continue post-term (beyond 40 weeks gestat
	2 
	14 

	Decreased amniotic fluid may be associated with maternal or fetal problems. Such maternal conditions include preterm premature rupture ofmembranes (PPROM) or conditions that affect placental function or vascularization (postterm pregnancy, preeclampsia). Maternal use ofACE inhibitors can also cause oligohydramnios. Fetal conditions almost always associated with oligohydramnios include fetal urinary tract obstrqction or renal agenesis (Potter syndrome). Fifteen to 25% ofcases ofpreterm oligohydramnios are as
	137 .
	137 .

	morbidity is increased. In these situations, fetal surveillance is .important arid delivery is often recommended for fetal or maternal indications. While gestational age is a consideration, in these situations, fetal or maternal compromise usually overrides the potential complications from preterm delivery. . . 
	14 

	Oligohydramnios detected before 36 weeks gestation with normal fetal anatomy by ultrasound .can be managed expectantly along with antepartum fetal testing. Antepartum fetal testing is .most often performed once or twice weekly using a combination ofNSTs and BPPs. The .contraction stress test (CST) has the best predictive values for fetal well being during the seven .days following testing but most often is not used routinely due to the possible increased risk of .preterm labor. .
	14 

	Four offive studies suggest that maternal hydration can increase AFI, but the effect dissipates by 24 hours following fluid administration. Fluid restriction or dehydration can lower the AFI. 
	REVIEW OF DATA 
	To complete this consult, this reviewer reviewed and/or looked for the following information: 
	• .
	• .
	• .
	19 MedWatch reports that reported on eightunique cases ofoligohydramnios 

	• .
	• .
	Published literature on oligohydramnios associated with Herceptin use during pregnancy 

	• .
	• .
	Published literature on oligohydramnios associated with pregnancies in patients with cancer or pregnancies in patients with cancer receiving chemotherapy 

	• .
	• .
	J>ublished literature on the role ofepidermal growth factor in renal development. 


	Renal development and epidermal growth factor 
	Based on current data about the role that epithelial growth factor plays in renal development, some scientists and clinicians suspect that Herceptin has a potential to cause fetal adverse effects with in-utero exposure. 
	During embryonic development, three sets ofrenal organs develop sequentially: the pronephros, the mesonephros, and finally, the metanephros, which persist to become the mature kidneys. The ureteric bud grows from the mesonephric duct after the fourth week ofgestation. The Wolffian duct grows caudally, passing the pronephros and mesonephrosto approach the metanephric 
	. mesenchyme. As this occurs, growth factor signaling from the metanephric mesenchyme transitions from insulin growth factor-II (IGF-11) to glial-derived neurotrophic factor (GDNF). Wilm's tumor gene expression begins, suppresses IGF-11, and helps convert metanephric mesenchymal cells to epithelial cells. GDNF appears essential for promoting outpouching ofthe ureteric bud from the mesonephric duct. Retinoids also play an important but incompletely understood role in ureteric bud formation. Stimulation ofthe
	9 
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	The ureteric bud produces a number ofsoluble agents that work together to promote cellular 
	condensation and differentiation. One ofthese agents is epithelial growth factor (EGF), also 
	9 

	called transforming growth factor-a (TGF-a). TGF-a is synthesized and secreted in the 
	embryonic kidney where it binds to the EGF receptor. The TGF-a peptide irod receptors are 
	present in the fetal human metanephros. Studies in cultured embryonic organ show that adding 
	anti-TGF-a antibodies inhibits morphogenesis and tubulogenesisis. This suggests that TGF-a 
	plays a role in early ureteric bud development.. EGF/ TGF-a also appears to participate in 
	rescuing uninduced mesenchymal cells from apoptosis. While the role ofEGF/ TGF-a is not 
	completely defined, it appears to play an important part in kidney organogenesis. 
	6 

	Nephrons develop in successive stages from the inner to the outer area ofthe fetal kidney, in parallel with the vascular system. In humans, nephrogenesis is not completed until the 36th week ofgestation. In preterm infants, the process continues following delivery. EGF/ TGF-a is one of the many factors involved in the promotion and control of nephrogenesis. 
	2 

	Reviewer comment: .Herceptin is an /gG monoclonal antibody that blocks the human epidermal growth factor .receptor 2 protein and is known to cross the placenta. Organ culture studies suggest that .blocking the EGF receptor may interfere with normal nephron development. .
	Oligohydramnios and Herceptin use during pregnancy 
	Review ofthe published literature and MedWatch forms submitted to FDA reveal ten reported 
	and unique pregnancies in women with breast cancer who used Herceptin during some portion of 
	their pregnancy, nine ofwhom developed oligohydramnios. In one other case, a woman 
	received two doses ofHerceptinjust prior to conception. Table 1 summarizes the key features of 
	these 11 cases including the gestational ages at which Herceptin was given, the gestational age at 
	which oligo-or anhydramnios was diagnosed, concomitant chemotherapies, whether the patient · was dechallenged or rechallenged with Herceptin, and the pregnancy outcome. These cases are 
	presented in tabular form in greater detail in Appendix A. 
	In cases 1 -6, Herceptin was discontinued during pregnancy. In cases 1 -5, the therapy was stopped due to oligohydramnios or anhydramnios. In four ofthese cases, there was documented reaccumulation ofamniotic fluid following discontinuation ofHerceptin therapy. After improvement in or resolution ofoligohydramnios, one ofthese patients was re-challenged with Herceptin. One week after resumption ofHerceptin therapy, the patient was delivered by cesarean with oligohydramnios. The fifth patient in whom Hercepti
	pregnancy even though Herceptin therapy was continued up until 24 weeks.
	11 
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	In Cases 7 and 8, the patients had apparently normal pregnancies until 26 and 27 weeks respectively when the patients were diagnosed with recurrent metastatic breast cancer. In both cases, Herceptin therapy was started in combination·with paclitaxel or vinorelbine and continued· until delivery. ' In· case 7, the patient received Herceptin and paclitaxel at 26 and 29 weeks 
	Table f: Summary of 11 reported cases ofHerceptin exposure during pregnancy: oli oh dramnios and two without oli oh dramnios .· .AFI increased after dechallenge. 1 0 -26 26 None Yes Yes Delivered at 29 wks by C/S with oligohydramnios one week after rechallen e. 0 -7; At 36 weeks, spontaneous 2 14 ­32 . 32 Zoladex Yes No labor and normal vaginal delive ".. Trisom 21. AF reappeared at 25 weeks 3 0 -20 23 None Yes No and normal at 32 weeks. Normal delivery at 37.5 wks. 4 0 -24 25+ None Yes No Delivered by C/S 
	140 .
	140 .

	Table 1: Summary of 11 reported cases ofHerceptin exposure during pregnancy: nine with olil!ohydramnios and two without olil!ohydramnios 
	Table
	TR
	;{1~stiifi9nat:di?e<wee¥st ... 

	9 
	9 
	0-del 
	26 
	None 
	No 
	No 
	C/S at 36 weeks. Baby with · limb deformities. Died of pulmonary hypoplasia at 6 hrs 

	10 
	10 
	0-24 
	24 
	? Vinorelbine 
	No 
	No 
	Therapeutic abortion twin gestation at 24 weeks. "Lungs not developing properly" 

	11 
	11 
	-4 -0 
	None 
	None 
	No 
	No 
	Normal pregnancy 


	gestation.Within a couple ofweeks ofthe last Herceptin dose, anhydramnios was diagnosed by ultrasound. The physicians administered steroids to mature the fetal lungs and delivered the baby by cesarean section at 32 weeks gestation, three weeks after the last dose ofHerceptin. The baby had decreased renal function, which normalized over the first four weeks of life. 
	1 

	Reviewer comment: Based on the severity ofthe mother's disease and rates ofmorbidity and mortalityfor a 32 week premature irifant with anhydramnios, the obstetrician and oncologist may have decided that it was in the best interest ofthe mother and baby to proceed with delivery. In a different disease state situation, the clinicians may have opted for discontinuation ofHerception therapy and expectant management with antepartum surveillance. Based on other cases reviewed here, it is possible that amniOtic fl
	In Case 8, the mother was also diagnosed with metastatic recurrence ofbreast cancer mid­pregnancy.4 She began Herceptin and vinorelbine therapy at 27 weeks gestation and developed oligohydramnios shortly thereafter. Due to her condition, weekly Herceptin and vinorelbine therapy continued up to and through delivery but she received extra IV hydration with each treatment. The oligohydramnios persisted but was not progressive, and the patient underwent induction oflabor at 35 weeks. She delivered a healthy inf
	In cases 9 and 10, the mothers received Herceptin therapy throughout the course oftheir pregnancies, and both had poor pregnancy outcomes. One mother continued Herceptin mono­therapy from prior to conception through delivery at 36 weeks. Oligohydramnios was diagnosed at 26 weeks gestation. Following counseling, the patient decided to continue the pregnancy and Herceptin therapy. The baby was delivered by cesarean at 36 weeks gestation with limb. deformities and pulmonary hypoplasia. It died at six hours ofl
	141 .
	141 .

	twin gestation receiving Herceptin monotherapy. At 24 weeks gestation, ultrasound revealed olighohydramnios and evidence that the "lungs were not developing properly." She chose to undergo therapeutic abortion at that time. 
	Case 11 is a published case ofa woman who received two doses of Herceptin four weeks prior to and three days prior to conception. She did not receive any additional chemotherapy durinf: her pregnancy. She had a normal pregnancy and delivery, and the baby had no complications: 
	2 

	Chemotherapy and Pregnancy 
	A toxnet search found the word "oligohydramnios" associated with the following drugs: captopril, quinapril, losartan, indomethacin, enalapril, celcoxib, benazepril, rofecoxib, valdecoxib, and lisinopril. Other than ACE inhibitors and NSAIDs, no other drugs were associated with oligohydramnios in the Toxnet search. 
	A Toxnet search with the terms "vinorelbine and oligohydramnios" and "cancer and oligohydramnios" yielded only one informative and relevant article not already presented in this review. In 1997, Cuvier et al reported on three women with breast cancer treated with 5­fluorouracil (5-FU) and vinorelbine during pregnancy. The women began therapy at 24 -29 weeks gestation. After two rounds of5-FU and vinorelbine chemotherapy, one woman received six courses ofcyclophosphamide and epidoxorubicin due to disease pro
	A PubMed search usingthe search terms "paclitaxel and oligohydramnios", "docetaxel and oligohydramnios", and "vinorelbine and oligohydramnios," found only the article by Bader et al that reports one ofthe oligohydramnios cases associated with Herceptin use with paclitaxel during pregnancy.. A search with the terms "cancer and oligohydramnios" found three relevant articles. Two involved Herceptin cases already discussed in this review (Watson and Bader) and the other was a case report ofa woman diagnosed wit
	5 
	amniot.ic fluid were done weekly once chemotherapy began. 
	5 

	142 .
	142 .

	Kelly et aI7 published a review article in 2006 on the options for systemic therapy in pregnant 
	patients with breast cancer. The authors included eight studies that reported outcomes for 
	women treated with chemotherapy during pregnancy for a variety ofcancers. Three percent of 
	babies had a congenital anomaly, which is the same as the background rate in the population. 
	Fetal death, spontaneous abortion, prematurity, and fetal complications occurred more often in 
	babies born to leukemic patients compared to those born to women with other tumor types. No 
	cases ofoligohydramnios were reported, but this reviewer did not review all ofthe original 
	articles in this series. The largest included series was by Germann et al (2004) and did not describe any diagnoses ofoligohydramnios or a~hydramnios. 
	The Cancer and Childbirth Registry has enrolled about 92 pregnant women with breast cancer. This reviewer spoke with the registry director, Dr. Elyce Cardonick, a maternal-fetal-medicine 
	specialist. Dr. Cardonick stated that she has seen cases ofborderline oligohydramnios in 
	pregnant women with breast cancer following a round ofchemotherapy but additional IV hydration administered with the chemotherapy reversed the process. She has not seen severe oligohydramnios or anhydramnios associated with chemotherapy treatment for breast cancer during pregnancy. 
	DISCUSSION/CONCLUSIONS 
	Herceptin (trastuzumab) is a recombinant IgG humanized monoclonal antibody that binds to the epidermal growth receptor 2. It is effective for the treatment ofHer-2 overexpressing metastatic breast cancers as monotherapy and for primary node-positive breast cancers as part ofan adjuvant chemotherapy regimen. There are nine unique reports ofoligohydramnios associated with Herceptin use in pregnancy both in the published literature and post-marketing reports in the AERS database. In four, and possibly five, of
	Pre-clinical data suggest an important role for epidermal growth factor in renal development. Human renal tubular development continues until 36 weeks gestation. Data from studies in organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest that blocking the EGF receptor may interfere with normal nephron development. It seems scientifically plausible, based on the drug's mechanism ofaction that Herceptin could potentially increase the likelihood ofoligohydramnios. 
	Oligohydramnios (decreased amniotic fluid volume) and anhydramnios (no amniotic fluid), in the absence ofpremature rupture ofmembranes, can be related to chronic fetal hypoxia, decreased or absent fetal renal function, poor placental function, and some fetal anomalies. In preterm pregnancies, the presence ofoligohydramnios is associated with increased fetal morbidity, which is due in part to an increased risk ofcord compression and due in part to the underlying condition that caused the oligohydramnios. 
	143 .
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	At this time, the data are not robust enough to conclude that a clear association exists between the use ofHerceptin during pregnancy and the occurrence ofoligohydramnios; however, the data do suggest a possible association. that deserves. monitoring. Additional data are needed to more clearly define and understand this possible relationship. Ifadditional data further support an association between Herceptin use during pregnancy and oligohydramnios, then an attempt should be made to answer the following que
	1. .
	1. .
	1. .
	During which periods ofgestation is Herceptin exposure associated with an increased risk ofoligohydramnios? 

	2. .
	2. .
	Does the risk vary with the Herceptin dose and frequency ofadministration? 

	3. .
	3. .
	Does additional IV hydration either at the time ofchemotherapy or in between courses of therapy alter the frequency or severity ofoligohydramnios? 

	4. .
	4. .
	With reference to the time ofHerceptin administration, when does the AFI decline and when does it recover? 


	Based on a woman's individual disease state and course ofprogression and on risk/benefit counseling between physician and patient, some women may continue Herceptin when oligohydramnios occurs and some may stop. Some women who continue therapy may be delivered depending on the gestational age ofthe fems and other factors, arid some may continue their pregnancy with fetal monitoring and ultrasound examinations. In order to optimize the clinical outcomes for pregnant women with breast cancer and their babies,
	While oligohydramnios is not a classically teratogenic effect, the oligohydramnios may be caused by an untoward effect ofHerceptin on nephron growth and function. 
	RECOMMENDATIONS 
	5. .
	5. .
	5. .
	The pregnancy category for Herceptin (trastuzumab) should be changed to a "D" based on the available human data that suggest a possible teratogenic effect leading to oligohydramnios. 

	6. .
	6. .
	The pregnancy portion ofthe Herceptin label should include information about the known cases ofoligohydramnios that occurred with use ofHerceptin during pregnancy. 

	7. .
	7. .
	The label should recommend that pregnant women using Herceptin undergo screening for oligohydramnios with obstetrical ultrasound examination at regular intervals. 

	8. .
	8. .
	Ifoligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the gestational age ofthe fetus anµ consistent With the standards ofcare for the community. This testing should continue on a regular basis until one oftwo conditions is met: 
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	a. .
	a. .
	a. .
	Herceptin therapy is discontinued and oligohydramnios resolves 

	b. .
	b. .
	b. .
	Delivery. 



	7. .
	7. .
	7. .
	In cases where the physician and patient decide to continue Herceptin therapy for maternal reasons despite the presence of oligohydramnios, additional intravenous hydration should be considered. With other forms ofchemotherapy during pregnancy, transient oligohydramnios has been observed, and extra hydration sometimes mitigates this effect. 

	8. .
	8. .
	Include contact information for the Cancer and Childbirth Registry and encourage enrollment of pregnant patients using Herceptin. 

	9. .
	9. .
	Please see Appendix B for suggested draft language for the pregnancy and nursing mothers portions ofthe label. 
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	Recurrent breast cancer at 14 weeks gestation. By best information, preterm Started on Herceptin 480 mg IV Q 3 weeks. male infant delivered by cesarean CbH (pre­conception) 32 to (b)(6) None (26 weeks gestation) Before pregnancy. Stopped for 38 gestational weeks 7­Zoladex14. Resumed gestational weeks 14­32. Herceptin 6 mg/kg Q 3 weeks from (b) (6) CbH (time of28 conception/implantatio None n) until 20 weeks gestation 
	CbT( 
	Table 1 Case I 
	Table l Case2 
	Figure
	Table 1 
	C~e3 
	US at about 26 weeks showed oligohydramnios with normal fetal growth. Hospitalized for bedrest and corticosteroids. Herceptin stopped the next day. Amniotic fluid increased. Weekly Herceptin resumed. Received one dose Herceptin 480 mg IV at 28 weeks gestation. Delivered one week later. Gestational age information is not completely consistent in MedWatch re ort. 
	US at about 26 weeks showed oligohydramnios with normal fetal growth. Hospitalized for bedrest and corticosteroids. Herceptin stopped the next day. Amniotic fluid increased. Weekly Herceptin resumed. Received one dose Herceptin 480 mg IV at 28 weeks gestation. Delivered one week later. Gestational age information is not completely consistent in MedWatch re ort. 
	Patient treated for metastatic breast CA with Tax.otere and Hercptin until CbH when pregnancy diagnosed. Borderline decreased amniotic fluid at 28 weeks. Oligohydramnios diagnosed at 32 weeks. Fetal monitori11g in hospital. Herceptin stopped. Mother had 
	estational diabetes .and h ertension. 
	Patient diagnosed with poorly differentiated carcinoma (grade Ill) with perinodal involvement and HER-2/neu positivity. Treated with XRT and 3 cycles doxorubicin and cyclophosphamide and 3 cycles paclotaxel. Started Herceptin near conception. Pregnancy diagnosed at 23 weeks with anhydramnios. Herceptin stopped. Amniotic fluid started to 
	reaccumulate at 25 weeks and was normal at 32 weeks gestation. This case was published. 

	section for breech position and oligohydramnios at 29 weeks gestation. Weight=1455g; Apgars 2/3/5. To NICU for respiratory distress and chronic lung disease. Ventilated for 2 weeks. Hospitalized for 3 months for prematurity. 
	Spontaneous labor and normal vaginal delivery at 36.2 weeks. Male infant, 6 lbs, l ~ oz., Apgars 8/9. Down's Syndrome. Discharged on 4th day of life. 
	Induction oflabor and normal vaginal delivery ofa living female infant at 37 .5 weeks gestation (2960 g, Apgars 8/9) Baby had normal renal function and no evidence ofpulmonary hypoplasia. Normal placenta. Baby had normal growth at six months ofage. 
	Watson et al (2005). See references. 
	147 .
	147 .

	Two years of Herceptin: therapy prior to pregnancy. Table 1 . 29 Herceptin Case4 discontinued after dose at about 24 weeks estation )(6) I:Ierceptin prior to and 30 throughout pregnancy Table 1 Case 10 None Possibly vinorelbin e Pregnancy·diagnosed and confirmed by US at 17'weeks gestation. Herceptin given at 15 Normal preterm female infant 
	weeks and probably discontinued after treatment at 24 weeks gestation. Borderline low amniotic fluid: at 25 weeks gestation progressed to oligohydramnios. 
	weeks and probably discontinued after treatment at 24 weeks gestation. Borderline low amniotic fluid: at 25 weeks gestation progressed to oligohydramnios. 
	Twin pregnancy with Qligohydramnios diagnosed at 24 weeks gestation. According to the report, there was '.'evidence that the lungs were not developing properly'and were considere<:l incompatible with life. Mother· had a ther . utic abortion. 
	1 


	delivered by cesarean section at 34 weeks gestation. 
	'.fherapeutic abortion after 24 weeks gestation. 
	148 .
	148 .

	Figure
	Induction of labor at 34 517. weeks with normal vaginal delivery ofa healthy male infant (5 Jbs, 11 oz; Apgars 9/9/10). Normal and healthy at six months ofage. 
	Fanale et al (2005). See references. . 
	Female infant delivered by cesarean section at about 36 weeks gestation (2690 g, Apgars 8/8). Baby had lower limb deformities and died of pulmonary hypoplasia at 6 hours oflife. 
	(b)(6) 
	Table 1 Case 8 
	Table 1 Case9 
	Herceptin started at 27
	Herceptin started at 27
	26 
	weeks gestation 
	Herceptin throughout 
	36 
	pregnancy 
	Patient diagnosed and treated for Grade III infiltrating ductal carcinoma with positive nodes. She completed treatment with Herceptin, paclitaxel, 5-FU, epirubicin, and 
	· cyclophosphamide through a clinical trial. Fourteen·months after diagnosis, she presented with right upper quadrant pain and a 27 week pregnancy. Multiple imaging studies including ultrasound were performed. She had multiple hepatic metastases and. increased LFTs. Patient 
	· cyclophosphamide through a clinical trial. Fourteen·months after diagnosis, she presented with right upper quadrant pain and a 27 week pregnancy. Multiple imaging studies including ultrasound were performed. She had multiple hepatic metastases and. increased LFTs. Patient 
	· cyclophosphamide through a clinical trial. Fourteen·months after diagnosis, she presented with right upper quadrant pain and a 27 week pregnancy. Multiple imaging studies including ultrasound were performed. She had multiple hepatic metastases and. increased LFTs. Patient 
	· cyclophosphamide through a clinical trial. Fourteen·months after diagnosis, she presented with right upper quadrant pain and a 27 week pregnancy. Multiple imaging studies including ultrasound were performed. She had multiple hepatic metastases and. increased LFTs. Patient 
	· cyclophosphamide through a clinical trial. Fourteen·months after diagnosis, she presented with right upper quadrant pain and a 27 week pregnancy. Multiple imaging studies including ultrasound were performed. She had multiple hepatic metastases and. increased LFTs. Patient 
	Vinorelbin 

	was treated with Herceptin (4mg/kg load and 2 

	e 

	mg/kg per week) and vinorelbine (weekly x 3, then 1 week rest). She was seen weekly by a high risk obstetrician and oncologist. After starting treatment, oligohydramnios was noted. This was thought secondary to fluid shifts or systemic therapy. Extra IV hydration given with each chemotherapy treatment. Weekly fetal monitoring. AFis remained low. Decreased fetal movement at 34 5/7 weeks with occasional, mild fetal heart decelerations. 


	Patient previously diagnosed with breast cancer. Being treated with Herceptin 441 mg Q 3 weeks. Pregnancy confirmed and dated by 26
	Patient previously diagnosed with breast cancer. Being treated with Herceptin 441 mg Q 3 weeks. Pregnancy confirmed and dated by 26
	Patient previously diagnosed with breast cancer. Being treated with Herceptin 441 mg Q 3 weeks. Pregnancy confirmed and dated by 26
	Patient previously diagnosed with breast cancer. Being treated with Herceptin 441 mg Q 3 weeks. Pregnancy confirmed and dated by 26
	None 

	week ultrasound. Anhydramnios diagnosed. Patient counseled and chose to continue pregnancy. 

	149 .

	Seven.years prior to pregnancy, the patient was diagnosed with Stage I breast cancer. She was 
	Figure

	Delivery ofliving infant by treated with six cycles ofcyclophosphamide, 
	Figure

	cesarean section for methotrexate, and 5-FU followed by XRT and 5 
	Figure

	·anhydramnios, fetal growth years oftamoxifen. At 17 weeks gestation, the 
	Figure

	restriction, and suspected fetal patient developed paresthesia and hypoesthesia 
	Figure

	renal failure. Normal placenta. ofthe.left arm and'cervical neck pain. On MRI, 
	Admitted to NICU with signs of there was· metastatic infiltration and collapse of 
	bacterial sepsis and decreased 
	bacterial sepsis and decreased 
	bacterial sepsis and decreased 
	bacterial sepsis and decreased 
	Herceptin at 26 and 29 

	Paclitaxel 

	the second cervical vertebrae with spinal 

	38 
	38 

	renal function. Renal function 
	renal function. Renal function 
	renal function. Renal function 
	renal function. Renal function 
	renal function. Renal function 
	renal function. Renal function 
	renal function. Renal function 
	weeks gestation 

	Table. I 

	compression and metastases in the fourth 

	normalized by day oflife 28, and

	Case7 

	thoracic vertebrae and femur. Between 26 and 

	the baby was discharged home. 32 weeks gestation, the patient received two 
	Normal development at 12 weeks treatments ofHerCeptin and paclitaxel. On US, 
	ofage. the fetal abdominal circumference stopped increasing and the amniotic fluid volume 
	Bader et al (2007). See decreased nearly to anhydramnios. 
	references. Corticosteroids iven for fetal Jun ·maturation. 
	Figure
	150 .
	150 .

	Patient diagnosed with multifocal grade 2 
	Figure

	invasive ductal adenocarcinoma ofthe right 
	Figure

	breast with two offive nodes positive. Estrogen 
	Figure

	and progesterone receptor negative. Her~2/neu 
	and progesterone receptor negative. Her~2/neu 
	and progesterone receptor negative. Her~2/neu 
	Figure

	positive. Had been trying to conceive. Treated 


	Spontaneous vaginal delivery of
	Spontaneous vaginal delivery of
	Spontaneous vaginal delivery of
	Spontaneous vaginal delivery of
	Spontaneous vaginal delivery of
	Spontaneous vaginal delivery of
	Spontaneous vaginal delivery of
	Figure

	J Clin 

	with four cycles ofepirubicin followed by four 

	a healthy female infant at full

	One 

	cycles ofcyclophosphamide, methotrexate, and 

	term. No complications.

	01/10/0 
	01/10/0 
	01/10/0 
	01/10/0 
	01/10/0 
	01/10/0 
	5-FU over six months. Due to incomplete 

	3.5 weeks and 3 days 

	30 

	None

	6 

	excision and strong family history ofbreast CA, had a bilateral mastectomy followed by 
	excision and strong family history ofbreast CA, had a bilateral mastectomy followed by 
	prior to conception 
	prior to conception 
	Waterston and Graham (2006). 


	Table 1 
	Table 1 
	Table 1 
	radiotherapy to the rlght'chest wall. Enrolled in 

	See references .. 

	Case 11 
	Case 11 
	Herceptin Adjuvant trial (HERA) and 

	randomized to trastuzumab treatment every 
	randomized to trastuzumab treatment every 
	three weeks. Had a positive pregnancy test 
	before third treatment cycle. Conceived three 
	da s after second dose. Withdrew from trial. 

	Figure
	151 .
	151 .

	Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and 
	Figure

	Cesarean delivery (for breech 
	Figure

	trastuzumab. Eighteen months later had a
	trastuzumab. Eighteen months later had a
	trastuzumab. Eighteen months later had a
	trastuzumab. Eighteen months later had a
	trastuzumab. Eighteen months later had a
	trastuzumab. Eighteen months later had a
	trastuzumab. Eighteen months later had a
	Figure

	Reprod 

	presentation) ofa healthy female 

	single brain metastasis treated with surgery and

	Tox 

	infant at 37 weeks gestation. 


	Throughout pregnancy 
	Throughout pregnancy 
	Throughout pregnancy 
	radiation. After one year ofongoing treatment 


	06/07 
	Normal placental pathology 
	32 
	32 
	until 24 weeks 
	until 24 weeks 
	until 24 weeks 
	until 24 weeks 
	None 

	with trastuzumab alone and no recurrence, the 

	without metastases. 


	gestation 
	gestation 
	gestation 
	gestation 
	gestation 
	patient presented with a five week viable 

	Table 1 

	pregnancy. Treatment was continued and the


	Case 5 Shrim et al (20007). See
	pregnancy progressed normally until trans­
	pregnancy progressed normally until trans­
	pregnancy progressed normally until trans­
	references.


	thoracic echocardiography revealed an . 
	thoracic echocardiography revealed an . 
	asymptomatic mild Iow ejection fraction at 18 
	weeks. Fetal growth and anatomical survey 
	were normal. Repeat maternal echo at 24 
	weeks was unchanged but trstuzumab was 
	discontinued. Fetal US at 25 weeks gestation 
	showed normal owth, AFI, and BPP. 

	Figure
	152 .
	152 .

	Figure
	Sect
	Figure

	Figure
	Sect
	Figure
	Figure
	(Australia) Patient was diagnosed with left infiitrating ductal carcinoma, grade 2, stage , (b)(6) She had a radical mastectomy and lymphadenectomy with 18 of 18 nodes positive. The tumor was E/P receptor negative and,human epidermal growth factor 2 
	T2N2MO in 


	Cesarean delivery for breech (Her:.2/neu) positive. Sh.e was treated with 
	presentation at 36217 weeks due chemotherapy and radiotherapy. At 20 weeks 
	to maternal disease state. Small gestation, MRI revealed brachial plexus and 
	amount ofclear amniotic fluid at pulmonary metastases. She was treated with 
	delivery. Living male infant,
	delivery. Living male infant,
	delivery. Living male infant,
	delivery. Living male infant,
	delivery. Living male infant,
	delivery. Living male infant,
	Obstet 

	three cycles ofdocetaxel and trastuzumab·at 23, 

	2230 g, Apgars 7/9. Normal

	23, 26, and 27 weeks 

	Gynecol 

	28 
	28 

	Docetaxel
	Docetaxel
	Docetaxel
	Docetaxel
	Docetaxel
	gestation 

	26, and 27 weeks gestation:. A fetal ultrasound 

	-neonatal urine output. No

	08/07 

	complications. fetal growth restriction. The ultrasound showed fetal gro~h measureqients at <5tll percentile consistent with IUGR and anhydramnios. 
	was done at 30 weeks for clinical suspicion of 
	was done at 30 weeks for clinical suspicion of 

	Sekar and Stone (2007). See Chemotherapy was held until after delivery. 
	references. Two doses ofbetamethasone were given for fetal lung maturation in case delivery was needed. At 33 weeks, amnioti.C fluid was reaccumulating. Due to the patient's advanced disease state, .she was delivered at 36 weeks. 
	153 .
	153 .

	Suggested deletions are indicated with strikeouts, and suggested insertions are indicated with an underline. 
	Figure
	Appendix B: Proposed Changes to Current Pregnancy Labeling Language 
	Appendix B: Proposed Changes to Current Pregnancy Labeling Language 


	154 .
	154 .

	8.3 u-:.sioe_~othe.rs1_____________________ 
	155 .
	155 .

	Appendix F Applicant's Original Herceptin Label for 8016348 (lI.ERAY 
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	Appendix G Final Betceptin Lal:>el for B016348 (HERA) 
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	CENTER FOR DRUG EVALUATION AND .
	RESEARCH. 
	APPLICATION NUMBER:. 
	103792Orig1s5175. 
	CHEMISTRY REVIEW(S). 

	Figure
	DEPARTMENT OF HEALTH & HUMAN SERVJCES Public Health Service 
	Center for Drugs Evaluation and Research -Food and Drug Administration Office of Biotechnology Products I Office of Pharmaceutical Science Division of Monoclonal Antibodies, NIH Bldg299, HFD-123 290 Lincoln Drive, Bethesda, MD 20892-4555 
	Date: From: To: Through: Subject: 
	Sponsor: Received: 
	January 10, 2008 
	January 10, 2008 

	Wendy C. Weinberg, Ph.D., Product Reviewer, DMA //V. ~ .File STN103792 (License 1048) .Patrick Swann, Ph.D., Deputy Director, DMA .BLA 103792/5175; Product review and categoricaJ exclusion .
	Sect
	Figure
	Genentech, Inc. December 22, 2006 

	PDUFA date: January 21, 2007 Contact: Erin E. Jones, 
	-----­

	Recommendation: 
	Recommendation: 

	Approval. Based on analysis of the comparabjlity da1a provided, The Penzberg manufaciured material used in Lhe HERA trial presented in thls supplement appears to be sufficiently comparable to FDA licensed malerial to support FDA approval 10 expand the clinical indication for Herceptin. 
	Summary: .This is an efficacy supplement to the Herceptin BLA to expand the indication of .
	Herceptin include an every 3 week dosing schedule, based on the HERA Sludy. Proposed initial 
	dose of 8mg/kg followed by 6 mg/kg once every 3 weeks for 52 weeks; all doses lo be adminjstered as 90 minute N infusion. 
	The HERA study in this application utilized EU approved Herceptin manufactured at Penzberg by Roche. This review covers lhe following infonnation submitted during the review process of this supplement CMC review of the process and biochemical characteristics of EU approved Trastuzumab Drug Substance manufactured by Roche in their Penzberg facility using the v 1.0 process compared to Trastuzumab manufactured by Genentech under thefr FDA license using the v 1.0 and v 1.1 processes; acceptability of 
	endotoxin levels ofFDA approved Herceptin at the intended dose for this application, and Genentech's Claim ofcategorical exclusion. 
	i){4 
	i){4 

	29 Page(s) lias oeen Witlilield in Fiillas 04 (CCI/TS) immediately following tliis page 
	(b)l 
	(b)l 

	II. Environmental Analysis: 
	Qualification for a categorical exclusion from the Environmental Assessment requirement is claimed in Item 20, section 1.12.14; as specified in 21 CFR Sectior:i 25.lS(d), under 21 CFR 25.3 l(c). This section applies to action on an NDA, abbreviated application, application for marketing approval ofa biological product, or a supplement to such applications, or action on an OTC monograph, for substances that occur naturally in the environment when the action does not alter significantly the concentration or d
	Conclusion: Th_e categorical exclusion claim is appropriate. 
	CENTER FOR DRUG EVALUATION AND .
	RESEARCH. 
	APPLICATION NUMBER:. 
	103792Orig1s5175. 
	PHARMACOLOGY REVIEW(S). 

	. . 
	. . 

