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NDA 20-637

*Guilford Pharmacauticals Inc.
Attention: Ross S. Laderman
6611 Tributary Strest
Baltimore, Maryland 21224

Dear Mr. Luderman:

Plaase refor to your February 8, 19968 new drug application submitted unde:
saction 506(b) of the Federal Food, Drug, and Cosmatic Act for Gliadel Wafar
{politeprosan 20 with carmustine implant).

We acknowledge recaipt of your amandmaents dated March 13, 28, 28, April
24, May 6, 7, 8, 17, 30, June 21, 24, 27, July 11, 17, 19, 29, 30, 31,
August 8, 9, 13, 28, 27, 29, September 4 and 18, 19986,

This new drug application provides for Gliade! for use as an adjunct to surgery
to prolong survival in patients with recurrent glioblastoma multiforme for whomn
surgical resection is indicated.

We hava completed the raview of this application, including the submitted
draft labeling, and have concluded that adequate information has been
presented to demonstrate that the drug product is safe and etfectiva for use as
recommanded In the enclosed marked-up draft labeling. Accordingly, the
application is approved effactive on the date of thia letter,

The final printed labeling (FPL) must be identical to the enclosed mearked-up
draft labsling. Marketing tha product with FPL that is not identical to this draft
labeling may render the product misbran led and an unapproved new drug.

Please submit sixteen copies of the FPL as econ as it is available, in no case
more than 30 days after it is printed. Plesse Individually mount ten of the
coples on heavy weight paper or simile  maerial. For adminiatrative purposes
this submission should be designated "FINAL PRINTED LABELING" for approved
NDA 20-637. Approval of this submics ~n by FDA is not required before the
labeling is used,

Should additionai information reiat.~3 to the safety and effectiveness of the
drug become avallable, revisios 7 that labeling may be required.
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Wea remind you of your Phase 4 commitments apecified in your submiasion:
dated Auguat 27, 1996 and September 4, 1986, These commitmaents, along
with any completion datos agreed upon, are listed helow. Protocols, data, and
final reports should be submitted to your IND for this product and a copy of the
covar letter aant to this NDA. Should an IND not be required to meet your
Phase 4 commitments, please submit protocol, data, and final reports to this
NDA as correspondences. For administrative purposas, all submissions,
including labseling supplements, relating to these Phase 4 commitments must be
clearly designated "Phase 4 Commitments.”

in addition, please submit threc copies of the intraductory promotional material
that you propcse to usae for this product, All proposed materiale should be
submitted in draft or mock-up form, not final print. Please submit one copy to
the Division of Oncology Drug Products and two copies of both the promotional
material and the package insart diroctly to:

rood and Drug Administration

Division »f Drug Marketing, Advertising and Communications,
HFD-40

6600 Fishers Lano

Rockville, Maryland 20857

Validation of the regulatory methodes has not been completed, At the present
time, It is the polioy of the Center nnt to withhold approval because the
methods are being valideted. Nevertheless, we expect your continued
cooperation to resolve any probisms that may be identified.

Pleass submit one market packaga of the drug when it is available.
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We remind you that you must comply with the requirements for an approved
NDA set forth under 21 CFR 314.80 and 314.81.

If you have any questions, please contact:

Paul Zimmerman
Consumaear Safaty Officor
(301) b94-5776

Sincarely yours,

(Z@nf/a*c(%

Robort Temple, M.D.

Director

Office of Drug Evaluation |

Center for Drug Evaluation and Research

ENCLOSURE
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NDA 20-637

Gultord Pharmaceuticals Ine,
6611 Tributary Street
Balumoro, Maryland 21224

4. tention: Ross $. Laderman
Vice Prasident, Regulatory Affairs

Dear Mr. Laderman:

We have received your new drug application submitted under section 505(b) of
the Federal Food, Drug, and Cosmatic act f© the following:

Name of Drug Product: GLIADEL Wafer (polifeprosan 20 with carmustine)
Therapeutic Classification: P

Date of Application: Fabruary 6, 1996

Date of Raceipt: February 7, 1996

Our Refareance Number: NDA 20-637

Linless we notify you within 60 days of our receipt date that the application is
not sufficiently camplete to permit a substantive review, this application will be
filed under section 505(b) cf the Act on April 7, 1996 in accordance with 21
CFR 314.101(a).

Under 21 CFR 314.102(c) and in accordance with the policy described in the
Center's Staff Manual Guide 4820.6, you may request an informal conference
with this division (to be held approximately 90 days from the above receipt
date) for a brief report on the status of the review but not on the application's
ultimate approvability. Please request the mesting at least 15 days in advance.
Alternatively, you may choose to receive such a report by telephone.

Should you wish a conference, a telephone report or if you have any questions
concerning this NDA, pleass contact:

Paul F. Zimmerman
Project Manager
(301) 5694-5775
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The NDA number listed above should be referenced at the top of the first page
of any communications concerning this application,

Sinceialy yours,

i et 21776

Dotti Pease

Chief, Project Management Staff
Division of Oncology Drug Products
Office of Drug Evaluation |

Center for Drug Evaluation and Research




NDA 20-637
Page J

cc:
Original NDA

HFD-150/div. file
HFD-151/PZimmerman/2-12-96

R/D init. by: DPease/2-14-96

F/T by PZimmerman/2-15-96 '/..«// ﬁr "
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Ross S, Laderman
Vice Dyeadent, Repuiarony Ao

February 6, 1996

VIA MESSENGER

Robert Delaap, M.D., Ph.D.

Acting Director

Division of Oncologic Drug Products (HFD-150)
Center for Drug Kvaluation and Research

/o CENTRAL DOCUMENT ROOM

Food and Drug Administration

Park Building, Room 214

12420 Parklawn Drive

Rockville, Marviand 20852

RE: New Drug Application #20,637
GLIADEL® Wafer (polifeprosan 20 with carmustine)
User Fee 1.1). 2833
User Foe Waiver Filea WR-96-002, SBE-96-001
Orphan Drug Designation #88-24-370-6

Dear Dr. DelLap:

Guilford Pharmaceuticals Inc, is pleased to submit this New Drug Application,
NDA #20,637 for GLIADEL* Wafer (polifeprosan 20 with carmustine). The Food
and rug Administration has previously granted s waiver of user fees aus
documented in the attached Septembor 26, 1995 letter to Guilford
Pharmaceuticals (pp. 4-7) from Amanda Pedersen, FDA’s Chief Mediator and
Ombudsman. FDA has assigned user fee 1.I). #2833 (p. 8) to this application.
GLIADEL" is also the subject of an approved orphun drug designation. Sec the
attached December 13, 1989 letter from Dr. Marlene Haffner (p. 9).

Submitted with this NDA is a8 CANDA designed to accommouate the requests of
the medical reviewer (Dr. Grant Williums) and the reviewing statiatician

(Dr. Sue Jane Wang), installed in two lap top computers on loan to FDA from
Guilford. A manual accompanies each of these lap top computers and is also
contained in the NDA. The text of the NDA hard copy wil' be submitted on
disk shortly. It will contain all information to the extent possible in clectronic
format.

6611 Trbutary Streer * Balumore, Marnvhind 21234 @ gl pdt o e (3106316338 Fay




Robert Delaap, MDD, Ph.D,
February 6, 1996
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Also attachod to this letter is a duplicate copy ( also contained in Section 4 and
elsewhere in the New Drug Application) of the product outer pouch fabel and
carton label for GLIADEL™ Wafer (pp. 10-12). We request early review and
comment on these labels to permit Guilford to build an  inventory of GLIADIE!S
wafers for timely distribution of the product after FDA approval of the NDA
This is important because the pouch label must be applied prior to packaging,
sterilization and release of the product to avoid damage to the product by
application of labels following packaging and sterilization. FDA's early review
and comment on these labels will help to assure the availabadity of the product
in a timely fashion following FDA approval,

The last attachment to this letter 8 a listing of all relevant patent inlormation
an (;lllAl)l‘;lqh (}) 13),

GLIADEL® is a biodegradable polyanhydride polymer containing BECNU, with o
proposed label indication for use as an adjunct to surgery to prolong survival in
putients with a malignant glioma. At the time of surgical resasction of the bruin
tumor, up to eight wafers are implanted and provide high local concentrations of
BCNU directly to the tumor site with sustained reloase over a throuv-week
period.  This product provides significantly greater levels of BCNU to the tumor
site than are possible with the currently approved systemic therapy.

This NDA contains reports of the five clinical studies conducted in a total of 337
patients worldwide, Of these five studies, two Phase III, doub'+-blind, placebo-
controlled, randomized trials were conducted. Four of the five studies were
conducted in North America under the provisions of the IND The first
of these, study 8701, was a dose-ranging protocol conducted in patients who had
undergone prior surgery for grade Il or IV astrocytoma. The second of the IND
studies was a Phase 111 multi-center, randomized, placebo-controlled study (study
8802) in patients with recurrent malignant glioma. The third of the IND
studies, protocol 9003, was an uncontrolled study conducted to evaluate the
safety of GLIADELY in patients with newly-diagnosed malignant gliomua. The
last IND study, protocol 9115, wau designed to continue enrollment of patients
with recurrent malignant glioma after enrollment in study 8802 had been
completed.




Robert Delap, M., Ph.D.
IFebruary 6, 1996
Page Three

The fifth clinical study submitted with this NDA was conducted in Finland and
Norway and is the second of the two Phase 111, double-blind, plucebo-controlled,
randomized triala conducted with GLIADEL’, this one to determine the safety
nnd efficacy of GLIADEL in patients newly diagnosed as having malignnt
glioma. This Eurepean atudy was conducted ancillary to the IND. It is our
view that the clinical studies support the use of GLIADEL in the treatment of
both initially dingnosed mahgnant glioma and recurrent malignant glioma,

The production of GLIADEL" wafers tukes place in Guilford's own recently
constructed clean room containment manufucturing facility und conforms to
provisions of Good Manufacturing Practice regula.ions. This facility was
designed specifically for, and is dedicated to, CLIADEL wafer production. 1t was
inspected recently by a tcam from FDA's Baltimore District Office in conjunction
with the submission of our treatment protocol. GLIADEL" wafers are currently
being manufactured and distributed pursuant to the provisions of the existing
treatment protocol, We will provide a copy of the Chemistry, Manufacturing and
Controls section of the NDA to FDA's Baltimore District Office.

We are most appreciative of the interactions we have had with FDA during the
development of this New Drug Application and have strived to assure that its
content i8 responsive Lo the guidance and comments we have received from FDA
in the past. We also appreciate the accelerated review process which has been
proposed for this NDA, and we are ready to ussist FDA in any manner possible
during and after the course of that review process. Please do not hesitate to
contact Louise Peltier, Director of Regulatory Affairs at (410)631-63566 or me at
(410)631-6306 or either of us by fax at (410)631-6338. We look forward to
continuing work with the Division of Oncologic Drug Products both with this
NDA and with additional clinica! studies that we have proposed and will
propose for this product. Should you have any immediate questions or concerns,
please do not hesitate to contact us at any time.

Sincerely,

}‘v(t)zz , /j I,

Ross S. Lad
Vice President,
Regulatory Affairs

Attachments
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FOOD AND DRLG ADMING TRATIGN FOR FDA LSE ONLY

APPLICATION TO MARKET A NEW DRUG FOR HUMAN USE | 0ATF RECENVED DATE FiLED
OR AN ANTIBIOTIC DRUG FOR HUMAN USE

Mbﬁ ASS GNED NDAANDA 7\()”\55
(Tale 21. Cade of Federal Regulations, 31 4i

NOTE: %o application mav be Bled unkess & compleied applic suon form has bean received 121 CFR Pan i14)

NAME OF APRUCANT DATE OF & UBMB 5 0%
2/6/96

Guti ) .
{1ford Pharmaceuticals Inc. TELEPHONE NO. (heids Aren Colr

ADORES S (Numbe-. Swret, Cty, S ie and ZIP Coder (410)631-6300
) s NEW DRUG OR ANTRIOTIC APPLITATINN
6611 Tributary Street NUMBER (Fprvviowh i1ued)

Baltili:ore. erryrlnnd 21?274 7 7 20-637

DRLG PROIRCT

ES TABLE HED NAME /¢.5.. USPAUSAN) PROPRIETARY NAME fany)

Polifeprosan 20 with Carmustine GLLADELR Wafer

CODE NAME (J any) CHEMICAL NAME
7 Poly(blis(p~carboxyphenoxy) propane:sebacic acid
GPI-100 20:80) with 1,3-bis(2-chloroethyl)-l-nitrosourea

DOS AGE RORM ROUTE OF ADMING TRATIN S TRENCGTHS (3)

3.85% BCNU

Waf gical Im
er Surgical Implant 7.7 mg BCNU/wa

FROPCGE ED INDICATIONS FOR USE

GLIADEL is indicated for use as an adjunct to surgery to prolong survival in
patients with a malignant glioma.

LT NUMRERS OF ALL INVEA TDATDNAL NEW DRUC APPLICATIONS (37 CFR Part J13), NEW DRUG OR ANTRIOTEC APPLICATIONS (2] CFR Pert 114), AND DRUG
MAS TER FILES (71 CFR 314.428) REFERRED TO N THE APPLICATION:

IND JLIADEL Wafer, Guilford Pharmaceuticals Inc., Baltimore, MD
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NAME OF DRLG HOLDER OF APPROVED APPLICATION
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X 10. Statistical ssction (21 CFR 314 .30 (d) (8))
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15, OTHER (Specpy)
X Bpech Waiver of User Fea, (CANDA
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| with all isws and mgulasions (hat apply © approved appiications, 1neluling the following:

1. Good manulscturiag prcuos mgulasans in 21 CFR 210 and 211,

1, latwlig mguissons in 21 CMR 201.

3. In the caas of & prmscapion drug produst, pescapon drug advenising mguisioms (n 31 CMR 202,

4, Regulstions on making ehanges in spplication In21 CFR 314.70, 31471, and 314.72.

5. Regulations on mpons inl! CPR 314.80 and 314.81.

6. Llocal, saw and Pederal snvipams nial impact laws,
¥ tis applicntion applies 1 a drug product that DA has propos ¢d for scheduling under the Contolled Substances Act | agms 0ot 10 marksi the
produc L unti! e Drug Enfomement Admnstaton makes o im! sehedulirg decision.

NAMD OF RS PONS BLE OFFICKLGR AGENT LOR AGBNT DATE
Rosy S. Laderman 2/6/96
P Aidaen :
[ ADORESS Swwer, Coy. Suan. 2P Cods
6611 Tributary Street
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1y
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Food and Dtug Aaminutratan

) Rockville MD 20887
December 13, 1989

Nova Pharmaceutical Corporation
6200 Freeport Centre
faltimore, Maryland 21224-2788

Attention: Stephen J. Rochelle )
Manager, Drug Regulatory Affairs

Dear Mr. Rochelle:
Reference is made to the application of March 24, 1989 and to
your amendment of June 14, 1989 submitted pursuant to section 526
of the TFederal rood, Drug, and Cosmeti Aae(rrucal (31 v.s.C,
J60bb) for the desigration of Biodel’™ gontaining BCNU (a
biodegradable polymer lmplant containing carmustine) as an orphan
drug.

Congratulations on obtaining your orphan drug designation. We
have completed our review of the information submitted in
accordance with the Focod and Drug Adainistration Interinm
Guideline implementi section 8526 of the FFDCA and have
determined that Biodel™ containing BCNU qualifies for orphan
designation for the localized placement in the brain for the
treatment of ;QourrongH-nliiqgnt”gllana. Please refer to this
lettar as offi61WI notification of designation.

Prior to marketing approval, sponsors o©f drugs that have been
designated as orphan drugs are requested to subait written
notification to the Office of Orphan Products Development of
their intention to exercise orphan drug exclusivity if they are
the first sponsor to obtain such approval for the drug. This
notification will assist FDA in assuring that approval for the
marketing of the same drug is not granted to another for the
statutory period of exclusivity. In addition, please inform this
office annually as to the status of the development program, and
at such time as a marketing application is submitted to the FDA
for the use of Biodel containing BCNU as designated. If you
need further assistance in the development of your product for
marketing, please feel free to contact Dr. Richard Bertin at
(301) 443-490).

Sincerely yours,

4

Harlono’t.'ﬁl ﬁir. M.D.
Director, Office of Orphan
Products Development (KHF-13)
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Koss S, Laderman _
Vice President, Regulatory Affair

August 2, 1996
VIA FEDERAL EXPRESS

Mi. Paul Zimmerman

Consumer Safety Officer

Division of Oncologic Drug Products (HFD 150)
Atta;: Third Floor Document Room

Center for Drug Evaluation and Research

Food and Drug Administration

1451 Rockille Pike

Rockville, MD 20852

RE: NDA 20-637
GLIADFL® Wafer (polifeprosan 20 with carmustine implant)
General Corraspondence - Debarment Certification

Dear Mr. Zimmerman:

Reference s made to Leslie Vaccari's telefax of July 29, 1996 which transmitted Dr. Ralunan's
hiopharruaceutics review commenta on the refmenced NDA. These comments included a requost
(iten #3) that we submit a Debarment Certification for NDA 20-637 as soon as possiblu.
Accordingly, attached is our Debarment Certification statement hased upon review of the June
19, 1996 debarment list prepared by FDA's Office of Enforcement, Divinon of Compliance

Polioy.
Should you have any questions relating to this Debarment Certification, please feel free to
contact me at any time.

Simj‘

Ross S. Laderm

Vice President,

Regulatory Affairs

Attachment

cc: Laslie Vaccan (via telefax on 8/2/96)

6611 Tributasy Strear © Baltimore, Maryland 21224~ (410) 631-630G * (410) 631-6338 Fax



LR 53 Bl [ Y] I PR S N

ULLFORD ¥

JHARMACEUTICALS

GLIADFEIL.® Wafer
NDA 20-637

DEBARMENT CERTIFICATION

Pursuant to Section 306(k)(1) of the Federal Food, Drug and Coametic Act, Guilford
Pharmaceuticals Inc. certifies that, to the best of its knowledge and belief, the services of any
person listed pursuant to Section 306(e) of the Act, as debarred under Sections 306(a) or 306(b)

of the Act, were not used and will not be used in any capacity in connection with this New Drug

Application.

@4&/-?  Aupust2,1996
Ross S. Laderm Date
Vice President,

Regulatory Affairs

6611 Triburaty Street o Balumore, Maryland 21224 © (410) 631.6300 * (410) 631.6338 Fax



Study CL-0190

Site 01

Site 02;

Site 03:

Site 04:

The reviewing medical officer for this application is Dr. Alison Nartin (694-5783).

Simo Valtonen, M.D. 9 patients

Turky University Central Hospital (Dept of Neurosurgery)
S5F-20520 Turku

Finland

Timo Kuwrne, M.D. 5 patients
Tampere University Hospital (Dept of Neurosurgery)
SF-33620 Tampere

Fintand

Olavi Heishanen, M.D. 9 patients
Dr. Leena Kivipelto, M.D.

Helsinki University (Dept of Neurosurgery)
SF-00260 Helsinki

Finland

Eirik Helseth, M.D. 9 patients
Geirmund Unsqard, M.D.

University Hospital of Trondheim (Dept of Neurosurgery)
N-7006

Norway

The responsible project manager/CSO0 is Paul Zimmerman (694-5775).

The user fee goal date 1s February 7, 1997,

The division's action goal date is July 25, 1996. This application will likely be
presented to the Oncology Drugs Advisory Committee (ODAC) June 13 or 14,

1996.

cc:
Div. File

ORIG. NDA 20-637

HFD-150/AMartin
HFD-160/PZimmerman

DPease

HFD-150/outgoing consult file
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September 26, 1 9F

Mr. Ross 8. Laderman

Vice President, Regulatory Attairs
Guilford Pharmaceuticals

6611 Tributary Street

Baltimore, MD 21224

Re: Prescripuion bDrug User Fee Act of 1932
Waiver Request and Small Business Exception Request
Qur Filegs: WR-96-002, SBE-96-001

Dear Mr. Laderman:

This letter resnonds to your letter on behalf of Guilford
Pharmaceuticals (Guilford), dated June 23, 1995, requesting a
waiver of the application {ee assessable upon submission of the
marketing application for Guilford's GLIADEL Wafer [NPC 702 with
Carmustine (BCNU)], IND under the Prescription Drug User Fee
Act of 1992. Guilford alsc requested, in the event that FDA does
not grant Guiltord a waiver, a one year deferral of payment and a
50 per cent reduction in the application fee under the small
business exception to the User Fee Act, 21 U.S.C. § 379h(b) (2).
For the reasons described below, the Food and Drug Administration
grants the waiver requested.

During fiscal year 1996, the User Fee Act requires a person

submitting a new drug application to pay an application fee of

21 U.8.C. § 379h{a)(1). Guilford requested a waiver on

the grounds that the waiver is necessary to protect the public

health, 21 U.5.C. § 375h{d) {(1,, and that the {ee is a significant
barrier to innovation, 21 U.8.C. § 379%h(d; (2).