	MEMORANDUM 
	'I'()~, .Th~file"'"· , __,__ ,,,, i. ··''""'· THROUGH: Patricia Keegan,. M.D., Director, Division ofBiologic Oncology PtoductS, Office of Oncology Dnig Prnducts, CDER . ~-1fJ---. Anne M.-~ii~o, Ph.D._, Act~g Superviso~ To~cologisf, Pharmacology!foXico1o · UµrV. Branch, DtvlSlon ofB1olog1c Oncology Products,.OODP, CI)ER . · · . STN BLA #: 103792/5175 . . · · -' SPONSOR: . GENENTECH,. INC. PRODUCT:· humanized,' monoclonal antibody trastuzumab_(Herceptin®}, ~ected againsfthe . Her2/neu receptor, for the treatm
	.. FROM: 

	SYNOPSIS: 
	As part ofthe efficacy supplement STN BLA #103792/5175, the sponsor is converting the labeling to 
	Physician's Labeling Rule (PLR) format. Changes in the WARNINGS and PRECAUTIONS (Section 5.6, 
	Embryo-fetal Toxicity [Pregnancy Category Dj), USE IN SPECIFIC POPULATIONS (Section 8.1, 
	Pregnancy [Teratogenic Effects: Pregnancy Category DJ and Section 8.3_, Nursing Mothers), and 
	NONCLINICAL TOXICOLOGY (Section 13.1; Carcinogenesis, Mutagenesis, Impairment ofFertility, and 
	13.2; Animal Toxicology and/or Pharmacology) required verification ofthe supporting nonclinical data. 
	The data were included in the original labeling; however, there was insufficient information available to 
	support the conversion to PLR format. Sp.ecifically, the types of studies conducted, the doses of :. 
	trastuzumab tested and resulting exposure margins compared to human dosing, and the fetal outcomes, as 
	well as any data regarding evaluation ofmale fertility parameters were required to support the labeling in 
	PLR format. . 
	The sponsor was requested to provide the suppm:ting data for these sections of the label, and responded by 
	submitting .pdf copies ofthree nonclinical, reproductive and/or developmental toxicology studies with 
	'trastuzumab, conducted in cynomolgus monkeys. These studies were initially reviewed in the nonclinical 
	review for the original BLA (STN #103792/0000), and will not be subject to a complete-review here. 
	However, evaluation ofthe study reports confirms that they do contain the supporting data required for 
	the labeling in PLR format. The three studies are summarized in context of the sections of the PLR 
	labeling that they support, below. 
	Section 5.6 -WARNINGS and PRECAUTIONS, Pregnancy Category D and Section 8.1, .Teratogenic Effects .
	Study #95-039-1450. GN1450. Intravenous embryo-fetal development study in the cynomolgus .monkey. .
	Twelve presumed pregnant, cynomolgus monkeys per dose group were treated by i/v injection with 
	trastuzumab during the critical period of organogenesis (gestational day [GD] 20 through GD50). The 
	doses tested in this study were vehicle control (GN1450 vehicle, composition not specified), 1, 5, and 25 
	mg/kg trastuzumab, administered GD20, GD21, GD22, GD23, GD27, GD30, GD34, GD37, GD41, 
	GD44, GD47, and GD50. Dams were followed for clinical and laboratory signs of toxicity, toxicokinetic 
	profiles, and immunogenicity. On GDlOO, offspring were delivered by Caesarian section and evaluated 
	for skeletal and soft tissue malformations, as well as serum and amniotic fluid trastuzumab and anti­
	trastuzumab antibody levels. 
	ST.N BLA #103792/5175 · 
	In generai, trastuzumab treatment was weli-tolerated by the pregnant animals, and no evidence of. 
	maternal toxicity was noted. Early mortalitie~ w:ere present in a total of 5 dams during the study period, _and· ocdiited.itl aifao.se grQups, iiidtidilig the coiitfot hi atiimals #303 7and .#4210 (i ili.glkgldose ·group), .and #208 (25 mg/kg/dose group), the deaths occurred 2, 10, and 35 days, respectively following 
	· spontaneous abortion by these danis. Early deaths for animals #3115 (vehicle control) and #32.57 (1 . . mg/kg/dose group) were ·not as'sodated with spontaneous abOrtion: Jn' all cases, there were no apparent clinical signs oftoxicity prior to death. 'However, on necropsy histologic evidence ofbactenal infection . was present in skin lesions and in the intestines, and was identified tentatively as ~-hemolytic Streptococcus, Staphylococcus sp., andlor·Pasteurella infections. Given the incidence of early mor
	. .. . 
	ap.d presence of infection_ in ~mals from all dose groups including the. control, these findings appear 
	unrefated to trasttizunlab treatment, · 
	Spontaneous abortions occurred in 2/12 control (17%), 5/12 low-dose (42%), 3/12 (25%) monkeys treated 
	with 5 mg/kg/dose trastuzumab, and 4/12 (33%) of dams in the 25 mg/kg/dose group. There were no 
	statistically significant differences between the control and trastuzumab-treated dose groups in the 
	incidence of spontaneous abortions (p = 0.8973; Chi square). Additionally, the incidence of abortion in 
	this study was within the range ofhistorical controls for this laboratory (88/492or18%; from a total of 43 
	embryofetal toxicity studies, with a range of 0-50% spontaneous abortion). 
	Live fetuses were recovered from 10 monkeys in the control group, 7 animals treated with 1 mg/kg/dose 
	trastuzumab, 9 dams in the 5 mg/kg/dose group, and 8 dams iIJ. the 25 mg/kg/dose group. Mean values "for fetal measurements (body, placental, and organ weights, crown:rump li;:ngths) in all trastuzumab­
	treated dose groups were within normal lirriits for cynomolgus monkeys. There were no gross skeletal or 
	soft tissue malformations in the.offspring from trastuzuma]?-treated dams at.any dose level. 
	To:icicokinetic evaluation show.ed th.at maternal levels oftrastuZumab ii,J.creased rapidly durjng the first 
	week of dosing (GD20 through GD27), and approached steady-state by the end ofthis period. During the 
	coUrse ofthe study, mean values for trastuzumab trough levels showed dose-related, approximately linear 
	increases, and were niaintained for the duration of the dosing perioQ. in all animals except darri #6292 'in 
	the 1 mg/kg/dose group. This animal had pre-existing anti-drug antibody and no detectable senim 
	trastuzumab levels present at any time point on study (see below). The mean values for trastuzumab 
	trough levels are presented in Table 1 below, which was abstracted from the sponsor's final study report. 
	Table 1. Summary Table of Mean (± S.D.) Trastuzumab Maternal Trough Serum Levels and Elimination Half-Life in Pregnant Cynomolgus Monkeys Dosed from GD20 through GD50 
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	STN BLA #103792/5175 
	Placental transfer ofti'astuzuriiab. with subsequent fetal exposure was also detected in this· study. Table 2 below;frqm the sponsor's final study report shows that at time·of Caes~eansection on GDlOO, " .trashiiiliri~b was presentat detectable levels iiiserum from fetuses in·all dose groups, and iri amniotic . fluid from offspring of dams treated with 5 or ~5 mg/kg/dose: The concentration oftrastuzumab in fetal samples increased with increasing dose of ant~body, anq ranged from 10% to approximately 19% <?~
	. . maternal serum levels present iii the fetal serum, and· approximately 3 to 4% ofmaternal serum. levels ... presynt in the amniotic ·fluid of fetuses in the mid-and high-dose groups.· These results are summarized in Table 2, below. · · · 
	Table 2. Summary of Mean (± S.D.) Trastuzumab Maternal and Fetal Serum and Amniotic Fluid Concentrations, and Concentration Ratios from Pregn~nt Cynomolgus Monkeys .at GD100 . Panmaler SirouP1 (:«ilf.fll ~~ 1fiijii Group-a· s~ Group4 :zs!liii m..o·m l!•J:S" lil-=91 -li"d~ 
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	There were no detectable anti-drug antibody responses in any ofthe trastuzumab-treated dams or fetuses delivered at GDlOO, with the exception of one pair. Monkey #6292 and its fetus #6292f had positive titers for anti-trastuzumab antibody in both the ELISA assay for total binding antibody, and the BT-474 neutralization bioassay. Antibody titer values in the dam at GD20 and GD50 were 3.2 and 3.4 absorbance units (AU), respectively, and at GDlOO were approximately equivalent in the dam and offspring, with tit
	Comment: The labeling reports oligohydramnios, or decreased amniotic fluid in pregnant women receiving Herceptin® treatment during the second and third trimester. This finding was not observed in either ofthe cynomolgus monkey developmental toxicology studies (see additional study summary, below). However, since human data are available, Herceptin® is labeled Pregnancy Category D. 
	Comment: The sponsor reports in the labeling that there are no maternal or fetal toxicities associated with Herceptin® treatment at up to 25-times the human exposure. On a direct mg/kg basis, the dose of trastuzumab tested in the animal studies was only 12.5-fold greater than the recommended weekly human dose of 2 mg/kg. However, in the present developmental toxicity study and in the fertility study, trastuzumab was administered twice weekly. Therefore, the language in the labeling claim regarding the 
	exposure margin is supported by the nonclinical dosing. 
	In conclusion, the results of this study support the reported findings in Section 5.6, Pregnancy Category 
	·STN BLA #103792/5175 
	D and Section 8.1; Teratogenic Effects ofthe reVised, PLR. formatted label for tras~ab(Herceptirt®). 
	·Section 8,.2-USE INSPECIAL POPULATIONS, Nursing Mothers and Section 13.•2, NONCLINICAL TOXICOLOGY, Animal Toxicology and/or Pharmacology · Study #95-238-1450. Late gestationaltoxicity, placental transfer, ·and secretion in milk study with GN1450in the··cynomolgus monkey.·: · · · · · 
	Two groups (n ~ 8/gfOUp).of pregnant, cynomolgtis monkeys were treated by 1/v injection with trastuzumab durjng the latter part of ges~ation, fro):ll approximately GD12.0 through either GD150 (Group 1), or through post-partum day· (PPD) 28 (Group.2). All animals received 25 mg/lqtfdose oftrastuzumab by i/v ~jection daily from.GD120 through GD123, then once weekly for the remainder ofthe doslli.g periods. Dams were followed for cliriical and laboratory signs of toxicity, toxicokinetic profiles, and immunogen
	· time the animals were returned to the colony. 
	Maternal blood was sampled once pre-study, and then weekly prior to dosing for measurement of serum trastuzumab levels. For evaluation of serum anti-trastuzumab antibody levels, maternal blood was sampled once pre-treatment for all animals. Amniotic fluid, maternal blood and fetal umbilical vein blood were obtaim;d at GD 150 at the time of Caesarean section for Group 1 animals. Maternal and infant blood, and maternal breast milk samples were obtained from animals in Group 2 on PPD28. 
	. . 
	Trastuzumab treatment was well-tolerated by the pregnant animals, with no evidence of maternal toxicity. Body Wyights, body we.ight gains~.clinical chemistry .and U!inalysis ..profiles for th~ t!eated ~-were . within normal limits. There were three ~successful deliveries/stillbirths during the stUdy. Animal #1791 in Group 2went into labor on GD163, haq difficulty deiivering the fetus, and was.eutlianized for humane. reasons. A second Group 2 monkey (animal #~376) did not deliver successfully; the fetus was 
	. . 
	. 

	Live fetuses were removed by Caesarean section from 7/8 animals in Group 1 at GD150, and evaluated morphologically for evidence oftoxicity. No trastuzumab-related changes in fetal body measurements, fetal body or organ weights, or placental weights were detected. There were no treatment-related external, visceral or skeletal anomalies and no fetal malformations observed in the offspring in this group. Visceral findings, including hemorrhage in the cardiac area of the stomach or at the stomach wall were pres
	In Group 2, live infants were successfully delivered to 6/8 dams. There was no observable effect of trastuzumab treatment on infant body weights, as compared to historical control data from the study laboratory. Monkey #9536 from Group 2 had no detectable lactation and therefore could not breast-feed its offspring; this infant was fostered to another lactating female from the stock colony. From PPDl 1 through PPD28, alopecia at the base ofthe tail and back ofthe head was reported for this infant. There were
	Using an ELISA assay, no anti-trastuzumab antibodies were detected in the dams at any time point on study, or in the fetuses at GD150 or the infants at PPD28. However~ the sponsor states in the final study report that the interpretation of the negative findings in this study may be limited, since the presence of detectable trastuzumab in the blood samples may interfere with detection ofthe anti-drug antibody. 
	.... : STN BLA #103792~5.l75. 
	Maternal exposures w~re comparable between both groups ofpregnant clains treat~d with 25 mg/kg/dose · trastuzUmab. A slig'b.t (approximately 40-60%) accumulation in serum trastllzumab levels was obserYed betw:een th~ initial value on GD127, .anci the final vaiues oh dDi50 (Group 1) and. GD169 (Group 2). Following delivery, trastuzumab levels were still present in serum from nursing dams up until PPD28, at approximately similar levels to those observed during gestation (data. not shoWl_l). The mean values fo
	. Table 3. Summary of Mean (:!: S.D.) Maternal Trastul:umab Levels in· Pregnant Cyriomolgus ·Monkeys Following Dosi.ng with 25.mg/kg/dose from GD120 through Delivery · · 
	Ser1,.1m 

	. OaYOf Group 1 . Group 2 Gestation cesatean Sect(on Uva Birth · (n=a7•8)" (n=1·8)
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	• 
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	0.00 127 1035 (201) 1005 (206) 
	134 1019 (355) 1220 (265) 938 (250) 1439 (348) 148 1746 (1029) 1327 (261) 
	141 
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	0
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	163 . 1572 d 
	169 
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	_c 
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	.. ... ... 
	..
	..

	006• 
	116 
	-· 

	a 
	a 
	a 
	Eact'! group. cDf'ltalned eight animals, but for some time polntS samples were avaliable from less lhan al· elght animals. . · . · · · · 

	TR
	. 
	. 

	b 
	b 
	For predose and Day 120 samples au concentrations were 1ts' ~ess than the lowest standard on tha standard curve, re. less than 0.078 mcgt'ml}; they were therefore assigned a value of zero by ccnvenlion and no standard devlatlon was calculated• . 

	c 
	c 
	No $ample scheduted to be drawn at thi~ time point ror this group. 

	d 
	d 
	Only one animal sampled at thi9 time point; therefore no standaro deviation was eatcuJated. 


	Placental transfer oftrastuzumab, with subsequent fetal exposure was also detected in this study. Table 4 below, from the sponsor's final study report shows that at time ofCaesarean section on GD150, trastuzumab was present at detectable levels in both semm and amniotic fluid from of dams treated with 25 mg/kg/dose. The levels oftrastuzumab in fetal blood and amniotic fluid were approximately 33% and 25%, respectively, of those present in the maternal serum at GD150, and the amniotic fluid trastuzumab level
	Transplacental transfer oftrastuzumab from dams treated with 25 mg/kg/dose was also evident in infants delivered at term. Mean values for neonatal serum trastuzumab levels were approximately 19% ofthose present in the dams at time of delivery. Low levels oftrastuzumab were also detectable in maternal milk in 5 of the 6 lactating dams, with a mean value ofapproximately 0.3% of the maternal serum levels and <l% ofthe neonatal serum levels. These results are presented iti Table 4, from the sponsor's final stud
	STN BLA #103792/5175 .6 .. 
	. Table 4. Mean Maternal, Fetal, and' Neonatal Serum Levels, and Fe1ai Amniotic fluid, and Maternal Miik Levels of Tra'Stuzumab Following Dosing of Cynomolgus Monkeys from GD120 Through . GD150(Group1) or PPD28 ~Group 2) . . . . · · 
	p""'*' 
	p""'*' 
	p""'*' 
	.. 
	an..,1 eaar.i&ldlcn C..,1!0*-t ' O!·n· 

	Conctmrdoo! CmcqfmU: 
	Conctmrdoo! CmcqfmU: 

	" 
	" 
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	1487 (IS) 411 (74..8) sos (191)-· -· 

	TR
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	TR
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	TR
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	0..818 
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	TR
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	TR
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	. 
	. 
	Matemal Miki~Serum ~a.in/....... _ _ 
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	: ·~ . --· .:• 

	0.,21 Pcll-Pllrtwn 
	0.,21 Pcll-Pllrtwn 
	= 



	{n•4-5J' 
	{n•4-5J' 
	1544 (812)
	-· 
	-· 
	2.73 (1.i2) 
	37CI (213) 
	-· 
	-· 
	-· 
	0.00280 (0.00269) 0.19t (0.0695) 0.00808 (0.00295) 1ZZ (42.3) 

	• .&ch OfOt4> contained ~armna, t.ilcr101M tllM polrD samp1N were avllLlble fiom .latttl8ft al ~"*'*-Few Gmup 1 ltllnlllno. 5383 did not l)C'Oduca a vtab1e 1etur. .for~2 rinall no. 1111 a 9378 did not~aIYl llillh. ForGroup 2 rna..n.. m11t .conoenttatlon for &Nmll no. 9538 wu em.Ued:lll1d neona1e Mn.In C011C81 lbd>na rrom v. .neorwa of ariml1I no. 6039 and 9538 were G'Qlded. S.. eidulion I~3-1 tor detllla. .
	b .Mctmll Hnnn AIPOf18d hera was collected en Day 150:t1 ol a-station for Group 1 and an .cay 21 post-9111Um for Group 2. · .
	Fetll Hrvm and Amniotic fluid were callected on Day 150:t 1of gNtatton for Group 1· .no fttut aampllng ICheclJled tor Group 2. ' .
	d .Malemal mlt: and neonate serum wera collected on Day 28 post-partum for Group 2· .no Hiit blttht tohtdultd for Group 1-and therefore no maternal mllk·w neonate eerum wero .
	collected, · 
	• .No sample(•) scheduled to be collectad for this group. 
	In summary, weekly i/v injections oftrastuzwnab to pregnant cynomolgus monkeys during late gestation through parturition and/or lactation did not result in detectable maternal, fetal, or neonatal toxicity. Trans placental transfer oftrastuzumab was observed, with the levels in fetal serum approximately equal to ono-third the levels present in maternal blood. Low, but detectable levels of t.rastuzumab were also present in milk from lactating dams, although the amount transferred to the offspring through milk
	In conclusion, the results of this study support the reported findings in Section 8.1, Teratogenic Effects and Section 8.2, Nursing Mothers ofthe revised, PLR formatted label for trastuzumab (Herceptin~. Section 13.1 -NONCLINICAL TOXICOLOGY, Impairment ofFertility Study #95-038-1450. GN14SO. Intravenous menstrual cycle study {fertility evaluation) in the 
	In conclusion, the results of this study support the reported findings in Section 8.1, Teratogenic Effects and Section 8.2, Nursing Mothers ofthe revised, PLR formatted label for trastuzumab (Herceptin~. Section 13.1 -NONCLINICAL TOXICOLOGY, Impairment ofFertility Study #95-038-1450. GN14SO. Intravenous menstrual cycle study {fertility evaluation) in the 
	STN BLA #103792/5175 

	female cyri.o:ii:lolgus monkey. · 
	. The effects 0°f trashizWnab treatment Ori female sex hormop.~ ievels and irieri.strual.cycle duration were . evaluated in cynomolgus monkeys. Six animals per group were treated for 3 menstrual cycles with vehicle control°cGN1450 vehicle, composition not specified), or 1, 5, or 25 mg/kg/dose trastuiumab i/v, . 
	. · startirig on Days 1-4 oftreatment cycle· l, then twice weekly for ~he remainder ofth~ treatment period.· Three observation cycles were monitored for each animal prior to initiating treatment; and animals were . also monitored for. one reeovery cycle following completion oftreafm.ent. Serum samples for . measurement ofprogesterone, 17-~ estradiol, and luteinizing hormoh~ were obtained on Days 1, 4, 7, 10, " i 1, 12, 13, 14; 15, 18, 21,.24, and 27 of cycles 3, 4, 5, 6 and 7. S~ples for.toxicokinetic evalu
	once during the second weekofthe' recovery' period. . . . . . . 
	There were no effects oftrastuzumab treatment on clinical signs oftoxicity, body weight, food consumption, clinical chemistry or urinalysis profiles; Trastuzumab treatment had no remarkable effects on the length of menstrual cycles, or the levels of, or timing to peak levels ofthe three female sex hormones measured. Toxicokinetic evaluation confirmed that exposure to trastuzumab was maintained over the duration ofthe three treatment cycles, and declined between the Day 64 (treatment cycle 6) and Day 98 (rec
	monk~ys.at 

	In conclusion, the.results ofthis study demonstrate ho adverse effects oftr:astuzumalrtreatment on parameters associated with female fertility, including menstrual cycle duration and sex hormone levels, at · weekly doses ofup to 25-fold greater than the human· recommended· dose of 2 mg/kg/week. These data· support the labeling claims made by the sponsor 4i Section 13.2 ofthe PLR:.forinatted label, "Inipairment of Fertility." · · · · · · · 
	Comment: For PLR labeling, data should be included from evaluation of both male and female fertility parameters. The sponsor was requested to provide information regarding measurement ofmale fertility (i.e., sperm counts, viability, motility, testicular and epididymal histopathology). In a follow-up electronic mail message on January 11, 2008, the sponsor confirmed that male fertility parameters following trastuzumab treatment have not been evaluated. The licensed indication for trastuzumab is advanced brea
	S~BLA #103792/5175 
	•. 
	SUGGE~J'EDLANGUAGE FOR LABELlNG:· ..A,ll l~b~ling revisions to Sections 5.6, E'f!bryo-fetai Toxicity,(Pregnancy-Caiegory D), 8.1, Pregn~ncy .
	(Teratogenic Effects: Pregnancy Category D), and 8.3, Nursing Mothers have been completed and. 
	I 
	.a~cepted by the spon.Sor. The following language·is suggested foz: incorporation into Section 13.2, · 
	r
	Impairment o/Ferlility, regarding the effects of tiastuzumab treatinent ·on parameters associated wit}J. · .. .female fertility, and the lack ofdata to addrCl!S the effects of trastuzumab on inale fertility: 
	l.

	'· 
	i 
	Clf,rren.t ~nguagein lab~l: 
	A fertility.study ·(bm c0~ducted ~fernaie c}'noinolgus monk~ysat dose.~ up.to (bff4} times the weekly , reconunended dose of 2 mg/kg Herceptin and has revealed no. evidence of impaired fertility. 
	Suggest,ed revisions to current language: 
	A fertility study conducted in female cynomolgus monkeys at doses up to 25 times the weekly 
	recommended human dose of 2 mg/kg trastuzumab revealed no evidence of impaired fertility, as 
	measured by menstrual cycle duration and female sex hormone levels. Studies to evaluate the effects of 
	trastuzumab on male fertility have not been conducted. 
	Addendum: 
	· ..... 
	· ..... 

	. I
	The'abovesuggested language was conveyed to Genentech on January·l4,·Z008 imd accepted for " . 
	! 

	incorporation into the PLRlabel on , 2008. No further actions are required from pharmacology/toXicology to support the approval ofthis supplement. 
	J~uaiy.15
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	Executive Summary of Statistical Findings 
	The sponsor, Genentech, Inc., is seeking supplemental labeling claims of Herceptin® ~) 
	This review provides a summary of the clinical efficacy and safety results, statistical issues and an overview ofthe studies submitted in this application. 
	1.1 Recommendations and Conclusions 
	Based on study B016348, the interim analysis results from two of the three treatment arms demonstrate that 1-year Herceptin arm had a significantly longer time to disease free ·survival as compared with the observation arm (haza~d ratio of 0.54 for 1-year Herceptin arm versus observation arm, p-value<0.0001). The beneficial treatment effect of 1-year Herceptin is consistent across various subgroup, such as age, race, nodal status and HER2 assay results. 
	Sine~ the 2-year Herceptin data are not submitted, the protocol pre-specified comparisons can not be completed. The comparison of 2-year Herceptin to observation arm must be performed in order to determine whether there is any remaining alpha to test secondary endpoints. In the current submission, any further evaluation ofsecondary efficacy endpoints can not be interpreted. 
	The cardiac safety results demonstrated that the arm had higher incidences of cardiac events based on ·the sponsor's specified primary and secondary cardiac event endpojnts. The 1-year Herceptin arm also had higher incidence rate of the worst post-baseline L VEF value <50% and ~10% L VEF reduction from baseline. However, since the interpretation of the primary and secondary cardiac endpoints is not clear and the lack ofpre-specified analysis of the L VEF assessment, further studies are recommended to evalua
	1-year Hercept.in 

	·:·, .REVIEW AND E. 
	1.2 Brief Overview of Clinical Studies 
	Genentech submitted an international, multicenter, randomized, open-label, controlled clinical trial (study BO 16348) to evaluate the 1-year Herceptin as a single agent for adjuvant treatment ofHER-2 overexpressing breast cancer. Patients in the 1-year Herceptin arm received Herceptin every 3 weeks by i.v. infusion over an approximate 90-minute infusion period for all doses. 
	The study was submitted to support the following proposed claim for Herceptin : 
	Study B01634_8 was conducted outside ofthe US by F. Hoffmann-La Roche Ltd and the Breast International Group (B.I.G). Over 70% of the patients in this trial were from Europe, Nordic, Canada, South Africa, Australia and New Zealand. 
	A stratified randomization scheme was used based on the nodal status, adjuvant chemotherapy regimen, receptor status/endocrine therapy, age and region. 
	The primary endpoint of this study is disease-free survival and the secondary efficacy endpoints include overall survival, recurrence-free survival and distant disease-free survival. The primary comparison was between each of the 1-year Herceptin arm versus the observation arm using an unstratified log-rank test. 
	1.3 Statistical Issues and Findings 
	1.3 Statistical Issues and Findings 

	The primary efficacy result based on disease-free survival from study B016348 shows statistical significance in favor of 1-year Herceptin arm. The hazard ratio of 1-year Herceptin arm <0.0001 based on a log-rank statistic. 
	versus observation arm is 0.54 (95% C.I.=[0.44, 0.67]) with p-value 

	The beneficial treatment effect of the 1-year Herceptin arm is consistently demonstrated 
	The beneficial treatment effect of the 1-year Herceptin arm is consistently demonstrated 
	in various subgroups such as age, race and nodal status, etc. 

	The cardiac safety results demonstrated higher incidences of cardiac events in the 1-year Herceptin arm (0.6% vs. 0.1 % for the primary cardiac endpoint; 3.0% vs. 0.5% for the secondary cardiac endpoint). In addition, the 1-year Herceptin arm had consistently higher incidence of worst post-baseline LVEF value <50% (24.6% vs. 13.8% ) and 2'.:10% LVEF reduction from baseline (9.0% vs. 3.2%). 
	There are some statistical issues related to the analysis: 
	• .
	• .
	• .
	Based on the original statistical plan, the primary comparisons are between the observation arm versus 1-year Herceptin and the observation arm versus 2-year Herceptin. The comparison of 2-year Herceptin to observation arm must be performed in order to determine whether there is any remaining alpha to test secondary endpoints. Since the 2-year Herceptin data are not available, the protocol specified comparisons can not be completed. Therefore, further evaluation of secondary efficacy endpoints may not be me

	• .
	• .
	Since the sponsor's primary and secondary cardiac endpoints are based on composite measures which are not well documented, the interpretation of the results is not dear. The information obtained from L VEF assessment may be more informative. However since the definition of the change from baseline or post-baseline value in L VEF is not pre-specified and the choice of cut-off points is not well justified, further study with longer follow-up with respect to the effect of Herceptin on cardiac events and L VEF 


	2 .Introduction 
	This section provides an overview of the submitted trials. 
	2.1 Overview 
	2.1 Overview 

	This subsection, provides a background of the design of the submitted trial, the data analyzed and the source, and any major statistical issues. 
	Figure
	2.1.1 Background. .Genentech submitted the results from a multicenter, randomized, open-label, controlled .
	clinical trial for Herceptin -------------------­A 
	stratified randomization ~cheme was used for this study. 
	The primary efficacy endpoint of this trial is disease-free ~urvival and the secondary efficacy endpoints include overall survival, recurrence-free survival and. distant disease­free survival. The primary comparisons for disease-free survival is between each of the 1-year Herceptin arm versus observation arm. 
	This trial was spons9red by the Breast International Group and F. Hoffmann-La Roche, Ltd., Genentech, Inc. provided additional financial support. 
	In November, 2006, the agency approved Herceptin, as part of a treatment regimen containing doxorubicin, cyclophospharnide, and paclitaxel, for the adjuvant treatment of HER2-positive node-positive breast cancer. Adjuvant therapy is given to women with early-stage (localized) breast cancer who have had initial treatment surgery with or without radiation therapy. The approval was based on data from an interim joint analysis ofmore than 3,700 patients enrolled in two Phase III clinical trials. These results s
	C.I.=[0.39

	2.1.2 Major Statistical Issues 
	The major statistical issues are summarized below: 
	Figure
	• .
	• .
	• .
	Based on the original statistical plan, the primary comparisons are between the observation arm versus I-year Herceptin and the observation arm versus 2-year Herceptin. Since the 2-year Herceptin data is not available, the protocol specified comparisons can not be performed and the remaining alpha can not be determine for the secondary endpoints. Therefore, further evaluation of secondary efficacy endpoints may not be meaningful. 

	• .
	• .
	Since the sponsor's primary. and secondary endpoints are based on composite measures which are not well documented, the interpretation of the results is not clear. The information obtained from LVEF assessment may be more informative. However since the definition of the change from baseline or post­baseline value in LVEF is not pre-specified and the choice ofcut-off points is not well justified, further study with longer follow-up with respect to the effect of Herceptin on cardiac events and LVEF ;function 


	2.2. Data Sources 
	2.2. Data Sources 

	Data used for review is from the electronic submission received on 12/12/06. The network path is in : · 
	\ \Cbsap58\m\EDRSubmissions\2006 BLA\DCC60002776\blamain\crt\datasets\BO 16348. 
	Statistical Evaluation 
	Statistical Evaluation 

	The efficacy and safety analysis results will be presented in this section for protocols B016348. 
	3.1 Evaluation of Efficacy 
	3.1 Evaluation of Efficacy 

	3.1.1 Introduction 
	This was an open-label, three-arm, multicenter study. Upon completion of definitive surgery and systemic adjuvant chemotherapy, patients were randomized on a 1: 1: 1 basis to 
	,REVIEW ANti.f~i~ • ".l:' ; ';. 
	• 
	• 
	• 
	• 
	No Herceptin (observation), 


	• 
	• 
	One year ofHerceptin treatment ann, and 

	• 
	• 
	Two years ofHerceptin treatment anns. 


	In this data submission, only data from the.observation ann and I-year Herceptin arm were submitted. For all discussions in this review, the Herceptin arm was referring to the I-year Herceptin ann. 
	Patients were stratified prior to randomization based on a number ofprognostic and other factors that could impact the patients' outcome (see the following table). 
	Figure
	Table 1 Stratification Factors Used in the HERA Trial 
	1. Nodal status : 
	(1) 
	(1) 
	(1) 
	Any nodal status, neo-adjuvant chemotherapy (nodal status unknown prior to chemotherapy) 

	(2) 
	(2) 
	(2) 
	No positive nodes, no neoadjuvant chemotherapy 

	(3) 
	(3) 
	1-3 nodes positive, no neoadjuvant chemotherapy 

	(4) 
	(4) 
	>4 nodes positive, no neoadjuvant chemotherapy 



	2. Adjuvant chemotherapy regimen: 
	(I) 
	(I) 
	(I) 
	(I) 
	no anthracyclines or taxanes 

	(2) 
	(2) 
	anthracyclines but no taxanes 

	(3) 
	(3) 
	anthracyclines + taxanes 



	3. Receptor status and endocrine therapy b•: 
	3 

	(1) 
	(1) 
	(1) 
	(1) 
	Negative 

	(2) 
	(2) 
	Positive and no endocrine therapy 

	(3) 
	(3) 
	Positive and endocrine therapy 



	4. Age: 
	(1) 
	(1) 
	(1) 
	(1) 
	< 35 years 

	(2) 
	(2) 
	35 -49 years 

	(3) 
	(3) 
	50 -59 years 

	(4) 
	(4) 
	2'.60 years 



	5. Region 
	(1) 
	(1) 
	(1) 
	Europe, Nordic Countries, Canada, South Africa, Australia, New Zealand 

	(2) 
	(2) 
	(2) 
	Asia Pacific and Japan 

	(3) 
	(3) 
	Eastern Europe 

	(4) 
	(4) 
	Central and South America 



	a Patients witti synchronous bilateral breast primaries: Stratification was based on the highest stage tumor b Hormone receptor status was based on local lab for both estrogen and progesterone receptors, or estrogen 
	receptors alone for centers that did not routinely measure progesterone receptors. Actual values obtained 
	from assays were used to define cohorts for exploratory analyses. c Endocrine therapy included tamoxifen, anastrozole (Arimidex) and ovarian ablation. Chemotherapy induced amenorrhea was n~t considered endocrine therapy. 
	A minimization procedure according to Pocock and Simon (Biometrics, 1985) was used to allocate patients to the treatment arms in order to secure a balance between the treatments for stratification factors. Randomization was performed by an automated Interactive Voice Response System (IVRS). 
	Eligible patients must be 18 years or older, have Eastern Cooperative Oncology Group (ECOG) performance status < 1, non-metastatic operable primary invasive adenocarcinoma of the breast (histologically confirmed, adequately excised), axillary node positive or negative and tumor size 2 Tlc acco.n;ling to TNM, known hormone receptor status (ER/PgR or ER alone), received at least four cycles of an approved (neo-) 
	Eligible patients must be 18 years or older, have Eastern Cooperative Oncology Group (ECOG) performance status < 1, non-metastatic operable primary invasive adenocarcinoma of the breast (histologically confirmed, adequately excised), axillary node positive or negative and tumor size 2 Tlc acco.n;ling to TNM, known hormone receptor status (ER/PgR or ER alone), received at least four cycles of an approved (neo-) 
	adjuvant chemotherapy regimen, baseline LVEF ~ 55% measured by echocardiography or MUGA scan, completion of(neo-)adjuvant chemotherapy or radiotherapy and HER2­overexpressing(determined by IHC 3+ or FISH positive) on the primary tumor as well as other inclusion/exclusion criteria. 
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	Patients were randomized up to a maximum of 7 weeks following day 1 of the last chemotherapy cycle or a maximum of6 weeks from the end of radiotherapy or definitive surgery, whichever occurred first. Whenever possible, the first dose of Herceptin was given within a maximum of2 weeks after randomization. 
	This trial was conducted in 478 centers across 39 countries, all ofthem are outside of U.S.. Over 70% of patients population came from Europe, Nordic, Canada, South Africa, Australia and New Zealand. 
	Patients in the I-year Herceptin arm received Herceptin every 3 weeks by i.v. infusion. The initial infusion was given at a loading dose of 8 mg/kg and subsequently infusion were given at a dose of 6 mg/kg. Herceptin was administered over an approximate 90­minute infusion period for all doses. 
	The primary objective of this study is 
	• .
	• .
	• .
	To compare disease-free survival (DFS) in patients with HER2 over-expressing breast cancer who have completed acceptable adjuvant chemotherapy and radiotherapy, ifapplicable, and who have been randomized to Herceptin for one year versus no Herceptin. 

	• .
	• .
	To compare disease-free survival (DFS) in patients with HER2 over-expressing breast cancer who have completed acceptable adjuvant chemotherapy and radiotherapy if applicable, and.who have been randomized to Herceptin for two years versus no Herceptin. 


	The secondary objectives ofthis study are 
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	• .
	• .
	• .
	To compare overall survival (OS) in patients randomized to no Herceptin versus one year ofHerceptin, and in patients randomized to no Herceptin versus two years ofHerceptin. 

	• .
	• .
	To compare recurrence-free survival (RFS) in patients randomized to no Herceptin versus one year ofHerceptin, and in patients randomized to no Herceptin versus two years ofHerceptin. 

	• .
	• .
	To compare distant disease-free survival (DDFS) in patients randomized to no Herceptin versus one year ofHerceptin, and in patients randomized to no Herceptin versus two years of Herceptin. 

	• .
	• .
	To evaluate safety and tolerability ofHerceptin. 

	• .
	• .
	To compare the incidence ofcardiac dysfunction in patients treated and not treated with Herceptin. 


	Efficacy assessments schedule 
	It is advised that patients to be seen at approximately every 3 months for the first 2 years, every 3-6 months for years 3-5 and every 6-12 months beyond five years after the end ofprimary therapy. In this study, patients were seen for evaluation at weeks 13, 25, 37, 52, 64, 79, 91, 103 (treatment period), at week 56 and 107 (for safety follow-up after completion/discontinuation oftreatment period), every three months for the first 2 year, and every six months thereafter up to year 5 post randomization, the
	Radiological examinations occurred at baseline, weeks 52, 64, 79, 91 (103 for 2-year Herceptin), and yearly up to 5 year. In the case ofa solitary bone lesion, a radiological examination was to be repeated in three months. 
	In addition, all patients were followed for survival once a year after completion or discontinuation ofthe study treatment period for any reason (e.g. diseas.e recurrence, toxicity, experiencing a cardiac event leading to discontinuation ofstudy treatment etc) unless the patient withdrew consent to participate in the study. Survival data will be collected until 10 years after randomization of the last patient into the study. 
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	Cardiac safety assessments and Schedule 
	Due to the concern of cardiac dysfunction in patients received Herceptin in combination with ailthracyclines in the chemotherapy plus Herceptin studies, cardiac safety was monitored in all patients through out the trial. 
	Cardiac monitoring( including ECG, L VEF and signs/symptoms, etc) was conducted every 3 months in the first 6 months, then at 1 year, every 6 months during the first 3 years and year 5. 
	Patients' LVEF (Left Ventricular Ejection Fraction) status was monitored either by echocardiogram and/or MUGA scan during baseline visit, before the next scheduled dose of Herceptin and the follow-up visits. throughout the trials. The same method was encouraged to be used for all L VEF assessments for a patient. According to the protocol, among the first 900 patients enrolled, those with echocardiogram (or MUGA scan) monitoring of L VEF function had to have all echocardiograms (or radiology reports) sent to
	The primary responsibility ofthe Core Lab was to provide blinded review the quality of echocardiography videotapes obtained at baseline, after 3, 6 months after start of Herceptin treatment or observation for the 900 patients. In general results of the review of cardiac monitoring video tapes would override echocardiography measurements done at the study site. 
	The numbers of patients randomized, treated and pre-mature withdrawals were summarized in the following table: 
	·· · .l f4 ·REVIEWAND rJii 
	Table 2 
	Table 2 
	Table 2 
	Summary of the Number ofPatients 

	Study B016348 
	Study B016348 
	Duration 11/30/01­ongoing (first patient in: 1217/01 ; last patient in: 3111/05) 
	Population Randomized Not Treated Receive Herceptin Safety population c 
	Observation 1693 4 {<1%) b 1708 
	Herceptin 1-vear 1693 19 (1.1%/ 1674 (98.9%) 1678 

	TR
	Clinical cut-off 
	Pre-mature 
	267 
	218 

	TR
	date : 3129105 (database closure on 10/07/05) 
	withdrawals 
	(267/1708=16%) 
	(218/1678=13%) 


	a This group did not receive Herceptin and will be counted as safety population in observation arm. b This is from observation arm and will be counted as safety population in Herceptin I-year ann. c Defined as all randomized patients who received He~ceptin prior to recurrence or not. 
	Reviewer's comment: 
	• .While the sponsor indicated that 19patients in the I-year Herceptin arm did not receive Herceptin, this reviewer found 21 patients in the I-year Herceptin arm did not have Herceptin exposure data. The sponsor explained the discrepancy in the Feb. 13, 2007 response as that the two patients (patients (b)(6J and ( (b><6Jlj, although did not have at least one record ofHerceptin exposure, had a potential to receive Herceptin since they have not yet experienced disease recurrence. These two patients were there
	At the time of the interim analysis, three protocol amendments had been made to the original protocol (version A, dated 6/5/01). The statistical analysis related amendments are summarized as follows: 
	Protocol version B (dated 12/3/01) 
	Figure
	• .
	• .
	• .
	Defme the primary cardiac endpoints/symptomatic congestive heart failure. 

	• 
	• 
	Schedule ofassessments and procedures -include time windows. Protocol version C (dated 11125/02) 

	• .
	• .
	Allow inclusion ofpatients with positive surgical margins based on specific conditions. Since this subgroup ofpatients may have different prognosis and outcome, the steering committee (SC) decided to require free positive surgical margins in patients to be randomized. 

	• .
	• .
	Change HER2 testing strategy -require central reconfirmation of local HER2 status. 

	• .
	• .
	Adjustment ofnumber ofevents required for efficacy interim and primary analysis (see description ofthe interim analysis later in this section). 


	Protocol version D (dated 11/13/03) 
	• .
	• .
	• .
	Increase sample size (see sample size calculation section later). 

	• .
	• .
	Allow concomitant hormonal therapy with Anastrozole (Arirnidex). 

	• .
	• .
	Clarification of target population -exclude patients taken anti-tumor agents acting on certain member ofHER family ofreceptors (e.g. Iressa); Also, the definition ofnon-metastatic disease was revised based on a new version of the TNM( tumor-node-metastasis) nomenclature. 

	• .
	• .
	Revision ofacceptable chemotherapy regimens. 


	One interim efficacy analysis was planned to compare Disease Free Survival (DFS) between the 1-year Herceptin arm versus the observation arm and 2-year Herceptin versus the observation arm. The O'Brien-Fleming procedure implemented by Lan and DeMets method was used for the interim analysis. This interim analysis was planned to be performed after half ofthe calcula~ed 951 events had been observed (i.e. 475 events). The interim analysis was performed by an independent statistician and the results were present
	The protocol specified that two comparisons would be performed between each ofthe 
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	Herceptin arm versus the observation arm. A step-down adjustment procedure ofthe Bonferroni method (proposed by Holm) would be used for the analyses. Based on this procedure, the significance levels for the most significant pair-wise comparison were 
	0.001 for the interim analysis and 0.0247 for the final analysis. Ifthe significance was reached, the significance levels for the second pair"."wise comparison were to be 0.002 for the interim analysis and 0.0494 for the final analysis. This procedure assured that the overall study-wise significance level was controlled at 0.050 level. 
	Three interim analyses for cardiac endpoints were also planned : after the first 300, 600 and 900 patients had been enrolled and treated for 6 months. Ifan absolute difference of more than 4% in the incidence of primary cardiac endpoints was observed between the 1-year Herceptin arm versus the observation ·arm, the IDMC was to consider recommending stopping or modifying the trial. 
	Reviewer's comments: 
	• .
	• .
	• .
	On March 29th, 2005, 475 events had been recorded on the clinical database (clinical cut-ojj). The interim analysis was performed on April 25th, 2005. The results showed significant results in favor ofHerceptin treated arm and the IDMC recommended to the HERA Steering Committee the disclosure ofdata from 1-year Herceptin arm and the observation arm. This current review is based on the database that was used for the interim analysis. 

	• .
	• .
	There is no interim analysis plannedfor overall survival. 


	The sponsor provided Roche statistical analysis plan (dated 1117/06, version 7; for filing in Europe after significarit efficacy interim analysis) for the submission. Since the history of the statistical analysis plan (SAP) is not clear and the most current SAP available was finalized after the database unblinded, this review used the methods presented in he protocol (version D, dated 11/13/03). However, it is noted that sponsor's analyses basically follow Roche's SAP and the basic approaches written in the
	3.1.2 Efficacy Endpoints 
	Primary Efficacy variable The primary efficacy variable, Disease Free Survival (DFS), was defined as the time between randomization and the date offirst event. An DPS event was defined as any loco-regional or distant recurrence ofbreast cancer, the development of secondary primary canc~r other than basal or squamous carcinoma ofthe skin and carcinoma in situ of the cervix, or death from any cause without documentation ofone of these events. LCIS (Lobular carcinoma in situ) was not considered as an event. Di
	Patients without an event will be censored at the last follow-up date. 
	Reviewer's comment : .It is noted that the sponsor's calculation was based on Roche's SAP (dated on 1117106) .in which the censoring date is defined as the last date of 'last radiological exam', 'last .L VEF assessment', 'date ofrandomization', 'last contact' or 'last survival follow-up'. .
	Secondary efficacy variables 
	The protocol specified the following variables as the secondary efficacy endpoints: 
	• .
	• .
	• .
	Overall Survival : Defined as the time from randomization to death due to any cause. Patients who were still alive at the time ofanalysis were censored at date ofthe last follow"up (defined as the last date of 'last radiological exam', 'last L VEF assessment', 'date of randomization', 'last contact', 'last survival follow­up' or 'last post study treatment' in Roche's SAP). 

	• .
	• .
	Recurrence Free Survival (RFS) : Defined as the time from randomization to the first local, regional and/or distanttumor recurrence. Patients without an event were censored at date ofthe last follow-up (defined as the first date ofsecond primary cancer, contralateral breast cancer or death without evidence of disease recurrenc.e, or the last date of'last radiological exam', 'last L VEF assessment', 'date ofrandomization', 'last contact', or 'last survival follow-up' in Roche's SAP). 
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	• .Distant Disease-free Survival (DDFS) : Defined as the time between randomization and the date ofthe first distant tumor recurrence, second primary cancer, or contralateral breast cancer, whichever occurred first. Patients who had died without evidence of disease, the censoring time is the date of death. Patients without events, were censored at the date of last follow-up (defined as 'last radiological exam', 'last LVEF assessment', 'date ofrandomization', 'last contact' or 'last survival follow up' in Ro
	Other Efficacy Variables The statistical analysis plan also considered other secondary efficacy variables : Time to Recurrence (TTR), Time to distant Recurrence (TTDR), Disease Free Survival from definitive surgery (DFSS) and Overall Survival from Definitive Surgery (OSS). 
	Since these variables were not pre-specified in the_ protocol, no further discussion will be provided. 
	Reviewer's comments: 
	• .The sponsor did not pre-specify any testing procedure for the secondary endpoints in order to obtain a secondary claim. 
	3.1.3 Safety Endpoints 
	Primary Cardiac Endpoint 
	The event occurred at any time. after randomization, but prior to the start of any new therapy includes: 
	• .
	• .
	• .
	Symptomatic congestive heart failure ofNYHA (New York Heart Association) class III or IV (confirmed by a cardiologist) and a drop in L VEF of at least 10 EF points(%) from baseline and to below 50%. 

	• .
	• .
	• .
	Cardiac death defined as either : 



	-.Definite cardiac death: due to CHF-(Congestive Heart Failure) cardiac infarction or documented primary arrhythmia; 
	Figure
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	Probable cardiac death: sudden unexpected death within 24 hours ofa 
	definite or 
	definite or 

	Probable cardiac event (syncope, cardiac arrest, chest pain, infarction, 
	. arrhythmia, etc.) without documented etiology. 
	All primary cardiac endpoints, as defined above, were to be reported as serious adverse events (SAEs) irrespective oftreatment allocation. 
	Secondary Cardiac Endpoint 
	A secondary cardiac endpoint could occur any time after randomization, but prior to the start ofany new therapy for recurrent disease, and was defined as: 
	• .A significant asymptomatic (NYHA class I) or mildly symptomatic (NYHA class II) drop in LVEF identified by MUGA scan or echocardiogram, unless the following L VEF assessment indicated a return to levels which did not meet the definition ofa significant L VEF drop. NYHA class II CHF had to be confirmed by a cardiologist. A significant L VEF drop is defined as a drop in L VEF of at least 10 EF points from baseline and to below 50%. 
	A repeat assessment had to be performed approximately 3 weeks after the first significant L VEF drop. Ifthe repeat assessment ofNYHA class II CHF by a cardiologist was not available, the Cardiac Advisory Board (CAB) would review the case to determine the secondary cardiac event. 
	In Roche's SAP (version 7, dated 1/17/06), a computation specification and algorithm for the secondary cardiac endpoint were provided. It indicated that two sources were used for identify potential secondary cardiac endpoint : L VEF records on CRF pages and the results from the CAB review. 
	3.1.4 Sample ~ize Consideration 
	There were two changes in the sample size section in this study : 
	There were two changes in the sample size section in this study : 
	In Amendment C -~ the sponsor used statistical package EaSt to compute the sample size, stopping boundary and target number_ ofevents for the primary and interim efficacy analyses. This resulted in a slight change to the required number ofevents, i.e. from a total of930 events to a total of951 events (for the first pair-wise comparison: from 639 to 634). Also, the required number ofevents for the interim analysis change from a total of465 events to 475 events. Originally, the number ofevents required was ca

	'I 
	based on the method proposed by Collett (Chapman & Hall, 1994). 
	Jn Amendment D -The sponsor changed the assumption for the 5-year DFS rate for 
	control group from 60% to 65% due to the c.oncem ofmore patients with lymph node 
	(LN) negative di:sea{le were being entered and fewer patients with 1-3 positive LNs. · 
	Based on this change, the total 4482 patients (1494 in each three arms) were planned to 
	be randomized over 3 year inst~ad of3192 patients ( 1064 in each three arms) 
	randomized over 4 years in earlier plan. It is noted that the number ofevents for the 
	interim and final analyses was not changed ( 475 and 951 events for interim and final 
	analyses, respectively). 
	Since the original design has two pair-wise comparisons, the alpha level was adjusted following a step-down adjustment procedure ofthe Bonferroni method as proposed by o Holm (1979, Scan. Journal of Statistic. See Efficacy Analysis Method section for details). The sample size is calculated based on the most significant of the two comparisons (at an alpha level ofa/2=0.025) and the following assumptions: 
	• .
	• .
	• .
	The 5-year DFS rate on the observation arm is 65%; 

	• .
	• .
	A 23% reduction in the risk ofan event for DFS is considered a clinically meaningful benefit. This corresponds to a risk ratio of0.77 and a 5-year DFS rate for the Herceptin of71.8%; 

	• .
	• .
	Recruitment was 1 case in 2001, 173 from January to June 2002, 519 from July 2002 to December 2002, 1021 from January 2003 to June 2003, and assumed to be 170 per month after June 2003. Total enrolment of4482 patients should be completed in approximately 3 years. The accrual rate in EaSt was adjusted (annualized) to account for the slow start. Calculations used an annualized recruitment rate of 1992 patients per year over 2.25 years; 

	• .
	• .
	The follow-up period after accrual terminated was to be 2years; 
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	With these assumptions, 1494· patients per treatment arm were required to achieve an 80% power to detect a hazard ratio of 0. 77 at a two-sided significance level $0.025. This calculation is based on a fog-rank test, assuming that 634 events are seen for the 
	most significant ofthe two pair-wise comparisons and one interim analysis and one final analysis are planned. This leads to a target sample size of 4482 patients and a· target number of951 events in the study. 
	Reviewer's comments: 
	• .The sponsor indicated that the actual number ofpatients recruited (n=5090 for all three arms) exceeded the planned enrollment (n=4482) by approximately 600 patients). In the submitted data including only 2 arms, the actual recruited data (n=3386) exceeded the planned .enrollment (n=2988) by 398. The sponsor explained that this wasprimarily the result ofa longpotentia/. lag time between screening andrandomization (Note: randomization took place up to a maximum of7 weeks from Day I ofthe last chemotherapy 
	3.1.S Efficacy Analysis Method 
	Full analysis set (FAS) .defined as all randomized patients. irrespective of Herceptin treatment actually received and eligibility, will be used for the primary analysis. The safety population, consists of all randomized patients based on whether they received Herceptin prior to recurrence or not, will be used for the safety analysis. The safe~y population will group patients to the arm in which the patients actually received their treatment, regardless ofhow they were randomized. 
	The protocol specified that two comparisons would. be performed between each of the Herceptin arm versus observation arm. A step-down adjustment procedure of the Bonferroni method as proposed by Holm based on the unstratified log-rank test would be used for the analyses. In the Holm's procedure, the testing is conducted in a decreasing order of significance. The smallest of the p-value is tested at a level of a./2. Ifthe corresponding hypothesis is rejected, the second p-value is tested at a_level of a., ot
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	between treatment arms are accepted. The overall significance level was controlled at a, level. 
	For this review purpose, the primary analysis will be based on the comparison between the Herceptin 1-year arm versus observation ann. The Kaplan-Meier curves would be displayed and the two year DFS rates and the 95% confidence limits (CL) for these are given for each treatment group. The hazard ratios and its 95% CL would be displayed as well. 
	Similar analyses strategy like those for the primary efficacy endpoint analysis were used for the analysis of the secondary efficacy endpoints, such as overall survival, recurrence free survival (RFS) and distant disease free survival (DDFS). 
	3.1.6 Safety Analysis Method 
	Based on Roche's statistical analysis plan (dated 1/17/06),. the incidence of primary cardiac event will be summarized along with the 95% confidence interval based on Pearson-Clopper's method (Biometrika, 1934). The difference in incidence will be presented and the Hauck-Anderson approach (The American Statistician, 1986) will be used to calculate the 95% confidence interval for the difference. 
	Similar analysis strategy will be used for the secondary cardiac endpoint. 
	For exploratory analysis, time-to-event analyses (similar to the analysis for the primary efficacy endpoint) based on primary, secondary cardiac endpoint or combined primary and secondary cardiac endpoint were performed. 
	3.1.7 Sponsor's Results and Statistic~l Reviewer's Findings/Comments 
	The sponsor's submitted data is based on the database closed on 10/07/05 with 3/29/05 as the clinical cut-off date. 
	A total of 13% and 16% ofpatients had premature withdrawals from the study for I-year Herceptin and observation arm, respectively. Within these early withdrawals, 6% and less than 1 % of patients in the 1-year Herceptin and observation ann, respectively, 
	A total of 13% and 16% ofpatients had premature withdrawals from the study for I-year Herceptin and observation arm, respectively. Within these early withdrawals, 6% and less than 1 % of patients in the 1-year Herceptin and observation ann, respectively, 
	preµiaturely withdrew from the study due to safety concern. 

	Figure
	Table 3 .Sponsor's Summary of Premature Withdrawals by Reason (Safety population) (study bo16348) 
	Safety Adverse Event Death Non safety Insufficient therapeutic response Violation of selection criteria at entry Other protocol violation Re.fuse treatment Failure to return Other Total 
	Safety Adverse Event Death Non safety Insufficient therapeutic response Violation of selection criteria at entry Other protocol violation Re.fuse treatment Failure to return Other Total 
	Safety Adverse Event Death Non safety Insufficient therapeutic response Violation of selection criteria at entry Other protocol violation Re.fuse treatment Failure to return Other Total 
	Observation (n=1708) 4 (<1%) 1 3 263 (15%) 148 (9%) 6 1 100 (6%) . 6 2 267 (16%) 
	Herceptill 1-y.ear (n=1678) 100 (6%) 97 3 118 (7%) 69 (4%) 5 0 40 (2%) 1 3 218 (13%) 


	In the original submission, there is no summary of protocol deviations. In response to the agency's request (teleconference on 1/31/07), the sponsor provides a summary of protocol deviation from baseline eligibility criteria (see sponsor's response from the 2/13/07 submission). Most ofthe deviations appear to be compatible between treatment arms and include less than 1 % ofthe population except that 
	• .
	• .
	• .
	2.4% and 1.7% ofpatients did not complete more than 4 cycles of chemotherapy, for observation and I-year Herceptin arm, respectively. 

	• .
	• .
	. 1.4% and 1.3% of patients had the LVEF assessment done prior to completion of chemotherapy, for observation and I .,year Herceptin arm, respectively. 

	• .
	• .
	6.4% and 6.7% of patients whose baseline chest imaging not completed within 6 months prior to randomization, for observation and 1-year Herceptin arm, respectively. 
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	• .4.0% and 5.0% of patients whose screening mammogram not completed within 1 year prior to randomization,. for observation and I-year Herceptin arm, respectively. 
	The sponsor also provides a summary of on-study protocol deviation (dated 5/8/07), some notable deviations include : 
	• .
	• .
	• .
	The percentage of patients who had missing L VEF assessments at one or more scheduled visits are higher in the observation arm ( 4.2% versus 2.3% for the observation arm and I-year Herceptin arm, respectively). 

	• .
	• .
	The percentage of patients who did not have a safety follow-up is higher in observation arm (16.4% versus 7.0% for the observation arm and 1-year Herceptin arm, respectively). 

	• .
	• .
	The percentages of patients who received concomitant chemotherapy after randomization and before documented disease recurrence are compatible between treatment arms (2% and 1.7% in the observation and 1-year Herceptin arm, respectively). 


	3.1.7.1 Baseline Characteristics 
	A summary of patient characteristics based on the stratification characters provided by the sponsor are shown in the following table. It indicates that only few patients received neo-adjuvant (about 10 to 11% ) chemotherapy, about 68% of the patients in both arms received anthracyclines (but no Taxanes), approximately 50% of patients with receptor positive or negative in both treatment groups, the majority of patients are between 35 to 49 years old, and most patients were from Europe, Nodic countries, Canad
	t REVIEW AND.I 
	Table 4 Sponsor's Summary of Population Characteristics by Stratification Factors at Baseline (Study bo16348) 
	Nodal Status Any Nodal Status, neo-adj chemotherapy No Positive Nodes, no neo-adj chemotherapy l-3 Nodes Positive, no neo-adj chemotherapy >=-4 Nodes Positive, no neo-adj chemotherapy missing values Adjuvant Chemotherapy Regimen' No Anthracyclines or Taxanes Anthracyclines but no Taxanes Anthracyclines + Taxanes Receptor Status and Endocrine Therapy Negative Positive and no Endocrine Therapy Positive and Endocrine Therapy Unknown Age group < 35 years 35 -49 years 50 -59 years >= 60years Missing and invalid 
	Nodal Status Any Nodal Status, neo-adj chemotherapy No Positive Nodes, no neo-adj chemotherapy l-3 Nodes Positive, no neo-adj chemotherapy >=-4 Nodes Positive, no neo-adj chemotherapy missing values Adjuvant Chemotherapy Regimen' No Anthracyclines or Taxanes Anthracyclines but no Taxanes Anthracyclines + Taxanes Receptor Status and Endocrine Therapy Negative Positive and no Endocrine Therapy Positive and Endocrine Therapy Unknown Age group < 35 years 35 -49 years 50 -59 years >= 60years Missing and invalid 
	Nodal Status Any Nodal Status, neo-adj chemotherapy No Positive Nodes, no neo-adj chemotherapy l-3 Nodes Positive, no neo-adj chemotherapy >=-4 Nodes Positive, no neo-adj chemotherapy missing values Adjuvant Chemotherapy Regimen' No Anthracyclines or Taxanes Anthracyclines but no Taxanes Anthracyclines + Taxanes Receptor Status and Endocrine Therapy Negative Positive and no Endocrine Therapy Positive and Endocrine Therapy Unknown Age group < 35 years 35 -49 years 50 -59 years >= 60years Missing and invalid 
	Observation (n=1693) 176 ( 10.4%) 555 ( 32.8%) 490 (28.9%) 471 (27.8%) I ( 0.1%) 99 ( 5.8%) 1154 ( 68.2%) 438 (25.9%) 841 ( 49.7%) 34 (2.0%) 818 ( 48.3%) 0 ( 0.0%) 126 ( 7.4%) 749( 44.2%) 546 ( 32.3%) 272 (.16.1%) 0 ( 0.0%) 1222 ( 72.2%) 202 ( 11.9%) 175 ( 10.3%) 94 ( 5.6%) 
	Herceptin I-year (n=I693) 190 ( 11.2%) 543 ( 32.1%) 483 (28.5%) 477 ( 28.2%) 0 ( 0.0%) 97 ( 5.7%) 1150 ( 67.9%) 443 (26.2%) 838 ( 49.5%) 53(3.1%) 802 ( 47.4%) 0 ( 0.0%) 126 ( 7.4%) 751 ( 44.4%) 546 ( 32.3%) 270 ( 15.9%) 0 ( 0.0%) 1208 ( 71.4%) 202 ( 11.9%) 189 ( l 1.2%) 94 ( 5.6%) 


	Patients may have received other, non-predefined therapies 
	1 

	Reviewer 's comment: 
	• .It is noted that among patients who had node-negative disease, more than 90% had tumor that were at least 1.0 cm in diameter and 45% ofthese patients had at least 2. 0 cm in diameter oftumor size. 
	The following table summarizes the demographic data at baseline. The distribution of these demographic data appears to be balanced between treatment arms. The results shown that 83-84% of the patients are Caucasian, the mean age is 49 years old, the average weight is 67-68 kg and the average height is 162 cm. Also, the majority ofthe women (86-87%) are non-smokers. Approximately, 44% and 42% of patients had postmenopausal status for the observation and 1-year Herceptin arm, respectively. 
	22 .
	22 .
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	Table 5 Sponsor 's Summary of Demographic and Characteristics at Baseline (Study B01~348) 
	Table
	TR
	Observation (n=1693) 
	Herceptin 1-year (n=1693) 

	Sex Male Female n Race Caucasian Black · Oriental Other n Age in years Mean(SEM) SD Median (Min-Max) n Weight in kg Mean(SEM) SD Median (Min-Max) n Height in cm Mean(SEM) Sb Median (Min-Max) n Female reproductive status Postmenopausal Surgically Steril. With Cont. Prot. Without Cont. Prot. n Does subject consume tobacco? No Yes n 
	Sex Male Female n Race Caucasian Black · Oriental Other n Age in years Mean(SEM) SD Median (Min-Max) n Weight in kg Mean(SEM) SD Median (Min-Max) n Height in cm Mean(SEM) Sb Median (Min-Max) n Female reproductive status Postmenopausal Surgically Steril. With Cont. Prot. Without Cont. Prot. n Does subject consume tobacco? No Yes n 
	1693 (100%) 1693 1411 ( 83%) 5 ( <1%) 213 ( 13%) 64 (4%) 1693 49.2 (0.24) 10.08 49.0 (23-77) 1693 67.43 (0.318) 13 .009 65.00 (40-137.5) 1675 162.0 (0.17) 7.16 162.0 (136-196) 1689 745 ( 44%) 215 (13%) 723 ( 43%) 8 ( <1%) 1691 1470 ( 87%) 223 ( 13%) 1693 
	1693 (100%) 1693 1414 ( 84%) 9 ( <1%) 213 ( 13%) 57 (3%) 1693 49.o (0.24) 10.05 49.0 (21-80) 1693 67.98 (0.320) 13.142 66.00 (36-149.0) 1686 162.0 (0.17) 7.17 162.0 (129-185) 1688 718(42%) 206 ( 12%) 763 (45%) 6 ( <1%) 1693 1450 ( 86%) 243 ( 14%) 1693 


	A summary ofearly breast cancer history is presented in the following table. The distdbution ofthese early breast cancer history appear to be compatible between treatment groups. The median duration ofbreast cancer is 8 months. The majority of the patients presented with one-sided breast cancer while less than 1 % ofpatients presented with bilateral breast cancer. The median pathologic tumor size and clinical 
	A summary ofearly breast cancer history is presented in the following table. The distdbution ofthese early breast cancer history appear to be compatible between treatment groups. The median duration ofbreast cancer is 8 months. The majority of the patients presented with one-sided breast cancer while less than 1 % ofpatients presented with bilateral breast cancer. The median pathologic tumor size and clinical 
	tumor size are 22 mm and 40 mm, respectively and are the same for both treatment arms. Some patients were diagnosed with more than one cancer subtype, but the majority ofpatients (94-95%) had ductal breast cancer subtype. The majority ofpatients had G3 (poorly/undifferentiated) histological grade (about 60% in both treatment arms). 

	··REVIEW AND}), 
	Table 6 Sponsor's Early Breast Cancer History at Baseline (Study B016348) 
	Table
	TR
	Observation {n=1693) 
	Herceptin 1-year · (n=1693) 

	Duration ofDisease at Randomization (months) n Median (Min-Max) Location of Tumor n Right Margins free Margins not free Left Margins free Margins not free Bilateral Both Margins free Right Margins free only Left Margins free only Both Margins not free Pathologic Tumor Size (mm)1 n Median (Min -Max) Clinical Tumor Size (mm)1,2 n Median (Min -Max) Breast Cancer Subtype n Ductal Lobular Medullary Tubular Mucinous Comedo Inflammatory Not known Other Histological Grade n Gx: Can't be assessed Gl : Well different
	Duration ofDisease at Randomization (months) n Median (Min-Max) Location of Tumor n Right Margins free Margins not free Left Margins free Margins not free Bilateral Both Margins free Right Margins free only Left Margins free only Both Margins not free Pathologic Tumor Size (mm)1 n Median (Min -Max) Clinical Tumor Size (mm)1,2 n Median (Min -Max) Breast Cancer Subtype n Ductal Lobular Medullary Tubular Mucinous Comedo Inflammatory Not known Other Histological Grade n Gx: Can't be assessed Gl : Well different
	1693 8 (3 -20) 1693 789 ( 46.6%) 769 ( 45.4%) 18 ( 1.1%) 893 ( 52.7%) 876 ( 51.7%) 16 ( 0.9%) 11 ( 0.6%) 10 ( 0.6%) I (0.1%) 0 ( 0.0%) 0 ( 0.0%) 1649 22 (0 -220) 193 40 (0-170) 1692 1598 ( 94.4%) 89 ( 5.3%) 23 ( 1.4%) 12 ( 0.7%) 16 ( 0.9%). 120 ( 7.1%) 2(0.1%) 0 ( 0.0%) 96 ( 5.7%) 1685 77 ( 4.5%) 38 (2.2%) 557 (32.9%) 1013 ( 59.8%) 
	1693 8 (3 ­20) 1693 843 ( 49.8%) 825 ( 48.7%) 18 ( 1.1%) 843 ( 49.8%) 822 ( 48.6%) 20 ( l.2%) 7 ( 0.4%) 7 ( 0.4%) 0 ( 0.0%) 0 ( 0.0%) 0 ( 0.0%) 1657 22 (0 -260) 214 40 (0-200) 1693 1600 ( 94.5%) 97 ( 5.7%) 22 ( l.3%) 13 (0.8%) 13 ( 0.8%) 134 ( 7.9%) 3 ( 0.2%) 0 ( 0.0%) 88 ( 5.2%) 1682 72 ( 4.3%) 37 (2.2%) 550 ( 32.5%) 1023 ( 60.4%) 


	' Largest diameter ifboth sides involved z Only for patients who received neo-adjuvant chemotherapy 
	Figure
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	All patients had their HER2+ status confirmed centrally, except 14 patients had not been confirmed centrally (5 and 9 patients for observation . and 1-year Herceptin arm, respectively). IHC or FISH tests were performed locally for initial screening. Patients had 2+ ~d3+ IHC scores based on local laboratory results would have the samples sent to the central laboratory to be confirmed by FISH (if IHC2+ locally). , The distribution of the HER2 status is balanced between treatment arms. The majority of patients
	Table 7 Sponsor's Summary ofHER2 Status at Baseline (Study B016348) 
	Observation 
	Observation 
	Observation 
	Herceptin 

	TR
	1-year 

	(n=1693) 
	(n=1693) 
	(n=1693) 

	Central Results IHC 3+ only FISH ( +) only IHC 3+ and FISH(+) IHC 2+ and FISH(+) Local Results IHC 2+ only IHC 3+ only FISH(+) only IHC 3+ and FISH(+) Other 
	Central Results IHC 3+ only FISH ( +) only IHC 3+ and FISH(+) IHC 2+ and FISH(+) Local Results IHC 2+ only IHC 3+ only FISH(+) only IHC 3+ and FISH(+) Other 
	1160 ( 68.5%) 342 ( 20.2%) 38 ( 2.2%) 148 ( 8.7%) 136 ( 8.0%) 1340 ( 79.1%) 18 ( 1.1%) 123 ( 7.3%) 76 ( 4.5%) 
	1098 ( 64.9%) 382 ( 22.6%) 53(3.1%) 151 (8.9%) 146 (8.6%) 1312 ( 77.5%) 21 (l.2%) 132 (7.8%) 82 (4.8%) 


	Reviewer's Comment : 
	• .The agreement between the central and local HER2 status results is approximately 64%, i.e. 64% ofthe patients had the same HER2 testing status : IHC3+ only, FISH(+) only, IHC3+ and FISH(+), JHC 2+ and FISH(+) .. 
	In general, the proportion of patients with positive oestrogen receptor and progesterone receptor are compatible between treatment groups. There were more oestrogen receptor positive patients (45% for each ann) than the progesterone receptor positive patients (32% vs. 36% for observation arm and 1-year Herceptin arm, respectively). Over 50% of the patients in either arms had either positive Oestrogen receptor or progesterone receptor status. 
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	Figure
	Tabie 8 Sponsor's Summary of Hormone Receptor Status at Baseline (Study B016348) . 
	Observation 
	Figure

	Herceptin 1-year (n=l693) 
	(n=1693) 
	(n=1693) 

	Oestrogen receptor status .n .1693 (100.0%) .
	1693 (100.0%) Positive 
	766 ( 45.2%) 
	768 ( 45.4%) Negative 
	927 ( 54.8%) 
	924 ( 54.6%) Unknown 
	0 ( 0.0%) 
	0 ( 0.0%) 

	I (0.1%) .Progesterone receptor status .N .
	Figure
	1693 (100.0%) 
	1693 (100.0%) Positive 
	542 ( 32.0%) 
	610 ( 36.0%) Negative 
	1064 ( 62.8%) 
	1013 ( 59.8%) Unknown 
	87 .( 5.1%) 
	87 .( 5.1%) 
	70( 4.1%) 

	Figure
	Oestrogen and Progesterone rece )tor status 1693 (100.0%) 
	1 

	1693 (100.0%) ER Positive/PgR Positive 
	n 
	n 

	456 ( 26.9%) 
	523 ( 30.9%) ER Positive/Pl?.R Negative 
	250 .( 14.8%) 
	207 ( 12.2%) ER.Positive/PgR Unknown 
	60 (3.5%) 
	60 (3.5%) 

	38 (2.2%) ERNegative/Pe:R Positive 
	86 (5.1%) 
	86 (5.1%) 

	86(5.1%) ER Negative/PgR Negative 
	814 ( 48.1%) 
	806 ( 47.6%) ER Negative/PgR Unknown 
	27 (1.6%) 
	27 (1.6%) 

	32 (1.9%) Other 
	0 (0.0%) 
	0 (0.0%) 
	l (0.1%) 

	Patients with ER status unknown are excluded 
	l 

	All patients in this study receive surgery for early breast cancer. The most frequent used procedure is the modified radical mastectomy ( 48 vs. 49% for observation arm and 1­year Herceptin arm, respectively) and the second most frequent used procedure is the Quadrantectomy/Segmentectomy (30 vs. 31 % for observation arm and 1-year Herceptin arm, respectively). 
	Approximately 95-96% ofthe patients had resection of axillary lymph nodes. 
	26 .
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	Table. 9 Sponsor's Summary of Surgery for Early Breast. Cancer (Study B016348) 
	Table
	TR
	Observation (n=1693) 
	Herceptin 1-year (n=1693) · 

	Resection ofPrimary Lesion Lumpectomy Quadrantectomy/Segmentectomy Simple Mastectomy (Total) Modified Radical Mastectomy Radical Mastectomy (Halsted) Other Resection ofAxillary Lymph Nodes 
	Resection ofPrimary Lesion Lumpectomy Quadrantectomy/Segmentectomy Simple Mastectomy (Total) Modified Radical Mastectomy Radical Mastectomy (Halsted) Other Resection ofAxillary Lymph Nodes 
	1693 (100.0%) 419 (24.7%) 503 ( 29.7%) 98 ( 5.8%) 806 ( 47.6%) 82 ( 4.8%) 332 ( 19.6%) 1625 ( 96.0%) 
	1693 (100.0%) 371 (21.9%) 528 ( 31.2%) 73 (4.3%) 821 ( 48.5%) . 73 (4.3%) 371 ( 21.9%) 1610 ( 95.1%) 


	Patients could record more titan one surgical procedure. .Approximately SO% of the patients in each treatment ann received adjuvant endocrine .therapy. Tamoxifen alone is the mo~t frequent endocrine therapy for both anns (31 % for .each arm), followed by Tamoxifen+LHRH (6% for each arm) and Tarrioxifen followed . .by aromatase inhibitor (5% and4% for observation only and 1-year Herceptin ann, .respectively). .
	Table 10 .Sponsor's Summary of Adjuvant Endocrine Therapy for Early Breast Cancer (Study B016348) 
	Table
	TR
	Observation (n=1693) 
	Herceptin 1-year (n=l693) 

	Patients with Adjuvant Endocrine Therapy Tarnoxifen alone AI alone LHRH alone Ovarian Ablation alone Tamoxifen -> Al Tamoxifen + LHRH Tamoxifen +Ovarian Ablation Tarnoxifen + LHRH -> AI Tamoxifen + LHRH +Ovarian Ablation Tamoxifen + Ovarian Ablation -> AI Tamoxifen + Ovarian ablation + LHRH -> AI LHRH-> Al LHRH + Ovarian Ablation LHRH + Ovarian Ablation -> Al AI + Ovarian Ablation 
	Patients with Adjuvant Endocrine Therapy Tarnoxifen alone AI alone LHRH alone Ovarian Ablation alone Tamoxifen -> Al Tamoxifen + LHRH Tamoxifen +Ovarian Ablation Tarnoxifen + LHRH -> AI Tamoxifen + LHRH +Ovarian Ablation Tamoxifen + Ovarian Ablation -> AI Tamoxifen + Ovarian ablation + LHRH -> AI LHRH-> Al LHRH + Ovarian Ablation LHRH + Ovarian Ablation -> Al AI + Ovarian Ablation 
	844 ( 49.9%) 516 ( 30.5%) 75 ( 4.4%) 18(1.1%) 11 (0.6%) 83 ( 4.9%) 93 ( 5.5%) 16 ( o:9%) 15 (0.9%) 2 ( 0.1%) 3 ( 0.2%) I (0.1%) 9 ( 0.5%) 0 ( 0.0%) I ( 0.1%) I ( 0.1%) 
	828 ( 48.9%) 521 ( 30.8%) 71 ( 4.2%) 13 ( 0.8%) 7 ( 0.4%) 63 ( 3.7%) 103 (6.1%) 17 ( J.0%) 10 (0.6%) 3 ( 0.2%) 4 (0.2%) 0 ( 0.0%) .12 ( 0.7%) 0 ( 0.0%) 2(0.1%) 2(0.1%) 


	AI: Aromatase Inhibitor; ->: followed by 
	AI: Aromatase Inhibitor; ->: followed by 
	·~ -y,· 
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	Figure
	Reviewer's Comment: 
	• .This summary in,cludes patients who received hormone therapyfor early breast cancerfollowing surgery, chemotherapy and radiotherapy, but prior to the start ofthe study (2.6% and 2.1%for observation arm and I-year Herceptin arm, respectively), as well as patients who continue hormone therapy after taking study drug. 
	About 49% and 48% of patients in observation arm and I-year Herceptin arm were 
	receiving concomitant hormone treatment for early breast cancer at baseline. Tamoxifen 
	was the most common used concomitant treatment for early breast cancer (42% of 
	patients in either treatment arm). 
	Table 11 Sponsor's Summary of Concomitant Breast Cancer Hormone 
	Treatment (Study B0 16348) 
	Treatment (Study B0 16348) 

	Observation 
	Observation 
	Observation 
	Herceptin 

	TR
	1-year 

	(n=1693) 
	(n=1693) 
	(n=1693) 

	ALL CLASSES 
	ALL CLASSES 

	Total Pts with at Least one Treatment 
	Total Pts with at Least one Treatment 
	822 ( 49%) 
	815 ( 48%) 

	Total Number ofTreatments 
	Total Number ofTreatments 
	1045 
	1018 

	ANTI-ESTROGENS 
	ANTI-ESTROGENS 

	Total Pts With at Least one Treatment 
	Total Pts With at Least one Treatment 
	713 ( 42%) 
	710 ( 42%) 

	TAMOXIFEN 
	TAMOXIFEN 
	713 ( 42%) 
	710 ( 42%) 

	Tota! Number ofTreatments 
	Tota! Number ofTreatments 
	714 
	711 

	AROMATASE INHIBITORS 
	AROMATASE INHIBITORS 

	Total Pts With at Least one Treatment 
	Total Pts With at Least one Treatment 
	186( 11%) 
	160 ( 9%) 

	Total Number ofTreatments 
	Total Number ofTreatments 
	195 
	167 

	GONADOTROPIN AND ANALOGUES 
	GONADOTROPIN AND ANALOGUES 

	Total Pts With at Least one Treatment 
	Total Pts With at Least one Treatment 
	134 ( 8%) 
	137 ( 8%) 

	Total Number ofTreatments 
	Total Number ofTreatments 
	136 
	140 


	Ninety four percent of patients in either treatment arm received prior anthracycline 
	therapy (see the table for Summary of Population Characteristics by Stratification 
	Factors at Baseline). Majority ofthe chemotherapy for primary breast cancer is for adjuvant chemotherapy. The median nwnber ofcycles among patients treated with Doxorubicin, Epirubicin, Paclitaxel, Docetaxel, Cyclophosphamide, Fluorouracil and 
	Methotraxate are very compatible between treatment arms. 
	28 .
	28 .