Guilford's GLIADEL Wafer is an FDA-designated orphan drug
product under section 526 of the Federal Food, Drug, and Cosmetic
Act, 21 U.S.C. § 360bb. According to Guilford, the GLIADEL Wafer
is a treatment for malignant brain tumors (brain cancer), a
condition affecting about 17,500 patients in the United States each
year. FDA's Office of Orphan Products Development concluded in its
orphan product designation review that there are no more than
50,000 patients with this disease, and due to the low survival
rate, it is not likely that the number of cases in the U.S. would

ever approach the 200,000 patient ceiling that would preclude
orphan designation.

nr



Inosupprcrr 0 vrs wareer oy et g ciord stated Chat GLIADES
L8l innovar tve product consisting of o patented bhrodeqgradabie
polyanhydride  poiymer  ncovporating  the  chemotherapeutlc Jdrud
Carmustine  (HUNU: Up to oeignt SLIADEL waters are amplanted
directly into the tumor resection cavity when a neurosuraeon
removes a malignant brain tumor, Guilford stated that GLIADEL has

been designed Lo overcome the Limitations ! ntravenous Carmustine
by delivering it directly to the tumer site in high concentvations
for an extended period ot time. According Lo Guilford, the resuits
of a controlled clinical study with this product submitted to the
FBA indicare tha' 1t extends survival and does not cause the
serious or depilitating adverse effects that often occur with
systemic use of Carmustine, Guilford further stated that its
preduct represents a significant advance in the treatment of brain
cancer. Other treatments for wmalignant brair tumors that have had
limited sguccess are cytoreduction by neurosurgery, radiation
therapy, and chemotherapy.

In further support of its waiver requesat, Guilford stated that
the assegsment of a user fee for the review of the GLIADEL NDA
poses a significant burden to Guilford. Guilford stated that it
was incorporated in July, 1993, and began operations .n September,
1993, According to Guilford, its total revenue from its inception

on July 14, 1993 to March 31, 1995, was only . Also during
this time, Guilford =sustained operating losses totaling
approximately According to Guilford, it has been

operating for the most part with equity capital raised «t a pubiliic
stock offering in June, 1994, Guilford expects to submit its NDA
for GLIADEL Wafers to FDA on or about Qctober 31, 1995,

Ordinarily, FDA will tind that a waiver is necessary toO
protect the public health under 21 U.S.C. § 379%h(d) (1) when two
criteria are fulfilled. First, a person requesting a walver must
show that it is engaged in activity that protects the public
health. Second, a person requesting a waiver must show that a
waiver is necessary to the continuation of the activity shown to
protect the public health. 1In applying the second criterion, FDA
balances a variety of factors, including, but not limited to, the
estimated patient population and the revenue to be derived from
sales of the drug product, and the total annual revenue of the
entity. Ordinarily, a waiver of an application fee 1is not
necessary because the revenue to be derived from sales of the drug
product, the entity's gross annual revenue, or other factors,
provide a sufficient basis for payment of the fee.

With respect to the first criterion, notwithstanding FDA'as
inability to predict at this time whethar Guilford will be able to
carry the burden of demonstrating the safety and efficacy of
GLIADEL Wafers, FDA concludes that Guilford has shown that its work
to research, develop, and seek market approval of GLIADEL Wafers
for the treatment of malignant brain tumors, is an activity that

2
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With 1respect to the &econd criterion, FUA ~oncoudes onse
Gulltord has shown that the tes 18 Hecessary o the CORLinual 100 of
ACtlvities tnat protect the public health., In this case, FDA nores

that Guilford s revenue is extvemely limited, totaling

ovaer the period trom July 14, 1993 to March 31, 1995, As expla.ned
in the dratt lars,am Guidance  Document  for Waivers of  and
Reductions In User Fees, Attachmen. G to User Fee Correspondence 2,
dated July 16, 1993, although there is no express threshold for
defining a amall entity, FDA generally considers an entity with
less than in total annual revenue to be less likely to
be akble “o continue to provide products that protect the public
health while paying user fees.

in this case, based on this combination of tactors, including
Guilford's limited tctal annual revenue, FDA concludes that a
waiver of the application fee is necessary to protect the public
health. Accordingly, pursuant to 21 U.S.C. § 379h(d) (1), FDA
grants Guilford a waiver of the application fee assessable upon
submission »f the new drug application for GLIADEL Wafers. Please
include a copy of this letter in the NDA submission,

Please note that as announced in User Fee Correspondence 3,
dated August S, 1993, FDA plans to disclose information about its
actions granting or denying waivers, consistent with the laws and
regulations governing the disclosure of confidential commercial or
financial information. 1If found to be releasable, the agency will
disclose the names of all entities requesting a waiver, the names
of the products covered by the applications for which waivers were
requested, the statutory provisions under which the waivers were

sought, and FDA's resolution of the requests. User Fee
Correspondence 3 stated that FDA would make this information public
only after approval of the marketing application. However, FDA

currently is reconsidering its authority tc release information
about resolved applicatjon fee waiver requests prior to approval of
the marketing applications. Thus, information about the resolution

Because FDA is granting Guilford's request for a waiver
on the ground that the fee is necessary to protect the public
health, 21 U.S.C. § 379h(d) (1), FDA need not consider whether a
waiver is also justified on the ground that the fee is a
significant barrier to innovation, 21 U.S.C. § 379%h(d) (2).
Similarly, FDA need not consider whether Guilford qualifies for a
50 per cent reduction and one year deferral of payment of the fee
under the small business exception to the User Fee Act, 21 U.S.C.
§ 379h(b) (2).
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DRUG STUDLES IN PLULAIRIC PATIENTS
(To be completed for all NME's Iecommerded tor approval)

NUA ¢ _ e 'f';{7 Trade (generic) names 1-,”<-;1&f “(;Q;.iih.‘ﬁ'”) P R
i H Xy T

Check any of the following that apply wnd explain, as necessary, on the next
page:

1. A proposed claim in the gratt labeling 1s uirecteu towarg a specitic
pediatric 1llness. Tne application contains adeguate and well-
controlied studies in pediatric patients to support that claim,

] 2. Tne araft labeling includges pediatric dosing information that is not
Laseo on agegquale and well-controileu stugies 1n cnildren. The
application contains a request under zl UFR 210.58 or sla.lzé(c) for
walver of the requirement at 2l (FR 201.57(t) for A&WL studies 1n

chilaren.

_____ a. 1ne application contains Gala showing that the course of the
Jisease and the effects of the drug are surticiently similar
in agults ano chiloren to permit extrapolation of the cata
from adults to children. The waiver request should be
yranteg ano a statement to that etfect is included in tne

action letter.

b. The information incluuea in the application ogoes not
agequately support tne waiver request. Tne request should
not pe yranteu and a statement to that erfect 1s 1nciugea in
the action letter. (Lomplete #3 or ¢4 velow as appropriate.)

Z 5, PMeoliatric studies (e.g., dose-tinding, pnarmacokinetic, agverse
reaction, acequate ang well-controllea for safety and efticacy) should
be done after approval. The arug proauct has some potential for use
in children, but there {s no reason to expect early widespread
pediatric use (because, for example, alternative urugs are avallable
or the conoition is uncommon in cnilaren).

a. The applicant nas committeda to going such studies as will be
reguired,

(1) Stuuies are ongoing.
" (z) Protocols have been submitted ano approvea.
(3, Protocols have been submitted anc are under
review.
(4) 1f no protocol has teen submitteo, on the next
page explcin tne status of giscussions.

b. If the spunsor is not willing to do pediatric stuodies,
attach copies of FDA's written request that such studies be
gone anu af the sponsor's written respcnse to that request.

4. Pediatric stugies do not need to Le encouragea because the druy
proouct has little potential tor use in chilaren,
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Explain, as necessary, the foregoing Iltems:

5, Af none of the above apply, €xpidin.
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Signature of Preparer
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FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE
ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE

PUBLIC.
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1. General Information
® Name of Jruy.

Established. Poiileprosan 20 with Carmusting
Proprietary: Gliadel® Water

L Applicant
Guilford Pharmaceuticals ing.
6611 Tributary Street
Baltimore, Maryland 21224

® Pharmacologic Category. Antinguplastic agent

] Proposed indication. “Gliadel® is indicated for use as an adjun:t to surgery (0 fralong survival in
patients with a malignant glioma..

External beam radiation therapy may be used in conjunction with GliadeKD but should be delayed at Isast
three weeks after wafer implantation. Systemic chemotherapy may also be used with Gliaual® but
should be withhaid at loast four weeks prior to and twg weeks after surgery "

® Dosage and Administration: Surgical implantation of one 10 eight hiocegrad.ble wafer(s), each
containing 7.7 mg (3.85% by weight) carmustine (maximum patient dose of 81.6 mg carmustine) into
the cavily created when a malignant glioma is resected

The proposed labeling reads

2, Background/Regulatory History

The estimated incidence of naw cancers of the brain and central nervous system is estimated to be 17,800 in
1996.' The incidence of brain tumors is bimodal, with one peak in childhood and the other in adults aged 4%
years or oider. The histology of brain tumors in these two age groups differs significantly, the majority of adult
tumors are high grade gliomas, e.g., anaplastic astrocytomas (AA) or gliobiastoma muttiforme (GBM). Although
some Phase il trials enroll both AA and GBM, a variety of clinical trials with radiation or chemotherapy have
noted a differsnice in survival based on histology, with patients with AA living longer. The madian survival of

patients with GBM treated with surgery, externai besm radiation therapy, and adjuvant chemotherapy Is
rpproximately one year.?

Despite multimodality therapy, the vast majority of patients racur at the site of their initial tumor. At the time of
recurrence, thare is no standard therapy. Selected patients may be eligible for a radiation boost to the tumor bed
of interstitial brachytherapy, reoperation, or chamo/immunotherapy on clinical triais. Potentis! riske and benefits
of reoperation have not been prospectively studied in a controlied trial and are arguable for all patients. Several
retrospective reviews of experience in consecutive patients in limited institutions have been reported in an
attempt to identify an appropriste subset of patients for reoperation.>* Preoperative KPS 2 70 and extent of
tumor resection predicted for improved survival in one review, precperstive nsurologic status in another; and no
variable predioted for improved overall survival in the third (aithough the suthors distinguished between high-
quality and overall survival). In the two reviews that included patients with glioblastoma muitiforme (GBM) and
anaplastic astrocytoma (AA), the median survivals differed. After reoperation, patients with GBM had a median

NDA 30-017 Medical Rewen Pais



survival of 29 and 36 weeks vs 61 and 88 weeks for patients with AA - In the largest controlled trial submitted
with this NDA #8802 data s collected on patients with GBM and Aa who meet critena to undergo reoperation
and then wha are randomized to recewe Gladel® or placebo water.

The rationale for Ghade!® is derived from principles ot regional therapy: ideally, de!ivering an active agent with a
steep-dose response curve directly to the site of the tumor bypassing restrictions to drug delivery such as the
blood-brain barrier (less of an issue for BCNU) or poor tumor vascularization, while minimizing aose-limiting
systemic toxicity The hydrophabic portion of the Gliadel® wafer is intended to promote a slow release of
carmustine and a sustained concentration, a potential advantage over the rapid clearance of systemically
administerad BCNU (no detectable levals 15 rninutes after intravenous administration). in addition, prompt
delivery of adjuvant treatment at the time of surgery is hoped to exploit a potential therapeutic window before
declining health or performance status preciudes later treatment.

The initial IND was submitted by The Phase Il trial #8802
opened March 1889. The IND was transferred in 1992 to the new sponsor,

after #8802 had been completed. Due to lack of drug supply, no patients were
treated between May of 1993 and November o1 1995. The IND was transferred to Guilford Pharmaceuticals Inc.
in January of 1994, Guilford was to build its own facility to manufacture Gliadei®. Guilford's product has only
bean used in the Treatment IND opaned November, 1995

In meatings with the FDA, it was agreed that given the inherent difficulties with assessing tumor measurements
in patients with treated malignant gliomas (1 2 . tumor borders confounded by post-surgical and radiation
changes as well as cerebral edema +/- concurrent steroid use), that survival would be the primary endpoint.
Furthermore, that a single Phase Il! trial, #8802, a double blinc!. placebo-controlied randomized Phase Il trial,
when supported by the noncomparator trials for safety data, might suffice for an indication in patients with
relapsed glioblastoma. The applicant has also submitted protocol #CL-0180, a Phase lii placebo-controlied,
randomized, multicenter trial sponsored by and conducted under foreign IND. This trnal was
closed early after accrual of 32 patients due to lack of drug supply . It has not been previously reviewed or
formally discussed with the FDA. If accepted as adequate, well-controlled and approvable, Gliade!'s® indication
as an adjunct to surgery would be expanded to initially diagnosed as well as recurrent disease.

Data from the foliowing trials have been submitted 1n this NDA-
. e —E— Y OWST Table 1 ,
I N N

CONTROLL!D
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The efficacy ciaims rest with the two controlied trials which entered patients with AA and GBM. The applicant
states that the two controlled trials are consistent in demonstrating an improvement in survival. Study #8802,
was conducted in North America in patients with recurrent malignant glioma. #CL-0190 was conducted in
Finland and Norway in newly-diagnosed patients.
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'Parker SL et al Cancer Slatistics. 1956 CA Cancer J Chn 1996 46 5.2

Fine HA et & Meta-analysis of radhation therapy with and without adjuvant chemotherapy for malignant glomas  nadults Cance:
1993, 71 258597

\Young et al Reoperation for Glioblastoma J Naurosurg 1981, 55 917
.Gufmh et ai Reoperation for Recurrent Glioblastoma and Anaplastic Astrocytoma. Neurosurgery 1987, 21'615-621
Ammirati et 8. Reoperation in the Treatment of Racurrent Intracranial Malignant Gliomas. Neurosurgery 1987: 21 807.614

3. Scope of Raview
Materials reviewed by the medical officer include:

The regulatory history of this application;

Volumes 1.13 (Summary); volumes 1.14-1.41 (Clinical Data); volumes 1.60-61 (Case Report Forms).
Treatment Protocol dated September 27, 1995

Electronic submission of the Case Report Tabulations submitted as an Access database;

Clinical amendments responding to FDA questions, “correspondence date" May 6 and 30, 1996
Safety Update Report on the Treatment IND with "correspondence date" May 7, 1996

Four Month Safety Update Report with ‘correspondence date" June 24, 1996,

Labeling submissions with “correspondence date" June 21 and July 30, 1996.

® * & e » s e =

4, Chcmlltry/Mlnufacturlng (refer to CMC review)

Per CMC review, there are no apparent differences between the Guilford product and the previous products
used in clinical tnals,

5. Praclinical Pharmacologyl‘roxlcology
Refer to Pharmacology/T oxicology review,
6. Clinical Pharmacology/Biopharmaceutics

The absorption, distribution, metabalism, and excretion of Ghadel® in humans is unknown. Classical
biogquwalance studies were hampered by assay insensitivity for uM or nM drug concentrations needed for

monti's after implantation in some patients vs complete absence of wafers in others (see Applicant's Table 3 in
Appendix 1, iable 2 in Appendix I, and Reviewer Table in Appendix 1). In the few instances where BCNU
content of the wafer remnants was analyzed, it has not been found to be present in the wafer remnants.

7. Related IND Submissions

IND remains open. Guilford wants to further explore a dose-response curve with Gliadel® and has
submitted a protocol of a Phasa | study of increasing concentrations of carmustine in the prolifeprosan wafer

8. Phase Ill Trial 8802: A Double Bling Placebo-Controlled Study of BCNU Dellvered from
Blodel, a Biodegradable, Surgically Implanted Polymer for the Treatment of Recurrent
Malignant Glioma

8.1 Protocol Review

® Review of Amendments

Amendment #1, 11.17.88 - Even if malignancy is not seen in the frozen or squash preparation, patient will

be eligible if tumor is found and prior to surgery it was known that the
patient's tumor was a malignant glioma.

Comment: All patients were enrolled after the amendment.
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® Objectives

“To determine the efficacy of BCNU delvered by surgically implanted polymer wafers for improving 6 month
survival, and to measure the side effects associated with this treatment

Comment: The primary objectives in the statistical section were six-month montality rates and overall survival.

® Study Design/Scherma

#8802 was a multicenter, randomized, double blind, placebo-contrclied phase Il trial in patients with recurrent
malignant glioma. Patients were enrolied after malignant glioma was pathologically confirmed during surgery.
Atter maximal resection, up to eight waters of either Gliadel® or placebo wafer were placed against the resection
surface.

Eligibility criteria:

- 18 years of age or older

- Previous cytoreductive or biopsy surgery for a brain tumor, with a histopathologic diagnosis of
AA or GBM

- KPS > 60

- Prior definitive external beam 1adiation therapy (EBRT), sufficient to disquality the patient from
further radiation therapy (XRT)
Unifateral, unifocal tumor of at ieast 1.0 cm diameter, as determined by tumor imaging studies,
at the time of present surgery

- Confirmation of the presence of malignant glioma by frozen or squash preparation
prior to wafer implantation at the time of the present surgery. If malignancy is not found, patient
is eligible if tumor is found and the patient carried the prior diagnosis of a malignant glioma
Patients must be those for whom reoperation is an appropriate therapy

Exclusion criteria;

-- Frevious treatment with interstitial radiation

- Patients treated with antineoplastic chemotherapeutic agents during the preceding 4 weeks (6
weeks for nitrosoureas) before enroliment

- Hypersensitivity to contrast material to an extent that imaging scans would not be obtainable

Comment  In contrast to study #CL-0190, #8802 did not uefine baseline laboratory parameters as an eligibility
criteria.

& Procedure, Trealment, and Schedule of Tests

Randomization. Details of randomization were not described in the protocol, which states that "Patients will be
given patient numbers to which one of the two treatments has been randomly assigned. Randomization will be
stratified by center "

Ireatmeni. Following maximal tumor resection and confirmation of malignant glioma, up to eight wafers
(Gliadel® vs. Polymer placebo) were positioned to cover the entire resected surface, with overlapping permitted.
The number of wafers to be placed in the tumor cavity varied depending on the exposed tumor surface area.
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Schedule of Tests

A
Visit ¥ #0 #1 w2 #3, etc.
Study Day Bassline Surge Discharge 14-28 Q2 mo.
_ = -
History/ P.E. X
Karnofsky PS X X X X
Neurological Exam/ MMSE X X X X
Tumor Imaging: (CTw & x' x? X X
wio contrast or MRY)
Lab: CBC, SMA, U/A ¥ X X
Surgery/implantation X
Chemotherapy x
I_—“—mm—-—_-—__—-:a— |

‘Basalne tumor MEgNg, on which the decison fur surgery wil be based must be dons no more than 7 days pror to surgery
! Tumaor unaging must be done within 72 howrs of Suisjhry

' it chemolherapy 's to be adminisiered tumor mag:ng must be done pror Lo vutialon of Lhemomherapy

*Visus are bimonthly through monih aix and Quaneriy ingteafter

The neurologic examination was designed to rate 11 parameters on a 4-point scale for a maximum abnorma!
score of 33: O=normal, 3=severely abnormal, 4=could not be measured (see Appendix Il). The MMSE
assesses 5 parameters for a maximum score of 30 points: orientation (10 points), registration (3 points),
attention and calculation (5 points), recall (3 points) and language (9 points) (see Appendix I1).
. . "8ince only half the patients in the study will receive wafers containing BCNU, all patients will be
eligible to receive chemotherapy.” If used, Chemotherapy should be initiated between Study Days 14-28 or
preferably reserved until after declaration of treatment failure. If an investigator chooses to use chemothercpy,
all study patients at that center were to receive the same regimen, .
. "In a previous study (#8701), necrotic brain material was found in the tumor resection cavity
following BCNU wafer implantation. It is thought that this treatment may contribute to the development of tissue
Necrosis in some patients. In this study, additional surgery may be indicated for removal of necrotic brain
material if the patient demonstrates the following signs and symptoms:

I increased area of enhancement on CT scan
2. Difficulty in reducing corticosteroid regimen
3. Changes in seizure frequency or character
4. Overall decline in clinical status.

If the above signs and symptoms are present, serious consideration should be given to the advisability of
reoperation to remove possible necrotic tissue. If this is done, pathology slides should be prepared and shipped
to Nova. These materials will then be sent to the referee pathologist for examination.”

® Endpoints and Statistical Analysis

Definition of Endpoints:

Treatment failure was defined by changes on contrast-enhanced CT or MRI scan and/or the Karnofsky
performance status (KPS):

(1) Anincrease in tumor size on contrast-enhanced CT or MRI scan of > 80% by volume as measured
on all 10 mm slices, or an increase > 50% in planar size (LXW) in the section showing the largest
amount of tumor, compared to the smallest tumor volume measured. A changa in tumor volume
or size of this degree will be considered as evidence of treatment failure even if there are no deteriorating
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neurologic findings

(2) Decrease in KPS = 30 points over two consecutive measurements (more than 4 weeks apart), using

discharge KPS as the reference. The date of failure will be that of the first detection of a 30 point decline
In Karnofsky performance status.

(3) The combination of an increase in tumor by contrast-enhanced CT or MRl of > 40% but < 80% by
volume or > 25% but < 50% by planar size AND a tumor-related decrease in KPS of 20 points over two
consecutive measurements (more than 4 weeks apart) will be considered evidence of treatment failure.