	REVIEW AND;:m; 
	. ,... 
	. ,... 

	Figure
	In responding to the agency's request (Nov.;2006), the sponsor provided a summary of chemotherapy regimes in the January 30, 2007 submission. The summaries show that about 68% ofpatients received Anthracyclines, but no taxanes in each arm, 26% of patients received Antracyclines and taxanes and 6% ofpatients received no anthracyclines (with or without taxanes). 
	Table 12 .Sponsor's Summary of Prior Chemotherapy Drug Combination Subgroups (Study B016348) 
	Table
	TR
	Observation (n=1693) 
	Herceptin 1-year (n=1693) 

	Anthracyclines but no taxanes A with/without C, no F, no M and no T E with/without C, no F, no M and no T A with/without C, with F, no M and no T E with/without C, with F, no Mand no T A, C, F and M but no T E, C, F and M and no T Other antbracycline(s) (A with E, mitoxantrone, or pirarubicin) but no T Anthracyclines and taxanes A andpaclitaxel A and docetaxel E and pacfitaxel E and docetaxel Others (anthracyclines and taxanes)* No antbracycline, with/without taxane 
	Anthracyclines but no taxanes A with/without C, no F, no M and no T E with/without C, no F, no M and no T A with/without C, with F, no M and no T E with/without C, with F, no Mand no T A, C, F and M but no T E, C, F and M and no T Other antbracycline(s) (A with E, mitoxantrone, or pirarubicin) but no T Anthracyclines and taxanes A andpaclitaxel A and docetaxel E and pacfitaxel E and docetaxel Others (anthracyclines and taxanes)* No antbracycline, with/without taxane 
	1156/1693( 68.3%) 187/1693( 11.0%) 161/1693(9.5%) 168/1693(9.9%) 511/1693( 30.2%) 44/1693(2.6%) 69/1693(4.1%) 16/1693(0.9%) 438/1693( 25.9%) 126/1693(7.4%) 73/1693(4.3%) 123/1693(7.3%) 109/1693(6.4%) 7/1693(0.4%) 99/1693(5.8%) 
	1150/1693( 67.9%) 180/1693( 10.6%) 166/1693(9.8%) 166/1693(9.8%) 520/1693( 30.7%) 37/1693(2.2%) 70/1693(4.1%) 11/1693(0.6%) 443/1693( 26.2%) 115/1693(6.8%) 62/1693(3.7%) 141/1693(8.3%) 113/1693(6.7%) 12/1693(0.7%) 100/1693(5.9%) 


	A=doxorubicin; O=cyclophosphamide; E=epirubicin; F=tluorouracil or floxuridine; M=methotrexate; T=paclitaxel or docetaxel. 
	• Includes A wiih E and either paclitaxel or docetaxel, or at least one anthracycline with both docetaxel and paclitaxel. 
	Reviewer's comments: 
	• .Per medical reviewer, other anthracycline(s) (A with E, mitoxantrone, or pirarubicin) but no paclitaxel or docetaxel and A with E and either paclitaxel or docetaxel, or at least one anthracycline with both docetaxel andpaclitaxel are not considered protocol acceptable regimens. These two categories will be summarized as non-approved chemotherapy regimens in later subgroup analyses. 
	29 .
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	Figure
	Seventy six percent ofpatients in the observation arm and 78% of patients in the 1-year Herceptin ann received previous radiotherapy related to breast cancer. The percentage ofpatients who received radiotherapy at right side, left side or both sides are comparable between treatment arms . 
	. Table 13 .Sponsor's Summary of Previous Radiotherapy for Primary Breast Cancer (Study B016348) 
	Observation 
	Observation 
	Observation 
	Herceptin 

	TR
	1-year 

	Previous Radiotherapy Right side Left side Both sides 
	Previous Radiotherapy Right side Left side Both sides 
	(n=1693) 1279 ( 75.5%) 601 ( 35.5%) 668 ( 39.5%) 8 ( 0.5%) 
	(n=1693) 1312(77.5%) 649 ( 38.3%) . 646 ( 38.2%) 12 ( 0.7%) 

	Not Identifiable 
	Not Identifiable 
	2 ( 0.1%) 
	5 ( 0.3%) 


	3.1.7.2 Primary Efficacy Endpoint Analyses 
	Based on the sponsor's summary of DFS, the results shows that Herceptin treated arm had significant lower risk of DFS (hazard ratio based on Cox's proportional hazards <0.0001) as compared with observation arm. Due to the low DFS event rate, the median survival time has not reached for two treated arms. 
	model=0.54 with 95% C.I.=(0.44, 0.67] and p-value based on unstratified log rank test 

	Table 14 Sponsor's Summary of Disease Free Survival (Study B016348) 
	Table
	TR
	Observation (n=1693) Herceptin 1-year (n=1693) 

	Number ofpatients with event Number ofpatients without event 2 year DFS Rate 95% CI for 2 year DPS Rateb Range ofDFS time (months)• P-Value (Unstratified log-rank test) Hazard Ratio vs observation 95% CI for hazard ratio 
	Number ofpatients with event Number ofpatients without event 2 year DFS Rate 95% CI for 2 year DPS Rateb Range ofDFS time (months)• P-Value (Unstratified log-rank test) Hazard Ratio vs observation 95% CI for hazard ratio 
	219 (12.9%) 1474 (87.1%) 78.18% (75%, 81%) 0.00, 36.04 <.0001 0.54 (0.44, 0.67) 127 (7.5%) 1566.(92.5%) 85.80% (83%, 89%) 0.00, 36.24 


	•Censored b Kaplan-Meier estimates Including censored observations 
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	Reviewer's comments: 
	• .
	• .
	• .
	This sponsor compared the duration offollow-up by switching the censoring and event indicator for the time to disease-free survival variable. The results show that the median duration offollow-up is compatible between treatment arms (the median duration offollow-up were 12. 4 months and 12. 7 monthsfor observation and 1-year Herceptin arm, respectively). 

	• .
	• .
	The sponsor 's also shows that the results based on the stratified and unstratified log rank test are consistent (both hadp-value <O.0001). 

	• .
	• .
	It is noted that no new DFS event was found after the clinical data cut-off date (J.\tfarch 29, 2005). 41 patients (24 and 17for observation and I-year Herceptin arms, respectively) were censored after 3129105, but prior to 1017105 (database closure date). When these 41 patients were censored at 3129105, the log-rank test result, the hazard ratio estimates and the 95% confidence intervals were not changed. 

	• .
	• .
	The frequency and duration ofradiological assessment seem compatible between treatment arms. The median number ofradiological examination (including CT­scan, X-ray, Bone scan, mammogram) for determination .the recurrence of disease is 5 for each arm. The duration between radiological assessment is 101 and I 07 days for observation arm and ].-year Herceptin arm, respectively. 


	The corresponding Kaplan-Meier estimates for disease-free survival are presented in the following figure: 
	·.. . :' REVIEW AND;E~ . ~.. 
	Figure 1 Kaplan-Meier estimates for Disease-free Survival 
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	The sponsor provided a ·summary of recurrence of disease, second primary malignancy and contralateral breast cancer in the following table. It is noted that if more than one site of recurrence on the first date of recurrence was identified, recurrence ofall sites are counted. The results show that distant recurrence is the most frequent recurrence (5% and 9.2 % for Herceptin and observation arm, respectively) as compared with local 
	The sponsor provided a ·summary of recurrence of disease, second primary malignancy and contralateral breast cancer in the following table. It is noted that if more than one site of recurrence on the first date of recurrence was identified, recurrence ofall sites are counted. The results show that distant recurrence is the most frequent recurrence (5% and 9.2 % for Herceptin and observation arm, respectively) as compared with local 
	(1.1% vs. 2.3% for Herceptin and observation arm, respectively) and regional (0.6% vs. 0.9% for Herceptin and observation arm, respectively). The most frequent occurred sites of distant recurrence for both arms were the liver (1.3% vs. 3.5% first recurrences for Herceptin and observation arm, respectively) and bone (1 .8% versus 2.5% first recurrences for Herceptin and observation arm, respectively). 
	-*i;f.,: _ ~~~~t l :\:)')_\' t~ .~"> ..~~~: 
	· Table 15 Sponsor's Summary of Recurrence of Disease, Second Primary M~lignancy and Contralateral Breast cancer (Study B016348) 
	Table
	TR
	Observation 
	Herceptin 

	TR
	1-year 

	TR
	(n=1693) 
	(n=1693) 

	Local Recurrence 
	Local Recurrence 
	39 (2.3%) 
	18 (l.1%) 

	Breast surgical scar 
	Breast surgical scar 
	11 (0.6%) 
	7 (0.4%) 

	Ipsilateral breast 
	Ipsilateral breast 
	13 (0.8%) 
	6 (0.4%) 

	Ipsilateral anterior chest wall 
	Ipsilateral anterior chest wall 
	IS (0.9%) 
	5 (0.3%) 

	Regional Recurrence 
	Regional Recurrence 
	15 (0.9%) 
	11 (0.6%) 

	Ipsilateral axillary 
	Ipsilateral axillary 
	7 (0.4%) 
	7 (0.4%) 

	Infraclavicular 
	Infraclavicular 
	8 (0.5%) 
	3 (0.2%) 

	Internalrnarnrnary 
	Internalrnarnrnary 
	0 (0.0%) 
	I (0.1%) 

	Distant Recurrence 
	Distant Recurrence 
	155 (9.2%) 
	85 (5.0%) 

	Skin or lymph nodes (other than above) 
	Skin or lymph nodes (other than above) 
	15 (0.9%) 
	4 (0.2%) 

	Bone solitary 
	Bone solitary 
	11 (0.6%) 
	8 (0.5%) 

	Bone multiple 
	Bone multiple 
	30 (1.8%) 
	19 (1.1%) 

	Bone marrow 
	Bone marrow 
	2 (0.1%) 
	I (0.1%) 

	Solitary lung nodule 
	Solitary lung nodule 
	0 (0.0%) 
	0 (0.0%) 

	Multiple lung nodules 
	Multiple lung nodules 
	22 (l.3%) 
	12 (0.7%) 

	Solitary liver nodule 
	Solitary liver nodule 
	7 (0.4%) 
	4(0.2%) 

	Multiple liver nodules 
	Multiple liver nodules 
	'53 (3.1%) 
	19(1.1%) 

	Central nervous system 
	Central nervous system 
	16 (0.9%) 
	21 (1.2%) 

	Other distant sites 
	Other distant sites 
	19 (l.1%) 
	9 (0.5%) 

	Contralateral breast cancer 
	Contralateral breast cancer 
	9 (0.5%) 
	8 (0.5%) 

	Second non breast malignancy 
	Second non breast malignancy 
	6 (0.4%) 
	3 (0-2%) 


	Ifthere was more than one site of recurrence on the first date of recurrence all sites are counted. 
	Reviewer's comments: 
	• .According ·to the protocol (dated 11113103), contralateral breast cancer is not part ofthe definition ofdisease free survival and a questionable inclusion of the secondary non-breast malignancy (i.e. may be a separated event from earlier diagnosis). When these two type ofevents were censored, this reviewer obtained a hazard ratio of 0.53 (95% CI = [0.43, 0.67)). This computation censored 7 and 6 patients with contralateral breast cancer at the first DFS event and 6 and 3 patients with secondary breast ma
	3.1.7.3 Secondary Efficacy Endpoint Analyses 
	The sponsor also presented results for -overall survival (although there is no plan for an OS interim analysis). The results based on log-rank test does not show statistical 
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	difference in overall survival (p=0.24). The hazard ratio of I-year Herceptin versus 
	observation arm is 0.75 with 95% C.I.=[0.47, 1.21]. 

	Table 16 Sponsor's Summary of Overall Survival (Study B016348) 
	Table
	TR
	Observation (n=I 693) Herceptin I-year (n=1693) 

	Number of patients with event Number ofpatients without event P-Value vs observation (log-rank test) Hazard Ratio vs observation 95% CI for hazard ratio 
	Number of patients with event Number ofpatients without event P-Value vs observation (log-rank test) Hazard Ratio vs observation 95% CI for hazard ratio 
	40 {2.4%} 1653 {97.6%) 31 (l.8%) 1662 (98.2%) 0.2379 0.75 (0.47, 1.21) 


	Reviewer's comments: 
	• .
	• .
	• .
	It is noted that one death !Patient~was found after the March 29, 2005 data cut-offdate, but prior to database closure on Oct. 7, 2005. 

	• .
	• .
	The·sponsor indicates that the most common reason for death was for disease progression of the underlying breast cancer (38 and 26 due to progressive disease for observation and I-year Herceptin arm, respectively). 


	The corresponding Kaplan-Meier curve for overall survival is presented in Figure 2: 
	.· •. :· ·. REVIEW AND. E~ :;\. 
	Figure 2 Kaplan-Meier estimates for Overall Survival 
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	Another secondary efficacy endpoint stated in the protocol is the recurrence-free survival (RFS) which is d~fined as the time from randomization· to the first local, regional or distant tumor recurrence. Since the majority of DFS event are distant tumor recurrence, the comparison of the RFS results should be similar to the comparison o( DFS. The results of RFS comparison show nominally statistically significant advantage in favor of Hercelptin arm (HR=0.51, 95% CJ.= [0.40, 0.64] ). 
	~REVIEWAND :E\f, 
	Table 17 Sponsor's Summary of Recurrence-Free Survival (Study B016348) 
	Table 17 Sponsor's Summary of Recurrence-Free Survival (Study B016348) 
	Table 17 Sponsor's Summary of Recurrence-Free Survival (Study B016348) 

	TR
	Observation (n=l693) 
	Herceptin I-year. (n=l693) 

	Number of patients with event P-Value vs observation (log-rank test) Hazard Ratio vs observation 95% CI for haZ<trd ratio 
	Number of patients with event P-Value vs observation (log-rank test) Hazard Ratio vs observation 95% CI for haZ<trd ratio 
	208 (12.3%) 
	<.0001 . 0.51 (0.40, 0.64) 
	113 (6.7%) 


	The third secondary efficacy endpoint stated in the protocol is the distant disease-free survival (DDFS) which is defined as the time from randomization to t~e first distant tumor recurrence, second primary cancer, or contralateral breast cancer, whichever occurred first. Local and regional recurrences are ignored in the calculation of the DDFS. Similarly, since majority of DFS event is from distant tumor recurrence, the comparison of the DDFS results should. be similar to that from comparison of DFS. The r
	Table 18 .Sponsor's Summary of Distant Disease-Free Survival (Study 8016348) 
	Table
	TR
	Observation (n=I693) 
	Herceptin I-year {n=J693) 

	Number of patients with event P-Value vs observation (log-rank test) Hazard Ratio vs observation 95% CI for hazard ratio 
	Number of patients with event P-Value vs observation (log-rank test) Hazard Ratio vs observation 95% CI for hazard ratio 
	184 (10.9%) 
	<.0001 0.50 (0.39, 0.64) 
	99 (5.8%) 


	3.1.7.4 Herceptin Exposure and Results of Cardiac Event and LVEF Assessment 
	Based on the Herceptin dosing CRF page, 1672 patients had the Herceptin dosing data. The median duration ofHerceptin treatment is 51 weeks and the median number of infusions is 18 times. A total of633 patients had at least one dosing delays. A total of 90 patients had at least one dose "adjustment" performed during the study. 
	36 .
	36 .

	Figure
	Table 19 Summary ofExtent of Exposure to Herceptin before 
	Table 19 Summary ofExtent of Exposure to Herceptin before 


	Recurrence Safe Po ulation) Stud B016348 
	Herceptin 
	Herceptin 
	l-year 
	n=1678 

	Treatment Duration (weeks) 
	n 
	n 

	Median Range Number ofInfusions 
	n 
	n 
	Median .Range .

	Number ofDose Delays (total) n Median Range 
	Number ofDose Adjustments 
	n 
	n 
	Median .Rane .
	1672 .51 .I -60 .
	1672 
	18 
	I -20 
	633 
	I 
	I -10 
	90 
	I 
	I -I7 

	Reviewer's comments: 
	• .
	• .
	• .
	Among all safety population in the I-year Herceptin arm (n=1678, patients who received at least one dose of study medication), 4 patients are actually from oberservation arm (i.e. so no Herceptin dosing data) and 2 patients from I -year Herceptin arm did not have Herceptin dosing information. Therefore, only 1672 patients were summarized in this table. 

	• .
	• .
	Following recurrence, all patients could be treated with Herceptin. According to the sponsor, there were 50 patients from I-year Herceptin arm received Herceptinfollowing recurrence and 82 patients fi·om abservation arm received Herceptin following recurrence. 


	The sponsor observed a higher incidence ofthe primary cardiac event in the I-year Herceptin ann (0.6% and 0.1% ofin Herceptin and observation arm, respectively). The difference in incidences is 0.54% with 95% CJ. between 0.12% and 0.95%. 
	Sect
	Figure

	Figure
	REVIEW AND :&!£ .
	Table 20 Sponsor's Summary of Primary Cardiac Endpoint (Safety Population) (Study B016348) 
	Table 20 Sponsor's Summary of Primary Cardiac Endpoint (Safety Population) (Study B016348) 
	Table 20 Sponsor's Summary of Primary Cardiac Endpoint (Safety Population) (Study B016348) 

	Incidence of Primary Cardiac Endpoint 
	Incidence of Primary Cardiac Endpoint 
	Observation Herceptin 1-year (n=1708) (n=1678) I (0.1%) 10 (0.6%) 

	Exact 95% CI for Incidence"' 
	Exact 95% CI for Incidence"' 
	(0.00%, 0.33%) (0.29%, 1.09%) 

	Difference in Incidence 
	Difference in Incidence 
	0.537 % 

	95% CI for the difference 0 
	95% CI for the difference 0 
	(0.12%' 0.95%) 


	a Exact 95% Confidence Interval for one sample binomial using Pearson-Clopper method b Approximate 95% Confidence Interval for difference oftwo rates using Hauck-Anderson correction 
	Reviewer 's comment : 
	• .
	• .
	• .
	The one patient in the observation arm who had the primary cardiac events was due to cardiac death. 

	• .
	• .
	The sponsor indicates that ofthe 10 I-year Herceptin patients with a primary cardiac endpoint, 8 were asymptomatic at the last scheduled assessment on the database (as per 12115105 data). ·Six of the 10 patients had a recovery of the LVEF to at least 55% at a median of121 days (ranged from 36-409 days)from the initial LVEF drop. 


	The sponsor also obs~rved a higher incidence ofthe secondary cardiac events in the 1­year Herceptin arm (3% and 0.5% ofin the 1-year Herceptin and observation arm, respectively). The difference in incidences is 3% with 95% C.I. between 1.6% and 3.4%. 
	Table 21 .Sponsor's Summary of Secondary Cardiac Endpoint (Safety Population) (Study B016348) 
	Table 21 .Sponsor's Summary of Secondary Cardiac Endpoint (Safety Population) (Study B016348) 
	Table 21 .Sponsor's Summary of Secondary Cardiac Endpoint (Safety Population) (Study B016348) 

	Observation 
	Observation 
	Herceptin 

	TR
	1-year 

	(n=1708) 
	(n=1708) 
	(n=1678) 

	Incidence ofSecondary Cardiac Endpoint 
	Incidence ofSecondary Cardiac Endpoint 
	9 (0.5%) 
	SI (3.0%) 

	Exact 95% CI for Incidencea 
	Exact 95% CI for Incidencea 
	(0.24%, 1.00%) 
	(2.27%, 3.98%) 


	• Exact 95% Confidence Interval for one sample binomial using Pearson-Clopper method Reviewer's comment: 
	• .The sponsor indicates that ofthe 51 Herceptin patients with a secondary cardiac 
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	endpoint, 45(88%) were aymptomatic at the last scheduled assessment on the database (as per 12115105 data). Thirty-five of the 51 patients (69%) had a recovery ofthe LVEF to at least 55% at a median of189 days (ranged.from 13­831 days) from the initial LVEF drop. 
	• .The sponsor provided a summary of the primary and secondary endpoints by NYHA class. The results show that I -year Herceptin arm had higher incidence of cardiac events across all NYHA classes. The percentages ofpatients with NYHA class II-IV event, the cardiac dysfunction or cardiac death are 1.8% and 
	0. 2%jor the )-year Herceptin and observation arm, respectively. 
	• .
	• .
	• .
	The sponsor also performed time to first primary or secondary cardiac event analysis based on Cox's proportional hazards model. The Cox 's model includes treatment, age (~ vs. >50 years old), race (Caucasian vs. non-Caucasian), prior or current ·use of cardi~vascular disease medication at baseline, prior or current hypertension at baseline and investigator-assessed LVEF status at screening (<60% vs. ?:.60%) in the model. The results show that LVEF status at screening is a significant predictor for time to t
	3.01,11.47


	• .
	• .
	The prirrwry and secondary cardiac events defined by the sponsor are composite measures and are not a well documented measures in the field. The interpretation based on these two endpoints is not clear. 


	Since it is not clear about the interpretability of the primary and secondary cardiac endpoints. These endpoints are composite measures which combined a subjective assessment (NYHA class) and an objective assessment (LVEF assessment). It would be more informative ifan objective assessment, such as LVEF, is used to evaluate the event rate and chronological changes. 
	The following table summarized the change from baseline to worst L VEF values. The results show that the 1-year Herceptin arm had higher incidence of 10 unit (%) or more reduction in L VEF value from baseline (25% and 14% for 1-year Herceptin and 
	~REVIEWAND E~ 
	' ·· .. 

	observation arm, respectively). The 1-year Herceptin arm aiso had higher incidence of less than 50% post-baseline L VEF value (9% and 3% for 1-year Herceptin and observation ann, respectively) and higher incidence of significant LVEF drop (7.4% and 2.3% for 1-year Herceptin and observation arm, respectively) 
	Table 22 .Sponsor's Summary of Change from Baseline to Worst LVEF Value (Safety Population) (Study B016348) 
	Table
	TR
	Observation (n=1708) 
	Herceptin 1-year (n=l678) 

	Overall n (worst value) Decrease ::'.'. I 0% LVEF< 50% LVEF < 50% and decrease 2:: 10% ( siimificant L VEF drop) 
	Overall n (worst value) Decrease ::'.'. I 0% LVEF< 50% LVEF < 50% and decrease 2:: 10% ( siimificant L VEF drop) 
	1545 213 ( 13.8%) 49 ( 3.2%) 35 (2.3%) 
	1600 394 (24.6%) 144 (9.0%) 118 ( 7.4%) 


	Reviewer 's comment: 
	• .
	• .
	• .
	There are many approaches of computing the change from baseline of LVEF value. The sponsor used the last LVEF assessment prior to randomization as the baseline LVEF value and the WORST post-baseline LVEF value as the post­baseline LVEF value for this computation. 

	• .
	• .
	It is noted that the choice ofcut-off points for LVEF<50% and 2: 10% LVEF drop was not pre-specified and not well-justified. 

	• .
	• .
	To evaluate the temporal trend of the worst post-baseline LVEF values, the reviewer calculated the incidence ofthe worst post-baseline LVEF <50% and 2:10% LVEF drop by study visit and the results are presented in the following tables. Since the study is still on-going, only less than half ofthe patients had visits beyond week 52. Based on by-visit results up to week 52, the I-year Herceptin arm shows consistently higher incidences ofLVEF <50% throughout the 12 months period 

	• .
	• .
	The reviewer performed a time-to-the-first-significant-LVEF-drop analysis and observed that the I-year Herceptin arm has 3 times higher risk of significant · LVEF drop event when compared with the observation arm (HR=3.3, 95% 
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	Table 23 .Reviewer's Summary of Incidences of Worst Post-baseline LVEF Value< 50°/o and~ 10% LVEF Drop by Visit (Safety Population) (Study B016348) 
	Observation Herceptin 1-year (n=1708) (n=1678) 
	LVEF Value< 509/o 
	LVEF Value< 509/o 
	LVEF Value< 509/o 

	Week 13 
	Week 13 
	19/1494 (1.27%) 
	63/1572 (4.0 1%) 

	Week 25 
	Week 25 
	20/1375 (1.45%) 
	76/1458 (5.21%) 

	Week52 
	Week52 
	18/928 (l.94%) 
	56/1056 (5.30%) 

	Week 79/Month 18 
	Week 79/Month 18 
	6/541 ( 1.11%) 
	27/608 (4.44%) 

	Week 103/Month 24 
	Week 103/Month 24 
	6/246 ( 2.44%) 
	51266 ( 1.88%) 

	FU Month 30 
	FU Month 30 
	3/67 ( 4.48%) 
	1/64 ( 1.56%) 


	~10% LVEF drop 
	~10% LVEF drop 
	~10% LVEF drop 

	Week 13 
	Week 13 
	94/1494(6.29%) 
	179/1572(11.39%) 

	Week 25 
	Week 25 
	110/ 1375(8.00%) 
	216/ 1458(14.82%) 

	Week 52 
	Week 52 
	66/928(7.11%) 
	177/1056(16. 76%) 

	Week 79/Month 18 
	Week 79/Month 18 
	47/541(8.690/o) 
	72/608(11.84%) 

	Week 103/Month 24 
	Week 103/Month 24 
	19/246(7.72%) 
	281266(10.53%) 

	FU Month 30 
	FU Month 30 
	5/67(7.46%) 
	3/64(4.69%) 


	3.1.8 Sponsor's Conclusions and Reviewer's Conclusions/Comments 
	The sponsor concluded that 
	• .
	• .
	• .
	Herceptin given every three weeks for one year following (neo-) adjuvant chemotherapy and radiotherapy (if applicable) significantly prolong DPS, RFS and DDFS for women with HER2 positive early breast cancer. 

	• .
	• .
	The observed effect of Herceptin is independent of patients' baseline characteristics (node positive or negative, hormone receptor status, age) and previous (neo-) adjuvant therapy. 

	• .
	• .
	Herceptin significantly reduces the risk of distant metastases which is considered 


	an incurable condition. 
	an incurable condition. 

	• .
	• .
	• .
	Herceptin therapy is associated with a low incidence of NYHA class III or JV congestive heart failure (0.6%). 

	• .
	• .
	No new or unexpected safety findings were identified with adjuvant Herceptin therapy. 

	• .
	• .
	Cardiac dysfunction is manageable and reversible, affecting up to 7.4% of patients, for half of whom the clinical significance of a single L VEF drop is not clinically well understood. 


	In summary, the sponsor concluded that these data support the use of 1-year Herceptin as adjuvant treatment for patients with HER2 positive early breast cancer, who have completed (neo)adjuvant systemic chemotherapy, definitive surgery and radiotherapy (if applicable) . In cardiac safety, the sponsor indicated that the majority of primary and secondary cardiac endpoints occurred during the first 6 months post-randomization. Further follow-up is required to define the long term risk of cardiac dysfunction as
	This reviewer concluded that 
	• .
	• .
	• .
	The I-year Herceptin treated arm appears to have significant lower risk of DFS (hazard ratio based on Cox's proportional hazards with 95% , 0.67] and p-value based on unstratified log-rank test <0.0001) as compared with the observation arm. 
	model=0.54 
	C.l.=[0.44


	• .
	• .
	The treatment benefit based on DFS appears to be consistent across various subgroups, e.g. age, race, nodal status, HER2 status, chemotherapy regimens, etc. However, some subgroup results should be interpreted with caution due small sample sizes. 

	• .
	• .
	Based on original statistical plan, the primary comparisons are between the observation arm versus 1-year Herceptin and the observation arm versus 2-year Herceptin. The comparison of 2-year Herceptin to observation arm must be performed in order to determine whether there is any remaining alpha to test secondary endpoint. Since the 2-year Herceptin data are not available, the protocol specified comparisons can not be performed. Therefore, further evaluation ofsecondary endpoints may not be meaningful. 


	LREVIEW ANi> ~~ 
	In cardiac safety analysis, the reviewer concluded that 
	• .
	• .
	• .
	the 1-year Herceptin arm shows higher incidence rates in both primary cardiac endpoint (0.6% versus 0.1 % for 1-year Herceptin and observation arm, respectively) and secondary cardiac endpoint (3% versus 0.5 % for 1-year Herceptin and observation arm, respectively). 

	• .
	• .
	The result shows that I-year Herceptin arm had higher incidence ofthe worst post-baseline LVEF < 50% (9% vs. 3.2% for 1-year Herceptin and observation arm, respectively) and reduction by 2: 10 unit. However since the cut-off point used to define lower L VEF value and reduction from baseline is not pre­specified and not well justified, further study with longer follow-up with respect to the effect ofHerceptin on cardiac events and LVEF function is recommended. 

	• .
	• .
	The sponsor's claim that "Cardiac dysfunction is manageable and reversible" can not be confirmed based on limited number ofcardiac events. 


	Findings in Special/Subgroup Populations 
	This section provides summary statistics (hazard ratio, median survival time, ~ount of patients) based on selected subgroups for overall survival. 
	4.1 Gender 
	4.1 Gender 

	Only female patients were included in the study. 
	4.2 Race 
	4.2 Race 

	Sub-group analyses based on race subgroup for DFS were performed by this reviewer and sponsor. The 1-year Herceptin arm consistently showed lower risk than the observation arm across racial subgroups. 
	Figure
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	Table 24 Reviewer's Summary of Disease Free Survival by Race (Study B016348) 
	Endpoint 
	Endpoint 
	Endpoint 
	Level 
	# ofPatient s 
	P-value• 
	Hazard Ratio 

	TR
	(Herceptin vs. observation arm) 

	Race 
	Race 
	Caucasian 
	2825 
	<0.0001 
	0.56(0.44,0.7l) 

	TR
	:Non-Caucasian 
	561 
	0.00600 
	0.43(0.24,0.78) 


	The sponsor also provided subgroup analysis results for primary and secondary cardiac endpoints by racial subgroup. The incidence ofprimary and secondary cardiac endpoints are higher in the I-year Herceptin arm than that in the observation arm across all racial subgroups. However, due to insufficient number of cardiac events, the differen<~e in incidence of cardiac events should be interpreted with caution. 
	Table 25 .Sponsor's Summary of Incidence of Primary and Secondary Cardiac Endpoint by Race Subgroup (Study B016348) 
	Primary cardiac endpoint Non-Caucasian 
	Primary cardiac endpoint Non-Caucasian 
	Primary cardiac endpoint Non-Caucasian 
	TD
	Figure

	TD
	Figure


	Caucasian Secondary cardiac endpoint 
	Caucasian Secondary cardiac endpoint 

	Non-Caucasian 
	Non-Caucasian 

	Caucasian 
	Caucasian 


	Observation Herceptin 1-year (n=1708) (n=1678) l/1708 ( 0.1%) 10/ 1678 (0.6%) Of 283 (0.0%) 11278 ( 0.4%) 1/1425 (0.1%) 9/1400 ( 0.6%) 9/1708 ( 0.5%) 51 /1678 ( 3.0%) 11283 ( 0.4%) 10/278 (3.6%) 8/ 1425 (0.6%) 41/ 1400 ( 2.9%) 
	The reviewer perfo1med the subgroup analysis for incidence of 2: 10% L VEF drop from baseline and worst post-baseline L VEF < 50% by racial group. The incidences of2: 10% drop in L VEF value and worst post-baseline less than 50% are also consistently higher in the I-year Herceptin arm than that in the observation arm in all racial subgroups. 
	44 .
	44 .