(Syrvival was not specifically defined.)

Statistical Analysis:

Sample size. The planned accrual of 220 patients was “based on the proportion who would

survive 6 months, if one assumes the survival times are distributed exponentially and the median
survival time of the controls is 36 weeks following surgery. 1t one assumes a = .05, then with this
numbar of patients one has 80% power to detect a decrease in 8-month mortality of about 18%, which is
&quivalent to a doubling of the median survival time."

.. The primary efficacy paramoters will be survival time from study surgery, as well as sixth-
month mortality rates In addition, duration of high-quality survival (Karnofsky score of at least 60)
after study surgery, and fraction of survivai at 6 months, 1 and 3 years after study surgery that is of high

quality will be evaluated. Efficacy will also be based on quality of life measurements (Karnofsky, and
the Mini-mental test).

Safety evaluations will be based on laboratory data, neurologic examinations, and imaging.

For each patient, survival time after study surgery will be determined. Survival curves will be estimated
for each treatment group using the Kaplan-Meier method. The two treatment groups wiil then be
compared with respect to these curves using the Log Rank and Wilcoxon tests. The effect of center will
be examined using a proportional hazards model. Six-month survival rates will be computed for the two
treatment groups, and compared using a Chi-square...For the Karnofsky and Mini-mental ratings the
change from baseline will be determined for each of the treatment groups at each of the post-surgery
time points. The significance of these changes from baseline will be evaluated at each time point using
a paired t-test or a Wilcoxon signed rank test. At each timepoint the two treatment groups will be
compared using eithr a {-test or Wilcoxon test... "

8.2 Results

821 Conduct of the Study

® Randomization

The NDA provides the details of the randomization process. Codes were generated using the SAS Proc. Plan to
generate blocks of four for an anticipated16 patients at each of the 26 centers. An additional biock of four
followed by two blocks of 10 were generated for the biggest accruers. Different initial seed numbers were used
for each of the three random number generators. The study medication was labeled sequentially. The local
pharmacy was notified of a patient's surgery so that the study medication could be present at surgery. When
pathology confirmed the presence of malignant glioma , the final entry criterior, was met and the patient enrolled.

If the patient was not enrolled, study medication was returned to the pharmacy and made available to the next
candidate.

There were nine randomization deviations occurring in eight centers. Two were failure to use a designated
pouch; 3 were use of study medication out of order, 4 were unblinding the study medication which in all cages
occurred after implantation and in 3 cases was to provide for follow-up care. The other unblinding occurred
inadvertently when filing a report with the FDA Otherwise, medical officer review of the sequence of the
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numbers and dates of surgeries were appropriate

information on patients registered but not entered, 1 €., patients for whom study drug was made available but not
used, was not collected.

o Eligibility

All randomized patients were included in efficacy and safety analyses. The following were the protocol engibility
violoations:

KPS 2 60 1 pt with KPS 40 1 pt with KPS 50
2 pts with KPS 50

Nitrosourea within 6 waeks priot 2

to surgery

No previous craniotomy of 5 13

cytoraductive surge '

' O P
Pia had priof stefeotactic of needle-bopsy proven mahgnant glioma priot 1o wafet imptantation

¢ Referee Neuropathologist

per protocol, "OneH&E stained section of each block” of tumor was to be sent to the sponsor, who then

forwarded the slides to The referee pathologist was plinded to treatment.

The central readings aré used in the analyses, diagnoses made at the individual center were not collected for
#8802

o Referee Neuroradiologist

Scans from only one center were evaluated by the referee neuroradiologist, Dr. Denis Metancon, Montreal
Neurologicat Hospital.

@ Quality Assurance

Although #8802 was sponsored by “Guiiford has independently assessed the
integrity and accuracy of the clinical data 1yre their adequacy...Audits have been conducted, including
comparison of case report forms to source ¢ .nts, to assess the validity of selected key data variables..In

addition, quality agsurance audits have been condutled ata number of participat‘mg clinical sites. .10 evaluate

the conduct of the studies and the content of the data at these sites.
822 mmmmmm aracteristics
e Study Dates

First patient enrolled: March 1, 1989
Last patient enrolled: January 17, 1992
Last observation on Jast patient: November 18, 1995

e Study Centers

A total of 222 patients were enfolled at 27 centers in the U.S. (25} and Canada (2) petween 3.1.89 and 1.17.92.
Three centers enrolled > 20 patients, 4 centers enrolle’ 41-19 patients, @ centers enrolied 6-10, and 11 centers
enrolled 1-5 patients. Gliadel® was inserted imo 110 patients and polymer placebo wafer into 112.
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® Bassline Demographics and Cimical Characteristics

Reviewer Table 3 on the following page is derived from the data listings as well as Applicant's Tahles 4.3, 4.4,
4.8,4.10, 411 and 4.12. There is no signiticant difference with regard to baseline characteristics between the
arms, with the exception of the mean neurologic scores. Overall, the ievel of neurologic abnormalities were low
(maximally abnormal score for the 14 items would be 33; see Appendix !l for components of the neurologic
exam). The statistically significant differences between the arms were a greater degree of abnormal vision and
cranial nerve function in the placebo group (see Appendix I, Applicant Table 4.10 for details)

® Tumor Size

Baseline tumor dimensions were assessed in two ways: (a) imaging studies pre-operatively (length x width in
cm? or volume in cm® 0.1 CT or MRI) and (b) at time of surgery (length x width x depth in cm®). Either CT or MR!
could be used to determine tumor size/volume. As shown in Applicant's Table 4.13, both measurements (area
and volume) were not provided for all patients. The means and medians were similar between the arms.

Applicant's Table 4.13: Baseline Tumor Imaging Data

GLIADEL 3.85% PLACEBO Chi-Square
Estimated Size N Mean SD N Mean SD P-Value
Planar ize Length (cm) 73 43 16 75 49 19 0en
“lanar Size Width {cm) 73 39 11 75 44 20 0082
Area (cm?)® 73 202 100 75 229 129 0184
Volume (cm®)® 48 637 59 8 48 8§15 471 0836

. Area was estimated by the product of planar size length and planar size width

tmaging tumor volume was taken directly from the CRF

Comment: Review of the data listings showed that only 7 patients (4 on Gliadel® and 3 on placebo) had neither
recorded. Review of distribution of use of CT vs MRI revealed that centers tended o be consistent in their
choice of one method of imaging over the other, providing for control for method of estimation vwithin a center.
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Reviewer Table 3

Baseline Demographics and Clinical Characteristics

S Slinical Characteristic __L‘Ghadol (n=110) Placebo (n=112) P-valua'
mean (S D) 481 (+123) 476 (+136) 0 746"
median A9 48
range 27-79 19-80
GENDER
male 74 (67%) 63 (62%) 0403
female 36 (33%) 43 (38%)
RACE
Caucasian 100 (1) 104 (83) 0 866’
Black 33 33
Hispanic 5(5) 3(3)
Oriental 0(0) 11
Other 21(2) 1t
$ 094%
GBM 72 (G5) 73 (65)
AA 15 (14; 16 (14)
Other anaplastic' mixed glioma 10 (9) 6 (5)
olijodendroma 4 {4 5 (4)
ependymoma 0 )
HNon matignant gloma Gy 1(1)
oligodendroma 2(2) 2(2)
astrocytoma 3 5 (4)
Other neoplasm (NOS) 24 3(3)
type not specified 1N 0(0)
necrosts it 0 (0)
KARNOFSKY P§
<60 3 1
60 22 3
70 24 22
80 19 26
90 39 29
100 3 1

Mean (5D) 77 (1310) 75(12.15) 0 166?

Median (range) 80 (40-100) 75 (50-100) 0123

PRIOR SURGERIES
1 83(75) 78 (71)

2-4 27 (2%) 33 (29) 0080’
E CRY (year

Mean 2 1 1.96 0.742"

Median (range) 1 09 (0 25-14 00) 094 (023.18 24)

ERIQR GHEMOTHERAPY 58 (53) 54 (48) 0.506
Nitrosourea 54 (49) A5 (44) 0501
Amount: Mean (5.0.) [Rads) 5937 (£1107) 6188 (+1426) 0.155'

Median [Rads} 6000 6000

i Location: Local [N (%)} 53 (48) 54 (48)

Whole Brain [N (%)) 28 (25) 23 (21)

Both (N (%)} 29 (26) 34 (30)
Unknown [N (%)) 0 (0) 1(1) 0.648'

= }

Mean (S.D.) 24.30 (6.87) 22.63 (8.45) 0.119°
F Mean (S.D) 3.95(3.03) 5.01(3.20 0.012?

NDA 20-637 Medical Review

! Fisher's Exact Test for discrete variables; F-test from ANOVA for the continuous variables; ! two sample U-test; *Wilcoxon Rank Sum
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® Charactenstics of Surgery

The maximum number of wafers (8) was implanted in 88 (B0%) patients on the treatment arm and 91 (81%) on

the placebo arm Applicant's Table 4.15 presents the frequency distribution of the number of implanted wafers
and the mean number of wafers implanted per patient

Applicant Table 4.15: Number of Wafers implanted

GLIADEL 3.85% PLACEBO
[N = 110] [N=112)
Number of Wafers Implanted ' Number (Parcentage) of Patiants P-Value
' 02 ' 0(0) 0(0) )
3 2(2) "y
4 2(2) ()
5 1(1) 2(?)
f 1 7 (6)
7 16 (15) 10 (8)
8 88 (80) 91 (81)
Mean ¢ 5D 7610 94 77:086 0883

For other characteristics of Surgery and comparability between the treatment arms, see Applicant's Table 4 14,
the followmg page. There were no statistically significant differences between the arms, with the exception of

volume recorded at time of surgery. The rnean tumor volume was 68.9 vs 95.0 cm®in the Gliadel® arm vs

placebo arm respectively, representing a 38% increase in volume in the placebo arm. Median tumor volume was
46 vs. 68 cm’, representing a 48% increase in the placebo arm.
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Applicant's Table 4.14: Characteristics of Wafar Implant Surgery

GLIADEL 3.85% PLACEBO

Parameter N =110) [N =112} P-Value*
Hemisphere [N (%)) ]

Right 53 (48) 55 (49)

Left 57 (52) 56 (50)

Both o (@ (1) 0.946
Tumor Lecation by Lobe [N (*%)] ]

Frontal 39(35) 26 (23)

Temporai 21(19) 21 (19)

Parietal 10 (9 20(18)

Qccipnal 7(6) 2(2)

Frontal/Temporal 4 (4} 8(7)

Frontal/Panetal [RERRY! 817,

Temporal/Panetat 10 () 11(10)

Temporal/QOceipital 1{1) 0@

Panetal/Occipitat 5109 7(6)

Frontal/Temporai/Panietal iy 4 (4)

Tempora'/Panetal/Occipital 0 (0) 5(4) 0 04v
Ouration of Anesthesia Administration {hours) -

Mean (5D ) 50(162) 50{149)

Median 48 48 0875
Type of Surgical Resection [N (%)]

Subtotal 81 (74) 88 (79)

Totai 24 22) 21 (19)

Total with iobectomy 5(5) KRR 0614
Tumor Volume (cm’)*

Mean (SD) 68.9 (65 84) 98 0 (102 08)

Median 460 68.0 0.028
Percentage of Tumor Resection

Mean (5D) 798 (22.28) 78 0 {22.95) 0536

Median 900 85.0
Time from First Brain Tumor Surgery to Study
Surgery (wafer implantation)

Mean (5.0.) (months) 25 4 (30 32) 24.0(32.93) 0742

Median 13.2 114

Fisher's Exact Test for the discrete variables, F-test from ANOVA for the continuous variables.
Tumor volume was estimated by the product of tumor length, width, and depth.
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® Treatment after Wafer implantation

Chemotherapy Fifteen of 27 centers administered chemotherap Of the 125 patients in the 15 centers, 50
patients (40%) received chemotherapy (percentage of treated patients within a center ranged from 11-100%)
Ten agents were administered at a vaniety of times after wafer implantation to 29 patients on the Gliadel® arm
and 21 on the placebo arm

(1) Applicant's Table 4.106 (see Appendix II) lists the 10 agents administered, along with the mean and
median total dosages. There appears to be balance between the arms, with the exception of an increase in
use of tamoxifen in patients on Gliade!®.

(2) Applicant's Table 4 107 (see Appendix il) summarizes the mean and median time to delivery of
chemotherapy and the mean and median durations of the administrations. There were no statistically
significant differences

(3) Applicant's Table 4 108 (see Appendix ll) depicts the frequency distributions for time to onset and duration
of chemotherapy

Reoperation Data an reoperation were not sysiemalically collected. At the request of the FDA to follow-up the
#8802 protocol identifying necrosis requiring reoperation as a possible treatment-related event. Guilford
extracted data on reoperations primarily from patient narratives but also from information obtained from
monitoring visits, correspondence, internal memoranda and adverse event reporting. A total of 60 patients
(27%) nad a subsequent surgical procedure, ranging from drainage of loculated fluid to insertion of a shunt to
open cran‘'otomy (see Appiicant’s Table 2 in Appendix 1) Thirty-tour of 110 patients (31% in the Gliadel® arm
and 26 of 112 (23%) wil, placebo underwent a procedure. Forty-five percent of patients who underwent a
procedure (27/60) were treated at two centers

® Concomitant Medications

Dexamethasone was the most commonly prescribad medication at baseline and ater wafer implantation.
Ninety-eight patients on Gliadel® and 105 on placebo took dexamethascne after wafer implantation. The mean
and median dally doses are shown in Applicant Table 4 113 The mean daily dose between the treatment
groups was statistically significant (p = 0 018)

Eighteen patients on Gliadel® and 17 on placebo were prescribed other steroids. There were no signiciant
differences between the arms. Other frequently administered medications included ranitidine and a variety of
anticonvulsants. There were no significant differences in type of medicinc administereu between the arms.

8.2.3 Efficacy Rasults

There was one interim analysis for safety, which remained blinded, after accruat of 133 patients (cutoff date of
December 12, 1990). The protocol-defined primary endpoints were six-month mortality and overall survival
{unadjusted).

® Six-Month Qutcomes

Modality. Forty-four of 110 patients (40%) on Gliadel® and 59 of 112 patients (52.7%) on placebo were dead
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six months after wafer implantation (p = 0.061, Fisher's Exact Test).

Survival . The overall Kaplan-Meier survival curve by treatment arm is shown in Applicant's Figure below.

Overall K-M Survival Curves for All Patients
by Treatment Group (n = 222)

e GUade
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Cumulative mortality through six months shows a trend toward a significantly lower mortality for the Gliadel® arm
with a logrank p = 0.063 and a Gehan's generalized Wilcoxon test (GW, which weights early events) p = 0.077.

Comment. Deaths within six months of wafor implantation were not clustered in the perioperative period
Agency analyses have confirmed the p values.

Six-Month Survival Adjusted for Prognostic Factors. The NDA states..."To control for the effects of strong
prognostic factors on survival outcome due to chance imbalances in the treatment groups, adjusted analyses
were performed using a proportional hazards regression model." A broad spectrum of prognostic factors (15)
which could conceivably be important in recurrent malignant gliomas were evaluated for importance by a
univariate Cox regression. Nine factors were found to be statistically important for six month survival, as defined
by aPsetat <0.15. See Applicant's table 4.19, on the following page.
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Applicant's Table 4.19: Estimated Risk Ratios and Confidence Intervals
for Prognostic Factors, Six-Months Survival - All Patlents

95% Confidence Limits

Prognostic Factor Risk Ratio Lower Upper P-Vaiue'
GBM Patients va. Non-GBM Patients ~ 2.028 1.284 3.204 0,002
Karnofsky Score =70 vs <70 0.823 0353 0.775 0.001
LocalBoth vs. Whole Brain Radiation 0.784 0.505 1.216 0277
White vs. Other 3.824 1.212 12.06 0.022
Tumor Resect yn :75% vg <75% 0726 0478 1.103 0.133
Age (per decade) 1278 1.100 1.483 0.001
Maie vs. Female 0.932 0.627 1.380 0.734
Prior Chemotherapy vs. None 1.645 1.110 2438 0.013
Years From First Surgery To index Surgery 0828 0728 0.839 0.003
MMSE Median Scores .26 vs. <26 0747 0.506 1.104 0.144
Prior Convuisions vs. Nonhe 0877 0.591 1.301 0.514
Number of Waters <6 vs >8 02392 0.144 1.087 0.088
Prior Sterold Use vs None 1 452 0777 2.713 0243
Resection vs. Biopsy at First Surgery 1377 0.784 2.420 0.266
Prior Brachylherapy vs. None 1.142 0.420 3.164 0.78%
' P-Value from Chi-Square Tes! P-Values <0.15 appear in boid-face type.

By a backward elimination method of multiple regression using the Cox proportional hazards model, seven
covanates were found to be statistically significant as defined by a p=0.05.

Applicant's Table 4.20: Six-Mo. Treatment Effect Adjusted for Prognostic Factors

95% Confidence Limits
Prognostic Factor - Risk Ratio Lower  Upper P-Value'
All Patients
GLIADEL 3 85% vs. PLACEBO 0584 0.391 0.875 0.009
GBM patients vs. Non GBM patients 1686 1.045 2720 0.032
Karnofsky Scora >70vs. <70 0651 0428 0.991 0.045
Local/ Both vs. Whole Brain Radiation 0570 0359 0.905 0.017
Age (par decade) 1188 1.005 1405 0.043
Prior Chemotherapy vs. None 1642 1.082 2.493 0.020
Years from first surgery to index surgery 0.874 0.764 1.000 0.050
Number of Wafers <6 vs. >6* 0322 0.117 0.687 0.028
All Patients Stratified by Tumor Type
GLIADEL 3.85% vs. PLACEBO 0.577 0.387 0.862 0.007
Karnofsky Score >70 vs. <70 0.658 0.433 0.999 0.0580
Local/Both vs. Whole Brain Radiation 0.587 0.372 0.926 0.022
Age {per decade) 1.281 1.074 1.480 0.005
Prior Chemotherapy vs. None 1.630 1.022 2318 0.038
Number of Walers <8 vs. »6° 0.339 0.123 0.931 0.038

* P-value from Waki Chi-Squars Test
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After adjusting for the seven covanates, Gliadel® produced a statistically s:.gnificant reduction in mantalhity
Compared lo placebo (risk ratio = 0.58, p = 0.009), which remains when stratifying for tumor type

Comment: Protocol #8802 did not prospectively describe an adjusted survival analysis, nor tho prognostic
factors to be used. Data in the medical literature on p.ognostic factors that correlate with survival in patients
with a recurrent malignant glioma, and especially for those selected to undergo reoperation, are quite limited
(see Section 2). The robustness of the resulls could be questioned when the p value varies widely between the
slalistical analyses. See Statistical Review for further discussion and alternative conservative analyses using a
stratified logrank, which limits assumptions in the model, and fewer prognostic factors. To limit our choice of the

between first surgery and reoperation. The first three factors are also the generally accepled prognoslic factors
for initially diagnosed patients. Interval between surgeries was added o the list since it was examined in all
three reviews as a potentially impontant factor. The applicant did include these factors in addition to others.

o Overall Survival

As of the data cutoff date of November 10, 1995 (observation perod of up to 71 month,). ten patients were alive
S patients n the Ghadel® group (5%) and 5 in the placeho group (5%} The median guration of overall surviva:
was 7 24 months (95% C| 6 05 - 8 54 montns) for Ghadeld-treated patients vs § 42 months (95% CI 4 73

6 44 months) for placebo-treated patients

The Kaplan-Meier survival Curves by treatment groun are shown in Applicant's Figure 7.
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There is no statistical difference between the arms with p = 0,297 and p = 0.106 by the Log-Rank and Wilcoxon
Rank Sum Tests, respectively.