	Figure
	Table 26 Reviewer's Summary of Incidence of~ 10% LVEF.Drop and Worst 
	Post-baseline LVEF < 50°/o by Race (Study B016348) 
	L VEF decrease ?: 10% 
	L VEF decrease ?: 10% 
	L VEF decrease ?: 10% 
	Observation (n=1708) 211/1708 (12.4%) 
	Herceptin 1-year (n=1678) 395/1678(23.5%) 

	Non-Caucasian 
	Non-Caucasian 
	42/283(14.8%) 
	68/278(24.5%) 

	Caucasian 
	Caucasian 
	169/1425(1 I.9%) 
	327/1400(23.4%) 

	Worst post-baseline LVEF <50% 
	Worst post-baseline LVEF <50% 
	45/ 1708(2.6%) 
	148/167(8.8%) 

	Non-Caucasian 
	Non-Caucasian 
	7/283(2.5%) 
	25/278(9.0%) 

	Caucasian 
	Caucasian 
	38/1425(2.7%) 
	123/1400(8.8%) 


	Reviewer's note·: The reviewer's results ofthe incidences ofLVEF drop?: 10% and Worst post-baseline LVEF <50% are-slightly different from the sponsor's results (see 3.1. 7.4 Herceptin Exposure and Results ofCardiac Event andLVEF assessment) because the results were based on independently derived variables (i.e. baseline LVEF, post-baseline LVEF values) which may use slightly different computation algorithm during the analysis data creation. 
	4.3 Age 
	4.3 Age 

	Sub-group analyses based on age subgroup ( <65, ?: 65 years old) for DFS .were performed by ·this reviewer. The 1-year Herceptin arm showed a lower risk in disease free survival as compared with the observation arm in all patients. However, the magnitude of the risk reduction seems to be larger in patients younger than 65 years old than that i~ patients 65 years or older. 
	REVIEW AND EV 
	Table 27 Reviewer's Summary of Disease Free Survival by Age Subgroup (Study B016348) 
	Endpoint 
	Endpoint 
	Endpoint 
	Level 
	#of Patient s 
	P­value3 
	Hazard Ratio (Herceptin vs. observation arm) 

	Age 
	Age 
	<65 
	3152 
	0.00000 
	0.52(0.41,0.66) 

	>=65 
	>=65 
	234 
	0.48000 
	0.78(0.39,1.55) 


	'P-value based on Wald statistic from unstratified Cox's proportional hazards model. 
	The sponsor also provided subgroup analysis results for primary and secondary cardiac endpoints by age subgroup. In patients younger than 65 years old, the I-year Herceptin group had higher incidences in both primary and secondary cardiac endpoint. In patients over than 65 years old, the difference in incidence ofcardiac events is less clear. Due to the insufficient number ofevents, the results should be interpreted with caution. 
	Table 28 .Spons9r's Summary of Incidence of Primary and Secondary Cardiac Endpoint by Age Subgroup (Study B016348) 
	Table
	TR
	Observation # event/total (%) 
	Herceptin 1-year # event/total (%) 

	Primary cardiac endpoint 
	Primary cardiac endpoint 
	1/1708 (0.1%) 
	10/1678 (0.6%) 

	Age < 65 years 
	Age < 65 years 
	0/1594 (0.0%) 
	10/1558 (0.6%) 

	Age>= 65 years 
	Age>= 65 years 
	II 114 (0.9%) 
	01 120 (0.0%) 

	Secondary cardiac endpoint 
	Secondary cardiac endpoint 
	9/J 708 (0.5%) 
	5111678 (3.0%) 

	Age < 65 years 
	Age < 65 years 
	711594 (0.4%) 
	48/1558 (3.1%) 

	Age >= 65 years 
	Age >= 65 years 
	2/ 114 (1.8%) 
	31 120 (2.5%) 


	The reviewer performed the subgroup analysis for the incidences of ~ I0% LVEF drop from baseline and worst post-baseline L VEF < 50% by age group. The incidences of~ 10% drop in L VEF value and worst post-baseline less than 50% are consistently higher in the 1-year Herceptin arm than that in the observation arm in all age subgroups. 
	:lREVIEW AND·;~~ • ., • , ·~ ' I : 
	Table 29 Reviewer's Summary of Incidence of 2: 10% LVEF Drop and Worst Post-baseline L VEF < 50% by Age Subgroup (Study B016348) 
	Table
	TR
	Observation # event/total (%) 
	Herceptin 1-year # event/total (%) 

	L VEF decrease 2'. 10% 
	L VEF decrease 2'. 10% 
	21111708 (12.4%) 
	39511678 (23.5%) 

	Age< 65 years 
	Age< 65 years 
	20011594(12.5%) 
	378/1558(24.3%) 

	. Age>= 65 years 
	. Age>= 65 years 
	11/114(9.6%) 
	171120(14.2%) 

	Worst post-baseline L VEF <50% 
	Worst post-baseline L VEF <50% 
	45/1708 (2.6%) 
	148/1678 (8.8%) 

	Age < 65 years 
	Age < 65 years 
	40/1594(2.5%) 
	13711558(8.8%) 

	Age>= 65 years 
	Age>= 65 years 
	5/114(4.4%) 
	11/120(9.2%) 


	4.4 Other Special/Subgroup Populations Additional subgroup analyses based on several baseline prognostic factors were performed by this reviewer (see Appendix) for the disease-free survival. The 1-year Herceptin arm had consistently lower risk in disease free survival, except in several cases where the numbers of patients are small and the trend is less clear. In this 
	section, the subgroup analysis based on chemotherapy regimen, nodal status and HER2 status will be discussed. 
	The results demonstrated that the 1-year Herceptin arm had consistently lower risk in disease-free survival in patients whose nodal status was unknown but received neoadjuvant therapy, and patients who had positive or negative nodal status. Within the 1098 nodes negative patients, 1055 of them are considered as high risk patient population (ER and/or PgR positive and at least of the following features: pathologic tumor size> 2cm, Grades 2-3 or age<35 years old~ ER and PgR negative). In the high risk subgrou
	The results of disease-free survival across the HER2 assay subgroup also show consjstent results in favor of the 1-year Herceptin arm. The results of IHC 2+ and FISH 
	Figure
	Sect
	Figure
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	positive and IHC 3+ and FISH positive subgroups should be interpreted with caution 'due to the small sample sizes. 
	The beneficial treatment effect of Herceptin based on disease-free survival also demonstrated in patients who received approved prior chemotherapy. The magnitude of the treatment effect appears to be larger in patients who received the anthracyclines, but no taxanes as compared with that in the anthracyclines and taxanes subgroup. Due to the small size in patients who received non-approved chemotherapy regimens, the· treatment benefit of Herceptin is less clear. However, the hazard ratio estimate seems to i
	REVIEW AND ff\?': 
	Table 30 Reviewer's Summary of Disease-free Survival by Baseline Prognostic Factors (Study B016348) 
	Endpoint 
	Endpoint 
	Endpoint 
	Level 
	#of Patients 
	P-valuea 
	Hazard Ratio (Herceptin vs. observation arm) 

	Nodal Status 
	Nodal Status 
	Any nodiµ status, neoadjuvant therapy 
	366 
	0.01800 
	0.54(0.33,0.90) 

	TR
	Nodes negative, (no neoadjuvant therapy) High Riskb 
	1098 1055 
	0.00900 0.029 
	0.49(0.29,0.84) 0.54(0.32, 0.94) 

	TR
	Nodes positive, no neoadjuvant therapy 
	1921 
	<0.0001 
	0.53(0.41,0. 70) 

	HER2Assay 
	HER2Assay 
	IHC 2+ & FISH(+) 
	299 
	0.20900 
	0.53(0.20, 1.42) 

	TR
	IHC 3+ & FISH(+) 
	91 
	0.44600 
	0.56(0.12,2.50) 

	TR
	IHC 3+ & FISH unknown 
	2258 
	<0.0001 
	0.53(0.41,0.69) 

	TR
	IHC unknown & FISH ( +) 
	724 
	0.02300 
	0.59(0.38,0.93) 

	Chemotherapy regimen 
	Chemotherapy regimen 
	Approved chem regimen Anthracyclines, but no taxanes Anthracyclines and taxanes Not approve chem reg 
	3141 2279 862 245 
	<0.0001 <0.0001 0.18800 0.29600 
	0.53(0.42,0.67) 0.43(0.32,0.57) 0.78(0.53,1 .13) 0.66(0.30,1.44) 


	• P-value based on Wald statistic from unstratified Cox's proportional hazards model. 
	b ER and/or PgR positive and at least ofthe following features: pathologic tumor size> 2cm, Grades 2-3 or age<35 years old; ER and PgR negative 
	Summary and Conclusions 
	Summary and Conclusions 

	Genentech submitted study B016348, a multicenter, randomized, open-label, controlled 
	49 .
	49 .
	Figure

	Figure
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	clinical trial for Herceptin as an adjuvant treatment for patients with HER2­overexpressing, node negative (2: Tlc) or node positive operable breru.1 cancer following completion ofsurgery, anthracycline-containing chemotherapy and/or radiotherapy. 
	In study 8016348, patients were randomized to observation, 1-year and 2-year .Herceptin arm. In this submission, only observation and 1-year Herceptin arm was .submitted. Patients in the 1-year .Herceptin arm received Herceptin every 3 weeks by ., i.v. infusion. The randomization was stratified by nodal status, adjuvant chemotherapy .
	regimens, receptor status/endocrine therapy, age and region. 
	The protocol specified that one interim analysis will be performed when a total of 476 DFS events (for three anns) were obtained. · The interim analysis was conducted on 4/25/05 with data cutoff date on 3129105. The data submission is based on the data used for the first interim analysis. A total of 3386 patients were randomized to observation and I-year Herceptin arm (1693 for each arm). 
	In study BO1634$, the primary efficacy endpoint was disease-free survival.. The overall survival, recurrence-free survival and distant disease-free survival were the protocol specified seconqary endpoints. 
	5.1 Summary of Collective Evidence 
	The efficacy results demonstrated that the I-year Herceptin arm had a statistical 
	significant treatment effect based on the disease free survival for adjuvant breast cancer 
	(p<0.0001 based on log-rank test; 
	hazard ratio=0.54, 95% C.I.=[0.44, 0.67]) (see sectiOn 

	3.1.7.2 Primary Efficacy Endpoint Analyses)°. The beneficial treatment effect ofthe 1­year Herceptin arm is consistently demonstrated in various subgroups, such as age, race and nodal status, etc. (see Section 4 Findings in Special/Subgroup Populations). The results further confirm the beneficial effect ofHerceptin shown from the joint analysis of two previous trials (Hazard ratio of received doxorubicin and cyclophsphamide followed by paclitaxel alone : AC~T or paclitaxel plus Herceptin: AC~T+H; see the He
	0.48, 95% C.I.=[0.39, 0.59], comparing patients who 

	In cardiac event assessment, the 1-year Herceptin arm shows higher incidences of the 
	In cardiac event assessment, the 1-year Herceptin arm shows higher incidences of the 
	primary and secondary cardiac endpoints (0.6% vs. 0.1 % for the primary cardiac endpoint; 3.0% vs. 0.5% based on the secondary cardiac endpoint). The results based on LVEF assessments also show that the 1-year Herceptin arm had higher incidences of 10% or more drop in LVEF value (24.6% vs. 13.8%) and higher incidence of the worst post-baseline LVEF <50% (9.0% vs. 3.2%) (For these cardiac event results and LVEF assessment, please see section 3 .1.7.4 Herceptin Exposure and Results of Cardiac Event and L VEF 
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	5.2 Summary of Statistical Issues 
	5.2 Summary of Statistical Issues 

	The major statistical/data issues are summarized as follows: 
	• .
	• .
	• .
	According to the protocol, the primary comparisons are between observation arm versus 1-year Herceptin and observation arm versus 2-year Herceptin. The comparison of 2-year Herceptin to observation arm must be performed in order to determine whether there is any remaining alpha to test secondary endpoints. Since the 2-year Herceptin data are not available, the step-down procedure based on Holm's approach can not be completed for the two comparisons based on DPS. Therefore, further evaluation. of secondary e

	• .
	• .
	Since the sponsor's primary and secondary endpoints are based on composite measures and are not well documented, the interpretation of the results is not clear. The information obtained from L VEF assessment may be more informative. However since the definition of the change from baseline or post­baseline value in L VEF is not pre-specified and the choice of cut-off points is not well justified, further study with longer follow-up with respect to the effect of Herceptin on cardiac events and L VEF function 


	5.3 Conclusions and Recommendations 
	Based on this current study, the results demonstrated beneficial treatment effect of the 1­year Herceptin arm on disease free survival for adjuvant breast cancer (p<0.0001 based 
	Based on this current study, the results demonstrated beneficial treatment effect of the 1­year Herceptin arm on disease free survival for adjuvant breast cancer (p<0.0001 based 
	on .95% , 0.67]). This beneficial treatment effect of I-year Herceptin on disease free survival appears to be consistent across various subgroups, such as age, racial and nodal status, etc. 
	log-rank test; hazard ratio=0.54, 
	C.I.=(0.44


	Since the 2-year Herceptin data are not submitted, the protocol pre-specified comparisons can not be completed. The comparison of 2-year Herceptin to observation arm must be performed in order to determine whether there is any remaining alpha to test secondary endpoints. In current submission, any further evaluation of secondary efficacy endpoints will not be meaningful. 
	Since the interpretation of the sponsor's primary and secondary cardiac events is not clear and the definition and cut-off points for LVEF evaluation are not pre-specified, the results of the magnitude and duration of the effect of the 1-year Herceptin on cardiac events and L VEF function ·should be interpreted with caution. Further studies of the impact ofHerceptin on cardiac adverse event is warranted. 
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	Appendix 

	6.1 Additional Subgroup Analysis for Disease-Free Survival 
	Table .31 Reviewer's Summary of Disease-Free Survival by Baseline Prognostic Factors (Study B016348) 
	Table .31 Reviewer's Summary of Disease-Free Survival by Baseline Prognostic Factors (Study B016348) 
	Table .31 Reviewer's Summary of Disease-Free Survival by Baseline Prognostic Factors (Study B016348) 

	Endpoint 
	Endpoint 
	Level 
	# of Patients 
	P-value• 
	Hazard Ratio (Herceptin vs. observation arm) 

	ECOG status 
	ECOG status 
	0 
	3092 
	<0.0001 
	0.52(0.41,0.66) 

	l or2 
	l or2 
	292 
	0.37900 
	0.73(0.37, 1.46) 

	Menopause status 
	Menopause status 
	Post-menopausal 
	1530 
	0.00100 
	0.57(0.41,0.79) 

	Ppre-menopausal 
	Ppre-menopausal 
	487 
	0.04400 
	0.59(0.35,0.99) 

	Uncertain 
	Uncertain 
	1367 
	<0.0001 , 
	0.49(0.34,0.70) 

	Previous surgery status 
	Previous surgery status 
	Prior Breast Conservation 
	1423 
	<0.0001 
	0.45(0.31,0.66) 

	Prior Mastectomy 
	Prior Mastectomy 
	1962 
	<0.0001 
	0.60(0.46,0.78) 

	Histological grade 
	Histological grade 
	GI 
	75 
	0.82700 
	1.17(0.29,4.73) 

	0 2 
	0 2 
	1107 
	<0.000 1 
	0.35(0.22,0.55) 

	03 
	03 
	2036 
	0.00100 
	0.64(0.49,0.83) 

	Cat not be assessed 
	Cat not be assessed 
	149 
	0.05800 
	0.29(0.08, 1.04) 

	R adiotherapy 
	R adiotherapy 
	NO 
	795 
	0.02100 
	0.52(0.30,0.91) 

	YES 
	YES 
	2591 
	<0.0001 
	0.53(0.42,0.68) 

	Oestorgen /Progesterone 
	Oestorgen /Progesterone 
	Neg/Neg 
	1620 
	<0.0001 
	0.5 1(0.38,0.68) 

	Neg/Pos 
	Neg/Pos 
	172 
	0.25700 
	0.54(0.19, 1.57) 


	Figure
	REVIEW AND ·j} .
	Sect
	Figure

	receptor status 
	receptor status 
	receptor status 
	Neg/Unknown 
	59 
	0.02400 
	0.07(0.01,0.71) 

	Pos/Neg 
	Pos/Neg 
	457 
	0.39000 
	0.76(0.41,1.42) 

	Pos/Pos 
	Pos/Pos 
	979 
	0.04000 
	0.60(0.37 ,0.98) 

	Pos/Unknown 
	Pos/Unknown 
	98 
	0.25800 
	0.40(0.08,1.94) 

	Recepto status and endocrine therapy 
	Recepto status and endocrine therapy 
	Negative 
	1679 
	<0.0001 
	0.49(0.37,0.65) 

	Positive and Endocrine Therapy 
	Positive and Endocrine Therapy 
	1620 
	0.00900 
	0.62(0.43,0.88) 

	Positive and no Endocrine Therapy 
	Positive and no Endocrine Therapy 
	87 
	0.33000 
	0.54(0.15,1.88) 

	Tobacco use 
	Tobacco use 
	NO 
	2920 
	<0.0001 
	0.54(0.43,0.69) . 

	YES 
	YES 
	466 
	0.04500 
	0.55(0.30,0.99) 

	Pathologic tumor size 
	Pathologic tumor size 
	<=10mm 
	198 
	0.78600 
	0.81(0.18,3.63) 

	>10, < 20mm 
	>10, < 20mm 
	1147 
	0.00700 
	0.57(0.37 ,0.86) 

	>20,<=50mm 
	>20,<=50mm 
	1479 
	<0.0001 
	0.47(0.34,0.66) 

	>50 nun 
	>50 nun 
	171 
	0.55500 
	0.77(0.33,1.82) 
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	Meanwhile, Genentech provided additional information on the pharmacokinetic 
	(PK) simulation (bH 
	(b)(4) This model was based on PK 
	parameters that better match HERA PK than the population PK parameter estimates. 
	The simulation results show that after a 7-day or 14-day dose delay, restart of6 mg/kg of Herceptin undershoots trough concentrations and it takes 2-4 cycles ofstandard treatment to catch the trough concentrations. An 8 mg/kg reload matches trough concentrations by taking up to 2-cycle treatment. However, this reload of8 mg/kg Herceptin results in approximately 30% higher in peak concentration colll.pared to the obser\ied peak concentration in HERA study, (bH
	which raises a safety concern. 
	4 

	IfHerceptin dosing is delayed by more than one week (> 28 days from the last actual dose), Herceptin will be still 
	administered at doses of6 mg/kg once every three weeks without loading dose of8 mg/kg. Si2natures: 
	Figure
	,/fagela Yuxin Men, M.D., Ph.D. Clinical Pharmacology Reviewer, Biologic·Product Team Division ofClinical Pharmacology V
	··
	.!/,,.. 
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	Proposed Dosage and Administration 8 mg/kg loading dose following by 6mg/kg administered every 3 weeks as 90-minute IV infusion 
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	1. EXECUTIVE SUMMARY 
	Herceptin (Trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that selectively binds with high affinity in a cell-based assay (Kd = 5 nM) to the extracellular domain ofthe human epidermal growth factor receptor 2 protein, HER2. Herceptin was approved by FDA on September 25, 1998 for use as a single agent for patients with HER2-overexpressing metastatic breast cancer (MBC) who have received one or more chemotherapy regimens for their metastatic disease and also in combination with paclit
	The PK ofHerceptin for dose regimen of a 4-mg/kg loading dose followed by a 2-mg/kg 
	maintenance dose given weekly remained unchanged. 
	1.1. Recommendation 
	The clinical pharmacology and biopharmaceutics information included in this submission is acceptable 
	provided that a satisfactory agreement is reached between the applicant and the Agency regarding the 
	proposed language to be included in the package insert. 
	1.2. Phase 4 Study Commitments 
	There is no phase 4 commitment. 
	1.3. Summary of Clinical Pharmacology and Biopharmaceutics Findings 
	P harmacokinetics: 
	As a single agent, for adjuvant therapy ofbreast cancer, the mean half-life ofHerceptin of 
	16.2 days (range = 11.0 to 22.8 days) was observed after a loading dose of 8 mg/kg followed by a maintenance dose of6 mg/kg every three weeks. Between weeks 6 and 3 7, Herceptin steady-state concentrations were achieved, with mean trough and peak concentrations of 63 mcg/mL and 216 mcg/mL, respectively. 
	Drug Interaction: 
	The pharmacokinetics ofpaclitaxel was not altered by Herceptin. when this combination therapy was administered to patients with HER2 positive metastatic breast cancer in a drug interaction study. 
	Page 2 of12. 
	Relationship between circulating extracellular domain ofthe HER2 receptor (HER2-ECDshed antigen) and PK or PD (pharmacokinetics or pharmacodvnamics) o(Herceptin 
	Given the limited sample size studied and inconsistent results, no conclusions could be drawn with respect to the relationship between circulating extracellular domain of the HER2 receptor and Herceptin serum trough concentration or clinical responses ofHerceptin using data from Studies B015935 and W016229. 
	Date: 
	uxin Men, M.D., Ph.D. 

	y1~ al Pharmacology Reviewer blvision ofClinical Pharmacology 5 Office of Clinical Pharmacology 
	Sect
	Figure

	~ ~ Date: 
	Sect
	Figure

	Hong Zhao,'a. Team Leader Division of Clinical Pharmacology 5 Office of Clinical Pharmacology 
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	2. QUESTION-BASED REVIEW 
	(Reviewer's Note: this section includes only updates on the pharmacokinetics and drug­interaction sections. Please refer to the original review for details. All Tables and Figures are obtained from the sBLA submission, otherwise it will be mentioned. ) 
	2.1. General Attributes No updates. 
	2.2. General Clinical Pharmacology 
	2.2.1. What are the design features ofthe clinical pharmacology and clinical studies used to support dosing or claims? 
	Three studies, which include PK information, are listed in the Table 1. Table 1.er1mca. lstud"1es Inc u 1 d'm2 PK In ormation fi 
	Study 
	Study 
	Study 
	Design 
	Subjects 
	[N 
	[Dose 

	8016348 (HERA) 
	8016348 (HERA) 
	Phase 3, open-label, Randomized, trnulti-center 
	MTomen with HER2( + ), early-stage, node+ or nigh-risk node-breast cancer 
	3386 (PK-44) 
	8 mg/kg loading dose followed by 6mg/kgq3w 

	W016229 
	W016229 
	Phase 2, open-label, single-arm 
	MTomen with metastatic breast cancer with HER2 overexpression/amplification (IHC3+ and/or FISH+) 
	105 
	8 mg/kg loading dose followed by 6mg/kg q3w 

	8015935 
	8015935 
	Phase 1/2 open-label, 
	Women with metastatic breast cancer with HER2 overexpression/ amplification (IHC2+ or 3+ or FISH+) 
	32 
	8 mg/kg loading dose onDayl followed by 6mg/kg q3w with/without paclitaxel 


	The HERA study is an ongoing, randomized, three-arm, open-label, multicenter study comparing 
	1 or 2 years oftreatment with Herceptin versus observation. For the HERA PK substudy, data have been analyzed for 44 patients randomized to the 1-year treatment arm only. Blood samples for Herceptin serum concentration analysis were collected pre-dose and extensively from 1.5 hours to 21 days post-dose during Cycles 1 and 13. During Cycle 18, the final administration of Herceptin for patients in the 1-year treatment arm, samples were collected pre-dose and extensively from 1.5 hours to 42 days post-dose. In
	Page 4of12 
	Study WO 16229 is an open-label, single-arm study ofefficacy and safety. Trough 
	concentrations of Herceptin were collected. The first loading dose of Herceptin was 8 mg/kg, 
	followed 3 weeks later by 6 mg/kg and given thereafter every 3 weeks. 
	Study B015935 is an open label PK study. A loading dose of8mg/kg ofHerceptin was given i.v. on Day 1 and thereafter a dose of6mg/kg was administered i.v. every three weeks. For the first cycle, paclitaxel was given 24 h before Herceptin administration. Thereafter, Herceptin was administered together with paclitaxel (175mg/m) every three weeks for seven cycles (Cycles 2­8). Herceptin was then continued every three weeks until progression of disease or until the patient left the study. Patients continuing Her
	2

	2.2.2 What are the pharmacokinetics parameters? 
	Ofthe 44 patients in the I-year treatment arm ofthe HERA PK substudy, Herceptin serum concentration data were· available from 37 patients at Cycle 1, from 12 patients at Cycle 13, and from 8 patients at Cycle 18 who provided extensive samples. The mean serum concentration­time profiles for these patients at these cycles are shown in Figure 1. PK parameters are shown in Table 2. 
	-+-Cyd~1 ---cycle 13 
	200. c: '.:iJ •'"" =·lJV---cyel! 18 
	14 35 42 49 Timt (day$) Figure 1. Mean Herceptin Concentration Profiles (HERA Trial) 
	Table 2. PK Parameters ofHerceptin (HERA Trial) 
	c~ Tm;x AUCa fy, CtCycle n (~tg/ml) {hr) (mg•day!L) (days) (l/day) 
	0 

	1 34-37" 198±38.2 2.9±'1.9° 1494±3"17 14.4±3.5 0.232±0.054 13 10-12 c 2'l6±21.7 3.5±'1.5' 2255±370 16.0±2.S 0.169±0.040 18 8 210±'12.3 .3.0±2.2 2206±388 16.4±4.0 
	0.181±0.0.38 

	The mean half-life ofHerceptin of 16.2 days (range = 11.0 to 22.8 days) was observed after a loading dose of 8 mg/kg followed by a maintenance dose of6 mg/kg every three weeks. Up to 42 days of blood sample collection make the terminal t112 was underestimated. Between weeks 6 and 37, Herceptin steady-state concentrations were observed, with mean trough and peak 
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	concentrations of63 µg/mL and 216 µg/mL, respectively. With the same dosing regimen, the trough and peak concentrations ofHerceptin obtained from HERA trial were comparable to data from two other studies in HER2-positive MBC in which Herceptin was administered, either as monotherapy (Study W016229) or in combination with paclitaxel (Study BOI5935) (Table 3). 
	Table 3. Herceptin Trough Concentrations (µg/mL) prior to Cycles 2, 3, 13, 14 and 18 in the HERA, W016229, and B015935 Studies (Mean±SD) 
	Cycle2 Cycle 3 Cycle13 Cycle 14 Cycle18 S~Jd-f (3weeks) (6weeks) (36weeks) (39weeks) (51 weeks) 
	HER.A. 
	HER.A. 
	HER.A. 
	42.9±31.2 
	48.2±14.5 
	631±13.7 
	64.6±12.31 
	66.5±22,0 

	TR
	(n=34) 
	. (n=31} 
	(n•12) 
	(n=10) 
	(n=S) 

	W016229 
	W016229 
	27.3±14 
	32.8±19 
	57.8±19 
	50.9±17 
	63.9±20 

	TR
	(n..92) 
	{n =S-1} 
	(n=13) 
	(n=12) 
	(n=6) 

	6015935 
	6015935 
	28.2±12.8 
	41.1±15.1 
	72.3±33.2 
	NA 
	NA 

	TR
	(n=29) 
	(n·25} 
	(n•13} 


	2.3. Intrinsic Factors 
	2.3.J. What intrinsic factors influence do.se-exposure and/or dose-response and what is the impact ofany differences in exposure or response? 
	2.3 .1.1. Relationship between circulating extracellular domain ofthe HER2 receptor (HER2­ECD shed antigen) and C1rough ofHerceptin 
	ECO levels were quantified using the HER2/neu enzyme-linked immunosorpent assay (ELISA). Patients were considered to have an elevated baseline HER2-ECD shed antigen level iftheir baseline value was higher than the 75th percentile from each study (115 ng/mL for Study B015935; 100 ng/mL for Study W016229). 
	In Study W016229, Herceptin was given as a single agent, 25 out of 102 patients had an increased ECD level at baseline. Figure 2 shows the C1rough ofHerceptin for patients with higher and normal ECD levels during the treatment period. In general, Crrough ofHerceptin in patients with higher ECD is lower than those in patients with normal ECD levels. 
	80 
	-+-Patients with Higher ECO -­Patients with Normal EC 5 10 20 25 30 
	Treabnent Cycle 
	Treabnent Cycle 

	Figure 2. Trough Concentration ofHerceptin for Patients with Higher or Normal ECD Levels (Study W016229) -Reviewer's Plot 
	Page 6of12 
	In Study B015935, 7 out of30 patients had higher ECD levels at baseline. The analyses showed that the majority ofthese 7 patients achieved target serum Herceptin concentrations of20 µg/mL by Week 7 (Day 1 ofCycle 3) and by Week 10 (Day 1 of Cycle 4) (Table 4). In Study W016229, among those patients with higher ECD levels at baseline, the analyses showed that approximately one-third ofthese patients achieved target serum Herceptin concentrations of20 µg/mL by Week 7 (Day 1 ofCycle 3) and by Week 10 (Day 1 of
	Table 4. Number of Patients with Higher Baseline Shed Antigen Levels Whose Ctrough of Herceptin >20 Ul!.ImL 
	Week 
	Week 
	Week 
	B015935 n=7 
	W016229 n=25 

	7 
	7 
	5 (71 %) 
	9 (36%) 

	10 
	10 
	6 (86%) 
	8 (32%) 


	Given the limited sample size and inconsistent results obtained from Study B015935 and Study W016229, no conclusion could be drawn with respect to the relationship between circulating extracellular domain ofthe HER2 receptor (HER2-ECD shed antigen) and Herceptin serum trough concentration for the once-every-three-week dose regimen. 
	2.3.1.2. Relationship between HER2-ECD shed antigen and responses o(Herceptin 
	Study W016229 was a multicenter, open-label, single-arm Phase II study ofthe safety and efficacy ofHerceptin administered once every 3 weeks (Q3W) as a monotherapy in patients with HER2-overexpressing metastatic breast cancer. Correlation ofbaseline ECD levels with best responses revealed no clear relationship between baseline ECD levels and the best responses achieved (Figure 3). However, patients who had progressive disease showed much higher ECD level at Cycle 4 (Figure 4). 
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	Figure 3. Correlation Between Best Response and Baseline ECD Concentrations 
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	Figure 4. Correlation Between Response and ECD Concentrations at Cycle 4 (Study Wo16229)­
	Reviewer's Plot 
	2.4. Extrinsic Factors 
	2.4.1. Drug-drug interactions 
	Effect ofHerceptin on Paclitaxel Pharmacokinetics 
	Study BOl5935 was a Phase I/II study to determine the safety, tolerability and PK of Herceptin and paclitaxel administered every 3 weeks (Q3W) in women with HER2+ metastatic bteast cancer. A total of32 ~atients were enrolled. For the first cycle, Herceptin was given on Day 1; paclitaxel (175 mg/m ) was given 24 hours before Herceptin administration. Thereafter, Herceptin was administered together with paclitaxel every 3 weeks for seven cycles (Cycles 2-8). Subsequently, Herceptin treatment as monotherapy wa
	Paclitaxel concentrations versus time profiles with and without Herceptin are shown in Figure 5. Using PK parameters ofpaclitaxel in Cycle 1 as reference, the comparison ofPK ofpaclitaxel with and without co-administration ofHerceptin is shown in Table 5. 
	e 5 C f PK 0 f P lit I W'th d W'thOUt C d .. tr f ercep m Tabl . ompanson o ac axe I an l o-a IDIDIS a IOB 0f H f 
	PK parameters 
	PK parameters 
	PK parameters 
	Cycle 1 (ref.) n=30 
	Cyele4 n=25 
	GMR 
	90% CI 

	AUC1ast (ng*h/mL) 
	AUC1ast (ng*h/mL) 
	5060 (39) 
	4310 (38) 
	0.86 
	73.6-99.8 

	Cmax (ng/mL) 
	Cmax (ng/mL) 
	16620 (33) 
	14044 (31) 
	0.85 
	72.0-101.0 
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	Figure 5. Paclitaxel Concentration-Time Profiles With and Without Co-administration of Herceptin 
	On average, paclitaxel Cmax and systemic exposure was 15% lower when administered in combination with Herceptin compared to that administered alone. Since efficacy has been demonstrated in the combination therapy, these observed PK difference is not considered clinically significant. 
	Effect ofPaclitaxel on Herceptin Pharmacokinetics 
	Mean PK profiles of Herceptin at cyc_Ies 4 (with paclitaxel), 10 and 12 (without paclitaxel) are .presented in Figure 6. Estimates of PK parameters are shown in Table 6. .Note: Only three patients had samples taken at cycle 10. .
	Figure
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	Figure 6. Mean (SD) Berceptin concentration profiles obtained at cycles 4, 10 and 12 Table 6. Mean PK Parameters of Herceptin at Cycles 4, 10 and 12 
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	Average trough concentrations ofHerceptin increased 45% from 50.1 µg/mL at cycle 4 to 72.3 µg/mL at cycle 12 (Table 6). It is not clear this increase is due to the repeated dose accumulation or co-administration ofpaclitaxel. The design ofthis Study B015935 does not allow for a within study evaluation ofthe effect ofpaclitaxel onHerceptin PK. Thus, it is not appropriate to determine the effect of paclitaxel on Herceptin by comparing PK parameters between Cycle 4 and Cycle 12. 
	2.5. General Biopharmaceutics 
	No updates. 
	2.6. Arialytical 
	The Sponsor did not provide analytical reports in this submission. 
	Page 10of12 
	3. DETAILED LABELING RECOMMENDATIONS 
	Proposed Labeling: 
	7. DRUG INTERACTIONS 
	7. DRUG INTERACTIONS 

	FDA suggested labeling: 
	Figure
	Proposed Labeling: 
	12.3 Pharmcokinetics 
	12.3 Pharmcokinetics 

	FDA suggested labeling: 
	In a study of women receiving adiuvant therapy for breast cancer. a mean half-life of trastuzumab of 16 days (range: 11 -23 days) was observed after an initial dose of 8 mg/kg followed by a dose of6 mg/kg every three weeks. Between weeks 6 and 37, trastuzmnab serum concentrations reached a steadv-state with mean trough and peak concentrations of63 mcg/mL and 216 mcg/mL, respectively. 
	Proposed Labeling: 
	Page 11of12 APPEARS THIS WAY ON ORIGINAL 
	CENTER FOR DRUG EVALUATION AND .
	RESEARCH. 
	APPLICATION NUMBER:. 
	103792Orig1s5175. 
	OTHER REVIEW(S). 
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	DEPARTMENT OF HEALTH AND HUMAN SERVICES .Public Health Service .Food and Drug Administration .
	Center for Drug Evaluation and Research 
	Memorandum 
	Memorandum 

	Date: January 18, 2008 ~ / From: Monica Hughes; t:~., Lead, Regulatory Health Project Manager DBOP/OODP/OND/CDER/FDA Subject: BL 103792/5175 
	FDA proposed revised labeling is attached. In section 14.1, we are proposing to delete the word "pathological" from "pathological tumor siz~(bHillcm", keeping" tumor size (bH4'cm". We are proposing to retain our language proposed on January 17, 2008. Data from the efficacy population revealed an n=1098 was node-negative disease. Ofthe 1098 node-negative women, an n=5 l 2 met the following criteria: node-negative and ER/PR positive and one ofthe following: pathological tumor greater than 2 cm, Grade 2-3 or a
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	DEPARTMENT OF HEALTH AND HUMAN SERVICES .Public Health Service .Food and DrugAdministration .
	Center for Drug Evaluation and Research 
	Center for Drug Evaluation and Research 
	Center for Drug Evaluation and Research 

	Memorandum 
	Memorandum 

	Date: 
	Date: 
	January 17, 2008 

	From: 
	From: 
	Monica Hugh&·Lead, Regulatory Health Project Manager 

	TR
	DBOP/OODP/QND/CDER/FDA 

	Subject: 
	Subject: 
	BL STN 103792/5175 


	Please find attached FDA's counter-proposed revisions to the Herceptin PLR labeling submitted for review under BL S_TN 103792/5175 in response to your second January 16, 2008, submission. 
	1. .
	1. .
	1. .
	Please note, we have made additional revisions to sections 5.1, 6.1, table 3, and 14.1. 

	2. .
	2. .
	We are attaching a final PMC agreement for your review. We have added the additional information you forwarded to us regarding the QT study. Please note, this additional information will not appear in the final action letter, but fo~ record keeping purposes we would like Genentech to include it in the final formal PMC agreement submission to the . file; for future reference. 


	Final PMC agreements related to STN BL 103792/5175: 
	1. .
	1. .
	1. .
	To provide a final clinical study report (CSR) ofthe safety and efficacy of2-years ofTrastuzumab treatment in Study B016348 (HERA)in order to provide a final analysis of cardiac toxicity based on serial ejection fraction monitoring, characterizing the cumulative incidence, severity, duration and reversibility. The final study report will include the primary datasets and programs for generation of analyses; analyses will include, but not be limited to the analyses described in the statistical analysis plan. 