MMM&LAMMMM&M Univariate regression an>lyses applied to the previously listed
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Applicant's Table 4.29

Estimated Risk Ratios a
Factors, Overali Surviva
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I - Al Patients

95% Confidence Limits

Prognostic Faclor Risk Ratio Lower  Upper P-vaiue®
GBM Patients vs. Non-GBM Patients 2.017 1.500 2713 0.000
Karnofsky Score >70 vs. 70 0.552 04189 0.726 0.000
Local/Both vs. Whole Brain Radiation 0735 0.533 1.018 0.064
White vs Other 1.616 0.983 2.656 0.058
Tumor Resection 275% vs_ <75% 0.560 0.409 0.766 <0,001
Age (per decade) 1.232 1.105 1.372 <0.001
Male vs. Famale 0.7¢8 0.601 1.658 0117
Prior Chemotherapy vs. None 1.512 1.151 1.886 0.003
Years from First Surgery to Index Surgery 0.6803 0.854 0.987 0.002
MMSE Median Scores 228 va. <26 0.708 0.537 0.934 0.014
Prior Convulsions vs. None 1.035 0782 1.370 0.809
Number of Wafers ibvs >6 0610 0 360 1033 0.066
Prior Steroid Use vs, None 1.310 0.884 1.940 0178
Resection vs. Blopsy at First Surgery 1.287 0.801 1.867 0.182
Prior Brachy!herapy v8. None 1.082 0.533 2197 0.828

P-Value from Chi-Square Test P-Values <0 15 appear in bold-face type.
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Ali Patients Straufied by Tumor Type
GLIADEL 3 839 v PLACEBO 0.704 0328 0912 o017
Kumofsky Score 370 vy 570 0666 0.49¢ 0906 0010
Local/ Both v+ Whole Braim Radistion 0A14 04de 0364 0.008
Tumor Resecninn 2 T5% vy <729, 052¢ 0378 0729 <0.001
Age (per decade) 1286 i1in 1410 0
Number of Warers <6 6 0534 0.308 09315 oux
Resection vy Biapsy at Frrgt Surgery 1492 1010 2203 0044
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Survivel Rate

» Slibulau;;,}/m/ysm GBA vs Non-GER Pationts

A subgroup analysis was performed for the two primary endpoints companng patients with GBM vs patients with
another histology, "non-GBM" (see Reviewer Table 3, page 10, for breakdown of hnsto|ogy perarm) GBM
patients treated with Gliade!® had a statistically significant reduction in six month mortghty by the logrank and
Gehan's Wilcoxon test. At the end of the overall (71-month) observation penod, 10 pahen'\s were alive: 5 (1
GBM, 4 non-GBM) treated with Gliadel® and 5 (1 GBM, 4 non-GBM) with placebo. in patients with GBM,
median survival was 6.51 months (95% Cl: §.32 - 7.49 mo ) in the Gliadel® arm and 4.63 month§ (95%‘C|: 3.78 -
5.52 mo.) in the placebo group. This was statistically significant by the Gehan Wilcoxon Test which weights

early events (p = 0.021), but not by the logrank test (p = 0.180}.

Overall K-M Survival Curves by Treatment Group &Tumor Type;

GBM n = 145; Non-GBM n =77 ZAR TS
Unadjusted Adjusted Unadjusted Adjusted
e #1: 1] Glisge!
—_— - P
-—.333‘.0...'“?'“3....,.. fogrank GwW+ Cox togrank Gw+ Cox
' Non-GBM - Placsbo
p=013 | p=.01% p=.0073 p=.181 p=,021 p=.051}
*Lehan’s geneeshized Wilconon test.
l_" .
v"x\| —.—
TPt U M)d
. Cee Unadjusted uste Adjusted
Mo,
o R T T e o logrank | GW* Cox logrank | GW?* Cox
0369|215!9?‘?‘273013)041!2“‘(&5\
Months from mplum Gurgery p=.849 p=775 | p=.649 p=.754 p~8G64 | p=.613

*Gehan's generalized Wilcozon test

The most common histology in the non-GEM subgroup was anaplastic astrocytoma (n = 31,‘15 on GIiac?el@_ and
16 on placebo) The overall Kaplan-Meier survivai curve for this group of patients i1s shown in Applicant's Figure
2A. There was no statistically signif.cant difference in six month or overali survival
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® Secondary Efficacy Analyses

Quality of life analyses based on repeated measures of KPS and the mini-mental status exam did not show
statistical differences between the arms, per applicant's analyses . For further dic sussion, see the Statistical
Review. Although definitions for treatment failure were providad in the protocol, it was not identified in the

statistical section as a specific endpoint and data or analyses on time to ‘reatment faiiure are not provided by the
applicant.

® Drug-Demographic Interactions

Age. The applicant analyzed patients > 65 (n = 20) with those < 65 (n = 202) years of age and found no
significant difference in six month or overall survival within these two subgroups. There was no treatment-by-age
interaction by the Cox model. See Appendix Il (Applicant's Tables 4.24, 4.34 and Figure 9) for details.

Comment: The analyses of age based on these two discrete subgroups must be considered exploratory given
the small number of patients > 65.

Gengder. There were 143 men and 79 women entered onto #8802. There was no statistically significant
difference in either six month or overall survival between the gender subgroups; however, there was a trend
toward significance in males treated with Gliadel® during the first six months. There was no treatment-by-
gende: interaction dected by Cox regression See Appendix |l (Applicant's Tables 4.25, 4 35 and Figure 10) for
details.

Race. There were 204 patients listed as white and 18 patients as non-white (10 on Gliadel®, 8 on placebo; see
Reviewer Table 3 for further details of race). The six manth and overall survival benefit in whites treated with
Gliadeh® trended toward significance. There was a significant difference in overall survival for nonwhites treated
with Gliadel®. There was a statistically significant treatment-by-race interaction for overall survival using Cox
regression. See Appendix Il (Applicant's Tables 4.26, 4.36 and Figure Il) for details.

Comment: Few patients of color were entered onto this trial and it is not clear that "non-white" is a valid racial
category. These analyses should only be considered exploratory.

¢ Systemic Chemotherapy
Overall survival of patients who did or did not receive systemic chemotherapy, by treatment arm, is presented

below in Reviewer Table 4. Gliadel® shows a survival advantage, with or without chemotherapy, that is not
statistically significant.

Reviewer Table 4 : Median Survival by Treatment Groug and /- s!l!emic Chemothorlgx

Chemotharapy No Chemotherapy
Ghadel® Placebo Gliadek® Placebo
) n=29 n=21 n =81 n=91
Median Survival (mo.) 913 8.38 6.31 ! 4.90
Analyses Logrank p = 0.856 Lograng p = 0.385
Wilcoxon p = 0 495 Wilcoxon p = 0.257

Comment: Patients who received systemic chemotherapy survived longer, whether or not they received
Gliadel®. Because patients were not randomized and the regimens not standardized, this information must be
interpreted cautiously. It is possible that patients with the best prognosis were selected to receive further
chemotherapy. This point, however, could not be proven by the Agency's comparison of age, baseline KPS,
number of wafers implanted, time from first surgery or tumor type.
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its gravity (insigniﬁcant, minor, serious, Me-threatemng); severity (mild, moderate, severe), whether it was

treatment relateq (not related, unknown, possible. probably or definite), onset and end date; and any action
taken.

Treatment-emergent adverse events were defined as those not Séen at baseline or worsened if present at
baseline. My)

tiple events of the Same nature in the same patient but having different severities were coded once
by the worst severity.

® Deaths

By the data cuto# date, 105 patients (95%) in the Gliadel® arm and 107 patients (96%) in the placebo arm had
died. The majority in both arms died of tumor progression: @0 (82%) who received Gliadel® and 94 (84%) who
had received placebo. Ses Applicant Table 4.46, below.

Applicant's Table 4.46.: All Causes of Deaths Summarized by Treatment
GLIADEL 3.85%, PLACEBO
(N =110} IN 1i2)
Cause of Death Number {(Percentage) of Patients whe Died
Tumor recurrencentumor progression® Y (82) 94 (84)
Unknown® 6(5) 3(3)
Respiraton, comiplications: 2(2) 33
Pulmonary embolys ¢ 2(2) 2{2)
Postoperative complications: 141) 2(2;
Other cancer 1(1) 2(2)
Card:opu!monary arrest Tn 0 (0)
Increased intracranial presgure (with
fever/sepsis) (1) 0
Dementia "y a0
Suicide )} 1
TOTAL 105 (95) 107 (96)
* Tumor fecurrence/pneumonia feported for one patient (GLIADEL treatment group - Patient
g:hent No and progressive disease reported for one patient (GLIADEL treatment group -

"Unknown' entered py investigator or ng Cause of death was recorded

© Includes pPneumonia or acute respiratory distress Secondary to Staphylococcus infection.

° Includes 1 patent (Patient No who died from ‘pulmonary emboiys Of myocardial
infarction "

! Includes postoperative deterioration with pulmonary problems or pneumothorax, Sepsis and
bneumonia or multiple medical conditions.

Comment: A difference in causes of early vs. late death was not seen

CRFs were Provided on the 4 patient deaths that occurred within the first 30 days. Three of the 4 had received
placebo and 1 Gliadel®. Two of the 4 patisnt deaths appear in Applicant's Table 4.46 as suicide and
postoperative complications. The other two presumably appear under tumor recurrence or progression. One of
these two, patiant » had a normat levef of consciousness the day of surgery, received placebo wafer, and
after surgery was unarousable until his death, Patient treated with Gliade/®, was readmitted to the
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hospital on study day 20 for a DVT which was treated with heparin. Neurologic status decreased precipitously
the following day. with CT showing severe increased intracranial pressure and a cystic enhancing mass.
Comparison to discharge scan is not provided. No autopsy was granled in either case. At least one, if not both

of these deaths could be classified under postoperative complications, which would raise the incidence slightiy to
2.2%.

® Treatment Withdrawal due to Toxicity

Comment: Since treatment is not ongoing, the category of treatment withdrawal is open to interpretation. The
reviewer considered that reoperations for a complication duning which the surgeon also removed the wafers
might qualify  Of the 8 cases with an indication for surgery that could be interpreted as for a complication, 6
occurred in the first month, i.e.. perioperatively (see Reviewer Table 5). If we accept the animal data that
carmustine has diffused from the wafer by 3 weeks, then 2/110 patients treated with Gliadel® had treatment

withdrawa! (indicated by * in Reviewer Table 5.

Reviewer Table 5

= - W -
Treament Study Day Reason for Reoperation Procedure Survival
[ ]
H‘ — wkS -
Ghadel® 11 wound infection, seizure, increased left bone flap and wafer remnants removed 319
hemiparesis
Ghadel® 22 fever spikes and dechine in mental stalus wound exploration with debridement, 259
ramoval of wafer-like remnants
Placebo 24 prevalent discharge from scaip wound bone flap remaval, polymer wafer fragment 94
removed
Ghadel® 65 drainage and swelling in area of incision, bone flap removed 3-4 wafer remnants 263
edema with ventnicular compression removed
Ghadel® q° “polymer wafers were a source of concern” removal of polymer wafe:s ?
Placebo 15 intracranial hemomhage exploration, removal of bone flap, removal 216
of clot, removal of 8 waler remnants
Gliade/® 68 deterioration due to meningitis debndement of lumor cavity, abscess 123
drained and wafer-like remrants removed
Placebo 18 lethargy, midline shift on CT removal of necrotic tissue; wafer remnants ?
rerir_‘o:ved
—ae— —— L -

*Survival is dated from Gladel® vs. placebo surgery, not from date of reoperation

® Frequent (> 5%) Treatment-Emergent Adverse Events (A.E.s. )

The incidence of common A.E.s defined as occurring in > 5% of patients and irrespective of causality are shown
in Applicant's Table 4.48, on the following page. Taken as a whole, rather than as specific events, the most

common A.E s related to the nervous system. Hematologic abnormalities, &s seen with systemic BCNU, were
uncommon.
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Applicant's Tahle 4.48;

Treatment-Emergent Adsorse Events Occurring in : 5% of
Patients by Treatment Group and by Body System and COSTART

Term
GLIADEL 3.85% PLACEBO Fisher's Exact
N = 110} IN = 142) Test

Body System / COSTART
Term* Number (Percentage) of Patients P-Value
Body as a Whole

Fever 13(12) 9(8) 0377
Infection 8(7) 9(8) 1.000
Pain 8(7) 1(h 0018
Cardiovascular

Deep throinbophlebitis 10Y) 1201 0.823
Pulmonary embolus 6 (6) 8(7) 0.784
Digestive

Nausca 6(6) 6(5) 1.000
Nausea and vomiting 9 (8 7(6) 0.613
Oral moniliasis 6 (6) 6 (5) 1.000
Hemic and Lymphatic

Anemii (7 12¢ih () 483
Metabolic and Nutritional

Healing abnormal 15 (14) 6 (5) 0.040
Hyponatreniia 54(S) 7(6) 0.768
Nervous

Aphasia 10 (9) 12¢thH 0823
Ataxia 2 6 (5} 0.280
Contusion o) 9 (R) 0.646
Convuision 21 (19) 21 (19) 1.000
Headache 16 (15) 1413 0.698
Heniplegia 21 (1) 22(20) 1.000
Intracranial hypertension 4 (4) 7(6) 0539
Somnolence 15 (14) 12(11 0.543
Stupor 7(6) 7(6) 1.000
Respiratory

Pneumona 7(6) 7(6) 1 000
Skin and Appendages

Rash 6 (6) 4 (4) 0537
Urogenital

Urinary tract infection 2321 9 (496

*The investigator verbatim term was used in place of a COSTART preferted term when the verbatim term was
s0 nonspecific that assignment to an appropriate COSTART preferred term could not be made unambiguously,
or when the most appropriate COSTART preferred term was either misteading of so general as to be

uninformative.

Comment: The p-value is statistically significant only for pain and healing abnormality, although since the control

arm involved placement of a foreign body into the resection cavity, it is possible that the incidence of certain

A.E.s secondary to Gliade!® may be underestimated, e.g., convulsion and/or healing abnormalities could have
been increased by a placebo wafer.

® Severity of Treatment-Emergent A.E.s

Sixty-four severe treatment-emergent events were reported in 43 of 110 (39%) of patients treated with Gliadel®

vs. 68 severe treatment-emergent events in 37 of 112 (33%) patients who received placebo (see Applicant

Table 4.50, with superimposed reviewer subtotals, in Appendix Il). The body system with the most severe A.E.s
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was the nervous system, 43 of 64 severe A E s in patients treated with Gliadel® and 47 of 68 severe A E s in
patients who received placebo.

® Treatment-Related, Treatment-Emergent A.E.s

Forty-six A.E.s in 21 of 110 patients (1 1%) on Gliadel® were considered definitely, probably. or possibly related
to study drug. Forty-two A E.s in 20 of 112 (10%) patients on placebo were considered definitely, probably, or
possibly related to wafer implantation. The body system with the most frequently reported A.E.s that might be
related to treatment was in the nervous system: 29 of the 4€ on the Gliade!® arm and 23 of 42 on the placebo
arm. There were no A.E s in the Gliadel® group that were assessed by the investigator as definitely related to
treatment; there were 3 events in the placebo group that the investigator considered definitely related to
treatment. This occurred in a single patient and appears *o the sponsor and this reviewer to be related to post-
wafer administration of intra-arterial cisplatin. See Arplicant Table 4.52, with reviewer subtotals ( Appendix H).

Comment: Given the circumstance of regional delivery of chemotherapy to a recently operated site in an area of
pre-existing deficits, it might be expected that toxicities would be scored as possibly or probably-ralated to
treatment, rather than definitely, i.e., the lack of this latter category of toxicities may sa y as much about the
clinical setting as the study drug.

® Clinically Significant A £.s with Possible Causal Relationship

The sponsor discusses convulsions, abnormal healing, infections, meningitis, and hydrocephalus in further detail
because of the possibility of a causal relationship and the cli iical importance of the A E s.

Conyulsion. Reviewer Table 6 summiarizes the incidence of convulsion (or grand mal seizure) in patients with
treatment-emergent convulsions, which allows differences to b= seen between the treatment arms that are not
apparent when looking at all patients with a convulsion (i.e., including patieiits with preexisting convulsions that
did not change in severity on study). Patients treated with Gliadel® had an earlier onset of their convulsions
relative to placebo treatment. For patients with at least one treatment-emergent convulsion, the median time to
onset of the earliest, most severe episode was 3.5 days vs. 61 days in the placebo group. in patients who
received Gliadel® and had a treatment-emergent seizure, 54% (12/22) had the onset of their earliest, most
severe treatment-emergent episode within the first 5 days of surgery vs. 9% (2/22) who received placebo.

Reviewer Table 6. Treatment-Emergent Convulsions

Gliadel® Placebo P-value*
Convuisions

(All, After Wafer Implantation) 41 {(37%) 32 (29%)

Treatment-Emergent Only 22 (20%) 22 (19.6%) 1.000
Time to Onset of Treatment (days)

Mean 26.09 (36.05) 62.36 (48.66) 0.008

Median 35 61.0: 0.008
Severity, Treatment Emargent

Mean 1.91 (0.75) 2.09 (0.68) 0.406

Median 20 20 0.406
Median Survival (wks)

Treatment-Emergent Convuisions 36.3 268 0.352

All patierts 315 236 0.106

o L
* F-test from ANOVA for testing equality of two means; Wilcoxon Rank Sum for testing equality of two medians

Because of missing data for end dates, it is difficult to fully compare duration of convulsions between the
treatment arms. If end dates are deleted, there is no statistically significant differerce between the arms for
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average total duration. If the missing end date is Imputed (to start of next episode of convulsion, death date or
study cutoff date, whichever is shortest), the average total post-baseline duration of convulsive episodes was
longer in the Gliadel® group, although not statistically significant: mean 148.23 (318 91) vs 2923 (50.64)p =
0.091; median 7.0 vs 35 p=0.178.

t!&.a!mg_&ngnmg_m As previously seen in Applicant's Table 4.48 (page 22), 15 patients (14%) on Gliade!® and
6 patients (5%) on placebo had a healing abnormality reported (p=004) The sponsor has grouped the events
into four major categories (see Applicant's Table 4.55 in Appendix I for a by-patient listing including investigator-
rated severity and relationship to drug):

(1) Fluid, CSF. or subdural fluid collection;

(2) CSF leak;

(3) Wound dehiscence, breakdown. or poor healingl; and

(4) Subgaleal or wound effusions (inciuding yellow discharge at the incision)

Comment: Using the list of patients who underwent reoperation, an additional 3 patients are identified who had
an abnormality warrenting a procedure. These patients were not coded under eithar healing abnormality or
infection in the database (1-118, 3-105, 16-113). Two patients received Gliacel® and one placebo, slightly
changing the numbers of patients with healing abnormalities to 17 (15%) on Gliade!® and 7 (6%) on placebo..

The applicant notes that not all healing abnormalities occurred in the perioperative period, defined as within one
month of surgery and therefore may not b2 treatment related. An alternative grouping of data recognizes two
groups, early (range of study day 1 - 42) and late (range 79-175). By these cutpoints, 12 patients had early
complications and 5, late on Gliade/® while all 7 of the healing abnormalities on the placebo arm occurred early,
i.e. by study day 33. The applicant argues that late healing abnormalities are unlikely to be treatment-related
because BCNU diffuses out of the wafer early and should not be available to interfere with cell division. The
hypothesis that mechanisms differ for early and late wound healing complications is plausible. Of the 5 iate
cases (all of which occurred on the Gliade!® arm), 4 were fluid collections (vs. 3 of 19 early cases, combining the
arms) and only 1, wound breakdown. (One of the 4 cases of late fluid collection followed a repeat craniotomy).
Itis unproven, however, that the wafers are noncentributory to early or late wound healing abnormalities since
they are variably biodegradable and space-occupying.

Infection. Applicant Table 4.69 (see Appendix I1) lists the 65 treatment-emergent infections in patients on
Gliadel® and the 64 in patients who received placebo by body system and COSTART Term. The only significant
difference in incidence by body system was in the occurrence of meningitis (4 patients on Gliadel® vs. none on
placebo; p = 0.059). Two cases of meningitis were bacterial; one patient underwent reoperation on study day 4
for removal of the wafer. e other case of bacterial meningitis was the only late case of meningitis. Review of
the details of this case reveals that the meningitis occurred on study day 155, after the patient underwent
reoperation for recurrent tumor on study day 154 A third case was chemical and treated with steroids, resolving
by day 43. The fourth case was unspecified, but required hospitalization and treatment with antibiotics; the
meningitis resolving by study day 34.

Comment: Reviewer Table 7 presents the incidence of infections related to the surgical site as derivad from the
Access database and using the investigator descriptions, rather than COSTART preferred term. This table

confirms the applicants claim that meningitis was the only type of infaction with an increase in incidence and
further defines which of the infections listed in Applicant's Table 4.69 were related to the surgical site.
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REVIEWER TABLE 7: Cranial infections

R

e, GLIADEL®
Wound, including bone flap and epidural ] 10
Cellulitis, scalp 0 ] 2
Meningitis 4 0
Abscess 1 (stitch) 1 !bfain!
— e PSR

Hydrocephalus/cerebral edemafintracranial hypertension.

Incidence of treatment-emergent hydrocephalus, cerebral edema and intracranial hypertension is displayed
below in Reviewer Table 8.

Reviewer Tabie 8: drocephalus, Cerebral Edema, Intracranial on

Glladel®

5 (5%) 2 (2%) 0.278

partens!
[

-value

Hydrocephalus

Cerebral Edema 4 (4%) 1(1%)

Intracranial HTN 4 (4%) 7 {6%) 0.539
e ——— o -

8.3 Reviewer's Conclusion: Trial #8802 appears to be an adequate and well-controlled study. The
treatment effect on survival in all patients with high grade malignant glioma daes not reach statistical
significance. The largest treatment differences are seen at six months, which does not carry over to overall
survival. The biologic meaning of an improvement in six-month survival is unclear since it appears not to be a
surrogate for overall survival. It's robustness can be questioned from two standpoints: (1) the discrepant results
depending on the type of the analysis , (2) lack of support from other quality of life parameters, .g.. performance
status (see Statistical Review for KPS analyses). However, the robustness improves for the subgroup of
patients with glioblastoma multiforme. Here, the survival advantage for patients treated with Gliade!® is seen not
only at six-months, but is reflected in overall survival in an unadjusted analysis (Gehan's generalized Wilcoxon
fest).