	2. .
	2. .
	To provide updated safety information ofthe observation and 1-year Trastuzumab arms in Study BO 16348 (HERA). Interim cardiac safety updates (narratives of new primary or secondary cardiac events) will be provided on an annual basis beginning in December 2008 and continuing until the time of the final CSR, which will be submitted by December 31, 2013. Ifthe results from the 2-year Trastuzumab arm are released by the IDMC at the interim analysis, then the CSR will be submitted by December 31, 2009. 

	3. .
	3. .
	To submit a protocol for review for a prospectively and actively enrolled pregnancy registry that will collect information assessing pregnancy complications and birth outcomes in women with breast cancer exposed to a Herceptin-containing regimen prior to conception or during pregnancy. Notice of a pregnancy registry and the telephone contact number will be included in the package insert. A proposal, including a prospective protocol for FDA review will be submitted to FDA by June 30, 2008. The registry will 

	4. .
	4. .
	To conduct a QT protocol according to the principles ofICH E14: The Clinical Evaluation ofQT/QTc Interval Prolongation and Proarrhythmic Potential for Non-Antiarrhythmic Drugs (Section IID) in a minimum of 50 subjects receiving trastuzumab. A detailed protocol for this study will be submitted by September 30, 2008. The study will be initiated by March 31, 2009, and will be completed by March 31, 2013. A final study report will be submitted by September 30, 2013. A supplement with revised labeling, if applic


	Additional information regarding PMC 4: 
	Genentech will incorporate ECG evaluations into a proposed drug-drug 
	interaction study to be performed between Herceptin and Carboplatin as a PMC 
	for the BCIRG.006 sBLA. Although the study design is preliminary, it is 
	proposed that HER2-positive patients with metastatic cancer receive TCH on a 
	q3-weekly schedule. On Day 1 of Cycle 1, patients would receive carboplatin 
	(AUC=6) and docetaxel (75 mg/m), and serial blood sampling for carboplatin PK will be taken for 24 hours following Carboplatin administration. On Day 2 of Cycle 1, Herceptin (8 mg/kg) will be administered. Herceptin ( 6 mg/kg), Carboplatin (AUC=6) and Docetaxel (75 mg/m2) will be given on Day 1 ofeach subsequent cycle. On Cycles 2, and 3 Day 1, serial blood draws for carboplatin and Herceptin PK will be taken for 24 hours following Carboplatin administration. The impact ofHerceptin on Carboplatin PK between
	2

	To address the PMC for QT evaluation in the HERA sBLA, Genentech will incorporate triplicate ECG evaluations, read by a central vendor and including cardiologist adjudication, into a minimum of ~ patients in this DDI study. Triplicate ECGs will be performed at Baseline, 'cycles 1 and 3. With 40 patients, the probability ofobserving 2 or more significant QT prolongations is 0.19 if the true underlying rate is 2%, and is 0.70 ifthe true underlying rate is 6%. A clinical significant QTc prolongation is defined
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	Figure
	DEPARTMENT OF HEALTH AND HUMAN SERVICES .Public Health Service .Food and Drug Administration .Center for Drug Evaluation and Research .
	Memorandum 
	Memorandum 

	Date: January 16, 2008 From: Monica Hug~, Lead, Regulatory Health Project Manager DBOP/OODP/OND/CDER/FDA Subject: BL SIN 103792/5175 
	Please find attached FDA's counter-proposed revisions to the Herceptin PLR labeling submitted for review under BL SIN 103792/5175 in response to your January 16, 2008, submission. 
	1. .
	1. .
	1. .
	The highlights section now meets the Yz page requirement. 

	2. .
	2. .
	With respect to references throughout the FPI, we revised the label for consistency [see · name of section, (section#)]. 

	3. .
	3. .
	Please ensure munbering ofall tables is correct in the label along with any references to those tables in the text ofthe label. 

	4. .
	4. .
	Please note, cardiac arrytlunias was dervived from a HLGT (higher level grouping term) that maps down to multiple perferred terms of different arrytlunias. We put a foot note in the table to reflect this. 

	5. .
	5. .
	We do not agree with the revised numbers in section 6.1 and have revised them based on the following: 


	Adjuvant Breast Cancer Studies 
	The data below reflect exposure to Herceptin across three randomized, open-label studies, Studies I, 2, and 3, with (n= 3355) or without (n= 3308) trastuzumab in the adjuvant treatment ofbreast cancer. 
	total =study 1+study2+study3 
	Note: 3355=920 +757 +1678 
	3308=876 + 724 +1708 
	6. .With respect to the PMCs, we agree with revisions made to PMCs 1, 2, and 3. However, we do not agree with your proposal to evaluate Cb <>patients. We are proposing that you evaluate 50 patients. 
	4

	PMC's 
	I. .To provide a final clinical study report (CSR) ofthe safety and efficacy of2-years ofTrastuzumab treatment in Study B016348 (HERA)in order to provide a final analysis ofcardiac toxicity based on serial ejection fraction monitoring, characterizing the cumulative incidence, severity, duration and reversibility. The final study report will include the primary datasets and programs for generation of analyses; analyses will include, but not be limited to the analyses described in the statistical analysis pla
	2. .
	2. .
	2. .
	To provide updated safety infonnation ofthe observation and 1-year Trastuzumab arms in Study B016348 (HERA). Interim cardiac safety updates (narratives of new primary or secondary cardiac events) will be provided on an annual basis beginning in December ~008 and continuing until the time ofthe final CSR, which will be submitted by December 31, 2013. Ifthe results from the 2-year Trastuzumab arm are released by the IDMC at the interim analysis, then the CSR will be submitted by December 31, 2009. 

	3. .
	3. .
	To submit a protocol for review for a prospectively and actively enrolled pregnancy registry that will collect information assessing pregnancy complications and birth outcomes in women with breast cancer exposed to a Herceptin-containing regimen prior to conception or during pregnancy. Notice of a pregnancy registry and the telephone contact number will be included in the package insert. A proposal, including a prospective protocol for FDA review will be submitted to FDA by June 30, 2008. The registry will 

	4. .
	4. .
	To conduct a QT protocol according to the principles ofICH E14: The Clinical Evaluation ofQT/QTc Interval Prolongation and Proarrhythmic Potential for Non-Antiarrhythmic Drugs (Section llD) in a minimum o( >H"~ subjects receiving trastuzumab. A detailed protocol for this study will be submitted by September 30, 2008. The study will be initiated by March 31, 2009, and will be completed by March 31, 2013. A final study report will be submitted by September 30, 2013. A supplement with revised labeling, ifappli
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	DEPARTMENT OF HEALTH AND HUMAN SERVICES .Public Health Service .Food and Drug Administration .
	Center for Drug Evaluation and Research 
	Memorandum 
	Memorandum 

	Date: January 15, 20~ From: Monica Hughes, M.S., Regulatory Project Manager DBOP/OODP/OND/CDER/FDA Subject: BLS1N 103792/5175 
	Please find attached FDA's counter-proposed revisions to the Herceptin PLR labeling submitted for review under BL S1N 103792/5175 in response to your January 10, 2008, submission. 
	We have highlighted comments and request for clarification/additional information in the attached label. In addition to those comments, we have the following comments: 
	1. .
	1. .
	1. .
	Please further revise the highlights section to ensure it meets the Yz page requirement. 

	2. .
	2. .
	For consistency throughout the label, please label all references to other sections as follows: [see name ofsection, (section#)]. 

	3. .
	3. .
	Some tables/figures may have been deleted, please ensure numbering ofall tables is correct in the label along with any references to those tables in the text ofthe label. 


	In addition, we have attached our counter-proposals for revised PMCs. 
	We will speak with you at 1 :00 PM EST today, during our standing teleconference time, to address any questions you may have. 
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	Division of Drug Marketing, Advertising, and Communications 
	Internal Consult 
	****Pre.;.decisional Agency Information**** 
	To: .Monica Hughes, Regulatory Project Manager Division of Biologic Oncology Products j _· Office of Oncology Drug Products ~l o<l -­
	. I 11 .From: Carole C. Broadnax, R.Ph., Pharm.D. .
	Division of Drug Marketing, Advertising · d Communications, CDER 
	Date: .January 11 , 2008 
	Re: .Herceptin (Trastuzumab) .STN BL 103792/5175 .Comments on draft labeling .
	In response to your consult request via email on January 8, 2007, we have reviewed Genentech's draft labeling (working copy sent by electronic mail on January 10, 2008) for Herceptin and offer the following comments. 
	Genentech has submitted a supplemental BLA based on the HERA study in 
	which Genentech proposes to expand the adjuvant indication to include: (bJi , with Herceptin 
	administration once every 3 weeks for 52 weeks: Initial dose of 8 mg/kg followed by subsequent doses of 6 mg/kg once every 3 weeks. Administer all doses of? Herceptin as 90 minut~ IV infusions." 
	Section 
	Section 
	Section 
	Statement from draft 
	Comment 

	HIGHLIGHTS: 
	HIGHLIGHTS: 
	"Herceptin is a I 
	(bfC4t 
	Are the words r 
	(bH~ appropriate to 

	INDICATIONS 
	INDICATIONS 
	I 
	l.tiH~ 
	describe the drug's pharmacologic class? 

	AND USAGE 
	AND USAGE 
	I 
	-{bff~ indicated for the treatment of 

	TR
	HER2 overexpressing breast cancer" 
	The Label Review Tool dated June 12, 2007 states," 

	TR
	(emphasis added) 
	If the drug is a member of an establisheo 

	TR
	pharmacologic class, the concise statement under 

	TR
	this heading must identify the class ... If the drug is 

	TR
	not a member of an established pharmacologic class, 

	TR
	the_statement should be omitted." 

	TR
	Is Herceptin a member of an established 


	Internal Consult Page3 STN BL 103792/5175 
	pharmacologic class? If so. we recommend revising the indication statement to include the appropriate class term to avoid a misleading or potentially confusing established pharmacologic class term. 
	pharmacologic class? If so. we recommend revising the indication statement to include the appropriate class term to avoid a misleading or potentially confusing established pharmacologic class term. 

	Reference is made to the Draft Guidance for Industry and Review Staff: Labeling for Human Prescription Drugs -Determining Established Pharmacologic Class for Use in the Highlights of Prescribing Information. 
	FULL PRESCRIBING INFORMATION: BOXED WARNING: 
	Infusion Reactions; Pulmon'ary Toxicity 
	Infusion Reactions; Pulmon'ary Toxicity 
	"Herceptin administration can result in serious infusion reactions and (6}1 
	pulmonary toxicity. 


	(bfc-tI .•• 
	(bfc-tI .•• 
	(emphasis added) 
	iJ 
	Cb11"4l CbH4 
	DDMAC recommends <Ii and revising the statement to wording similar to that of the Warnings sections (5.2 and 5.3) " . . . serious and fatal infusion reactions have been reported" or "Herceptln use can result in serious and fatal pulmonary toxicity." 
	The Guidance for Industry for the Adverse Reactions Section of Labeling (6H4l 
	Figure
	Figure

	2. DOSAGE AND ADMINISTRATION 
	2.2 Dose Modifications 
	5. WARNINGS AND PRECAUTIONS 
	5.2 
	5.2 
	5.2 
	Infusion Reactions 

	6. 
	6. 
	ADVERSE REACTIONS 


	"Infusion Reactions [see Boxed Warning, (5.2)} 
	"Infusion Reactions [see Boxed Warning, (5.2)} 
	Decrease the rate ofinfusion for mild or moderate infusion reactions 
	• .
	• .
	• .
	Interrupt the infusion in patients with dyspnea or clinically significant hypotension 

	• .
	• .
	Discontinue Herceptin for severe or life-threatening infusion reactions." (emphasis added) 


	"Infusion reactions consist ofa 
	symptom complex characterized by 
	fever and chills, and on occasion 
	included nausea, vomiting, pain (in 
	some cases at tumor sites), headache, 
	dizziness, dyspnea, hypotension, rash, 
	and asthenia. .Cb1141 
	(bJ(4l 
	{see (6. 1)]." 
	Adjuvant Breast Cancer Studies 
	"The followin non-cardiac adverse 

	The Dose Modification section discusses decreasing, interrupting and discontinuing Herceptin; however the Boxed Warnings, Warnings and Adverse Reactions sections ofthe label only discuss interruption and discontinuation. Should a discussion regarding a decrease in the rate of infusion also be included in these other sections? 
	Considering that the label contains a Black Boxed Warning, Warnings and Precautions for infusion reactions, the claims CbTCl 
	Considering that the label contains a Black Boxed Warning, Warnings and Precautions for infusion reactions, the claims CbTCl 
	(6)\-ll 
	(b)(4) 
	CbH mend 
	. .
	We recom

	~e~~ono~~-sec~~~~~--
	-

	d-leti-~fthe-~laims.
	The Label Review Tool (version June 12, 2007) states that labeling should avoid arbitrary categories of CbTCl 
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	6.1 Clinical Trials Experience 
	Adjuvant Breast Cancer Studies 
	Metastatic Breast Cancer Studies ­Infusion Reactions 
	Diarrhea 
	Boxed Warning 
	reactions of Grade 2-5 occurred at an incidence of at least 2% greater among patients randomized to Herceptin plus chemotherapy as compared to chemotherapy alone: arthralgia (31% vs. 28%), fatigue (28% vs. 22%), infection (22% vs. 14%), hot fla5hes (17% vs. 15%), anemia (13% vs. 7%), dyspnea (12% vs. 4%), rash/desquamation (11 % vs. 7%), neutropenia (7% vs. 5%), headache (6% vs. 4%), and insomnia (3.7% vs. 1.5%). The majority of these events were grade 2 in.severity." 
	reactions of Grade 2-5 occurred at an incidence of at least 2% greater among patients randomized to Herceptin plus chemotherapy as compared to chemotherapy alone: arthralgia (31% vs. 28%), fatigue (28% vs. 22%), infection (22% vs. 14%), hot fla5hes (17% vs. 15%), anemia (13% vs. 7%), dyspnea (12% vs. 4%), rash/desquamation (11 % vs. 7%), neutropenia (7% vs. 5%), headache (6% vs. 4%), and insomnia (3.7% vs. 1.5%). The majority of these events were grade 2 in.severity." 
	"The following non-cardiac adverse reactions of Grade 2-5 occurred at an incidence of at least 2% greater among patients randomized to Herceptin plus chemotherapy as compared to chemotherapy alone: arthralgia (11 % vs. 8.4%), myalgia (10% vs. 8%), nail changes (9% vs. 7%), and dyspnea (2.5% vs. 0.1 %). The majority of these events were Grade 2 in severity." 
	Metastatic Breast Cancer Studies 
	"Infusion Reactions "During the first infusion with Herceptin, the symptoms most commonly reported were chills and fever, occurring in approximately 40% ofpatients in clinical trials. t&JC' 
	and were treated with acetaminophen, diphenhydramine, and meperidine (with or without reduction in the rate ofHerceptin infusion); permanent discontinuation of Herceptin for infusional toxicity was required in < l % of patients." 
	Figure

	Diarrhea 
	An increased incidence ofdiarrhea, 
	(b)(4) 
	4l was observed in patients 
	.___,.....,....... receiving Herceptin in combination with chemotherapy for treatment of metastatic breast cancer. (emphasis added 
	"WARNING: CARDIOMYOPATHY, INFUSION 
	We note that the Adverse Reactions -Adjuvant Breast Cancer Studies section (6.1) uses more specific wording "The majority of these events were grade 2 in severity." Is this supported by substantial evidence? 
	The claim 
	We recommend that the order in which the Warnings are presented throughout the label be changed to reflect the riorit iven in the Boxed Warnin , i.e:, 
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	FULL PRESCRIBING INFORMATION: CONTENTS 
	FULL PRESCRIBING INFORMATION 
	5. WARNINGS AND PRECAUTIONS 
	5.1 
	Cardiomyopathy 
	5.2 Infusion Reactions 
	5.4 Pulmonary Toxicity 
	REACTIONS, and PULMONARY 
	REACTIONS, and PULMONARY 
	TOXICITY" 
	"WARNING­CARDIOMYOPATHY, INFUSION REACTIONS, PULMONARY TOXICITY" . 
	S .WARNINGS AND PRECAUTIONS 
	5.1 .Cardiomyopathy 
	5.2 .Infusion Reactions 
	5.3 .Exacerbation of .Chemotherapy-Induced .Neutr9penia .
	5.4 .Pulmonary Toxicity 
	5 WARNINGS AND 
	PRECAUTIONS 
	5.1 Cardlomyopathy 
	5.2 Infusion Reactions 
	5.3 Exacerbation of Chemotherapy-Induced Neutropenla 
	5.4 Pulmonary Toxicity 
	6 ADVERSE REACTIONS 
	The following adverse reactions are discussed in greater detail in other sections ofthe label: 
	• .
	• .
	• .
	Cardiomyopathy [see WARNINGS AND PRECAUTIONS (5./)) 

	• .
	• .
	Infusion reactions [see WARNINGS AND PRECAUTIONS (5.2)) 

	• .
	• .
	Exacerbation ofchemotherapy-induced neu1r9penia Csee WARNINGS AND PRECAUTIONS (5.311 

	• .
	• .
	Pulmonary toxicity [see WARNINGS AND PRECAUTIONS (5.4)} 


	[emphasis added) 
	"Herceptin can cause left ventricular cardiac dysfunction, arrhythmias, hypertension, disabling cardiac failure, cardiomyopathy, and cardiac death /see Boxed Warning: Cardwmyopatliyj." 
	"Infusion reactions consist of a symptom complex characterized by fever and chills, and on occasion included nausea, vomiting, pain (in some cases at tumor sites), headache, dizziness, dyspnea, hypotension, rash, and asthenia. '1 <.6H4j 
	I .(b114l 
	[see (6.J)J." [emphasis added] 
	Herceptin use can result in serious and 
	fatal pulmonary toxicity. Pulmonary 
	toxicity includes dvspnea, interstitial 
	first -cardiomyopathy, second -infusion reactions and third -pulmonary toxicity as this is the priority given these events in the Boxed Warning. 

	For example, "Pulmonary Toxicity" should be listed as item number 3 instead of item number 4. "Exacerbation of Chemotherapy-Induced Neutropenia" should be listed as number 4 instead of item number 3. 
	The rest of the Adverse Reactions section should also maintain this priority. 
	The rest of the Adverse Reactions section should also maintain this priority. 
	We recommend also adding a cross-reference to 6.1 for cardiomyopathy and pulmonary toxicity. 
	We recommend also adding a cross-reference to the Boxed Warning for infusion reactions and pulmonary toxicity. 
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	Table
	TR
	pneumonitis, pulmonary infiltrates, pleural e~ions, non-cardiogenic pulmonary edema, pulmonary insufficiency and hypoxia, acute respiratory distress syndrome, and pulmonary fibrosis. Such events can occur as sequelae ofinfusion reactions [see (5.2)]. Patients with symptomatic intrinsic lung disease or with ·extensive tumor involvement of the lungs, resulting in dyspnea at rest, appear to have more severe toxicity. 

	6.ADVERSE 
	6.ADVERSE 
	The following adverse reactions are 
	We recommend also adding a cross-reference to the 

	REACTIONS 
	REACTIONS 
	discussed in greater detail in other sections of the label: • Cardiomyopathy [see WARNINGS AND PRECAUTIONS (5.1)/ • Infusion reactions {see WARNINGS AND PRECAUTIONS (5.2)) • Exacerbation of chemotherapy-induced neutropenia (see WARNINGS AND PRECAUTIONS (5.3)) • Pulmonary toxicity [see WARNINGS AND PRECAUTIONS (5.4)) 
	Boxed Warning. 

	17. PATIENT 
	17. PATIENT 
	Genentech wants to add the following language to the 1 ~ 

	COUNSELING INFORMATION 
	COUNSELING INFORMATION 
	I lhn-r­lbH4~ Should this language also be added to the Patient Counselinq Information section? 


	! 
	i 
	i 
	I 
	I 
	i
	l ­
	Figure
	DEPARTMENT OF HEALTH AND HUMAN SERVICES .Public Health Service .Food and Drug Administration .Center for Drug Evaluation and Research .
	Memorandum 
	Memorandum 

	Date: January 9, 2008 vY . From: Monica Hughes, M.S., Lead, Regulatory Health Proj~ct Manager, DBOP/OODP/OND/CDER/FDA · Subject: 103792/S175: FDA proposed revisions to Genentech's proposed PMCs. 
	FDA forwarded the following proposed PMCs to Genentech for discussion during the January 10, 2008 teleconference. 
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	Figure
	DEPARTMENT OF HEALTH AND HUMAN SERVICES .Public Health Service .Food and Drug Administration .Center for Drug Evaluation and Research .
	Memorandum 
	Memorandum 

	Date: January 9, 2008 ~ From: Monica Hughes, M.S., Lead, Regulatory Health Project Manager, DBOP/OODP/OND/CDER/FDA · Subject: 103792/5175: FDA proposed revisions to Genentech's proposed PMCs. 
	FDA forwarded the following proposed PMCs to Genentech for discussion during the January 10, 2008 teleconference. · 
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	Figure
	Pediatric and Maternal Health Staff Office ofNew Drugs Center for Drug Evaluation and Research 
	Pediatric and Maternal Health Staff Office ofNew Drugs Center for Drug Evaluation and Research 
	Food and Drug Administration Silver Spring, MD 20993 Tel 301-796-0700 FAX 301-796-9744 

	MEMORANDUM 
	Date: .December 17, 2007 Date Consulted: November 29, 2007 
	From: .Karen B. Feibus, M.D. /'£411/1.1! ..,, rJJlV Medical Team Leader, Pediatric and Maternal Health Staff 'l~. 
	Through: .Lisa Mathis, MD L1JV\ _)}):> I,, Jlq {~ Associate Director, Pediatric and Matern::i-~eal~ Staff 
	To: .Division of Biological Oncology Products 
	Drug: .Trastuzumab (Herceptin®) 
	Subject: .Pregnancy registry post-marketing commitment 
	Materials Reviewed: Proposed post-marketing commitments for HERA (Study B016348) sBLA 
	Consult Question: · Determine ifthe proposed pregnancy registry is adequate, and ifnot, assist DBOP in developing comments to send back to Genentec 
	INTRODUCTION The Division ofBiologic Oncology Products (DBOP) is currently reviewing a supplemental BLA for Herceptin (trastuzumab) that contains a number ofproposed post-marketing commitments (PMCs). One ofthese proposed PMCs is a pregnancy exposure registry. This Maternal Heath Team (MHT) review responds to a DBOP request to assess the adequacy of Genentech's proposed pregnancy registry concept. 
	BACKGROUND Herceptin 
	Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that targets the extracellular domain of the Erb-2/Her2/neu receptor (epithelial growth factor receptor 2 protein). It is indicated as single agent therapy in metastatic, Her2-overexpressing breast 
	cancer and as adjuvant therapy when part of a chemotherapy regimen for Her2-overexpressing, node positive breast cancer. During the summer of2007, the Division of Biologic Oncology Products (DBOP) consulted the MHT regarding the potential need for changes in labeling based on 18 case reports ofoligohydramnios associated with Herceptin use during pregnancy. 
	MHT reviewed the available data and recommended changes to the pregnancy and nursing mothers sections of labeling. At the time of the MHT consult on Herceptin, there were nine unique reports of oligohydrarnnios associated with Herceptin use in pregnancy both in the published literature and post-marketing reports in the AERS database. In four, and possibly five, of these cas~s, the amniotic fluid volume recovered following discontinuation ofHerceptin therapy. There was one case with both a positive dechallen
	Based on the possible association between Herceptin use during pregnancy and oligohydramnios, MHT made the following recommendations: 
	1. .
	1. .
	1. .
	The pregnancy category for Herceptin (trastuzumab) should be changed to a "D" based on the available human data that suggest a possible teratogenic effect leading to oligohydrarnnios. 

	2. .
	2. .
	The pregnancy portion of the Herceptin label should include information about the known cases ofoligohydramnios that occurred with use ofHerceptin during pregnancy. 

	3. .
	3. .
	The label should recommend that pregnant women using Herceptin undergo screening for oligohydrarnnios with obstetrical ultrasound examination at regular intervals. 

	4. .
	4. .
	Ifoligohydrarnnios occurs, the obstetrician should begin fetal testing appropriate for the 


	· gestational age of the fetus and consistent with the standards of care for the community. This testing should continue on a regular basis until one oftwo conditions is met: 
	a. .
	a. .
	a. .
	Herceptin therapy is discontinued and oligohydrarnnios resolves 

	b. .
	b. .
	b. .
	Delivery. 



	2 
	2 

	Figure
	.5. .In cases where the physician and patient decide to continue Herceptin therapy for maternal reasons despite the presence ofoligohydramnios, additional intravenous hydration should be considered. With other forms ofchemotherapy during pregnancy, transient oligohydramnios has been observed, and extra hydration sometimes mitigates this effect. 
	6. .Include contact information for the Cancer and Childbirth Registry and encourage enrollment ofpregnant patients using Herceptin. 
	The MHT provided the DBOP with draft language for the pregnancy and nursing mothers sections oflabeling. 
	Breast cancer and pregnancy 
	In the United States, there are more than four million live births annually and another 2.5 million pregnancies that end in either spontaneous or induced abortion. Breast cancer complicates about 1 in 3000 pregnancies. Based on the National Cancer Institute's Surveillance, Epidemiology, and End Results Program Cancer Statistics Review and r~tes from 2001 -2003, one out ofeight American women will develop breast cancer during their lifetime. One of eight women diagnosed with breast cancer will be between 20 
	The number ofpregnant women with a history ofbreast cancer or with a new diagnosis ofbreast cancer is expected to increase as more women delay childbearing until their 30's and 40's. Pregnancy-associated breast cancer is age-related, and women who have their first term pregnancy after age 30 years have a two to three times higher risk of developing breast carcinoma than women who have their first pregnancy before the age of 20 years. 
	REVIEW OF DATA 
	In lieu ofa prospectively enrolled pregnancy registry, Genentech proposes 
	Figure

	m 
	m 

	women with breast cancer exposed to a Herceptin-containing regimen. All pregnant Herceptin­treated women for this study would be identified <6R4' 
	Genentech provided the following reason for proposin 
	--~~~~~~~~~~~-
	--~~~~~~~~~~~-
	-

	(6f(4 

	Figure
	3 
	3 

	Figure
	With this study approach, Genentech states 
	DISCUSSION/CONCLUSIONS 
	FDA's Guidance for Industry on Establishing Pregnancy Exposure Registries () states that a sponsor should seriously consider establishing a pregnancy exposure registry when it is likely that the medical product will be used during pregnancy as therapy for a new or chronic condition. In addition, a drug is considered a good candidate for a pregnancy registry when inadvertent exposures are expected due to a high likelihood of use by women ofchildbearing age: Breast cancer most often occurs in women beyond the
	http://www.fda.gov/cder/guidance/3626fnl.htm

	Based on these numbers, there may be only about 1200 pregnant patients with breast cancer per year in the United States, and it is likely that only a portion ofthem would be treated with Herceptin. While Genentech is concerned about identifying pregnant women with breast cancer who are using Herceptin in and around conception or later in pregnancy, (bff4l 
	Figure

	-
	Pregnancy exposure registries can be designed to achieve a range ofobjectives from open-ended safety surveillance to testing hypotheses about how Herceptin use during pregnancy affects pregnancy and infant outcomes. Pregnancy registries may include collection ofinformation from healthcare professionals, patients, and medical records, and can be structured as single product registries or as registries that enroll patients with a particular medical condition who may be treated with a number of different pharm
	As suggested in the Guidance for Industry oil Establishing Pregnancy Exposure Registries, in 
	certain situations, other study designs, such as case control studies, can provide additional data. (bTC4l · 
	4 
	4 

	In the case ofHerceptin, the number ofpregnant women exposed to Herceptin or using Herceptin each year will be quite limited. 
	In order to obtain the most comprehensive and useful information about the safety and efficacy ofHerceptin treatment during pregnancy, Genentech should establish a prospectively enrolled pregnancy registry that utilizes active recruitment techniques. This pregnancy exposure registry could be a single drug registry, or Genentech could choose to collaborate with other companies that manufacture breast cancer therapies and establish a breast cancer pregnancy exposure registry that would enroll pregnant patient
	RECOMMENDATIONS 
	1. .
	1. .
	1. .
	Genentech's post-marketing commitments should include development ofa prospectively enrolled pregnancy exposure registry. The company should refer to the Guidance for Industry on Establishing Pregnancy Exposure Registries (). 
	http://www.foa.gov/cder/guidance/3626fnl.htm


	2. .
	2. .
	Genentech should be asked to submit a protocol to the Division for review. This protocol should include plans for active recruitment and should define pregnancy and fetaVinfant outcomes that the registry will evaluate. The sponsor should consider how to assess first and second trimester pregnancy loss. 

	3. .
	3. .
	Genentech should be encouraged to use the proposed automated database study to .augment the information obtained from the pregnancy exposure registry. .

	4. .
	4. .
	Genentech should be informed that FDA supports collaboration among pharmaceutical companies that manufacture drug and therapeutic biologic products used in the treatment ofa particular condition. A pregnancy exposure registry designed to enroll all pregnant breast cancer patients undergoing treatment offers advantages with data analysis over a single product registry. For example, maternal and fetal/infant outcomes could be compared across treatments. 


	5 .
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	Figure
	DEPARTMENT OF HEALTH AND HUMAN SERVICES .Public Health Service .Food and Drug Administration .Center for Drug Evaluation and Research .
	Memorandum 
	Memorandum 

	Date: December 4j 2~ From: Monica Hughes, M.S., Regulatory Project Manager DBOP/OODP/OND/CDER/FDA Subject: BL S'IN 103792/5175 
	Please find attached FDA's proposed revisions to the Herceptin PLR labeling submitted for review under BL STN 103 792/517 5. There are potions ofthe labeling that are highlighted; these contain requests from FDA to Genentech to be addressed in your labeling response. In addition, FDA: has the following comments and requests for Genentech: 
	1. .On page 7 ofthe attached Herceptin PLR label, please insert the graph included on the following page. Your censoring scheme (censoring disease recurrence date first then the last date of follow-up, radiological exam, LEVF assessment, last contact, last survival follow-up) for the time to the first significant L VEF drop may be informative. Please re­define the censoring date as the last date of 
	a. .
	a. .
	a. .
	a. .
	the last follow-up, 

	b. .
	b. .
	the last radiological exam, 

	c. .
	c. .
	last L VEF assessment', 

	d. .
	d. .
	last contact, 

	e. .
	e. .
	last survival follow-up or 


	f. .
	f. .
	disease recurrence date, whichever occurs last, for patients who did not experienced significant L VEF drop, 


	and provide the results from both the log rank test and the Cox's proportional hazards model. 
	Also, please provide a cumulative incidence plot for the time to the first significant L VEF drop using the format shown on the following page. 
	We also request that you perform the same analysis and provide the data from Studies 1 and 2 in the same figure, appropriately labeled. 
	2. .
	2. .
	2. .
	Please update the numbering ofall the tables and graphs throughout the label, and ensure that all the references within the text ofthe label match with the respective updated numbering. 

	3. .
	3. .
	Please note additional revisions may be necessary following DBOP's receipt of comments from the PLR endpoints group and our colleagues at CDRH who are reviewing the HER2 test kit sections of the label. 
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	DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
	Figure
	Pediatric and Maternal Health Staff Office ofNew Drugs Center for Drug Evaluation and Research 
	Pediatric and Maternal Health Staff Office ofNew Drugs Center for Drug Evaluation and Research 
	Food and Drug Administration Silver Spring, MD 20993 Tel 301-796-0700 FAX 301-796-9744 

	MEMORANDUM 
	Date: .August 17, 2007 Date Consulted: May 29, 2007 
	F.rom: .Karen B. Feibus, M.D. /~q/i-'Jo"t Medical Team Leader, Pediatric and Maternal Health Staff 
	Through: .Lisa Mathis, MD ~°'f=1-Io-=t-Associate Director,~edia
	ic and Maternal Health Staff SandraKweder,MD /(;;/~0{~ 
	Deputy Director, 0 e ofNew Drugs To: Division ofBiological Oncology Products Drug: Trastuzumab (Herceptin®) 
	Subject: .Case reports ofoligohydramnips associated with Herceptin use during pregnancy. Are changes needed in the pregnancy section of labeling? 
	Materials Reviewed: 
	• .
	• .
	• .
	19 MedWatch reports that reported on eight unique cases of oligohydramnios 

	• .
	• .
	Published literature on oligohydramnios associated with Herceptin use during pregnancy 

	• .
	• .
	Published literature on oligohydramnios as~ociated with pregnancies in patients with cancer or pregnancies in patients with cancer receiving chemotherapy 

	• .
	• .
	Published literature on the role ofepidermal growth factor in renal development. 


	Consult Question: 
	. .. 
	Should available information on the 18 case reports ofoligohydramnios with Herceptin® use during pregnancy lead to changes in labeling ofthe drug for use during pregnancy? 
	EXECUTIVE SUMMARY 
	Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that 
	targets the extracellular domain ofthe Erb-2/Her2/neu receptor (epithelial growth factor 2 
	protein). In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with 
	paclitaxel ( chemotherapy-nieve patients only) for the treatment ofmetastatic breast cancer in 
	women with HER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA 
	approved Herceptin as part ofan adjuvant treatment regimen containing doxorubicin, 
	cyclophosphamide, and paclitaxel in women with HER2-overexpressing, node-positive breast 
	cancer. Up to one in 3000 live births is complicated by breast cancer. 
	7 

	The Division ofBiologic Oncology Products (DBOP) consulted the Maternal Health Team (MHT) regarding the potential need for changes in labeling based on 18 case reports of oligohydramnios associated with Herceptin use during pregnancy. The Pregnancy and Lactation Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in September 2004, when there were five known cases ofoligohydramnios associated with Herceptin use in pregnancy, and at that time, PLT felt that the data was confounded and not r
	Currently, there are nine unique reports ofoligohydramnios associated with Herceptin use in pregnancy both in the published literature and post-marketing reports in the AERS database. In four, and possibly five, ofthese cases, the amniotic fluid volume has recovered following discontinuation ofHerceptin therapy. There is one case with both a positive dechallenge and rechallenge. Transient oligohydramnios has occasionally been reported following courses of chemotherapy with other agents, but the amniotic flu
	Pre-clinical data suggest an important role for epidermal growth factor in renal development. Human renal tubular development continues until 36 weeks gestation. Data from studies in organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest that blocking the EGF receptor may interfere with normal nephron development. It seems scientifically plausible, based on the drug's mechanism ofaction that Herceptin could potentially increase the likelihood ofoligohydramnios. 
	At this time, the data are not robust enough to conclude that a clear association exists between the use ofHerceptin during pregnancy and the occurrence ofoligohydramnios; however, the data do suggest a possible association that deserves monitoring. Additional data are needed to more clearly define and understand this possible relationship. Based on a woman's individual disease state and course ofprogression and on risk/benefit counseling between physician and patient, some women may continue Herceptin when
	2 
	2 

	women who continue therapy may be delivered depending on the gestational age ofthe fetus and other factors, and some may continue their pregnancy with fetal monitoring and ultrasound examinations. In order to optimize the clinical outcomes for pregnant women with breast cancer and their babies, women using Herceptin during pregnancy should be monitored for oligohydramnios. Ifand when oligohydramnios occurs, risk/benefit counseling should occur and fetal testing should begin. 
	While oligohydramnios is not a classically teratogenic effect, the oligohydramnios may be 
	caused by an untoward effect ofHerceptin on nephron growth and function. 
	RECOMMENDATIONS 
	1. .
	1. .
	1. .
	The pregnancy category for Herceptin (trastuzumab) should be changed to a "D" based on the available human data that suggest a possible teratogenic effect leading to oligohydramnios. 

	2. .
	2. .
	The pregnancy portion ofthe Herceptin label should include information about the known cases ofoligohydramnios that occurred with use ofHerceptin during pregnancy. 