The toxicity profile of Gliade!® is consistent with a regional delivery system at the time of operation. The primary
toxicities were related to neurologic function and wound healing/infectious complications. The incidence of
perioperative convulsions, wound healing abnormalities, and meningitis was greater in patients treated with
Gliadel®. The toxicities could be considered acceptable given the clinical setting; however, the incidence may
be underestimated since the control arm was a foreign body.
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9. Phase ill Trial CL-0190: Interstitial Chemotherapy for Malignant Glioma: A Phase lil Placebo
Controlled Study to Examine the Safety and Efficacy of Gliadel®

Comment: Protocol CL-0190 was conducted under foreign IND and not identified prospectively as a pivotal trial
for submission with an NDA in the U.S. The ADA's submitted protocol, statistical section, and amendments as
well as decisions made during the trial are not part of the Agency's records and are presented below as per
applicant, :

9.1 Protocol Review
® Review of Amendments

Amendment #1, 11/15/91 -- Sweden withdrew and was replaced with a center in Norway.
-- An upper age limit of 65 years was added.
-- iImaging was rearranged to be on day of discharge.

Amendment #2, 2/5/92 -- Randomization was changed from blocks of 10 patients per center (5 active + 5
ptacebo in random order) to blocks of 4 patients per center.

Comment: All patients were enrolled after both amendments
¢ Objectives

“To determine the safety and efficacy of using Gliadel® as adjunctive treatment with surgery and external beam
radiotherapy in newly diagnosed malignant glioma patients "

Primary endpoint (per statistical section): “The primary efficac, analyses will be comparisons of survival and
progression free time between the two treatment groups.”

® Study Design/Schema

CL-0190 was a multicenter, randomized, double blind placebo-controlled phase I!! trial, designed to compare the
safety and efficacy of interstitial BCNU chemotherapy in treatment-naive patients with malignant glioma.
Patients were enrolled after malignant glioma was pathologically confirmed during surgery. After maximal tumor
resection, up to eight wafers, Gliadel® or placebo, were placed against the resection surface.

Eligibility Criteria:

- 18 to 65 years of age

= KPS = 60

= Witnessed informed consent

- Unilateral, unifocal tumor of > 1 cm diameter, by brain imaging. Tumor must not cross
midline

- Confirmation of high grade glioma by frozen or squash preparation surgery

Comment. High grade glioma was defined as a grade Ili glioma (anaplastic astrocytoma) or IV glioma
(glioblastoma multiforme) in ine CRF.
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xclusion Criteria

-- Significant renal or hepatic disease, as detarmined by BUN, creatining, SGOT, SGPT, LDH
or bilirubin levels exceeding 2 X ULN of the center's normal range

- Concomitant life-threatening disease that would limit lifespan to within 6 months of study
entry

-- Piatelets < 100,000/ml or leukocytes < 4,000/mi

- Pregnancy

-- Hypersensitivity to contrast materiai to the extent that contrast-enhanced CT or MRI would
not be obtained

® Procadure, Treatment, and Schedule of Tests

Randomization. Study centers received one block of 4 numbers (per amendment #2) to start and further blocks
depending on accrual. Wheii drug and placebo wafers were received fromthe U.S., placed a
non-peelable label over the label to blind the content. The labels were site-specific, and
included the patient number (randomization number) and principal investigator's name.

Treaiment Following maximal tumor resection, up to eight wafers (Gliadel® vs. polymer placebo) were to be
placed in the cavity. Once adequate hemostasis was obtained, the wafers were placed to cover the entire
resection surface, with overlapping permitted. Avitene, gelfoam, or surgicel could be left along the brain
surface. The decompressed area could be filied with irrigation fluid prior to tight closure of the dura. "Standard
methods and schedules (of radiotherapy) will be used.” No systemic chemotherapy was allowed.

Schedule of Tests.
Visit # #0 2] 2 #3 Ha #5, etc.
Study Da; Basoline=B D+ D3 DischargesD' RT D90, etc. q 3 ma.*JH
History/ P.E. X
Karnofsky P35 X X X X
Neurological Exam/ X X X X
MMSE
CT or MRt X X X X
(w & w/o contrast) {within 2 wks)
CBC, SMA, U/A X X X X X
Surgery/implantation X
X
Radiation Theragx LI 7

Visit # is the date of discharge or day 10, whichever comas first.
Followup in #8802 is g 2 months.

® Endpoints and Statistical Analysis
Definitions of Endpoints:

Treatment failure was defined identically to #8802, by changes on contrast-enhanced CT or MRI
scan and/or the Karnofsky performance status, see pages 6-7.

(Survival was not specifically defined.)
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Statistical Analysis:

The protucol states..."The maximum number of 100 patients with histologically verified malignant,
primary, supratentorial Grade 111-IV glioma without any previous chemotherapeutic treatment will be
enrolied in the study.

The expected median survival time is 12 months after the first surgery and radiotherapy. Gliadel is
considered an effective treatment, if we shall obtain a 33% (4 months) longer median survival in
comparison with placebo.

Monitoring of the results is done after every tenth event using a sequential restricted triangular
stopping rule. This rule will terminate the study early, with 80% power and 5% one-sided type ! errar
rate, if we find a 33% difference in the survival time.

Primary analyses divide into three parts; assessment of demographics, efficacy and safety data.
Evaluations on safety ar.1 efficacy will be based on neurological, Karnofsky, MMSE, medical events,
concomitant medications, imaging results, time to treatment failure and survival data. The primary
efficacy analyses will be comparisons of survival and progression free time between the two
treatment groups.

If there is no difference between the two treatment arms after the first 100 patients, the trial will be
stopped due to ethical reasons and the analysis will be done with conventional survival analysis
techniques. On the other hand, if the study stops because mortalities are different, sequential
analysis of survivorship will be applied."

9.2 Results
921 Conductofthe Study

® Early Termination.

Patient accrual was terminated early by the sponsor, Orion-Farmos, after enroliment of 32 patients due to
inadequate drug supply. The aoplicant, Guilford, references internal memoranda from

identifying two reasons. First, after noting three cases of infection, was
concerned about the lack of documentation that wafers from lot SR042-49-7 had not been retested at intervals
for sterility (subsequent testing by confirmed sterility and the incidences of wound
infection/meningitis were attributed to a single center mistakenly placing the unsterile packet in the sterile
surgical field). The second reason is that lot SR042-49-10 did not pass a 6-month retest because of a "slightly
low BCNU content”. There was no other drug supply; the last patient treated on CL-0180 was the last patient
treated with Gliadek® on any trial until Guilford assumed manufacture, opening a Treatment IND in the U.S. in
November 1995. An interim analysis of CL-0180 was performed in the Spring of 1994 after data was collected
on 18 patients (analysis not provided with the NDA). On March 9, 1994, notified the Finnish
regulatory authorities that the study was completed December 22, 1993.

® Randomization.

Subject 1D ;1umbers (randomization numbers) were ranked from a low of "1" to a maximum of 12" at any one
center. Review of the order of these numbers showed correlation with date of surgery/wafer implantation with
one exception, center entered the first patient with a number of "12", although drug was
shipped either in a block of 10 (pre-amendment) or & block of four for the initial shipment (2 blocks of 4 for
subsequent shipments). Thereafter, the numbers were consecutive and correlated in order with the date of
surgery. Information on patients registered but not entered is not available (not collected).

o Eligibility.
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All patients were considered evaluable and are included in the final analyses of safety and efficacy. The
following were the protocol eligibility violations:

__Reviewsr leo 9
_ Gllld;ﬂ@

N Y

ty Criterion

Age 18to 85 1 pt age 67 -

7 KPS > 60 - ) 1 pt with KPS 40 “

LFTs < 2X ULN 2 Bls without baseline LFTs 1 at without baseline LFTs “

® Referes Neuropathologist.

By protocol direction, samples of the tumors were sent to the sponsor, and then forwarded to
The referee pathologist was blinded to treatment. The local pathologist and
Dr. Kalimo agreed on the diagnoses in all but one case in which an astrocytoma grade il was upgraded to GBM.

® Quality Assurance.

Although CL-0190 was conducted by Guilford "has independently assessed the integrity and
accuracy of the clinical data ..to assure their adequacy... Audits have been conducted, including comparison of
case report forms to source docurnents, to assess the validity of selected key data variables...in addition, quality

assurance audits have been conducted at a number of participating clinical sites...to evaluate the conduct of the
studies and the content of the data at these sites "

922 Enroliment, Demographics, Baseline Characteristics
¢ Study Dales:

First Patient Randomized: 3/23/92

Last Patient Randomized: 5/14/93

Date of Last Observation 5/14/95

® Study Centers:

Enroliment and assignment to treatment arm per center is displayed in Reviewer Table 10, derived from
Applicant's Table 4.1.

Reviewer Table 10

GLIADEL®
N =18

PLACEBO
Nw=ig

#1  Turku, Finland

#2  Tampere, Finiand
#3  Helsinki, Finland

#4  Tondheim, Nomnx

® Baseline Demographics and Clinical Characteristics

o N

» e Jw ]

]

Reviewer Table 11 is a composite of Applicant's Tables 4.2, 4.5, 4.6, 4.8, 4.11, and 4.12. The only statistically
significant difference between the treatment arms was tumor type. Al patients randomized to placebo carried
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the diagnosis of GBM; however, 11/16 (69%) treated with Gliade!® had GBM.

Reviewer Table 11: Baseline Demogra hics and Clinical Charactaristics

Gliadel® Placebo P-value
ne1g n=16
AGE {veary) .
mean (S.D.) 53.5 (9.5) 53.9(8.0) 0.805
median 56 54
range 37-88 36-85 )
GENQER
male 88 106 0.722'
female
RACE*
KARNOQFSKY P§
40 0 1
80 3 1
70 5 1
80 1 4
80 ] 7
100 2 2
Mean (5.0) 78 75 (14.08) B81.94 (1510) 0.542?
Median (range) 75 (60-100) 90 (40-100) 0.402°
HISTOLOGY {referee patholoay) 0.043'
GBM 11 (69) 16 (100)
AA 2(13) 0
Qligodendroglioma, gr 3 2(13) 0
Ependymoma, gr 3 1(6) 7 0
MMSE (totai score)
Mean (5.0.) 2319 (4.59) 22.88 (4.03) 0.83¢9°
Median 245 2485 0732}
NEURO EXAM (total sgore) ”
Mean (S.D.) 4,31 (3.48) 3.94 (3.45) 0.762?
Median 400 ] 400

*Not collected on lh CRF in this stuy
'Fishers Exact Test for discrete variables: F-test from ANOVA for the continuous variables
Two sample t-test for comparing means between treatment groups

*Wilcoxon Rank Sum test for comparing means between two treatment groups

® Tumor Size

The mean tumor area was 22.4 (+ 8.6) cm? in the Gliadel® arm vs. 19 2 26 ; cm’ in the placebo group.
Median tumor areas were 20 cm? in both arms. Tumor volume estimat: s were not provided for this study
because data was not ~vailable for one patient.

® Characteristics of S.. ,ary

In the Gliadei® arm, 13 patients (81%) had eight wafers implanted; in the placebo group, 10 patients (63%)
received eight wafers. The least number of wafers implanted was § in the Gliadel® arm and 4 in the placebo
arm (Applicant's Table 4.15 which follows).
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Applicant's Table 4.15; Gliadel Dosage

GLIADEL
385% PLACEBO

Parameter [N =16] [N = 16} P-value*
Number of Wafers Implanted

Mean (5.D) 7.6(1.0) 6.9 (1.5 0176

Median 8 8

Range 4.8 4.8
Number of Wafers implanted

4 wafers 00 2(13)

5 wafers 1(6) 1(6)

6 wafers 2(13) 3(19)

7 wafers 0(0) 0(0)

8 wafers 13 (81) 10 (63)
Amount of BCNU (mg)

Mean (S.D) §8.23 (7.42) N/A

Median 61.6

Range 3865-61.6

* Fisher's Exact test

Excerpts from Applicant's Table 4.12 comparing other characteristics of surgery are shown below There were
no statistically significant differences between the arms

Applicant's Table 4.12: Characteristics of Wafer Implantation Surgery

GLIADEL 3.85% PLACEBO
[N =16) {N = 16) P-value*
Hemisphere 1.000
Left 6 (38 6 (38)
Right 1G (€ ) 10 (63)
Tumor Location by Lobe 0.752
Frontat 6 (38) 6 (38)
Temporal 7 (44) 5 (31)
Parietal - 2(13) 1(6)
Occipital 11(6) 3(19)
Temporal / Occipital 0(0) 1(6)
Duration of Anesthesia (Hours) 0.675
Mean (S.D) 44(1.3) 42(11)
Median 45 42
Range 27-65 22-57
Surgical Resection 1.000
Subtotal 14 (88) 15 (94)
Total 1(6) 1(6)
Total with Lobectomy 1(6) ) 0(0)
Tumor Volume (¢m?) ' 0.640
N 15 18
Mean (S.D.) 103.9(92.7) 91.5(47.8)
Maedian 80 82
Range 1.5-336 18.8 - 181
% of Resection 0.756
Mean (S.0.) 79.3(16.3) 77.4 (18.6)
Median 80 85
Range ] 40- 100 AQ - 9§

* P-value from Fishers Exact Test for categorical variables, F-test for continuous vari.bies
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ND. 374 »a2
@1-24-97 12:23 FDA-DODP » 74576

¢ Trealmen! After Water implantation Surgery

Badialion Therapy. Al but one patient, who died on study dav 35 of a rapidly growing tumor, received post-
operative radiation therapy. Applicant's Table 4.14 prasents the mean and median doses of radiation dalivered.

Applicant's Tabie 4.14:Radiatherapy Treatment Regimen Summary

GLIADEL 3.85% PLACEBO
{N = 18} N = 18} P.value®

Numbar (Percentage) of Patients

Cumulative Radiotherapy (cGy)

N 15 16

Mean (SD) 5849.5 (333 0) 5382 9 (878.1) 0.2454
Medisn 5575 5403

Range

* Fisher's Exact Test

i - Only one patient on the placebo arm raceived systemic chemotherapy, two courses of
pracarbazine, lomustine, and vincristine.

& Concomittant Medicatiions

Dexamaethasone was the most commonly prescribed medication after wafer implantation. All patients received
dexamethasone, methylprednisclone or betamethasone There were no statistically significant diferences
between the treatment arms with respect to mean daily dose and total dose per patiants for each medication.
Anticonvulsants were not commonly prescribed; 3 patients on Glladei® gnd 1 on placebo were prescribed
carbamazepine

923 Efficagy Results

the sponsor, performed an interim analysis aftor the first 16 patients, the resulls of which have
not been provided). The NDA states that.. "the analysis was tlinded and ccnsistad of a few tabulations and a
non-parametric analysis of survival. The treatment code for the study was unblinded on June 28, 1995 *

Comment The p-values provided by Guilford for the final reported survival analysis sre unadjusted for this first
look. However, since the p values are not borderiine, this should not have a significant impact on the results.

Guiltorg has assessad the primary endpoint of survival by survival rate at 12 months as well as Kaplan-Meier
techniques at two timepoints, 12 and 24 months post wafer implantation. Guiiford states ..."The 12-month
timepoint for the analyses was chosen because 12 months was given in the protocol as the expected median
survival in the placebo treatment group, and was used as the basis for the protocol's power calculation....The 24-
month timepoint for the analyses was chosen because the maximum duration of follow-up for all patients was 24
months " in addition to survival, the protocol identified a second primary endpoint as the prograssion-free
interval,

& Twelva-Month Qulcomes

Mgnalily Rate. Six patients on Gliadei® and 13 on placebo died by 12 manths after wafer implantation (p =
0.029, Fisher's exact tast), leaving 10 alive on Gliade!® and 3 alive on placebo.

Suiyival The twelve-month Kaplan-Meler survival curve by treatment armis shown in Applicant’s Figure 2.
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1 2 3 4 5 [ 7 ] 8 10 oy 12
Months from implant Surgery

Cumulative mortality through 12 Months shows 5 highiy signiﬁcantly difference between the arms, with a lower
mortality for the Gliadel® arm with g logrank P =0.0087 ang a Gehan's generalized Wilcoxon P=0.010s.

- 8 r ' . Eight variables werg Selected ag being of Potentia)
Clinical importance. Of the €ight factors evaluated by univariate regression, three were identifieq as statistically
significant ag defineq byap < 0.15 (Applicant's Table 4.20, p.34).

Appncant's Table 4.19; Patentm Prognoslic Factors for Overal) Patient Survival
tients

"" 95% Confidence Limizs
P i r Ik Ratio Lower P-valye*
GBM Patients yg Non.Gam Patiants 4715 1.092 20.35 0.03r7
Karnofsky Score >70 Vs, <70 0723 0.327 1.597 0.4228
275% Resection Vs, <759, Resection 0.941 0413 2, 13 0.8824
Age (per Decade) 1.826 1.131 2950 0.0138
Male vs Female Patients 1.370 0.629 2.987 0.4280
MMSE Scores , Median 0377 0479 0833 0.0159

Prior Seizureg vs. None 0774 .309 1.938 0.5845

0
Number of Watars . g vs. 6 1.037 0.449 2.395 09328
‘Waid Chi-Square H-ETE P-values s0.15 appear in bold-face type

. , . ) . o

After adjustment for Prognostic factors, Gliadei® Produced g statistlca!ly Significant reduction in mortality

Compared to Placebo. For all Patients, the risk ratio was 0.154 (p=0.0010) and 0.179 for all patiants stratified by
tumor type (p=0.0038). See Applicant's Table 4,20
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or Prognostic Factors .. All Patientg

95% Confidence Limits
- valuat
Prognostic Factor Risk Ratio Lower Upper P-valye
All Pationts
GUADEL 3.85% vs. PLACEBO

0.154 0.051 0.457 0.0010

Age (per decage) 2.302 1.089 4.864 0.0290
Mini-Manta Scores :Median 0.207 - 0.070 0613
All Patienyg Stratified by Tumor Type
GLIADEL 3.85% vs. PLACEBD 0.179 0056 0.574 0.0038

Age (per decads) 2.265 1.075 4.777 0.0315
Mini-Mental Scoreg :Median 0.218 0.074 0.645 0.0056
* Walg ChlaSquare test

® Overay Survivaj

As of the data cutoff Servation periog upto 24 months), six patients were alive: 5 of 14 (31%)

Who hag feceiveg Gliadel® and 1 of 1 (6%) who had feceived placebg (p= 0.172, Fisher's exact test). The

median duration of Survival wag 13.37 months (35% o) 9.66 - inestimabje maximum) ang 9.17 months (95% .
4 - ?0,33) in the Cliadei® and placebg groups, fespectively,

The Kaplan-Meier Curve for 24 months is shown below in Applicant's Fig. 3,

Over,i K-M Survival Curves for All Patieng
by Trea:ment Group {n=12

— Gliade)
T Placeng

Surviver Ratp

......

"\\
18 21 24

1 12 1%
Monthe rom Implang Surgery

Unadjusteq Adjusted Unadjusteq Adjusteq

lograny GWsae Cox logrank Gwe Cox

p~.0087 p=010s p=0010 p=012 P01} P=.0008

*Only four Patients (} Gliadel, 3 Placebo) hag died by § months.
**Gehan's Beneralized Wilcoxon tegy
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Qverall Survival Adjusted for Prognostic Factors. After adjustment for prognostic factors, Gliadel® produced

significant reductions in overall survival. The risk ratios were 0 177 for all patients (p=0.0005) and 0.214 for all
patients stratified by tumor type (p=0.0029), as shown in Applicant's Table 4.21.

Applicant Table 4.21:

Overall Treatment Effect Adjusted for Prognostic Factors --
All Patients All Patiants

95% Confidence Limits

Prognostic Factor Risk Ratio Lower Upper P-value*
GLIADEL 3.85% vs. PLACEBO 0177 0.067 0.468 0.0005
Age (per decade) 2.248 1.208 4182 0.0106

Mini-Mental Scores . Median 0.250 0.100 0.626 0.0031

All Patients Stratified by Tumor Type

GLIADEL 3.85% vs. PLACEBO 0.214 0.078 0.590 0.0029
Age (per decade) 2.219 1.193 4131 0.0119
Mini-Mental Scores . Median 02414 0.094 0619 0.0031

* Wald Chi-square test

® Subgroup Analysis: GBM Patients

Twenty-seven of 32 patients carried the diagnosis of GBM: 11/16 (69%) in the Gliade!® arm and 16/16 (100%) in
the placebo arm. Twelve and 24-month survival for all patients and for GBM vs. non-GBM patients is shown in

Reviewer Table 12.

Reviewer Table 12: Survival Rates for All Patients and by Tumor Type

12-Month Overall (up to 24 months)
Gliadei® Placebo Gliadel® Placebo
All Patients (n = 32) n=16 n=16 n=16 n=16
Dead 6 13 11 15
Alive 10 3 [} 1
Fisher's Exact Test p=0029 p=0172
GBM (n=27) n=11 n=16 n=11% n=16
Dead 5 13 9 15
Alive 6 3 2 1
Fisher's Exact Test p = 0.097 p = 0.5487
Non-GBM (n = 5) n=5 n=0 n=5 n=0
Dead 1 2
Alive 4 3
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Applicants Fig 5 shows an overall Raplan-Meier su-vval curve o GBA patients only  The ragian sUrvival
duration was 123 months (959, CI 9 253 - 1787 me for paterss treated vath Gliadel® and € 7 manths (S0u
B.o4 - 1035 mo ) for Fatients on placebo  The difference in 12-month and 24-month survival is shown in below

soorln
[ e —

- T ‘-_‘l = Gliagel

- = =rPiscabo
[ 1]

Survival Rate
3

9 12 15
Months trom impiant Surgery

ST
A,
MR AL LN

Unadjusted Adjusted Unadjusted Adjusted

logrank GwW* Cox logrank Gw+ Cox

p=.059 p=.070 p=.0072 p=.126 p=.093 p=.0038

*Gehan's generalized Wilcoxon 1es
* Time to Treatment Failure (All Patients)

Time to treatment falure was measured from the time of wafer implantation surgery to the earliest point that
treatment fadure was declared, using protocol specified crnitenia Twelve patients (75%) in the Gliade!® arm and
14 (88%) 1n the placebo arm were considered to have faiure of treatment The median time to treatment failure
for patients on Gliadel® was 7.79 months (95% C1 322 - 966 mo )vs €67 months (95% C!- 302 -9 86 mo.), p

= 0 4668 (logrank) or p = 0.9635 (Wiicoxon)

e Secondary Efficacy Analyses

The applicant found no significant differences between the treatment arms with regard to change in mean KPS or
mini-mental status axam from baseline. See Statistical Review for further details.

® Drug-Demographic Interactions

The applicant did not provide analyses for a significant treatment by age or gender interaction for this study.
Information on race was not collected on the CRF. Sez the Statistical Review for these analyses; an interaction
with gender is seen, with survival in women greater than in men; however, these data should be interpreted
cautiously giv. n the small numbers of patients available for analysis.
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four point scale of mild, moderate, severe, life-threatening; (3) judge its relationiship to treatment as not

assessable, none, remote, possible, or probable (i.e., no “definite" category); (4) provide start ar.d «nd dates: and
(5) describe outcome. Specific A.E.s were not solicited.

The NDA states.. "Pre-existing medical conditions that did not worsen in severity during the study period were
not considered treatment-emergent adverse events. Multiple events with the same term, reported by one patient

during the study period but having different severities, were treated as a single event of the worst recorded
severity, "

® Deaths
Applicant Table 4.34: Summary of Cause of Death and Relationship of Death to Study Medication
GLIADEL 3.85% PLACEBO
[N=11) [N = 15] P-value
Number (Percentage) cf
Patients
Cause of Death 0213
Brain Tumor 10 (91) 13 (87)
Other 0(0) 1(7)*
Nat Assessable 1{9) 1(7)
Relationship of Death to Study Medication® 0.083
Probable 0(0) 0(0)
Possible 0(0) 0(0)
Remote 0(0) 1(7)
None 10 (91) 14 (93)

*Death due 10 pulmcnar; embolus

Comment: Deaths were not clustered in the perioperative period, see K-M curves above.

® Treatment Withdrawal Due to Toxicity

There were no reports of wafer removal in this study.

® All Treatment-Emergent A.E s by Body System

Due to the limited number of patients on this trial, all treatment-emergent A.E.s (rather than A.E.s with > 5%
incidence) are presented (Applicant's Table 4.35 on the following page). Twice as many events (31 vs. 16) were
reported in the Gliadel® arr compared to the placebo arm. The body system that had the most number of A.E s
was the nervous system, with 19 reported in patients treated with Gliadel® and 9 in patients who received

placebo. The difference in the number of patients with A E s (vs. number of A E.s) between the arms was not
statistically significant.
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Applicant Table 4.35: All Treatiment. Emergent Adverse Events Sunmmarized by Body System

|

|

|

|

|

! GLIADEL 3.85% PLACEBO

} [N = 16} [N =16) P-value®

‘ Number of

| QOccurrence  Number (Percentage) Number of Number (Percentage)

| Body System® s of Patients Occurrences of Patienis

! Body as a Whole 2 2(13) 2 2(13) 1.000

‘ Cargiovascular 4 3(19) 2 1(6) 0.600

} Endocrine 1 1(6) e 0(0) 1.000

| Hemic and Lymphatic 0 0(0) 2 2013) 0.484

i Maetabelic and Nutritional 1 1 (6) 0 0(0) 1.000

| Musculoskeletal 1 1(6) 0 0(0) 1.000

| Nervous 19 10 (63) 9 6 (38) 0.289
Respiratory 0 0 (0 1 1(6) 1.000
Special Senses 2 2(13) 0 0(0) 0.484
Uncertain 1 1(6} 0 0(0) 1.000
Total 31 events were reported 16 events were reported 0.458

by 12 patients by 9 patients

* Fisher Exact test

* The investigator verbatim term* was used in place of a COSTART preferred term when the . +-batim term was judged 1o be so nonspecific
that assignment to an appropriate COSTART preferred term could not be made unambiguous v or whan the most appropnate COSTART
preferred term was either misieading, so general as to be uninformative, or oo specific to be accurate Ita patient had more than one
instance within a category. only the instance with the greatest seventy is histed

® Frequently Reported Treatment-Emergent A.E.s

A.E.s reported in > 2 patients are displayed in Applicant Table 4.36 below.

Applicant Table 4,36: Treatment-Emergent Adverse Events Occurring in Two or More Patients in Either
Treatment Group by Body System and COSTART Term
GLIADEL 3.85% PLACEBO
[N = 16] [N = 16) P-value*

Body System/Adverse Event® Number (Percentage) of Patients
Nervous

Aphasia 2(13) 1(6) 1.000

Convulsion 3(19) 2(13) 1.000

Hemiplegia 6 (38) 4 (25) 0.704
Special Senses

Visual Field Defect 2(13) 0(0) 0.484

* Fisher's Exact

* The investigator verbatim term* was used in place of a COSTART preferred term when the verbatim tefm was judged to be $0 nonspecific
that assignment to an appropnate COSTART preferred term could not be made unambiguously, or when the most appropnate COSTART
preferred term was eitha: misleading, so general as to be uninformatrve. or too specific 1o be accurate

® Severity of Treatment-Emergent A.E.s

In the Gliadel® arm, 2 AE.s (P.E. and stupor) were rated by the investigator as life-threatening and 17 severe

compared to no life-threatening and 7 severe A.E.s in the placebo arm. Applicant's Table 4.38 tabulates these
A E.s by patient.
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Applicant Table 4.38: Life-threatening and Severe Treatment Emergent Adverse Events by Treatment
Group and by Body System and COSTART Term

GLIADEL 3.85% PLACEBO
[N =15] [N =16)

Body System/ Nummiber (Percentage)

Adverse Event® of Patients
Cardiovascular

Pulmonary Embolus 1* 1

Thrombophlebitis 1 1
Metabolic and Nutritional

Diabetes Mellitus 1 0
Musculoskeletal

Spondyiitis VIII-IX* 1 0
Nervous

Aphasia 2 0

Brain Edema 1 0

Convulsion 1 0

Depression 1 0

Hemiplegia 5 4

Hydrocephalus 1 0

Meningitis 1 1

Stupor M 0
Special Senses

Visual Field Defect 1 0
Uncertain

Rapid Detenoration® 1 0

* The investigator verbatim tern* was used in place of 3 COSTARY preferred term when the verbatim term was judged {0 be So
nonspecific that assignment ta an appropnate COSTART preferied tefm could not be made unambiguously, of when the most
appropriate COSTART preferred term was either misleading, s0 general as o ba uninformative, or too specific to be accurate. 1 a patient
had more than 1 Instance within a category. only the instance with the greatest seventy I8 isted

¢ Life-threatening treatment-emergent adverse event; all other events were severe

“F DA reviewer addibon to applicant table to correct typographical error

® Treatment-Related, Treatment-Emergent A.E.s

There were no A.E.s that the investigator rated as definitely (not listed as an option on the CRF) or probably
related to treatment. The four that were listed as possibly related were infection, fever and headache in 3
patients on Gliadel® and infection in one patient who received placebo wafer.

® Clinically Significant A.E.s with Possible Causal Relationship

Convulsion. There were no statistically signiciant differences in convulsions between the treatment arms.
Three patients in the Gliadel® arm and 2 patients who received placebo had treatment-emergent convulsions.

The median time to onset of treatment-emergent convulsions was 207 days in the Gliadel® group and 61 days in
the placebo group.

Healing Abnormality. One patient who received placebo wafer had a CSF leak from the nose, judgud to be of
mild severity by the investigator.

Infection. Four serious infections occurred, 2 on Gliade!® (wound infection and meningitis) and 2 on placebo
{wound infection and CSF leak/meningitis).

Hydrocephalus/cerebral edema. One patient treated with Gliadel® had meningitis diagiosed on day 6 and
subsequently developed hydrocephalus by day 36. Another patient who received Giiadel® experienced severe
postoperative cerebral edema on day 1.

8.3 Reviewer Conclusion: Although many of the criteria for an adequate and we!l-controlied study are
met, e.g., Statement of objectives, trial design, randomization, and methods of assessment of the endpoint, the
early closure of the trial and limited patient numbers are serious flaws. Since there was no further study drug for
almost 2 yzars, the early closure could in some sense be considered unbiased. Nevertheless, the statistical
endpaints uf the protocol were not met and conclusions from a 32 patient Phase Il trial are critically iimited. Of
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the 32 patients, 5 had the morc favorable histology of anaplastic astrocytoma and all 5 were randomized to the
Gliadel® arm. If these patients are excluded from analysis, the statistical significance of the treatment effect is
lost (vs. trial #8802 in which statistical significance was gained when excluding patients with anaplastic
astrocytoma).

10. Uncontrolled Trials

101  #B701: Safety and Efficacy of BCNU Delivered From a Biodegradable, Surgically Implanted
Polymer for the Treatment of Grade Iil or IV Astrocytoma: A Phase V| Clinical Study.

#8701, the first clinical trial with Gliadel®, was a multicenter open-label, dose-escalation study in 21 patients with
recurrent malignant gliama. J Neurosurg 1991; 74:441-446.

10.1.1 Protocol Review

Objective: "To determine the safety and efficacy of BCNU delivered by a surgically implanted polymer” in patients
with malignant astrocytoma or gliobastoma multiforme.

Eligibility/Exclusion Criteria: Criteria matched #8802 v. . the additional specifications: (1) tumar at least 1.5 em
diameter, (2) prior EBRT > 5000 rads; (3) life expectancy > 49 days, (4) limits to hepatic, renal, and hematologic
dysfunction.

Procedure: A maximum of 3 patients per center could be entered at a dose level. When all patients had been
observed for seven weeks, safety results with regard to mortality, neurologic elamination, KPS and tumor
iinaging would be reviewed prior to deciding to escalate to the next dose level (no specific grades of toxicity were
identified as unacceptable).

Baseline and Followup Examinations: Patients were seen weekly the first month, at 7 weeks, 3 months, then q
2 months. Neurologic examination and KPS were obtained at each visit. Tumor imaging was obtained post-
operative within 72 hours, at weeks 2, 7 and q 2 months as appropriate.

Amenaments. Amendment #1 dated January 14, 1988 redefined dose levels after the first level to be more
consistent with a modified Fibonacci schema:

. Gliadel 1.925%, 3.85 mg BCNU/wafer, max=30.8 mg BCNU

. Gliadel 3.85%, 7.7 mg BCNU/wafer, max=616 mg BCNU

. Gliadel 6.35%, 12.7 mg BCNU/wafer, max=101.6 mg BCNU

. Gliadel 9.625%, 19.23 mg BCNU/wafer, max=153.9 mg BCNU

. Gliadel 13.47%, 21.87 mg BCNU/wafer, max=215.46 mg BCNU

A WhN -

It was also stipulated that patients would be followed untit death. Amendment #2, 3/30/88, added exclusions for
previous interstitial therapy and treatment with Gliadel®.

10.2.2 Results

Twenty one patients were entered at 5 sites in the U.S from 9.24 87 until 7.7.88. After 8 patients were treated in
Group 3, the results were reviewed. "Although the MTD had not been reached, the increases in local BCNU
concentration achieved by the Gliadek® wafer, relative to the brain concentration produced by conventicnal
intravenous BCNU therapy, were expected to be very large (~3000 fold). Further increases in local BCNU

concentrations from doses planned in Groups 4 and 5 were expected to have no added therapeutic benefit and
were canceled.”

The number of patients per dose leve! and clinical characteristics are displayed in Reviewer Table 13, derived
from Applicant's Tables 4.2, 4.3, 4.8, 4 11 and 4.14.
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Reviewer Table 13
Group 1 Group 2 Group 3
Ghadel 1 §25¢ Ghadet 3 85% Ghade! 6.36%,
3.85 g BCNU/water 7 7 mg BCNU/wafer 12 7 mg BCNW/wafer
r=5 n=5 n=11
o
GBM' 0-40% 40-60% 91%
median age (years) 34 50 49
Baseline KPS <70 20% 20% 36%
maedian time from first brain tumor 12 .5 months 13.3 months 8.1 months
surgery to study surgery
mean number of wafers implanted 77 79 7.5
S S

' Variability reflects different pathological diagnoses depending on source

Deaths. Tumor progression was considered the cause of death in 20 of 21 patients, one patient died
from a pulmonary embolus Cerebrovascular accident was a secondary cause of death in a patient who
died due to tumor progression. Survival differences were felt secondary to tumor type and patient

characteristics See Reviewer Table 14

Reoperation. Gliadel® wafer remnants were noted on Day 49 CT or MRIin 11 patients. Two patients
experienced intracranial mass effect uncontrolled with steroids that led to reoperation both at 91 days
after study surgery. Operative findings included tumor. necrosis and wafer remnants which were intact
in one paiient and removed  For details of the patients who underwent a surgical procedure after study
surgery, see Applicant's Table 1 1n Appendix Il Wafer remnants with an appearance similar to that at
the time of implantation were recovered from the tumor resection cavity in three additional patients at

b

autopsy at 40 days, 52 days, ana 137 days afler wafer iniplantation (see Applicant's Table 3 in Appendix

Adverse Events The treatment-emergent adverse ever.s reported in 2 or more patients were:
headache, abnormal healing, convulsions, fever, hyperglycermia, intracranial hypertension, drug leve!
decreased, drug level increased, infection, neck pain, pain, hypertension, nausea, hypokalemia, brain
edema, dizziness, and UTI. 20/113 events (18%) were considered to be possibly related to study drug.

See Reviewer Table 14

|
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Reviewer .ole 14

o
Group 1 Group 2 Group 3
Gliadel 1,925% Gliadel 3.85% Ghade! 6.35%

3.85 mg BCNU/wafer 7.7 g BCNUIwaler 12.7 my BCNU/wafer
_ n=§ n=5 n=11
Median survival 65 weeks 47 weeks 23 weeks
6-month montality 1 (20%) 0 6 (55%)
12-month mortality 2 (40%) 3 (60%) 8 (73%)
18-month mortality 3 (60%) 4 (80%) 11 (100%)

Neurological Assessment'
Baseline (mean)

Visit6 (mean) 35(+28) A5+ 1.5) 51(+4.1)
32(x38) 24+ 23) 62(+57)
1]
KPS
Baseline (mean) 82 (+13) 86 (+9) 82 (x13)
Visit 6 ‘maan) “a\ least equivalent to “at least equivalent to ‘mes 4ecline of almost 10
baseline” baseline® 7 points™
Serious and Unexpecled 0 1 (20%)° 1(8%)*

adverse events

# Possibly related A ™ 10% (4/41) 23% (3/13) 22% '13/589)
treatment-emerge‘:l . E:

Scale: 0-33; 33 wa. ...aximally abnormal,

The magnitude of this decline can largely be attributed 1o the deteriorztion of one patient whosa score decreased from 70 (baseline) to
10 (visit 8).

Recperation for intracranial mass effect, ree balow

'
1

3

10.1.3 Conclusion

The sponsor concluded that no dose-limiting toxicity was observed upon implantation of up to 8 wafers

containing 1.925%, 3.85%, or 6.35% BCNU. Wafers with BCNU 3.85% were chosen as the dose for study
#8802,

10.2  #9003: Interstitial Chemotherapy for Malignant Glioma: A Pilot Study to Examine the
Safety of Gliadel® Placed at the Time of First Surgery

#9003 was a multicenter, open-label safety pilot in a maximum of 30 patients in whom Gliade!® would be
imp'nted during initial resection, followed by standard external beam radiation therapy.

10.2.1 Protoco! Review

Objective: "To determine the safety of Gliadel® as an adjunctive treatment with surgery and external beam
radiotherapy in newly diagnosed malignant glioma patients."

Eligibility/Exclucion Criteria.  Patients with unifocal, unilateral malignant glioma at least 1.0 cm diameter, at least
18 years of age and with a KPS of > 60. (Criteria matched the other study enrolling initially diagnosed patients,
#CL-0190, with the exception that #9003 did not have an upper age limit.)

Proccedure. Up to eight wafers of Gliadei® were to be placed in the resection cavity. Sample slides were to be

sent to the referee pathologist, XRT was required to be consistent with
“standard methods and schedules," starting three weeks post surgery.
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Baseline and Followup Examinations. Physical examination and KPS MMSE, CT or MR, and laboratory tests
(This matched #CL-0190 with the exception that followup was every 2 months starting with the date of surgery )

Statistical section: The protocol states that "in order to have a sufficient number of evaluable patients entered to
make reasonable conclusions regarding safety, the study will be initiated at three centers. Each center wili have
the polential to enroll ten | tients; however, when any one center reaches ten patients, study entry will be
terminated at the remaining centers.” All patients were to be evaluated for safety 6 months after radiation
therapy for a final study evaluation but followed for a maximum of 2 years postop. Time to treatment failure was
defined identically to the controlled studies althaugh this was not a protocol objective. Adverse events were
described by severity (mild, moderate or severe), relation to Gliadel®, whether intervention was required, and
information on the outcome (recovered, ongoing, died, lost to followup).

Amendments. Amendment #1 dated August 6, 1990 prohibited adjuvant systemic BCNU and provided criteria
for early cessation of the study based on toxicity. Entry onto the study would cease until a thorough investigation
had been completed in the following circumstances: (1) if two patients exhibit a decrement in the neurological
exumination score of > 2 points (scale 04) in > 5 of the 11 categories within two weeks of initiation of XRT that is
not attributable to tumor progression; or, (2) death of twwo patients within one month of initiation of XRT not
attributable to progressive disease. Amendment #2 uated October 3, 1980 expanded the cr.tical timeframe for
noting changes in the neurological evaluation from within two weeks of XRT initiation to during XRT and within
two weeks from the conclusion of XRT,

10.2.2 Resylts

Twenty two patients were enrolled at three institutions (JHOC 10, Columbia Presbyterian Medical Center 6,
Charlotte Memorial Hospital 6) from July 5, 1990 to August 14, 1991. Seven patients were female (32%.) and 15
male (68%) with a median age of 60 (range 40-86). Referee and institutional pathologists agreed that 20
patients had a glioblastoma multiforme and one had anaplastic astrocytoma (the diagnosis ¢! one patient is
missing). The median KPS was 85 (range 40-100).Eighteen patients had 8 wafers implanted; four had 7. Three
patients (14%) had total resections, 5 patients (23%) had tota! resection by lobectomy, and 14 patients (64%)
had subtotal resections. Twenty-one of the 22 patients received XRT (inedian dose 5816 cGy, range 4500-
828C), followup on the remaining patient is unclear.

L Deaths. As of last followup November 10, 1995, 19/22 (86%) of natients had died, with a median
survivai of 41.7 weeks (95% C! 31.9 to 54.0 weeks). The earliest death occurred 132 days after surgery.
The 8-, 12-, and 24-month survival rates were 82%, 36% and 14%, respectively. Neaths were
secondary to brain tumor recurrence with the exception of one patient who died of a concurrent intra-
abdominal malignant lymphoma, for which treatmant was refused. None of the deaths occurred within 2
weeks of the conclusion of XRT.

® Adverse Events. Treatment emergent A.E.s experienced by > 2 patients were convulsion, penumonia,
necrosis, and UTI; see Reviewer Table 15 derived from the data listings. The most fraquent and serious
treatment-emergent A.E.s were related to the nervous system. Sixteen patients (73%) experienced one
or more A.E.s related to the nervous system and 7 {32%) experienced one or more events elsewhere in
the body. Seventeen patients (29%) had an A.E. rated as severe; however, only the events in the
central nervous system had more than one patient with a severe A E. There were no A.E.s considered
by the investigator to be definitely-related to study drug.
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Reviewer Table 15

Of the 11 patients with convulsions, the outcomes of six were considered “recovered" and of 5tobe"
Two patients had convulsion within the fi
intubation. The average time from surg
histed as a baseline medical condition.