	3. .
	3. .
	The label should recommend that pregnant women using Herceptin undergo screening for oligohydramnios with obstetrical ultrasound examination at regular intervals. 

	4. .
	4. .
	Ifoligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the gestational age of the fetus and consistent with the standards of care for the community. This testing should continue on a regular basis until one oftwo conditions is met: 


	a. .
	a. .
	a. .
	Herceptin therapy is discontinued and oligohydramnios resolves 

	b. .
	b. .
	b. .
	Delivery. 



	5. .
	5. .
	5. .
	In cases where the physician and patient decide to continue Herceptin therapy for maternal reasons despite the presence ofoligohydramnios, additional intravenous hydration should be considered. With other forms of chemotherapy during pregnancy, transient oligohydramnios has been observed, and extra hydration sometimes mitigates this effect. 

	6. .
	6. .
	Include contact information for the Cancer and Childbirth Registry and encourage enrollment ofpregnant patients using Herceptin. 

	7. .
	7. .
	Please see Appendix B for suggested draft language for the pregnancy and nursing mothers portions ofthe label. 


	INTRODUCTION 
	Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that targets the extracellular domain ofthe Erb-2/Her2/neu receptor (epithelial growth factor receptor 2 protein). It is indicated as single agent therapy in metastatic, Her2-overexpressing breast 
	3 
	3 

	cancer and as part of a chemotherapy regimen for Her2-overexpressing, node positive breast .cancer. The Division ofBiologic Oncology Products (DBOP) consulted the Maternal Health .Team (MHT) regarding the potential need for changes in labeling based on 18 case reports of .oligohydramnios associated with Herceptin use during pregnancy. While the Pregnancy and .Lactation Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in .September 2004, DBOP would like the issue revisited in light of ad
	BACKGROUND 
	While breast cancer is primarily a disease ofolder women, with a median age at diagnosis of 61 years, seven to 14% ofbreast cancers are diagnosed in women less than 40 years of age. 'With delay ofchildbearing by many women into their 30's and even 40's, breast cancer (treated, recurrent, or newly diagnosed) is seen with increasing frequency in pregnancy. Up to one in 3000 live births is complicated by breast cancer, and this number does not include pregnancy terminations done for the mother's condition. Bre
	7
	10 
	7 
	10 

	Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that targets the extracellular domain ofthe Erb-2/Her2/neu receptor. In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with paclitaxel ( chemotherapy-nieve patients only) for the treatment ofmetastatic breast cancer in women with HER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA approved Herceptin as part ofan adjuvant treatment regimen containing doxorubicin, cyclophosphamide, and pa
	In 2004, the Division consulted PLT on whether information on five cases ofoligohydramnios 
	. tha(occurred with Herceptin use during pregnancy should be included in labeling. At that time, Gerard Nahum MD, medical officer, reviewed information submitted by the sponsor on 23 women with breast cancer exposed to Herceptin during pregnancy. In all cases, the women were also exposed to other chemotherapeutic agents concurrently. Among 12 pregnancies that resulted in live births, eight ofthe women had metastatic disease (one ofthese women had two pregnancies), and three used Herceptin off-label in the·a
	4 
	4 

	in product labeling. The team felt that the data was not robust enough to support a potential 
	association between the occurrence of oligohydramnios and the use ofHerceptin in these 
	women. The most recently approved l;:tbel (November 2006) includes the following statement: 
	In the postmarketing setting, o1igohydramnios hM ht:>..en r~orted in women who received Hereeptin duringpregrum~y, either in comhination with c.hi:motherapy or as a $ingle ~gent Given the limited number ofreported eases, the high background rate ofoccurrence ofoligobydramnios. the lack ofclear tempornl tefationsbip.c; hetween drug use and clinical findings. and the lack ofsupportive findings in animal studies, an association between Herceptin and o!igobydramnios has not been established. 
	Oligohydramnios is a reduced volume of amniotic fluid around the fetus, and anhydramnios is the absence of fluid around the fetus. In utero, the placenta is primarily responsible for maintaining fetal homeostasis. Fetal urine formation begins by 12 weeks of gestation and is the main constituent of amniotic fluid. Amniotic fluid volume peaks at an average ofone liter at 36 weeks gestation and then slowly declines. Often, decreased fluid volume occurs in pregnancies that continue post-term (beyond 40 weeks ge
	2 
	14 

	Decreased amniotic fluid may be associated with maternal or fetal problems. Such maternal 
	conditions include preterm premature rupture ofmembranes (PPROM) or conditions that affect placental function or vascularization (postterm pregnancy, preeclampsia). Maternal use ofACE inhibitors can also cause oligohydramnios. Fetal conditions almost always associated with oligohydramnios include fetal urinary tract obstruction or renal agenesis (Potter syndrome). Fifteen to 25% ofcases ofpreterm oligohydramnios are associated with fetal anomalies. However, otherwise normal fetuses may experience the follow
	5 .
	5 .

	situations, fetal or maternal compromise usually overrides the potential complications from 
	preterm delivery. 
	14 

	Oligohydramnios detected before 36 weeks gestation with normal fetal anatomy by ultrasound 
	can be managed expectantly along with antepartum fetal testing. Antepartum fetal testing is 
	14 

	most often performed once or twice weekly using a combination ofNS Ts and BPPs. The 
	contraction stress test (CST) has the best predictive values for fetal well being during the seven 
	days following testing but most often is not used routinely due to the possible increased risk of 
	preterm labor. 
	Four of five studies suggest that maternal hydration can increase AFI, but the effect dissipates by 24 hours following fluid administration. Fluid restriction or dehydration can lower the AFI. 
	REVIEW OF DATA 
	To complete this consult, this reviewer reviewed and/or looked for the following information: 
	• .
	• .
	• .
	19 MedWatch reports that reported on eight unique cases ofoligohydramnios 

	• .
	• .
	Published literature on oligohydramnios associated with Herceptin use during pregnancy 

	• .
	• .
	Published literature on oligohydramnios associated with pregnancies in patients with cancer or pregnancies in patients with cancer receiving chemotherapy 

	• .
	• .
	Published literature on the role of epidermal growth factor in renal development. 


	Renal development and epidermal growth factor 
	Based on current data about the role that epithelial growth factor plays in renal development, 
	some scientists and clinicians suspect that Herceptin has a potential to cause fetal adverse effects with in-utero exposure. 
	During embryonic development, three sets ofrenal organs develop sequentially: the pronephros, the mesonephros, and finally, the metanephros, which persist to become the mature kidneys. The ureteric bud grows from the mesonephric duct after the fourth week of gestation. The Wolffian duct grows caudally, passing the pronephros and mesonephros to approach the metanephric mesenchyme. As this occurs, growth factor signaling from the metanephric mesenchyme transitions from insulin growth factor-II (IGF-II) to gli
	9 

	The ureteric bud produces a number ofsoluble agents that work together to promote cellular condensation and differentiation. One ofthese agents is epithelial growth factor (EGF), also 
	9 

	6 
	6 

	called transforming growth factor-a (TGF-a). TGF-a is synthesized and secreted in the 
	embryonic kidney where it binds to the EGF receptor. The TGF-a peptide and receptors are 
	present in the fetal human metanephros. Studies in cultured embryonic organ show that adding 
	anti-TGF-a antibodies inhibits morphogenesis and tubulogenesisis. This suggests that TGF-a 
	plays a role in early ureteric bud development. EGF/ TGF-a also appears to participate in 
	rescuing uninduced mesenchymal cells from apoptosis. While the role ofEGF/ TGF-a is not 
	completely defined, it appears to play an important part in kidney organogenesis. 
	6 

	Nephrons develop in successive stages from the inner to the outer area ofthe fetal kidney, in parallel with the vascular system. In humans, nephrogenesis is not completed until the 36th week ofgestation. In preterm infants, the process continues following delivery. EGF/ TGF-a is one of the many factors involved in the promotion and control ofnephrogenesis. 
	2 

	Reviewer comment: Herceptin is an IgG monoclonal antibody that blocks the human epidermal growth factor receptor 2 protein and is known to cross the placenta. Organ culture studies suggest that blocking the EGF receptor may interfere with normal nephron development. 
	Oligohydramnios and Herceptin use during pregnancy 
	Review ofthe published literature and MedWatch forms submitted to FDA reveal ten reported and unique pregnancies in women with breast cancer who used Herceptin during some portion of their pregnancy, nine ofwhom developed oligohydramnios. In one other case, a woman received two doses ofHerceptinjust prior to conception. Table 1 summarizes the key features of these 11 cases including the gestational ages at which Herceptin was given, the gestational age at which oligo-or anhydramnios was diagnosed, concomita
	In cases 1 -6, Herceptin was discontinued during pregnancy. In cases 1 -5, the therapy was 
	stopped due to oligohydramnios or anhydramnios. In four ofthese cases, there was documented reaccumulation ofamniotic fluid following discontinuation of Herceptin therapy. After improvement in or resolution ofoligohydramnios, one ofthese patients was re-challenged with Herceptin. One week after resumption ofHerceptin therapy, the patient was delivered by cesarean with oligohydramnios. The fifth patient in whom Herceptin was discontinued (Case 4) received her last dose at 24 weeks gestation, and she delivere
	11 

	7 .
	7 .

	In Cases 7 and 8, the patients had apparently normal pregnancies until 26 and 27 weeks respectively when the patients were diagnosed with recurrent metastatic breast cancer. In both cases, Herceptin therapy was started in combination with paclitaxel or vinorelbine and continued until delivery. In case 7, the patient received Herceptin and paclitaxel at 26 and 29 weeks 
	Table 1: Summary of 11 reported cases of Herceptin exposure during pregnancy: nine with oligohydramnios and two without oligohydramnios . ? . .Q~statiqnatage(weeks) < ~> •.e, ' ·'. '••.:: '• ;; ·Other ...• '.J)e-·•' Re,; ... ··· ·· C)Qt¢tjnre ·. •·dase ':Here~ptln · > Oligo-"or ·chemo . ·. · chall~rtge. chaqellg~; . '.)T ·.•·. .~~~g~ili'.e ·•· aiih;&a.ttmibs ·". .. ·: ; ; ', ..·.<•:: .... · .. ,.;,,, >= ;· ·<>::'..__ ' ' AFI increased after dechallenge. 1 0-26 26 None Yes Yes Delivered at 29 wks by C/S with
	gestation.Within a couple ofweeks ofthe last Herceptin dose, anhydramnios was diagnosed by ultrasound. The physicians administered steroids to mature the fetal lungs and delivered the baby by cesarean section at 32 weeks gestation, three weeks after the last dose ofHerceptin. The baby had decreased renal function, which normalized over the first four weeks oflife. 
	1 

	8 
	8 

	Reviewer comment: Based on the severity ofthe mother's disease and rates ofmorbidity and mortality for a 32 week premature infant with anhydramnios, the obstetrician and oncologist may have decided that it was in the best interest ofthe mother and baby to proceed with delivery. In a different disease state situation, the clinicians may have opted for discontinuation ofHerception therapy and expectant management with antepartum surveillance. Based on other cases reviewed here, it is possible that amniotic fl
	In Case 8, the mother was also diagnosed with metastatic recurrence ofbreast cancer mid­pregnancy.4 She began Herceptin and vinorelbine therapy at 27 weeks gestation and developed oligohydrammos shortly thereafter. Due to her condition; weekly Herceptin and vinorelbine therapy continued up to and through delivery but she received extra IV hydration with each treatment. The oligohydramnios persisted but was not progressive, and the patient underwent induction oflabor at 35 weeks. She delivered a healthy infa
	In cases 9 and 10, the mothers received Herceptin therapy throughout the course oftheir pregnancies, and both had poor pregnancy outcomes. One mother continued Herceptin mono­therapy from prior to conception through delivery at 36 weeks. Oligohydramnios was diagnosed at 26 weeks gestation. Following counseling, the patient decided to continue the pregn@~Yll!lcl_ Herceptin therapy. The baby was delivered by cesarean at 36 weeks gestation with limb deformities and pulmonary hypoplasia. It died at six hours of
	Case 11 is a published case ofa woman who received two doses of Herceptin four weeks prior to and three days prior to conception. She did not receive any additional chemotherapy during her pregnancy. She had a normal pregnancy and delivery, and the baby had no complications. 
	12 

	Chemotherapy and Pregnancy 
	A toxnet search found the word "oligohydramnios" associated with the following drugs: captopril, quinapril, losartan, indomethacin, enalapril, celcoxib, benazepril, rofecoxib, valdecoxib, and lisinopril. Other than ACE inhibitors and NSAIDs, no other drugs were associated with oligohydramnios in the Toxnet search. 
	A Toxnet search with the terms "vinorelbine and oligohydramnios" and "cancer and oligohydramnios" yielded only one informative and relevant article not already presented in this review. In 1997, Cuvier et a1 reported on three women with breast cancer treated with 5­fluorouracil (5-FU) and vinorelbine during pregnancy. The women began therapy at 24 -29 
	9 
	9 

	weeks gestation. After two rounds of 5-FU and vinorelbine chemotherapy, one woman received six courses of cyclophosphamide and epidoxorubicin due to disease progression. Two women had spontaneous labor and vaginal deliveries at 37 and 41 weeks, and the third woman (the one who received four chemotherapeutic agents) delivered at 34 weeks by cesarean section. It appears that none ofthese women developed oligohydramnios; however, the reason for the cesarean delivery at 34 weeks was not ~rovided in the article.
	A PubMed search using the search terms "paclitaxel and oligohydramnios", " docetaxel and oligohydramnios", and "vinorelbine and oligohydramnios," found only the article by Bader et al that reports one of the oligohydramnios cases associated with Herceptin use with paclitaxel during pregnancy. A search with the terms "cancer and oligohydramnios" found three relevant articles. Two involved Herceptin cases already discussed in this review (Watson and Bader) and the other was a case report of a woman diagnosed 
	5 
	5 

	Kelly et aI7 published a review article in 2006 on the options for systemic therapy in pregnant patients with breast cancer. The authors ip.cluded eight studies that reported outcomes for women treated with chemotherapy during pregnancy for a variety of cancers. Three percent of babies had a congenital anomaly, which is the same as the background rate in the population. Fetal death, spontaneous abortion, prematurity, and fetal complications occurred more often in babies born to leukemic patients compared to
	Germa.nI\ et al (2004) and did not 

	The Cancer and Childbirth Registry has enrolled about 92 pregnant women with breast cancer. This reviewer spoke with the registry director, Dr. Elyce Cardonick, a maternal-fetal-medicine specialist. Dr. Cardonick stated that she has seen cases ofborderline oligohydramnios in pregnant women with breast cancer following a round ofchemotherapy but additional IV hydration administered with the chemotherapy reversed the process. She has not seen severe oligohydramnios or anhydramnios associated with chemotherapy
	10 
	10 

	DISCUSSION/CONCLUSIONS 
	Herceptin (trastuzumab) is a recombinant lgG humanized monoclonal antibody that binds to the epidermal growth receptor 2. It is effective for the treatment ofHer-2 overexpressing metastatic breast cancers as monotherapy and for primary node-positive breast cancers as part ofan adjuvant chemotherapy regimen. There are nine unique reports ofoligohydramnios associated with Herceptin use in pregnancy both iri the published literature and post-marketing reports in the AERS .database. In four, and possibly five, 
	Pre-clinical data suggest an important role for epidermal growth factor in renal development. Human renal tubular development continues until 36 weeks gestation. Data from studies in organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest that blocking the EGF receptor may interfere with normal nephron development. It seems scientifically plausible, based on the drug's mechanism of action that Herceptin could potentially increase the likelihood ofoligohydramnios. 
	Oligohydramnios (decreased amniotic fluid volume) and anhydramnios (no amniotic fluid), in the absence ofpremature rupture ofmembranes, can be related to chronic fetal hypoxia, decreased or absent fetal renal function, poor placental function, and some fetal anomalies. In preterm pregnancies, the presence ofoligohydramnios is associated with increased fetal morbidity, which is due in part to an increased risk of cord compression and due in part to the underlying condition that caused the oligohydramnios. 
	At this time, the data are not robust enough to conclude that a clear association exists between the use ofHerceptin during pregnancy and the occurrence ofoligohydramnios; however, the data do suggest a possible association that deserves monitoring. Additional data are needed to more clearly define and understand this possible relationship. Ifadditional data further support an association betw~en Herceptin use during pregnancy and oligohydramnios, then an attempt should be made to answer the following quest
	1. .
	1. .
	1. .
	During which periods ofgestation is Herceptin exposure associated with an increased risk of oligohydramnios? 

	2. .
	2. .
	Does the risk vary with the Herceptin dose and :frequency of administration? 

	3. .
	3. .
	Does additional IV hydration either atthe time of chemotherapy or in between courses of therapy alter the frequency or severity ofoligohydramnios? 

	4. .
	4. .
	With reference to the time ofHerceptin administration, when does the AFI decline and when does it recover? 
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	Based on a woman's individual disease state and course ofprogression and on risk/benefit counseling between physician and patient, some women may continue Herceptin when oligohydramnios occurs and some may stop. Some women who continue therapy may be delivered depending on the gestational age ofthe fetus and other factors, and some may continue their pregnancy with fetal monitoring and ultrasound examinations. fu order to optimize the clinical outcomes for pregnant women with breast cancer and their babies,
	While oligohydramnios is not a classically teratogenic effect, the oligohydramnios may be caused by an untoward effect ofHerceptin on nephron growth and function. 
	RECOMMENDATIONS 
	1. .
	1. .
	1. .
	The pregnancy category for Herceptin (trastuzumab) should be changed to a "D" based on the available human data that suggest a possible teratogenic effect leading to oligohydramnios. 

	2. .
	2. .
	The pregnancy portion ofthe Herceptin label should include information about the known cases ofoligohydramnios that occurred with use ofHerceptin during pregnancy. 

	3. .
	3. .
	The label should recommend that pregnant women using Herceptin undergo screening for oligohydramnios with obstetrical ultrasound examination at reglilar intervals. 

	4. .
	4. .
	Ifoligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the gestational age ofthe fetus and consistent with the standards ofcare for the community. This testing should continue on a regular basis until one oftwo conditions is met: 


	a. .
	a. .
	a. .
	Herceptin therapy is discontinued and oligohydramnios resolves 

	b. .
	b. .
	b. .
	Delivery. 



	5. .
	5. .
	5. .
	In cases where the physician and patient decide to continue Herceptin therapy for maternal reasons despite the presence of oligohydramnios, additional intravenous hydration should be considered. With other forms ofchemotherapy during pregnancy, transient oligohydramnios has been observed, and extra hydration sometimes mitigates this effect. 

	6. .
	6. .
	Include contact information for the Cancer and Childbirth Registry and encourage .emollment ofpregnant patients using Herceptin. .

	7. .
	7. .
	Please see Appendix B for suggested draft language for the pregnancy and nursing .mothers portions ofthe label. .
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	Appendix A: Detailed Summar Table I Casel Table 1 Case2 (b)l6J Table 1 Case 3 (b)(6) Table 1 Case4 Table 1 Case 10 32 38 28 29 30 (b)(6J (pre­___,.... conception) to (b)C (26 weeks gestation) Before pregnancy. Stopped for gestational weeks 7-14. Resumed gestational weeks 14-32. Herceptin 6 mg/kg Q3 weeks from (b)( -(time of conception/implantation) until 20 weeks gestation Two years ofHerceptin therapy prior to pregnancy. Herceptin discontinued after dose at about 24 · weeks estation Herceptin prior to and 
	14 .
	14 .

	Appendix A: Detailed Summa 
	(b)( 
	Herceptin started at 27
	Figure

	26 
	26 

	Vinorelbine
	Table I 
	weeks gestation 
	weeks gestation 

	Case8 
	(b)( 
	Herceptin throughout
	Herceptin throughout
	36 
	None

	Table I 
	pregnancy 
	pregnancy 

	Case9 
	Herceptin at 26 and 29 _
	Herceptin at 26 and 29 _
	38 

	Paclitaxel
	Table l 
	weeks gestation 
	weeks gestation 

	Case7 
	Patient diagnosed and treated for Grade Ill infiltrating ductal carcinoma with positive nodes. She completed treatment v.ith Herceptin, paclitaxel, 5-FU, epirubicin, and cyclophospliamide through a clinical trial. Fourteen months after diagnosis, she presented with right upper quadrant pain and a 27 week pregnancy. Multiple imaging stlidies including ultrasound were performed. She had multiple hepatic metastases and increased LFrs. Patient was treated with Herceptin (4mg/kg load and 2 mg/kg per week) and vi
	.. 

	Induction oflabor at 34 5/7 weeks with normal vaginal delivery ofa healthy male infant (5 lbs, 11 oz; Apgars 9/9/10). Normal and healthy at six months ofage. 
	Fanale et al (2005). See references. 
	Female infant delivered by cesarean section at about 36 weeks gestation (2690 g, Apgars 8/8). Baby had lower limb deformities and died ofpulmonary h o lasia at 6 hours oflife. 
	Delivery ofliving infant by cesarean section for anhydrarnnios, fetal growth restriction, and suspected fetal renal failure. Nonna! placenta. Admitted to NICO with signs ofbacterial sepsis and decreased renal function. Renal function nonnalized by day oflife 28, and the baby was discharged home. Normal development at 12 weeks of age. 
	Bader et al (2007). See references. 
	15 
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	Detailed Summa 
	Figure
	Figure
	Figure
	Sect
	Figure
	Figure
	Figure

	Appendix A: 
	Patient diagnosed with multifocal grade 2 invasive ductal adenocarcinoma ofthe right breast with two of five nodes positive. Estrogen and progesterone receptor negative. Her-2/neu positive. Had been trying to conceive. 
	Spontaneous vaginal delivery ofa
	J CliIL 
	Treated with four cycles ofepirubicin followed by four 
	Treated with four cycles ofepirubicin followed by four 
	healthy female infant at full term. No

	One 
	cycles ofcyclopbospharnide, methotrexate, and 5-FU 
	cycles ofcyclopbospharnide, methotrexate, and 5-FU 
	cycles ofcyclopbospharnide, methotrexate, and 5-FU 
	complications.


	01/10/06 
	01/10/06 
	01/10/06 
	01/10/06 
	01/10/06 
	01/10/06 
	01/10/06 
	01/10/06 
	01/10/06 
	01/10/06 
	01/10/06 
	3.5 weeks and 3 days prior 

	over six months. Due·to incomplete excision and strong 

	30 

	None 

	to conception 

	family history ofbreast CA, had a bilateral mastectomy 

	Table 1 

	followed by radiotherapy to the right chest wall. Enrolled 

	Waterston and Graham (2006). See 

	Case 11 

	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	inHerceptin Adjuvant trial (HERA) and randomized to 

	Cesarean delivery (for breech

	Reprod . 

	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	months later had a single brain metastasis treated with 
	presentation) pfa healthy female infant 

	Tox 

	surgery and radiation. After one year ofongoing 

	at 37 weeks gestation. Normal 

	06/07 

	Throughout pregnancy 

	None 

	treatment with trastuzumab alone and no recurrence, the 

	32 

	placental pathology without metastases. 


	until 24 weeks gestation 
	until 24 weeks gestation 
	until 24 weeks gestation 
	patient presented with a five week viable pregnancy. 


	Table 1 
	Table 1 
	Table 1 
	Treatment was continued and the pregnancy progressed 

	Shrim et al (20007). See references. 

	Case 5 
	Case 5 
	normally until trans-thoracic echoeardiography revealed an asymptomatic mild low ejection fraction at 18 weeks. Fetal growth and anatomical survey were normal. Repeat maternal echo at 24 weeks was unchanged but trstuzumab was discontinued. Fetal US at 25 weeks gestation showed normal owth, AFI, and BPP . 

	.16 
	.16 
	.16 
	17 


	Appendix A: Detailed Summar 
	Appendix A: Detailed Summar 
	Appendix A: Detailed Summar 

	(Australia) Patient was diagnosed with left infiltrating 
	(Australia) Patient was diagnosed with left infiltrating 

	ductal carcinoma, grade 2, stage T2N2MO in 
	ductal carcinoma, grade 2, stage T2N2MO in 
	(b) ~ 

	(b) <6l. She had a radical mastectomy and 
	(b) <6l. She had a radical mastectomy and 

	lymphadenectomy with 18of18 nodes positive. The. 
	lymphadenectomy with 18of18 nodes positive. The. 

	Obstet Gynecol 08/07 
	Obstet Gynecol 08/07 
	28 
	23, 26, and 27 weeks gestation 
	Docetaxel 
	tumor was E/P receptor negative and human epidermal growth factor 2 (Her-2/neu) positive. She was treated with chemotherapy and radiotherapy. At 20 weeks gestation, MRI revealed brachial plexus and pulmonary metastases. She was treated with three cycles of docetaxel and trastuzumab at 23, 26, and 27 weeks gestation. A fetal ultrasound was done at 30 weeks for clinical suspicion offetal growth restriction. The 
	Cesarean delivery for breech presentation at 362/7 weeks due to maternal disease state. Small amount of clear amniotic fluid at delivery. Living male infant, 2230 g, Apgars 7/9. Nonnal neonatal urine output. No complications. 

	TR
	ultrasound showed fetal growth measurements at <5th 

	TR
	percentile consistent with IUGR and anhydramnios. Chemotherapy was held until after delivery. Two doses 
	Sekar and Stone (2007). See references. 

	TR
	ofbetamethasone were given for fetal lung maturation in 

	TR
	case delivery was needed. At 33 weeks, amniotic fluid 

	TR
	was reaccumulatil).g. Due to the patient's advanced 

	TR
	disease state, she was delivered at 36 weeks. 
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	Figure
	Deputy Director, Offi To: Division ofBiological Oncology Products Drug: Trastuzwnab (Herceptin®) Subject: Case reports ofoligohydramnios associated with Herceptin use during pregnancy. 
	Are changes needed in the pregnancy section of labeling? Materials Reviewed: 
	• .
	• .
	• .
	19 MedWatch reports that reported on eight unique cases of oligohydramnios 

	• .
	• .
	Published literature on oligohydramnios associated with Herceptin use during pregnancy 

	• .
	• .
	Published literature on oligohydramnios associated with pregnancies in patients with cancer or pregnancies in patients with cancer receiving chemotherapy 

	• 
	• 
	Published literature on the role ofepidermal growth factor in renal development. Consult Question: Should available information on the 18 case reports of oligohydramnios with Herceptin® use 


	during pregnancy lead to changes in labeling ofthe drug for use during pregnancy? 
	EXECUTIVE SUMMARY 
	Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that 
	targets the extracellular domain ofthe Erb-2/Her2/neu receptor (epithelial growth factor 2 
	protein). In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with 
	paclitaxel (chemotherapy-nieve patients only) for the treatment ofmetastatic breast cancer in 
	women with HER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA 
	approved Herceptin as part ofan adjuvant treatment regimen containing doxorubicin, 
	cyclophosphamide, and paclitaxel in women with HER2-overexpressing, node-positive breast 
	cancer. Up to one in 3000 live births is complicated by breast cancer. 
	7 

	The Division of Biologic Oncology Products (DBOP) consulted the Maternal Health Team (MHT) regarding the potential need for changes in labeling based on 18 case reports of oligohydramnios associated with Herceptin use during pregnancy. The Pregnancy and Lactation Labeling Team (PLT, now the Maternal Health Team) reviewed this issue in September 2004, when there were five known cases of oligohydramnios associated with Herceptin use in pregnancy, and at that time, PLT felt that the data was confounded and not
	Currently, there are nine unique reports of oligohydramnios associated with Herceptin use in pregnancy both in the published literature and post-marketing reports in the AERS database. In four, and possibly five, ofthese cases, the amniotic fluid volume has recovered following discontinuation ofHerceptin therapy. There is one case with both a positive dechallenge and rechallenge. Transient oligohydramnios has occasionally been reported following courses of chemotherapy with other agents, but the amniotic fl
	Pre-clinical data suggest an important role for epidermal growth factor in renal development. Human renal tubular development continues until 36 weeks gestation. Data from studies in organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest that blocking the EGF receptor may interfere with normal nephron development. It seems scientifically plausible, based on the drug's mechanism ofaction that Herceptin could potentially increase the likelihood ofoligohydramnios. 
	At this time, the data are not robust enough to conclude that a clear association exists between the use ofHerceptin during pregnancy and the occurrence of oligohydramnios; however, the data do suggest a possible association that deserves monitoring. Additional data are needed to more clearly define and understand this possible relationship. Based on a woman's individual disease state and course ofprogression and on risk/benefit counseling between physician and patient, some women may continue Herceptin whe
	2 
	2 

	women who continue therapy may be delivered depending on the gestational age ofthe fetus and other factors, and some may continue their pregnancy with fetal monitoring and ultrasound examinations. In order to optimize the clinical outcomes for pregnant women with breast cancer and their babies, women using Herceptin during pregnancy should be monitored for oligohydrarnnios. Ifand when oligohydrarnnios occurs, risk/benefit counseling should occur and fetal testing should begin. 
	RECOMMENDATIONS 
	1. .
	1. .
	1. .
	The pregnancy portion ofthe Herceptin (tratuzurnab) label should include information about the known cases of oligohydrarnnios that occurred with use of Herceptin during pregnancy. 

	2. .
	2. .
	The label should recommend that pregnant women using Herceptin undergo routine obstetrical ultrasound examination following each treatment with Herceptin to screen for oligohydrarnnios. 

	3. .
	3. .
	Ifoligohydrarnnios occurs, the obstetrician should begin fetal testing appropriate for the gestational age ofthe fetus and consistent with the standards of care for the community. This testing should continue on a regular basis until one of two conditions is met: 


	a. .
	a. .
	a. .
	Herceptin therapy is discontinued and oligohydrarnnios resolves 

	b. .
	b. .
	b. .
	Delivery. 



	4. .
	4. .
	4. .
	In cases where the physician and patient decide to continue Herceptin therapy for maternal reasons despite the presence of oligohydrarnnios, additional intravenous hydration should be considered. With other forms of chemotherapy during pregnancy, transient oligohydrarnnios has been observed, and extra hydration sometimes mitigates this effect. 

	5. .
	5. .
	Include contact information for the Cancer and Childbirth Registry and encourage emollment ofpregnant patients using Herceptin. 

	6. .
	6. .
	Ifit would be helpful to the Division, the Maternal Health Team would be happy to provide draft language for the pregnancy portion ofthe label. (Please see Appendix B.) 


	INTRODUCTION 
	Herceptin (trastuzurnab) is a recombinant DNA-derived humanized monoclonal antibody that targets the extracellular domain ofthe Erb-2/Her2/neu receptor (epithelial growth factor receptor 2 protein). It is indicated as single agent therapy in metastatic, Her2-overexpressing breast cancer and as part of a chemotherapy regimen for Her2-overexpressing, node positive breast cancer. The Division of Biologic Oncology Products (DBOP) consulted the Maternal Health Team (MHT) regarding the potential need for changes 
	3 
	3 

	September 2004, DBOP would like the issue revisited in light of additional reported 
	oligohydramnios cases and the drug's relatively new indication as adjuvant therapy for breast 
	cancer. DBOP is concerned about potential increased use ofHerceptin among women of reproductive age women with breast cancer. 
	BACKGROUND 
	While breast cancer is primarily a disease of older women, with a median age at diagnosis of 61 years, seven to 14% ofbreast cancers are diagnosed in women less than 40 years qf age. ,Io With delay ofchildbearing by many women into their 30's and even 40's, breast cancer (treated, recurrent, or newly diagnosed) is seen with increasing frequency in pregnancy. Up to one in 3000 live births is complicated by breast cancer, and this number does not include pregnancy terminations done for the mother's condition.
	7
	7 
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	Herceptin (trastuzumab) is a recombinant DNA-derived humanized monoclonal antibody that targets the extracellular domain ofthe Erb-2/Her2/neu receptor. In 1998, FDA approved Herceptin (BLA 103792) alone and in combination with paclitaxel (chemotherapy-nieve patients only) for the treatment of metastatic breast cancer in women with HER2-overexpressing metastatic breast cancer. On November 16, 2006, FDA approved Herceptin as part of an adjuvant treatment regimen containing doxorubicin, cyclophosphamide, and p
	In 2004, the Division consulted PL T on whether information on five cases of oligohydramnios that occu,rred with Herceptin use during pregnancy should be included in labeling. At that time, Gerard Nahum MD, medical officer, reviewed information submitted by the sponsor on 23 women with breast cancer exposed to Herceptin during pregnancy. In all cases, the women were also exposed to other chemotherapeutic agents concurrently. Among 12 pregnancies that resulted in live births, eight ofthe women had metastatic
	4 
	4 

	ht the postma.rketing setting, oligohydramnios has been reported in women who received Herceptin during pregnancy. either in comhination with chemothMtpy or as a single Rgent l}iven the limited number of reported cases, the high background rate ofoccurrence ofoligohyd:ramnios, the lack ofclear temporal reJationi;hips. between drug use and clinical findings. and the lack ofsupportive findings in animal studies, an association hetween Herceptin and oligohydramnios has not been established. 
	Oligohydramnios is a reduced volume ofamniotic fluid around the fetus, and anhydramnios is the absence of fluid around the fetus. In utero, the placenta is primarily responsible for maintaining fetal homeostasis. Fetal urine formation begins by 12 weeks of gestation and is the main constituent of amniotic fluid. Amniotic fluid volume peaks at an average ofone liter at 36 weeks gestation and then slowly declines. Often, decreased fluid volume occurs in pregnancies that continue post-term (beyond 40 weeks ges
	2 
	studies sugge.st that while the AFI is a more 
	14 

	Decreased amniotic fluid may be associated with maternal or fetal problems. Such maternal conditions include preterm premature rupture of membranes (PPR OM) or conditions that affect placental function or vascularization (postterm pregnancy, preeclampsia). Maternal use ofACE inhibitors can also cause oligohydramnios. Fetal conditions almost always associated with oligohydramnios include fetal urinary tract obstruction or renal agenesis (Potter syndrome). Fifteen to 25% ofcases of preterm oligohydramnios are
	14 

	5 
	5 

	Oligohydramnios detected before 36 weeks gestation with normal fetal anatomy by ultrasound can be manage~ expectantly along with antepartum fetal testing. Antepartum fetal testing is most often performed once or twice weekly using a combination ofNS Ts and BPPs. The 
	14 

	contraction stress test (CST) has the best predictive values for fetal well being during the seven 
	days following testing but most often is not used routinely due to the possible increased risk of preterm labor. 
	Four of five studies suggest that maternal hydration can increase AFI, but the effect dissipates by 24 hours following fluid administration. Fluid restriction or dehydration can lower the AFI. 
	REVIEW OF DATA 
	To complete this consult, this reviewer reviewed and/or looked for the following information: 
	• .
	• .
	• .
	19 MedWatch reports that reported on eight unique cases of oligohydramnios 

	• .
	• .
	Published literature on oligohydramnios associated with Herceptin use during pregnancy 

	• .
	• .
	Published literature on oligohydramnios associated with pregnancies in patients with cancer or pregnancies in patients with cancer receiving chemotherapy 

	• .
	• .
	Published literature on the role of epidermal growth factor in renal development. 


	Renal development and epidermal growth factor 
	Based on current data about the role that epithelial growth factor plays in renal development, some ~cientists and clinicians suspect that Herceptin has a potential to cause fetal adverse effects with in-utero exposure. 
	During embryonic development, three sets of renal organs develop sequentially: the pronephros, the mesonephros, and finally, the metanephros, which persist to become the mature kidneys. The ureteric bud grows from the mesonephric duct after the fourth week of gestation. The Wolffian duct grows caudally, passing the pronephros and mesonephros to approach the metanephric mesenchyme. As this occurs, growth factor signaling from the metanephric mesenchyme transitions from insulin growth factor-II (IGF-II) to gl
	9 

	The ureteric bud produces a number of soluble agents that work together to promote cellular condensation and differentiation. One of these agents is epithelial growth factor (EGF), also called transforming growth factor-a (TGF-a). TGF-a is synthesized and secreted in the embryonic kidney where it binds to the EGF receptor. The TGF-a peptide and receptors are present in the fetal human metanephros. Studies in cultured embryonic organ show that adding 
	9 

	6 
	6 

	anti-TGF-a antibodies inhibits morphogenesis and tubulogenesisis. This suggests that TGF-a 
	plays a role in early ureteric bud development. EGF/ TGF-a also appears to participate in 
	rescuing uninduced mesenchymal cells from apoptosis. While the role ofEGF/ TGF-a is not 
	completely defined, it appears to play an important part in kidney organogenesis. 
	6 

	Nephrons develop in successive stages from the inner to the outer area of the fetal kidney, in parallel with the vascular system. In humans, nephrogenesis is not completed until the 36h week ofgestation. In preterm infants, the process continues following delivery. EGF/ TGF-a is one of the many factors involved in the promotion and control of nephrogenesis. 
	1
	2 

	Reviewer comment: Herceptin is an lgG monoclonal antibody that blocks the human epidermal growth factor receptor 2 protein and is known to cross the placenta. Organ culture studies suggest that blocking the EGF receptor may interfere with normal nephron development. 
	Oligohydramnios and Herceptin use during pregnancy 
	Review ofthe published literature and Med Watch forms submitted to FDA reveal ten reported and unique pregnancies in women with breast cancer who used Herceptin during some portion of their pregnancy, nine of whom developed oligohydramnios. In one other case, a woman received two doses of Herceptin just prior to conception. Table 1 summarizes the key features of these 11 cases including the gestational ages at which Herceptin was given, the gestational age at which oligo-or anhydramnios was diagnosed, conco
	In cases 1 -6, Herceptin was discontinued during pregnancy. In cases 1 -5, the therapy was stopped due to oligohydramnios or anhydramnios. In four of these cases, there was documented reaccumulation of amniotic fluid following discontinuation of Herceptin therapy. After improvement in or resolution ofoligohydramnios, one of these patients was re-challenged with Herceptin. One week after resumption ofHerceptin therapy, the patient was delivered by cesarean with oligohydramnios. The fifth patient in whom Herc
	In Cases 7 and 8, the patients had apparently normal pregnancies until 26 and 27 weeks respectively when the patients were diagnosed with recurrent metastatic breast cancer. In both cases, Herceptin therapy was started in combination with paclitaxel or vinorelbine and continued until delivery. In case 7, the patient received Herceptin and paclitaxel at 26 and 29 weeks 
	7 .
	7 .

	APPEARS THIS WAY ON .
	Summary of 11 reported cases ofHerceptin exposure during pregnancy: oli oh dramnios and two without oli oh dramnios 1 2 3 4 5 6 7 8 9 10 11 0 -26 0-7; 14 -32 0-20 0 -24 0 -24 23-27 26-29 27 ­del 0-del 0 -24 -4 -0 26 32 23 25+ None 30 31 ­32 After starting treatment 26 24 None None Yes Zoladex Yes None Yes None Yes None Yes Docetaxel Yes Paclitaxel No Vinorelbine No None No ? Vinorelbine No None No Yes No No No No No No No No No No AFI increa8ed after dechallenge. Delivered at 29 wks by C/S with oligohydramn
	gestation.Within a couple ofweeks ofthe last Herceptin dose, anhydramnios was diagnosed by ultrasound.. The physicians administered steroids to mature the fetal lungs and delivered the baby by cesarean section at 32 weeks gestation, three weeks after the last dose ofHerceptin. The baby had decreased renal function, which normalized over the first four weeks of life. 
	1 

	Reviewer comment: Based on the severity ofthe mother's disease andrates ofmorbidity and mortalityfor a 3 2 week premature infant with anhydramnios, the obstetrician and oncologist may have decided that it was in the best interest ofthe mother and baby to proceedwith delivery. Jn a different disease state situation, the clinicians may have opted for discontinuation ofHerception therapy and expectant management with antepartum surveillance. Based on other cases 
	8 
	8 

	reviewed here, it is possible that amniotic fluid may have reaccumulated with this more conservative management plan. It is interesting to note that this infant had compromised renal function at the time ofdelivery. This was not seen in the other Herceptin-exposed infants. While it is scientifically plausible that the decrease in renal function could be related to epithelial growth factor receptor blockade by Herceptin, there are not enough data to support such a conclusion. 
	In Case 8, the mother was also diagnosed with metastatic recurrence of breast cancer mid­pregnancy.4 She began Herceptin and vinorelbine therapy at 27 weeks gestation and developed oligohydramnios shortly thereafter. Due to her condition, weekly Herceptin and vinorelbine therapy continued up to and through delivery but she received extra IV hydration with each treatment. The oligohydramnios persisted but was not progressive, and the patient underwent induction of labor at 35 weeks. She delivered a healthy i
	In cases 9 and 10, the mothers received Herceptin therapy throughout the course oftheir pregnancies, and both had poor pregnancy outcomes. One mother continued Herceptin mqno­therapy from prior to conception through delivery at 36 weeks. Oligohydramnios was diagnosed at 26 weeks gestation. Following counseling, the patient decided to continue the pregnancy and Herceptin therapy. The baby was delivered by cesarean at 36 weeks gestation with limb deformities and pulmonary hypoplasia. It died at six hours of l
	Case 11 is a published case of a woman who received two doses ofHerceptin four weeks prior to and three days prior to conception. She did not receive any additi~:mal chemotherapy durinf: her pregnancy. She had a normal pregnancy and delivery, and the baby had no complications. 
	2 

	Chemotherapy and Pregnancy 
	A toxnet search found the word "oligohydrarnnios" associated with the following drugs: captopril, quinapril, losartan, indomethacin, enalapril, celcoxib, benazepril, rofecoxib, valdecoxib, and lisinopril. Other than ACE inhibitors and NSAIDs, no other drugs were associated with oligohydramnios in the Toxnet search. 
	A Toxnet search with the terms "vinorelbine and oligohydramnios" and "cancer and oligohydramnios" yielded only one informative and relevant article not already presented in this review. In 1997, Cuvier et al reported on three women with breast cancer treated with 5­fluorouracil (5-FU) and vinorelbine during pregnancy. The women began therapy at 24-29 weeks gestation. After two rounds of 5-FU and vinorelbine chemotherapy, one woman received six courses of cyclophosphamide and epidoxorubicin due to disease pr
	9 
	9 

	cesarean delivery at 34 weeks was not rrovided in the article. All three children had normal 
	development at 23 -35 months of age. 
	A PubMed search using the search terms "paclitaxel and oligohydramnios'', " docetaxel and oligohydramnios", and "vinorelbine and oligohydramnios," found only the article by Bader et al that reports one ofthe oligohydramnios cases associated with Herceptin use with paclitaxel during pregnancy. A search with the terms "cancer and oligohydramnios" found three relevant articles. Two involved Herceptin cases already discussed in this review (Watson and Bader) and the other was a case report of a woman diagnosed 
	5 
	5 

	Kelly et alpublished a review article in 2006 on the options for systemic therapy in pregnant patients with breast cancer. The authors included eight studies that reported outcomes for women treated with chemotherapy during pregnancy for a variety of cancers. Three percent of babies had a congenital anomaly, which is the same as the background rate in the population. Fetal death, spontaneous abortion, prematurity, and fetal complications occurred more often in babies born to leukemic patients compared to th
	7 

	The Cancer and Childbirth Registrihas enrolled about 92 pregnant women with breast cancer. This reviewer spoke with the registry director, Dr. Elyce Cardonick, a maternal-fetal-medicine specialist. Dr. Cardonick stated that she has seen cases of borderline oligohydramnios in pregnant women with breast cancer following a round of chemotherapy but additional IV hydration administered with the chemotherapy reversed the process. She has not seen severe oligohydramnios or anhydramnios associated with chemotherap
	DISCUSSION/CONCLUSIONS 
	Herceptin (trastuzumab) is a recombinant lgG humanized monoclonal antibody that binds to the epidermal growth receptor 2. It is effective for the treatment of Her-2 overexpressing metastatic breast cancers as monotherapy and for primary node-positive breast cancers as part of an 
	10 
	10 

	adjuvant chemotherapy regimen. There are nine unique reports ofoligohydrarnnios associated with Herceptin use in pregnancy both in the published literature and post-marketing reports in the AERS database. In four, and possibly five, of these cases, the amniotic fluid volume has recovered following discontinuation of Herceptin therapy. There is one case with both a positive dechallenge and rechallenge. The current label mentions the existence of a limited number of post-marketing cases of oligohydrarnnios an
	Pre-clinical data suggest an important role for epidermal growth factor in renal development. Human renal tubular development continues until 36 weeks gestation. Data from studies in organ culture, where an antibody is used to block the epidermal growth factor receptor, suggest that blocking the EGF receptor may interfere with normal nephron development. It seems scientifically plausible, based on the drug's mechanism of action that Herceptin could potentially increase the likelihood of oligohydrarnnios. 
	Oligohydrarnnios (decreased amniotic fluid volume) and anhydrarnnios (no amniotic fluid), iri the absence ofpremature rupture of membranes, can be related to chronic fetal hypoxia, 
	decreased or absent fetal renal function, poor placental function, and some fetal anomalies. In preterm pregnancies, the presence of oligohydramnios is associated with increased fetal morbidity, which is due in part to an increased risk ofcord compression and due in part to the underlying condition that caused the oligohydrarnnios. 
	At this time, the data are not robust enough to conclude that a clear association exists between the use ofHerceptin during pregnancy and the occurrence of oligohydramnios; however, the data do suggest a possible association that deserves monitoring. Additional data are needed to more clearly define and understand this possible relationship. Ifadditional data further support an association between Herceptin use during pregnancy and oligohydrarnnios, then an attempt should be made to answer the following que
	1. .
	1. .
	1. .
	During which periods of gestation is Herceptin exposure associated with an increased risk ofoligohydrarnnios? 

	2. .
	2. .
	Does the risk vary with the Herceptin dose and frequency of administration? 

	3. .
	3. .
	Does additional IV hydration either at the time of chemotherapy or in between courses of therapy alter the frequency or severity of oligohydramnios? 

	4. .
	4. .
	With reference to the time ofHerceptin administration, when does the AFI decline and when does it recover? 


	Based on a woman's individual disease state and course of progression and on risk/benefit counseling between physician and patient, some women may continue Herceptin when oligohydrarnnios occurs and some may stop. Some women who continue therapy may be delivered depending on the gestational age ofthe fetus and other factors, and some may continue their pregnancy with fetal monitoring and ultrasound examinations. In order to optimize the clinical outcomes for pregnant women with breast cancer and their babie
	11 
	11 

	Herceptin during pregnancy should be monitored for oligohydramnios. Ifand when oligohydramnios occurs, risk/benefit counseling should occur and fetal testing should begin. 
	RECOMMENDATIONS 
	1. .
	1. .
	1. .
	The pregnancy portion of the Herceptin (tratuzumab) label should include information about the known cases of oligohydramnios that occurred with use of Herceptin during pregnancy. 

	2. .
	2. .
	The label should recommend that pregnant women using Herceptin undergo routine obstetrical ultrasound examination following each treatment with Herceptin to screen for oligohydramnios. 

	3. .
	3. .
	Ifoligohydramnios occurs, the obstetrician should begin fetal testing appropriate for the gestational age ofthe fetus and consistent with the standards of care for the community. This testing should continue on a regular basis until one of two conditions is met: 


	a. .
	a. .
	a. .
	Herceptin therapy is discontinued and oligohydramnios resolves 

	b. .
	b. .
	b. .
	Delivery. 



	4. .
	4. .
	4. .
	In cases where the physician and patient decide to continue Herceptin therapy for maternal reasons despite the presence of oligohydramnios, additional intravenous hydration should be considered. With other forms of chemotherapy during pregnancy, transient oligohydramnios has been observed, and extra hydration sometimes mitigates this effect. ·· 

	5. .
	5. .
	Include contact information for the Cancer and Childbirth Registry and encourage enrollment of pregnant patients using Herceptin. 

	6. .
	6. .
	Ifit would be helpful to the Division, the Maternal Health Team would be happy to provide draft language for the pregnancy and lactation portions ofthe label. (Please see Appendix B.) 
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	APPEARS TIIIS WAY ON ORIGINAL .
	Appendix A: Detailed. Summa 
	Table I Casel 
	Table I Casel 
	Table I Casel 
	32 
	----(b)(6J (pre­conception) to (b)(6) (26 weeks gestation) 
	None 
	Recurrent breast cancer at 14 weeks gestation. Started on Herceptin 480 mg IV Q3 weeks. US at about 26 weeks showed oligohydramnios with nonnal fetal growth. Hospitalized for bedrest and corticosteroids. Herceptin stopped the next day. Amniotic fluid increased. Weekly Herceptin resumed. Received one dose Herceptin 480 mg IV at 28 weeks gestation. Delivered one week later. Gestational age information is not completely consistent in MedWatch re ort. 
	By best information, preterrn male infant delivered by cesarean section for breech position and oligohydrarnnios at 29 weeks gestation. Weight=l455g; Apgars 21315. To NICU for respiratory distress and chronic lung disease. Ventilated for 2 weeks. Hospitalized for 3 months for prematurity. 

	Table l Case2 
	Table l Case2 
	38 
	Before pregnancy. Stopped for gestational weeks 7-14. Resumed gestational weeks 14-32. 
	Zoladex 
	Patient treated for metastatic breast CA with Taxotere and Hercptin until July 2003 when pregnancy diagnosed. Borderline decreased amniotic flu id at 28 weeks. Oligohydramnios diagnosed at 32 weeks. Fetal monitoring in hospital. Herceptin stopped. Mother had aestational diabetes and h ertension. 
	Spontaneous labor and normal vaginal delivery at 36.2 weeks. Male infant, 6 lbs, l0 oz., Apgars 8/9. Down's Syndrome. Discharged on 4th day of life. 

	Table 1 Case 3 
	Table 1 Case 3 
	28 
	Herceptin 6 mg/kg Q 3 weeks from (b)( (b) (6) (time of conception/implantation) until 20 weeks gestation 
	None 
	Patient diagnosed with poorly differentiated carcinoma (grade Ill) with perinodal involvement and HER-2/neu positivity. Treated with XRT and 3 cycles doxorubicin and cyclophosphamide and 3 cycles paclotaxel. Started Herceptin near conception. Pregnancy diagnosed at 23 weeks with anhydramnios. Herceptin stopped. Amniotic fluid started to reaccumulate at 25 weeks and was normal 
	Induction oflabor and normal vaginal delivery ofa living female infant at 37.5 weeks gestation (2960 g, Apgars 8/9) Baby had normal renal function and no evidence ofpulmonary hypoplasia. Normal placenta. Baby had normal growth at six months ofage. 

	TR
	at 32 weeks gestation. This case was published. 
	Watson et al (2005). See references. 

	(b)(6) 
	(b)(6) 
	Two years ofHerceptin therapy prior to pregnancy. 
	Pregnancy dillr,"TIOsed and confirmed by US at 17 weeks gestation. Herceptin given at 15 weeks and probably 
	Normal preterro female infant delivered 

	Table I Case4 
	Table I Case4 
	29 
	Herceptin discontinued after dose at about 24 weeks estation 
	None 
	discontinued after treatment at 24 weeks gestation. Borderline low amniotic fluid at 25 weeks gestation roaressed to olinoh dramnios. 
	by cesarean section at 34 weeks gestation. 

	(b)( 
	(b)( 
	Twin pregnancy with oligohydramnios diagnosed at 24 

	Table l Case IO 
	Table l Case IO 
	30 
	Herceptin prior to and throughout pregnancy 
	Possibly vinorelbine 
	weeks gestation. According to the report, there was "evidence that the lungs were nor developing properly" and were considered incompatible with life. Mother had a therapeutic abortion. 
	Therapeutic abortion after 24 weeks gestation. 
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	APPEARS TIIIS WAY ON ORIGINAL .
	Appendix A: Detailed Summa (b)(6) Table I Case 8 Table 1 Case 9 Table I Case 7 26 36 38 Herceptin struted at 27 weeks gestation Herceptin throughout pregnancy Herceptin at 26 and 29 weeks gestation Vinorelbine None Paclitaxel Patient diagnosed and treated for Grade Ill infiltrating ductal carcinoma with positive nodes. She completed treatment with Herceptin, paclitaxel, 5-FU, epirubicin, and cyclophosphamide through a clinical trial. Fourteen months after diagnosis, she presented with right upper quadrant p
	15 .
	15 .

	APPEARS THIS WAY ON ORIGINAL 
	Figure
	Figure
	Sect
	Figure
	Figure
	Figure

	Figure
	Patient diagnosed with multifocal grade 2 invasive ductal adenocarcinoma ofthe right breast with two offive nodes positive. Estrogen and progesterone receptor negative. Her-2/neu positive. Had been trying to conceive. 
	Spontaneous vaginal delivery ofa
	Spontaneous vaginal delivery ofa
	Spontaneous vaginal delivery ofa
	Spontaneous vaginal delivery ofa
	Spontaneous vaginal delivery ofa
	Spontaneous vaginal delivery ofa
	J Clin 

	Treated with four cycles ofepirubicin followed by four 

	healthy female infant at full term. No 

	One 

	complications.

	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	cycles ofcyclophosphamide, methotrexate, and 5-FU
	3.5 weeks and 3 days prior

	01/10/06 

	None 

	over six months. Due to incomplete excision and strong

	30 

	to conception 

	family history ofbreast CA, had a bilateral mastectomy 

	Table 1 

	Waterston and Graham (2006). See 

	followed by radiotherapy to the right chest wall. Enrolled 

	Case 11 


	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	references. trastuzumab treatment every three weeks. Had a positive pregnancy test before third treatment cycle. Conceived three da s after second dose. Withdrew from trial. Patient diagnosed with Her-2/neu positive breast cancer during her first pregnancy. She underwent radical mastectomy and therapeutic abortion. Treated with paclitaxel and carboplatin. Six months after completing chemotherapy, diagnosed with lung metastases. Treated with paclitaxel, carboplatin, and trastuzumab. Eighteen 
	in Herceptin Adjuvant trial (HERA) and randomized to 

	Cesarean delivery (for breech

	Reprod 

	months later had a single brain metastasis treated with 

	presentation) ofa healthy female infant 

	Tox 

	surgery and radiation. After one year ofongoing
	surgery and radiation. After one year ofongoing
	Throughout pregnancy 
	Throughout pregnancy 
	Throughout pregnancy 
	Throughout pregnancy 
	Throughout pregnancy 
	Throughout pregnancy 
	Throughout pregnancy 
	at 37 weeks gestation. Normal

	06/07 

	32 

	None 

	treatment with trastuzumab alone and no recWTence, the 

	placental pathology without metastases. 


	until 24 weeks gestation 
	until 24 weeks gestation 
	until 24 weeks gestation 
	patient presented with a five week viable pregnancy. 


	Table l 
	Table l 
	Table l 
	Treatment was continued and the pregnancy progressed 

	Sbrim et al (20007). See references. 

	Case 5 
	Case 5 
	nonnally until trans-thoracic echocardiography revealed an asymptomatic mild low ejection fraction at 18 weeks. Fetal growth and anatomical survey were nonnaL Repeat maternal echo at 24 weeks was unchanged but trstuzumab was discontinued. Fetal US at 25 weeks gestation showed normal rowth, AFI, and BPP. 

	16 
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	APPEARS TIIIS WAY ON ORIGINAL Appendix A: Detailed Summa 17 
	Cesarean delivery for breech presentation at 362/7 weeks due to maternal disease state. Small amount of clear amniotic fluid at delivery. Living male infant, 2230 g, Apgars 7/9. Normal neonatal urine output. No complications. 
	Sekar and Stone (2007). See references. 
	Obstet Gynecol 08/07 
	28 .
	28 .
	23, 26, and 27 weeks gestation 

	(Australia) Patient was diagnosed with left infiltrating 
	ductal carcinoma, grade 2, stage T2N2MO in CbH6) 
	..She had a radical mastectomy and lymphadenectomy with I 8 of I 8 nodes positive. The tumor was E/P receptor negative and human epidermal growth factor 2 (Her-2/neu) positive. She was treated with chemotherapy and radiotherapy. At 20 weeks gestation, MRI revealed brachia) plexus and pulmonary metastases. She was treated with three cycles of 
	Docetaxel docetaxel and trastuzumab at 23, 26, and 27 weeks gestation. A fetal ultrasound was done at 30 weeks for clinical suspicion offetal growth restriction. The ultrasound showed fetal growth measurements at <5h 
	1

	. percentile consistent with IUGR and anhydramnios. Chemotherapy was held until after delivery. Two doses ofbetamethasone were given for fetal lung maturation in case delivery was needed. At 33 weeks, amniotic fluid was reaccumulating. Due to the patient's advanced disease state, she was delivered at 36 weeks. 
	Appendix B: Proposed Changes to Current Pregnancy Labeling Language 
	Suggested deletions are indicated with strikeouts, and suggested insertions are indicated with an underline. 
	(bT@l 
	(bT@l 
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	Cl 

	Memorandum 
	Memorandum 

	Date: 
	Date: 
	Date: 
	June 12, 2006 

	From: 
	From: 
	Monica Hughes, M.S.; DBOP!OODP!CDER 

	Subject: 
	Subject: 
	Meeting Minutes to IND 4517 (Prior to the meeting, draft FDA comments to Genentech's questions were provided by facsimile on May 31, 2006). These· final meeting minutes incorporate the draft comments and additional discussion from the meeting. 


	Meeting Type: Type B 
	Meeting Category: Pre-sBLA, IND 4517 
	Meeting Date and Time: May 31, 2006: l :30PM-3:00PM EST 
	Meeting Format: Teleconference Product: Trastuzumab [Humanized Monoclonal Antibody (Oenentech) p185HER2/neu] Meeting Requestor/Sponsor: Genentech, Incorporated 
	Background: Genentech submitted an sBLA in February 2006, which is currently under . Agency review, and included a joint analysis ofdata from 2 NCI cooperative group studies (NSABP B-31 and NCCTG N9831) to support a labeling change to the indication statement to include the use of Herceptin, as an adjunct to chemotherapy (sequential doxorubicin plus cyclopbosphamide followed by paclitaxel) for the post-surgical adjuvant treatment ofHER-2 overexpressing, node-positive or high-risk node-negative, breast cance
	Oenentech is proposing to file a separate sBLA to expand the Herceptin label in support of additional adj.uvant chemotherapy regimens, initiatedconcurrently withchemother.apy o.r following the completion of chemotherapy. Phannacokinetic data from the HERA trial and two other studies conducted in patients with metastatic breast cancer (BO 15935, and WO16229) are intended to support the addition ofevery-3-week dosing (following completion of adjuvant chemotherapy) to the dosage and administration section ofth
	r 

	May 31, 2006: IND 4517 Teleconference with Genentech, Inc. 
	BCIRG.006 was a large, international, randomized trial comparing three adjuvant treatment strategies in patients with HER2-positive, early-stage breast cancer who were either node-positive or high-risk node-negative: · 
	(1) .
	(1) .
	(1) .
	AC-+T (four cycles ofAC followed by four cycles of docetaxel at 100mg/m); 
	2


	(2) .
	(2) .
	AC-+TH (same chemotherapy regimen with the addition of 52 weeks ofHerceptin starting concurrently with docetaxel and continuing as monotherapy); and 

	(3) .
	(3) .
	TCH (six cycles ofdocetaxel at 75mg/mand carboplatin at an AUC of6mg/mL/min every 3 weeks concurrently with Herceptin, followed by Herceptin monotherapy). 
	2 



	Patients were enrolled based on HER2 positivity determined by FISH at one oftwo designated central laboratories. Herceptin was administered weekly concurrently with chemotherapy and then every 3 weeks (6 mg/kg Q3W) in the monotherapy portion ofthe study for a total of 52 weeks. BCIRG.006 was conducted by Sanofi-Aventis under IND 35,555. The study was activated on December 29; 2000, with the protocols and subsequent amendments also being submitted to Genentech's IND 4517 as BCIRG.006 is being used to fulfill
	HERA (study B016348) was an international, multi-center, randomized, three arm trial comparing 1 year and 2 years ofHerceptin versus observation alone in women with HER2­positive, operable breast cancer who were either node-negative or node-positive and who have completed definitive surgery, radiotherapy (if indicated), and at least four cycles ofan acceptable (neo-) adjuvant chemotherapy regimen. Patients were enrolled based on HER2 positivity (ICH 3+ or FISH+) as determined by a central laboratory. Hercep
	Meeting Purpose: The purpose ofthis meeting is to gain Agency agreement on the proposed plan for the submission of an sBLA to expand the Trastuzumab (Herceptin) label in support of multiple (adjuvant) chemotherapy regimens and to support a dosing schedule of once every three weeks in the dosage and administration section ofthe Trastuzumab (Herceptin) label based on data from the HERA andHCIRG;OOfrtria:ls: 
	2 .
	2 .

	May 31, 2006: IND 4517 Teleconference with Genentech, Inc. 
	Sponsor Submitted Questions and FDA Response: 
	QUESTIONS: 
	1. · .a. Does the Agency agree that the proposed content for this filing is acceptable? 
	FDA RESPONSE FAXED ON 5-31-06: Yes. FDA acknowledges that the sBLA will contain the following in a fully electronic eCTD submission: 
	• .
	• .
	• .
	Clinical study reports for HERA, BCIRG.006, B015935, and W016229, 

	• .
	• .
	Patient narratives for HERA and BCIRG.006 which will inchide (all deaths, secondary malignancies, suspected symptomatic cardiac events, pneumonitis, discontinuation ofstudy treatment as a result of an adverse event, and adverse events that occur at an increased incidence and/or severity relative to the current Taxotere or Herceptin label), 

	• .
	• .
	CRFs for patients with narratives for HERA and BCIRG.006; and, 

	• .
	• .
	Raw SAS datasets (with accompanying documentation) for HERA and BCIRG.006, including PK data for patients in the HERA PK substudy. 


	·Derived datasets (with accompanying documentation) for HERA and BCIRG.006, as well as the programs that created the derived datasets. Raw datasets (with accompanying documentation) for B015935 and W016229. 
	DISCUSSION DURING TELECONFERENCE: Genentech agreed. No 
	discussion was needed. 
	discussion was needed. 

	b. .In particular, does the existing HERA clinical study report meet the Agency's requirement for review? 
	FDA RESPONSE FAXED ON 5-31-06: No. FDA is requesting that safety data, including survival data, from Arm 3 be submitted in the sBLA for the context of a safety review. In addition, FDA is requesting that all HERA related DMC minutes are included in the original sBLA submission, including the DMC meeting noting that the interim results of the 2-year Herceptin arm should not be disclosed at this time. 
	DISCUSSION DURING TELECONFERENCE: Genentech cannot commit to provide this data but did commit to request the data from t~e DMC and to ask the 
	3 
	3 

	May 31, 2006; IND 4517 Teleconference with Genentech, Inc. 
	DMC to put in writing ifthey refuse to provide the data acknowledging that the request.originated from the U.S. FDA. 
	Genentech agreed to provide the DMC recommendations to FDA. Genentech 
	also agreed to request the DMC minutes; ifthe minutes are not provided, . 
	Genentech agreed to provide a written response to the FDA indicating that the 
	study chair refuses to provide the minutes as requested by the U.S: FDA. 
	c. 
	C6fC4I
	C6fC4I

	FDA RESPONSE FAXED ON 5-31-06: 
	DISCUSSION DURING TELECONFERENCE: Genentech agreed. No Wa$ needed. 
	discussion 

	2. Does the Agency agree with FDA RESPONSE FAXED ON 5-31-06: No. 
	To investigate safety. and efficacy of Herceptin and .the risk factors for cardiotoxicity and adequacy ofmonitoring for cardiotoxicity in. the following settings: In a popul.ation who recently received anthracyclines and/or in p9pulation in which Herceptin is administered concurrently with anthracycline therapy (e.g., NCI-sponsored study ofHerceptin + Doxil or Herceptin +prolonged infusion of doxorubicin; In population not previously treated with anthracydines (e.g., possible collaborative group adjuvant st
	taxane/Herceptin regimen in anthracycline naive patients). 
	The fulfillment-of the PMC will be·determined upon review of alldata neeessary to address the commitment. Submission ofdata addressing a portion ofthe PMC may·be provided in PMC correspondence. Alternatively, all the data may be provided in a single final study report. You may wish to ·submit a request to replace PMC 6 with separate commitments addre~sing specific portions ofthe commitment in a final study report. 
	4 .
	4 .

	May 31, 2006: IND 4517 Teleconference with Genentech, Inc. 
	DISCUSSION DURING .TELECONFERENCE: An agreement was not reached during this discussion. Both FDA and Genentech agreed to schedule a follow up teleconference to discuss the fulfillment ofPMC #6. · 
	. .. 
	Genentech commented on a July 2005, teleconference, with FDA in which they agreed to provide the data available for Hl995g up until the study was closed, along with data from NSABP-B3 l, NCCTG N983 l, BCJRG 006, and Ht 995g to fulfill PMC #6. FDA agreed to review the administrative record and discuss with Genentech at a future teleconference. 
	FDA noted that the review ofefficacy supplements (6 or 10 months) and the review of final study reports (12 months) have different review time clocks and noted that ultimately they will be addressed under separate timelines, 
	3. .We would like to request Agency feedback as to whether the efficacy and safety daia supplied with this proposed sBLA will support the use ofHerceptin with a variety of chemotherapy regimens in the adjuvant setting? 
	FDA RESPONSE FAXED ON 5-31-06; No. From t11~ information provided, FDA 
	notes the following: 
	• .
	• .
	• .
	BCIRG.006 trial is designed to support a claim ofAC followed by Taxotere in_ combination with weekly Herceptin for 12 weeks followed by Herceptin alone every 3 weeks for a maximum of 52·weeks and 

	• .
	• .
	BCIR0.006 may also support a claim ofDocetaxel in combination with Carboplatin with weekly Herceptin for 18 weeks followed by Herceptin alone every 3 weeks for a maximum duration of 52 weeks 

	• .
	• .
	I IERA trial is designed to support a claim for anthracycline based chemotherapy followed sequentially by 52 weeks ofHerceptin given as every 3 week administration. 


	DISCUSSION DURING TELECONFERENCE: Oeneotech agreed they were requesting the claims outlined in bullets 1..:3 above. 
	FDA noted that bullets 1 and 2 above will not support .
	FDA noted that bullets 1 and 2 above will not support .
	i) 
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	May 31, 2006: IND 4517 Teleconference with Genentech, Inc. 
	FDA stated that 3 supplements with 3 separate user fees will be required for the claims 
	described above (bullets 1-3 consistiilg of2 supplements for the BCIRG 006-basedclaims 
	and 1 supplement for the HERA-based claim). FDA stated that one ofthe BCIRG 006 · 
	supplements could cross-reference the data in the other BCIRG 006 supplement. · 
	Genentech proposed and FDA agreed that no ISS or ISE would be included in module 2. 
	Genentech stated that they will discuss this with their upper management. FDA offered a 
	follow up teleconference with members ofGenentech upper management and CDER's 
	Office ofRegulatory Policy ifclarification is needed regarding the need for 3 separate 
	supplements and user fees. 
	4. .We would like to request Agency feedback as to whether the efficacy, safety, and pharmacokinetic data supplied with the proposed sBLA will support the proposed change to the Herceptin dosing schedule? 
	FDA RESPONSE FAXED ON 5-31-06: Inclusion ofthe new dosing schedule will be dependent on confirmation that .the safety and efficacy data are compelling in studies which employ this dosing schedule. Ifthe studies support labeling extension based upon demonstration ofefficacy and safety, based on the summary ofpharmacokinetics from the PK-substudy ofthe HERA trial provided in the April 28, 2006, meeting briefing package, these data may be appropriate for inclusion in the Pharmacokinetics section of the Hercept
	DISCUSSION DURING TELECONFERENCE: Genentech agreed. 
	FDA RESPONSE FAXED ON 5-31-06: FDA requests that Genentech clarify the role ofthe pharmacokinetic data in BO 15935~ and WO 16229 it?-support of specific labeling claims. 
	DISCUSSION .DURING TELECONFERENCE: Genentech stated they do not intend to put this inforniation in the package insert in either the clinical pharmacology or dosage and administration section. 
	FDA requested that Genentech submit the toxicology data for the HERA PK substudy and PK subsets from the. metastatic disease setting. Genentech agreed and stated that it would be possible to link this data to HERA study. Genentech also ~greed to provide complete datasets and study reports for BO 15935 and W016229. 
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	May 31, 2006: IND 4517 Teleconference with Genentech, Inc. 
	FDA RESPONSE FAXED ON 5-31-06: Please provide a separate pharmacokinetic 
	study report and detailed dataset from clinical studies assessing the pharmacokinetic 
	profile ofHerceptin with 4 mg/kg loading dose and 2 mg/kg weekly doses in conjunction 
	with docetaxol, including analyses assessing for evidence of drug-drug interactions. 
	DISCUSSION DURING TELECONFERENCE: Genentech stated that data from 16 
	patients in a Japanese study is available to address this request. The data available 
	include PK data froin 10 patients and would address Herceptin and docetaxol drug-drug 
	interactions. Genentech agreed to provide a final study report and dataset translated in 
	English, to FDA. 
	5. .Does the Agency agree with the proposed submission ofsafety data for the sBLA? 
	FDA RESPONSE FAXED ON 5-31-06: No, FDA does not agree. Genentech must submit arm 3 ofthe HERA trial in order to allow FDA to adequately assess safety concerns. 
	DISCUSSION DURING TELECONFERENCE: This was discussed and captured 
	under 1 b above. 
	6. .Does the Agency agree with the proposed submission ofCase Report Forms, financial disclosure information, datasets, and statistical programs? 
	FDA RESPONSE FAXED ON 5-31-06: Yes, FDA agrees. 
	DISCUSSION DURING TELECONFERENCE: No discussion occurred. 
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	May 31, 2006: IND 4517 Teleconference with Genentech, Inc. 
	Summary: 
	7. .
	7. .
	7. .
	Genentech and FDA agreed to follow up on question 4. FDA agreed to review the administrative record for discussions in July 2005 and to have a follow up teleconference to discuss PMC #6. 

	8. .
	8. .
	Genentech agreed to request both the DMC to release the interim data for the 2-year Herceptin arm to the U.S. FDA along with the DMC minutes. Genentech agreed that if the HERA steering committee refuses either request, Genentech will provide correspondence stating, in writing, that the HERA steering committee and/or the DMC refuses to provide this information to the FDA. FDA agreed that ifthe DMC refuses these requests, that the final study report is acceptable provided there is written FDA. 
	documentation that the HERA steering committee refused.to provide data to the U.S. 


	9. .
	9. .
	Genentech agreed to discuss the number of supplements and claims with upper management and get back to the FDA if further clarification was needed. 

	10. .
	10. .
	Genentech agreed to provide all PK data (including final study reports and datasets) for the Japanese study discussed, along with BO 15935 and W016229, and the HERA PK substudy to both the HERA and BCIRG 006 supplements. 
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	May 31, 2006: IND 4517 Teleconference with Genentech, Inc. 
	Attendees: 
	FDA Attendees: 
	Monica Hughes, M.S. .Karen Jones .Patricia Keegan, M.D. .Kaushikkumar Shastri, M.D. .Lydia Martynec, M.D. .Laura (Hong) Lu, Ph.D. .Iftekar Mahmood, Ph.D. .Nam Atiqur Rahman, Ph.D. .
	Genentech Attendees: 
	David Allison .Nancy Boman .Cheryl Jones .Jacqueline Lackey .
	Paul Pisacane .Josina Reddy .James Reimann .Leonard Reyno .Chang-Heok Soh .Li Zheng .
	Other Participants: .Diane Louie, Sanofi-Aventis .
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