] Reoperation. Nine of 19 patients underwent reo
For details, see Applicant's Table 3 in Appendix

' e — = S e e v
Body System # Patients (%) # Patients (%) Treatrnent-Related
with A E, with Severe 4.D. Probable Possibie Unrelated
e — ——
Nervous
Convulsion 12 (54) 3(14) 0 (D) 2 (9 9 (41
Necrosis 3(14) 1.(5) 1.(5) 2 (9) 0 (0)
Edema 2 (9) 1 (5) 0 (0) 2 (9) 0 (Q)
Confusion, Coma, 4 (18) 4 (18) 0(0) 1(5) 3(14)
Neuro 1 (4) 0(0) 0 (0) 1(5) 0(0)
Infection
Pneumonia 4 (18) 1(8) 4(18)
umi 3 (14) 0 3(14)
Sepsis 1 (5 1.(5) 1(5)
Healing Abnormality 1 (5) 1(5)
DvVT 2 (9 1(5) 2(9)
Metabolic
Dehydration 1 (5) 1 (5) 1(5)
Digestive
Gl hemorrhage 1.(5) 1.(5) 1(5)
Vomiting 1 (5) 1 (5) 1(5)
Other
Dilantin Toxicity 2 (9 1.(5) 2(9)
2nd mal!gnancL 1 (5 1 (5 1 (5

peration. All patients had completed a course of ESRT.
3 v

Comment: In study CL-0190 in which initially diagnosed patients underwent wafer plus XRT, no patient

ongoing."
rst month of surgery. one had a convulsion 10 days postop requiring
ery to convulsion was 2.7 months. Two of the 11 patients had convulsion

underwent second operation, perhaps due to patterns of practice between the countries.
10.2.3 Conclusion.

Toxicity was considered acceptable in this patient population. No dose-limiting toxicities as defined in the
protoco! were seen.

10.3 #9115 The Safety and Tolerability of the Use of Gliadel® for the Treatment of Recurrent,
Matlgnant Glioma

This study was opened to allow continued evaluation of Gliade!® after completion of accrual to #8802.
10.3.1 Protocol Review
Objective: "The purpose of this protocol is to provide a framework for the collaction and analysis of safety data

related to patients who have already received brain tumor surgery for a malignant glioma, maximum radiation

therapy, have experienced tumor regrowth, and who are candidates for surgical removal of recurrent tumor and
implantation of Gliadel®..."

Eligibility/Exclusion Criteria: Criteria match #8802.
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Baseline and Followup Examinations. Baseline assessment matched #8802, Followup examinations were less
frequent than in #8802: 4-6 weeks post surgery, and then every 6 months measured from the time of surgery.
Assessments were limited to include a neurologic examination and KPS.

Procedure: Up to eight wafers of Gliadel® were to be placed in the resection cavity Sample slides were to be
sent to the sponsor who would forward them to the referee pathologist.

Concomitant Medications: Data would not be collected.

Statistical Section: "Safety evaluations would be based on neurological examinations, KPS, laboratory data and
adverse medical events.”

10.3.2 Results

Forty patients were enrolled in 11 centers (10 in tha U.S. and 1 in Canada) from January 30, 1992 and March 16,
1883. There were 24 male patients (60%) a..d 16 female (40%) with a median age of 48 (range  to 68). Thirty-
one patients carried the diagnosis of GBM, 6 of astrocytoma, and 3 of glioma. gliosarcoma and aelayed radiation
necrosis. Thirty-two patients had 8 wafers implanted; the remainder had from 5-7 wafers.

L Deaths. Thirty of the 31 patients who died during the course of the study had cause of death of tumor
recurrence or progression. Cerebral edema or increased intracranial pressure were listed as secondary
causes of death in 3 patients. For one patient, the cause of death was not ertered.

® Adverse Events. 122 treatment emergent A E.s were reported in 36 of 40 patients (80%). The most
frequent A.E.s were related to the nervous system, fever, or abnormal healing. See Reviewer Table 16
compiled from the data listings, on the following page

10.3.3 Conglusion.

No new toxicities were seen in this trial
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Reviewer Table 16

Body System # Patients | # Patients with Treatment-Related Probatle
with A.E. Severe A.E. Possible Unrelated
Nervous
CVA 1 0 0 1 0
Seizures 6 1 4] 0 6
increased intracranial pressure 4 0 0 2 2
Cerebral edema 4 2 0 0 4
Hydrocephalus k} 3 0 0 3
Air collection in tumor bed cavity 1 0 0 0 1
CSF/shunt infection 3 2 0 1 2
Hemiparesis/hemiplegia 8 2 0 2 6
Apht tia/dysphasia 6 0 0 1 5
Ataxia 1 0 0 0 1
Dizziness 1 1 0 1 0
Change in consciousness/confusion B 5 0 2 6
Neurological decline 1 1 0 1 0
CN paisy 1 0 0 0 1
Headache 4 2 0 1 3
Visua! changes 4 2 o} 1 3
infection
Pneumonia 2 2 0 0 2
UTi 2 0 0 0 2
Cardiovascular
DVT/PE clot” 7 6 0 0 7
CHF | 1 0 0 1
Orthostasis 1 0 0 0 1
Nutritional/Metabolic
Wound Healing Abnormality 7 3 0 2 5
Hyperglycemia 1 0 0 0 1
Hyponatremia 1 0 0 0 1
Digestive
Gl hemorrhage 1 1 0 0 1
Nausea/ Vomiting 4 0 0 2 2
Other
Anticonvulsant toxicity 3 0 0 0 3
Subgaleal abcess 3 0 0 0 3
Wound infection 2 1 0 1 1
Fever ] 0 C 0 6
Drug reaction 1 1 0 0 0
Decrease abiiity to perform ADLs 1 1 0 0 0
Superficial Celiulitis 1 0 0 o 0

10.4  Treatment IND: Open-Label, Multi-Center, Clinical Trial of Gliaiel® for Patients with
Recurrent Malignant Glioma

The Treatment IND opened in /95 and continues to accrue patients. See Appendix V (Four Month Safety
Update) for any additional toxicities. This IND is the only protucol to use the Guilford-manufactured product.

10.4.1 Protocol Review

The objective of the study was to collect 8 months of safety data. Eligibility criteria matched #8802 with the
exception that prior Gliadei® therapy was allowed after an eight week interval from the first implantation. After
discharge from the hospital, patients were evaluated at 3 and 6 months for nota*ion of adverse events and
assessment of survival, again at one year for survival assessment only, and notification of death. (Neurologic
assessment, tumor imaging and laboratory evaluations are not a formal component of the Treatment IND)
Accrual was not limited and there was no hypothesis testing. Adverse event incidence rates would be estimated
with 85% confidence intervals; all data with descrete variables would be summarized by frequency tables.

10.4.2 Results

Fifty patients were enrolled at 22 sites by the cuto™ date of Aprit 18, 1996 (study is still open to accrual). Of the
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47 patients with gender available in the data listings, 28 were male and 19 female with a median age of 47.5
(range 23 - 70) in the 46 patients with information on age in the data listings. KPS data was collected "yes/no”
answer to the eligibility criterion of > 60; all patients met this criterion. The median number of wafers implanted
was 8 (range 1-8)

. Deaths. Seven deaths have been reported to Guilford; information is available on 5. No death was
considered to be related to Gliadel®. The following were listed as cause of death: aspiration
pneumonia, pulmonary embolus, cardiopuimonary arrest, and progressive tumor in two patients.

] Adverse Events. See Appendix Il for Applicant's Tables 6 7, and 8 for tabulation of all A E s, frequent
A.E.s, and severe A.E.s that occurred on this study and compared to the other submitted studies. The
product manufactured by Guiiiford appears to have a similar safety profile.

104.3 Conclusion. Of the 22 sites antering patients, only 3 had previously participated in #8802. Despite a
broadening base of physicians and use of the "to be marketed product,” the safety profile appears to be
consistent.

11.0  Non-U.S. Postmarketing Experience (Gliadel® is not marketed in any country)
120 Summary

Kaplan-Meier curves and analyses of the survival data from the two controlled trials are summarized on the
following page.

Trial 8802 appears to be an adequate and well-controlled study. The treatment effect on overall survival for
patients with high grade gliomas does not reach statistical significance. The largest treatment difference is seen
at six months, which does not appear to be a surrogate for overall survival in a population with a median survival
of less than a year. The robustness of such a six-month endpoint is weakened by lack of a correlation with
improvement in QOL parameters, e.g., KPS, MMSE, and wide variability of results depending on adjustment tor
prognostic factors, which are not generally accepted in this recurrent patient population. However, the
robustness improves for the subgroup of patients with glioblastoma multiforme, where the survival advantage for
patients treated with Gliadel® is seen not only at six-months, but is reflected in overall survival in an unadjusted
analysis (Gehan's generalized Wilcoxon test), as specified in the protocol.

Study CL-0190, which had not been discussed with the FDA prior to NDA submission, meets many of the
criteria for an adequate and well-controlled study; however, the early closure of the frial and limited patient
numbers are serious flaws. Even accepting the early closure as unbiased, i.e., no further study drug, only 3?
patients were entered thereby lowering the precision of any proposed treatment effect. Although a statistically
significant treatment effect on survival is seen when all patients are analyzed, clinical trials in malignz. . glioma
are typically conducted separately for AA vs GBM or the trial provides for stratification on the basis of histology.
In CL-0190, the 5 patients with the more favoratle histology (anaplastic astrocytoma) all randomized to Gliadei®.
When these patients are excluded in a subgroup analysis for GBM, the s*atistically significant difference between
the treatment groups is lost.

An argument could be made that it would be biologically plausable for a treatment effect in relapsed patients to
convey to newly diagnosed patients. However, the resuite from #8802 were variable depending on the type of
analysis and the statistical signficance depended on either subgroup analysis or a Cox Regression based on
prognostic factors not acceptec in the relapsed population. Furthermora, itis not certain that relapsed GBM is
more resistant than newly diagnosed GBM, i.e., since the tumicr presents as resistant initially results may not be
more dramatic in patients who have not yet received chemotherapy. Other concerns raised at the ODAC
meeting were lack of knowledge of chronic toxicity, e.g., dementia which has resulted from other local treatment
such as intraarterial chemotherapy to the brain or any effect related to nonbiodegradable wafers (see Reviewer
Table in Appendix 1), both of which may be more relevant issues for the newly diagnosed patient. Lastly,
intravenous BCNU is an available alternative while definitive trials with Gliadei® in the newly diagnosed patient
are being conducted

The toxicity profile of Gliadel® in relapsed patients is consistent with a regional delivery system at the time of
operation. The primary toxicities in relapsed patients were related to neurologic function and wound
healing/infection. The toxicities could be considered acceptable given the clinical setting; however, it should be
noted that the incidence may be underestimated since the control arm was & foreign body. The biodegradability
of the wafers appears to be variable, the clinical significance of which is not yet known.
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13. Oncology Drugs Advisory Committee Summary

Dr. Paul Bunn chaired the ODAC meeting held June 14, 1996 The following is a summary of the votes and
pertinent comments to the questions posed by the FDA.

Questions re. Study #8802
1. Is Study #8802 an adequate and well-controlied study? 8/8 Yes.

2. Do the survival data provide convincing evidence of efficacy of Gliadel® wafers? Much discussion
ensued (see transcript for details). Dr. Buckner highlighted the imbalances between the arms. It was countered
that the standard for trials in recurrent disease at the time this trial was conducted was not to prospectively
stratify. Dr. Gelber added that survival analyses adjusting for these covariates augments the treatment effect
rather than eliminating it. Dr. Bunn was influenced by the consistency of all BCNU data, i.e., that BCNU-
impregnanted wafers exerted an effect not unlike systemic BCNU, tending credence to a treatment effect. The
final vote was 4/8 Yes,; 4/8 No.

3. Is the toxicity profile of Gliade!® acceptable for patients with recurrent malignant gliomas? Dr.
Buckner emphasized that only short-term toxicity data is available and that leukoencephalopathy has been seen
with intra-arterial BCNU. 7/8 Yes; 1/8 abstention.

4 s Gliadel® approvable in conjunction with surgical resection for treatment of recurrent malignant
gliomas? The committee commented that the labeling should be clear that Gliadel® is an adjunct for patients in
whom surgical resection is indicated, i.e., a surgical procedure is not recommended for the sole purpose of
implanting Gliadel®. 6/8 Yes, 2/8 No.

5. If so, should approval be limited to gliohlastoma multiforme or be for all types of malignant gliomas?
7/8 Yes; 1/8 abstention.

Questions re. Study #CL-0190:

I. Is CL-0190 an adequate and ‘vell-controlled study? The question was amended to be answered in two
parts: (a) to provide supportive data for #8802, and (b) to provide efficacy datu for Gliade® in hewly diagnosed
patients. (a) 6/8 Yes; 2/8 No. (b) 8/8 No. Other comments accompanying this unanamous vote were that the
results were not robust enough to qualify for early stopping of a tria!; that non-GBM patients were randomized
only to the Gliadel® arm; and that the survival curves for patients with GBM lost their significance when the non-
GBM patients were removed and a subgroup analysis was performed.

140 Recommended Regulatory Action

Approval for Gliadel® as an adjunct to surgery, for patients with recurrent glioblastoma imultiforme for whom
surgical resection is already indicated.

C4 77078

Kiison Martin, M.D. fF-r7- 9”4,

Primary Reviewer

Robert Delap, M.D.
Division Director, DODP
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REVIEWER TABLE

WAFER BIODEGRADABILITY

IN HUMANS
I. Reoperation
STUDY | # Pts withNS |  # Pts with # Pts with NS
Procedure Comment on | Wafers or Wafer | Study Day
. Wafer Remnants
#8701 13 4 3 91-162
#9003 9 4 4 3-204
#9115 12 3 3 2-70
%9501 8 6 6 9-137
#8802 60 13 12 4-127
#CL-0190 3 0 N/A N/A
II. Brain Autopsy
T ——. ey S
STUDY | # Pts with Autopsy | Wafers Present or Autopsy
Mentioned Absent Study Day in
Pts with P
#8701 4 4 3P;1A 40-137
#8802 11 3P 54-232




i)
7

0
Pt.#: 8802- -
2
Pt. ID:
NMQ}.(/‘} Visit # 5
DATE: - -
NPC 83802 dd "MON Tyy

Max

MIN!I MENTAL STATE EXAM

Score Score

5

J

2

ORIENTATION
What is the (year) (seasnn) (date) (day) (month)?
Where are we: (state) (county) (town) (hospital) (floor)?

REGISTRATION

) Name 3 objects: 1 second to say each. Then ask patient
all 3 after you have said them.
Give 1 point for each correct answer. Then repeat them
until patient learns all 3. Count trials and record.

ATTENTION AND CALCULATION
) Serial 7's. 1 point for each correct. Stop after 5
answers. Alternatively spell "world" backwards.

RECALL
) Ask for 3 objects repeated above. Give 1 point for
for each correct.

LANGUAGE
) Name a pencil and a watch. (2 points)

Repeat the following "no ifs, ands or buts*. (1 point)
Follow a 3-stage command. "Take a piece of paper in your
right hand, fold it in halt and put it on the floor."

(3 points)

Read and obey the following: "Close your eyes". (1 point)
Write a sentence. (1 point)

Copy design. (1 point) \

TOTAL SCORE

Assess level of consciousness along a continuum.

MM

Alert Drowsy Stupor Coma

INVESTIGATOR’'S SIGNATURE:

pm———m—a
e ———

I

66



FABLE 4 10 presents the mean Baseline neurological exanunation scores tor cach
trestment eroup by individual item and the number and percentage of paiients winn an
abnormality inany of the 11 items evaluated.

TABLE 4100 Baseline Neurological Examination (Study 8802)

GLIADEL 3 85%

PLACEBO

Neurolopical (N - 110] [N=-112]
Exammation N Mean*  S.D N (%a) N\ Mean*  SD N (%) P Valud
Vital Signs Instability 110 0.04 0.19 4 (4) 12 0.01 0.09 Hh 170
L.evel of Consciousness 1o 014 0.39 132y 112 0.13 0.36 13{12)y 082’
Personality Change 109 047 .65 12 (38) BB 0.55 0.75 45 (40) (387
Speech Disorder 1o 077 099 5046y 11} 0.86 1.02 $3(49) 0497
Visual Change 107 049 U.88  28(25) tit 0.80 1.03 49 (44 0016 -
Fundus (Papilledema) 98 022 0.53 170160 103 0.28 0.66 19(17)  ©io?
Cranial Nerves L IV, VI 110 011 0.39 109 12 007 0.26 B(7) 0398
Cramal Netves, Other 1o 0.25 0.55 22200 112 0.47 072 38 (34) 012
Motor Involvement 110 0.87 097 60O (S5)y 112 1.12 0.97 76 {68) 6063
Sensory Changes s 031 o6l 2S2h 0 L 046 Q0N 37(33) o liN
Cerebellar Signs 107 6.19 048 1o (1S a7 0.20 0.50 17(15) 0 889
TOTAL SCORE 110 395 3.03 12 5.01 .20 1.012

remaning stems by 11

»

1f the number of missing values from the 11 items was

<6 the total scorz was estimated by multiplying the miean o1 the

N (Yo) = Neumber (Percentage) of Patients with any abnormahity for each o

P-Value from a two sample t-test for companing means between (wo trez:ment groups

Cross-Reference ATTACHMENT |- TABLES 8A and 85, APPENDIX |

- Data Listing 11
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PARLE 8 o presents a by -patient e o) Ly

heahng

FARLE A4 55

freatment-Fmerpent Abnotiinad Heabine
Pativiil ho

Lieatment-4 imergent

Adverse Event (Verhanm (RTINS Ly
(?AIHI:IH'.ITlrumwnt Group o - o ) “
- Flud collectiog undrm Hn.;’ ) T M.M Noi Hv\.nuf o
Spanat thaed collechion over bone thaps | Maoderate PPossible
Wound dehscence I Muoderate Possible
Subdural flud collecnan 1y Maoderate Not Retatedt
CSE leak i Maderate Unknow i
Cratoiomy wound dehbeen.e B Moderate Not Related
CSF feak from cramal incia, 0" Moderate Unknown
Waound eftuston Maoderate Not Retated
Subgateal eftusion Moderate Possible
Subgaleal collection Moderute inknosw
Y ellow dischaf fe Hicision 1 Maderate Hoknown
Sprnal Gad leak AMild Unknown
CSE Jeak at ventniv doun s b Mild Not Refated
Cy st flutd reacvumutation ] Maoderate Naot Related
Waound breakdown L Severe tnknown
LAC ERO T reatment Group T o B
- Hone Dap bulging I L ) h;()r,irrmc tnknown o
UKL leak Moderate Not Related
Waound leak and staph wtectos, x Maoderate Possible:
Warund eftysion Mild Passible
ChE dratnage fiom woud Maoderate Not Related
Cerebral spnal fluid leak tiom " Maderate Unknown

wound

Craes Jeterence APPENDIX 1O - Datatasting 22

ST .
duds D

pabients who expenenced abnom

Adverse Fyents (Study BE02)

Severity Redationship o Stads




TABLLE 469

Treatment-Fmergent [nfections by freatment Group. Body Systent and
COSTART Term (Sundy 3802)

GLIADEL 1 EY, PFLACERO Fisher s I
IN  1h IN= 112 fest

Body system 7 COsTAR]D feim® Number Fetcentage) of Matients PV alue
Rody as a Whale .

Abscess Ll sy 0494

Cellulitis fhiih 4 (4) oy

Pl syidrome Vil 0 0493

Intection L (%) I oon

Sepsis 22 2 1 oo
Digestive

Hepatitis 01t T ) o

fnfection 2l 3h I ooo

Ofal monthiaas fy (b 6 (%) 1 o

Penodontitiy (it Lol | b
Musculoskeleta)

fndfcction A 2 1 Qoo
Nervous

Abscess i, P foon

Mentnpeitis 1) X L
Respiratory

Hronchins IR 2() 0 Juk

Irfection e 1()). 0417

Prarvngitis R 2(2) 1 GOo

Pricutnonia L T(6) 1 Oun
Special Senses

Chronie ear infection and

perforated nght ¢ar drum? b 0 0493

Conpunclivites bty H(h I GuG

Eye Infection® Lo 0 UM

Eye Infection O8 Klebsiella® G i H(h F 000

Ontis media i 1(H 1 000

Sore throat and ear infection® 0l (1) i 000
Urogenitai

Urinary tract infection 23 19(17) 0 496
TOTAL 68 treatment-emergent| 64 trestment-emergent; 0.924

infections were
reported

infactions were
reported

*The investigator verbatim term was used in place of 8 CONTART preferred term when the verbatim term was so

nonspecific that assignment to an sppropriate COSTART preferred term could not be made unambiguously, of when the
most appropriste COSTART prefesred term was either misieading or so general as to be uninformative

Cross-Reference. ATTACHMENT { . TABLE 25A. APPENDIX 10 « Data Listings & and 22



TABLE 424 Frequently Reported® Treatment-Fmergent Adverse | vents summarizea oy pouy

System and COSTART Term (Swdy 8701

AH Patienis

Freatment Group | Peeatment Gipoup 2 Freatment Group 3
GLIADEL 1928y, GLIADEL } R3%, GEHIADEL 6 33 Entolied
N 5] IN - 5] IN -1 IN 2
Hody System?
COSTAR]T ferm Rumber (Perventage) ol Patients
Body as a Whole
Phug level decreased b {h tuh I (% Jihy
Dy fevel invreased (WA I 2m (1t 2
Fever | dm Ut 2k Tildy
tntechion 1 (20) (i 1 RN
Infection Prophy Have 1 (nm 0 0ty (N
Neck P i i (i 2 (1K) Yty
Pain REETT 0 0 () 2oy
Cardiovascular
Hypertension (R 0 (in 1 (W) 2ty
Iigestive
Niusea 1 () ) PARLS! i)
Conshipation P tith 2(18) (REH!
Metabiohic/Nutritional
Disarders
Abnonnal healing' 12 Uty 2n 4 {149
Hyperpbooomia (R {0} 2(18) ih
Hypokatemia (NN () L{9) 201t
Hy pomapne s 24 bty 0 { AR
Nevrvous System
Hran Edema I 120 1 (9) (NRED}
t anvulsion: (NI | {241y Y27 S
Dizziness i1 (i1 {03 2(18) 21ty
Headache (NP L2 4 (36) 6 (2%
Intracramal hy penension 12y (i 2(1%) ik
Urogenital System
Uninary tract infection 2 (4 0 I (9 J(1d)

* T wo of more palients
*includes CSF leaks, subgaleal coiiecuion, and iluid &t the surgical site
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At 427

Preatment-Related tPosabiv g Treament-EFmergent Adverse Pyents Summianed
by Body System and COSTART Term (Study 870D

Progtinent Citoup | Freatmest Group 2 Preatnrent Group Vi atient
GEIADET 192550 GLIADIEL 18384, tl ADE] 6 ey, Forolivd
(N -8 TR N=11) ~ooy

Pody Sustem
COSTART tenw®

Numher (Pefcentage) of Patients

Hody ay 4 Whale

Neck Pan IRTIN it} 1) sy
Pigestive Sysem
Nittised 0 (i 0 L 1Y
Muscutosheletal System
fntection thth il (% L%y
Nervous Nyslein
Aphasia i il Gy (1 Fisy
Heain edema (EIIY ERITH 0 Tijo:
Chanige i brn edema® (20 0 {Uy o L%y
Uopvulsion bty 1) 2018y LREE )
Headache 142ih RIS 1 tild
Ihsotiin ity i)y V(Y V1%
Inttactamiad I pettenston Pl 0 th 1 (Y SERLY
Memingiis i 1 § {4y Vit
Progissian of devreased 0 gm 0 (ihy 1) {5
level o vanscianess®
Special Senges
fye party RO U n (9 1%
tnfection Y o {ty 1 (¥) 1 (%)

CEhe ivesipator sethatem et was gsed i place of a € ONTART prefecred termy when the verbatim 1ext® was so nompeciin

that asuigniment to s appropiate CONTART prelengd term could not be made unambiguously, of when the most appropriate

COSTART preferred terin was erthes msleading of s geaeral 4y 1o be uninlormative

Cross-Hetereive ATTAUHINENT L TABLE V2R APPENDIX 1T Data Listing 21
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TABLE 6. Alb Adverse Events Entered into the Databise Suninurized by Hady Svsangand Comparison with Prios
GLEADEL Trialks

Body system

Numbep of
Oouenees

Nuitther

tlercentapey o

Numbet

(Percentae)

Numbet
tBercenaee)

Numbet
'ereentape)

i Frestiment Patients i ol GEIALHY ot Gl TADEL ot Al

Potocol! Freatmen Patients in Patients GLIADLL

Pratocol (N Son b Uinconiraled Flaccbo- Patients

Prials (N 83 Controlled I

Lral.
(N 120}

Hody s« Whole 14 10 {20%) 3S (428 40 (17%) Bl {3v%a)
Cardiovascular System 1 204%) 16 (14%4) QR (2294) 4410
Digestive Syvate 4 b12%a) IR(220 V2700 S2025%)

Endocrine System 0 00" i 2" Lil% AN

Hemic and Lymphatic System D 4 (R S0 o 9% 16 (K" a)
Metabobie and Nutnitional Disorders 4 Tt 20024 R Y A1 (2070

i . S —

Musculoskeletal Sy stem U {07} O (7% R (0%) 14 (7a)
Nervous System i” MR N ERL Q0 (7% 130 (729,
Respiratory System 4 2 (47%a) S Ho (13%0) 24 (11%)

- .

Skin und Appendages | 1 2% blom 10 (R%0) T (5%)
Special Senses | 1(2%) 7 (R9c) 1O (K9%) 17(8%)

Uncertan | 1 (290) P (4% 0 (0%) (1%
Urogenital System i 1 (2%) 1 (12%: 29 {119 39 (1940
total OO 16 (32%, 77 (93%) 112 (89%) 189 (90%0)

"Multiple episades of the same adverse eve

" Patients with at least one occurrence of at least one adverse event in that bods svstem
[Cross Reference  Appendix 11 - Table 7, NDA Volume | 14 - Table 4 47 Volume 1.25 - Table 435, Volume 1.28 -
Table 4.23, Volume 1 31- Table 4 30, Volume | 34 - Table 4 24)
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N e sune deCM were treated as one occurtence



e

pome e

Body ssatlem CONTART Term

sannbe
iPerventagel ot
Pabients i
Preatinent N

"""

PABLE 7 Ndverse Bvents Ocearning i Greater Fhan 3% of the Patients o the Toeatment Pratocad andror m alt
Other GLIADEL Chimeat Trals Summarized by Body System and CO!

START Term!

b

Porer Studie o G TAD)

Sanyher

(Petcantagey ot

Number

t‘\‘lu‘!li.u!\‘) ot

Nunsbet
BPercentagzed ot

NoSih ]
i Patients m Patient Pavents in Al
Ui vibsolled Plavebo Studies
Studies (N=R3) Copdieiled [T
Stdies
(N 12m
Rody as a Wholebeser S0 Tita o w ANAR LY
Body as a Whole\infection 2w S 9 (M R
Cardiovaseular Systemibeep
Thrombophlebit b AN (RN bRt
Cardiovascular SystemPubinonan
Embolus REEL 3 (5%a) T a VSt
Igestive Systen Nausea 1 (200 H 7% 08" P20y
ey
[gestve SystemiNausea and
Vomiung D% a) (dq) G {76 1 (0" )
Digestive Sy stemiVaomiting Vibta) ] (1% 4 {3 310,

Metabolic and Nutninonal

Disorderiticaling Abnormal S10%) 1 (13%) 15{12%) 26 112%)
Nervous SystemiAphasa ANREN] 567w 12(10%) 7(8%)
Nervous Systenilirain Edema }(2%) 9(11%) St B9
Nervous Systerm\Confusion 1 {0%0) 4(5%,) H{9%) 15(7%)
i i

Nervous System\Convulsion b (2%) 22(27%) 24 (19%) A6 122%)
Nervous System'Hemiplegia 2 (4%) 7 (8%) 27(21%) J4 (16%)
Nervous System\tleadache

4 (8%) 12 (14%) 17 (13%) 29 (14%)
Nervous Systemiintracranial
Hypertension 1(2%) 7 (8%) 4 (3%) LH(5%)
Nervous System\Somnolence 1(2%) 2 (2%) 15(12%) 17 (8%)
Respiratory System\Preumonia 0 (0%0) $ (6%) 7 (6%) 12 (6%)
Urogenital System\Urinary I ract
Infection 0 (0%) 8 (10%) 23 (18%) 31(15%)

The entries are the numbers {percentages) of patients with each given adverse event

{Cross References: Appendix 11 - Listing 3. NDA* Volume 1.38 - Theme 4 - Table 1 |

R
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TABLE 8, Severity of All Adverse Events, and Comparison with Prior GLIADEL Trials
Number (Percentage) of Adverse Events in Prior GLIADEL Lrinbs
Seventy Number (Percentage) of
Adverse Lvents for
patieats in Treatment GLIADEL Patients GLIADEL Patients Al GLIADEL
Protocol® wn Uincontrolled in Placebo- Patients in All
Studies Controlled Studies Studiey
Severe 12 (18.5%%) 64 (23%) 81 (18%) 150 (20%)
Moderate 24 (36.9%) 134 (46%) 254 (56%) 388 (52%0)
Mild 29 (44 6%} 91 (31%) 122 (27%) 213 (28%%)
- - e
Total 65 (100%) 294 (100%) 457 (100%) 751 (100%)

¢ Only 65 adveise events Arc classined because severity has not yel been determined for or.e adverse event.
{Cross Reference: APPENDIX I - TABLE 5, APPENDIX 11 - LISTING 3; NDA: Volume 1.14 - Tablc 4.49,
Volume | 25 - Table 4 37, Volume 1.28 - Table 425, Volume 1.31+ Table 4.32, Volume 1.34 - Table 4.26]




Four Month Safety Update

The Safety Update provides further information only on patients currently being accrued to the Treatment IND A
total of 64 patients with recurrent GBM ha ‘e been enterad (safety data on 50 of these patients had previously
been reparted in a prior correspondence dated May 7,1986  The following serious A E. represents the first case
of brain herniation associated with Gliade!, although cerebral edema has previously been reported:

Patient had abrain herniation judqed by the investigator as probably related to study medication two
months after wafer implantation The patient underwant craniotomy and placement of Giinde!l wafers on 1/29/9¢
On 4/1/96, the patient developed brain herniation during which she became unresponsive with a dilated nght
pupil and was intubated, hyperventilated and given mannitol. The CT revealed a left parieto-occipital mass with
significant edema and midline shift. She underwent decompressive craniotorny with temporal lobectomy. The
number of wafers initially implanted, 7 3/4, were visualized and removed. Proprionobacterium was cultured from
the brain tissue. One week late:, the patient again developed edema and herniation, requiring an occipital
lobectomy. The investigator felt that the initial cause of cerebral edema was wafer-related necrosis. There was
no associated cerebritis or abscess. Final pathology revealed tissua necrosis primarlly, with only minimal tumor

atthe center of the lesion. The investigator attributes the second case of cerabral edema to "leaky blood
vessels",

The following are serious A.E.s that have occurred on the Treatment IND possibly related to study medication

UG ADVERSE LVENT RELATIONSHIP TO GUIADEL

“h

Cerebral edema/abscess (no evidence of tumor; Probably reiated

3 1/2 wafer remnants removed o .
éerebra! eﬁden%aﬁ 7 7 | Possible related
Necrosis (associated with tumor) Possibly related
1PE W Possibly related
Meningitis/abscess 21 days post-op ) Possibly Related
Urticaria Probably related to phenytoin
CSF rhinorrhea (2) 7 Possibly related (2)
Fluid collection in the tumor bed requiring surgery Possibly related

CysVCSF leak requiring surgery/antibiotics/meningitis | Possibly related

Meningitis/Abscess Possibly related
Seizure Possibly related
Post-operative hemorrhage Possibly related

In summary, there were 4/64 (6%) of patients reported to have meningitis or abscess. The Safety Update is
consistent with the data reported in the NDA with the one exception of the case of herniation described above.

NDA 20-637 Medical Review  Page 30



LABELING REVIEW

NDA 20-637 Submission Date: July 31, 1996
August 13, 1996
Drug Name, Dose and Formulation: Palifeprosan 20 with Carmustine, 7.7mg/m’
Carmustine/ water
Brand Name: Gliadel® Wafer
Sponsor: Guilford Pharmaceuticals, Baltimore, Maryland 21224
Reviewer: N A M. Atiqur Rahman
Type of Submission: Naw Drug Aoplication

The submissior includes the revised package insert from the sponsor. The revised puckage insert has
included human pharmacokinetic information in the Clinical Pharmacology section as suggested by the
Biopharmacautics reviewer in the original NDA review

Note: Comment 1 provided below was composed aftar consultation with the Pharmacology reviewer, Dr. Lee-
Ham and Maedical officer, Dr. Martin.

COMMENTS

1. The Ciinical Pharmacology section should be revised as follows.



2 In Therapeutic Interacuuus under Precautions the statement

Recommendation

The cumments describing the proposed revisions for the package insert should be conveyed to the sponsor.

Iy ol i@géu , o%Z/@/ 4£¢‘g7 gg/?dﬁé
N.AM. Atiqur Rgfmar. °h. D. 7% Mehul U. Mehta, Ph.D. o

Olivision of Pharmaceu: .al Evaluation | Division of Pharmaceutical Evaluation |



cc

NDA 20-637 (original)

HFD-150 /Division file, Pzimmerman
HFD-150/AMartin, Lee Ham

HFD-860 /HMalinowski, MMehta, ARahman

HFD-870 /Drug file (Clarence Bott, PKLN 13B 31)
HFD-870/Chron file (Clarence Bott, PKLN 13B 31)
HFD-870/Reviewer's file (Clarence Bott, PKLN 128 31)
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MEMORANDLU N DEPARTNIENT OF HEAT THAND HUMAN SERVICEN
PUBHIC HEALTH SERVICY
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE; March 20, 1996

FROM: Acting Director
Division of Oncology Drug Products, HFD-150

TO: Director, Division of Scientific
Investigations, HFD-340

SUBJECT: Request for Study Oriented Audits for NDA 20.637 for
Gliadel (polifeprosan 20 with carmustine) Wafe:

We have identified the following studies as being pivotal to the approval of this
application. We recommend that the indicated sites be audited.

O

Center 001 Henry Brem, M.D. 35 patients
Johns Hopkins Hospital
725 North Wolfe Street
Baltimore, MD 21205

Centar 016 Robert Salker, M.D. 28 patients
Waestern Pennsylvania Hospital
4800 Frierdship Avenue
Pittsburgh, PA 15224

Center 005: Nicholas Vick, M.D, 20 patients
Evanston Hospital
2650 Ridge Avenue
Evanston, IL 60201

Center 003: Keith Black, M.D. 16 patients
UCLA
10833 Le Conte Avenue
Los Angeles, CA 90024-6901
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS REVIEW

NDA 20-637 Submission Date: February 06, 1996
February 20, 1996
March 12, 1996

Drug Name, Dose and Formulation: Polifeprosan 20 with Carmustine, 7.7mg/m?
Carmustine/ wafer

Brand Name: GwliadelQ Watfer
Sponsor: Guilford Pharmaceuticals, Baltimore, Maryland 21224
Reviewer: N.A.M. Atiqur Rahman

Type of Submission: New Drug Application

SYNOPSIS

Carmustine is currently approved for palliative therapy as a single agent or with other
chemotherapeutic agents in the treatment of brain tumors, multiple myeloma,
Hodgkin's Disease, and Non-Hodgkin's lymphomas. Gliadel is a sterile wafer containing
192.3 mg of a biodegradable polyanhydride copolymer (polifeprosan 20) and 7.7mg
of carmustine. Gliadel is indicated for use as an adjunct to surgery to prolong survival
in patients with malignant glioma. Gliadel received orphan drug designation for
localized placement in the brain in the treatment of recurrent malignant glioma. In the
NDA submission, the sponsor have requested a waiver of the requirements for human

pharmacokinetics and bioavailability studies.

Waiver Justification

The sponsor have requested that a waiver be granted of the requirements for
information under Section 6 (21CFR 314.50(d)(3)), Human Pharmacokinetics and
Bioavailability, for NDA 20-637.



Justifications for waiver request are as follows:

1. Gliade! wafers are implanted into the brain cavity resulting from surgical
resection of a malignant glioma.

Z. Because Cliadel is designed to release BCNU at the site of the tumor
resection, and because there is no direct contact between the BCNU release from the
wafers and the vascular compartmants, the expected svstemic exposure and the
associated systemic toxicities of the chemotherapeutic agen: should be low.

3. No measurable BCNU detected in blood samples from a subset of patients
studied under | 8701 (data not provided to - Ye Agency).

4. Maximum dose of Gliadel, 8 wafers, 61.6 mg of BCNU, is almost 6 times
less than the highest recommended single intravenous dose, 200 mg/m?, 346 mg of
BCNU.

5. Possible toxicity associated with the locel exposure to BCNU is accounted

for in the safety assessment of the NDA.

In-vitro Release Tast

in the amendment submission, dated March 12, 19986, the sponsor has provided
information regarding in-vitro release testing of Gliadel Wafers using a flow-through
system. Report of in-vitro release testing results obtained for lots (original
manufacturer of wafers) and Guilford lots tested using Guilfcrd system is submitted
(appendix). In the report, two Guilford lots, 5C002 and 5C003, have lower percent
BCNU release at 36 hour time point compared to the remaining six lots tested. The
performance of these two lots were not taken into consideration in setting the interim
In-vitro Release Test specifications for the drug product presented below. The sponsor
should submit the resuits of the in-vitro release test of three consecutive production
lots of Gliadel using the interim test specifications. After evaluation of the data
generated from the three production lots, a proper in vitro release test specifications

will be set for the drug product.



Methodology : Flow-Through System
Guilford Method No. AC-2029
Units: 6 individual units
Percent BCNU released: Timu(h) % released (Range)
)
Labeling

There is no information regarding the pharmacokinetics or brain exposure to carmustine

after Gliadel implant in humans in the package insert,
Comments
1. The sponsor should conduct in vitro release test of three consecutive production

lots following the interim test specifications set below, and submit the data to the

Agency to set proper in vitro release test specifications.

i . . e . .
- s

Methodology : Flow-Through System
Guiltord Method No. AC-2029
Units: 6 individual units



Percent BCNU released: Time(h) % released (Range)

2. The sponsor should provide information on the pharmacokinetics of carmustine

after intravenous administration in the package insert.

3. The sponsor stated CFR code for waiver 21 CFR314.50(d){(3) is incorrect. T..e
section of the code describes the content and format of an application., A waliver

request should have followed procedure described in 21 CFR 320.22,
Recommendation
A biowaiver for the NDA 20-637 is justified based on the nature of the site of

application for the drug product and on the available knowledge about the systemic

exposure to the active drug carmustine. The comments should be forwarded to the

sponsor.

el b (sl Y%

Mehu! U. Mehta, Ph.D.

Division of Pharmaceutical Evaluation | Division of Pharmaceutical Evaluation |

cc:
NDA 20-837 (original)
HFD-150/ Division File
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Division of Oncology Drug Products
Review of Pharmacology and Toxicology Data
Labeling Review #2

ND:\: J0-637

Date of Submission:  February 7. 1996

Received by Reviewer: February 13, 1996

Amendment Dates: May 17. June 27, July 29, July 30.
August 13, & August 26, 1996

Information to be conveyed to sponsor:  Yes(x ), No( )
Reviewer: Doo Y. Lee Ham, Ph. D.
Date Labeling Review Completed: August S, 1996

Applicant: Guilford Pharmaceuticals Inc.
Baltimore, MD 21224

Drug Name: Primary: Gliadel® Water
Other Names: Polifeprosan 20 with carmustine: NPC 702

Chemical Name: Poly[bis(p-carboxyphenoxy)propane:sebacic acid 20 80} with 1,3-bis(2-chloroethyl)-
I-nitrosourea
Structure:

o The structwal furmula for polifeprosan 201

‘ o
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¢ The sractural formula for camusting o o
I R A
O
Molecular Formula: CH,CI,N,0,
Molecular Weight: 214.06
Related IND & NDA: and NDA 17-422 (BiCNU, Carmustine) by Bristol

Class: Antineoplastic agent



Indication: Gliadel is indicated tor use as an adjunct o surgery to prolong survival in patients
with malignant gliomay

Clinical Formulation: Each Gliadel water consists of a copolymer of polycarboxyphenoxypropane
(PCPP) and sebacic acid (SA) with 7.7 mg (3.85% by weight) carmustine (BCNU) i corporated into
polymer matrix (PCPP:SA 20:80).

Route of Administr tion: Brain implant

Labeling Comments:

Labeling conforms to the format specified under CFR21. Part 201. Subpart B dated April 1. 1994.

The proposed labeling accurately deseribes the prechinical observations for the most part. However,
the following revisions are requested.



s

Recommendation:

This NDA 1 approvable from the pharmacologic toxicologic aspect of the application pending
the labeling will be revised as requested.
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Division of Oncology Drug Products
Review of Pharmacology and Toxicology Data
Original Review
NDA: 20-637
Date of Submission: February 7, 1996
Received by Reviewer: February 13, 1996
Amendment Dates: June 3, & July 1, 1996
Information to be conveyed to sponsor:  Yes(x ), No( )
Reviewer: Doo Y. Lee Ham, Ph. D.

Date Review Completed: June 10, 1996

Applicant: Guiltord Pharmaceuticals Inc.
Baltimore, MD 21224

Drug Name:  Primary: Gliadel® Water
Other Names: Polifeprosan 20 with carmustine; NPC 72
Chemical Name: Poly|[bis(p-carboxyphenoxy)propane:sehacic acid 20:80] with 1,3-bis(2-chloroethyl)-
l-nitrosourea

Structure:

¢« The structw al tormule foe pobifepeasan 26 1y
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» The structural formula of carmusione 1y
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Molecular Formula: CH,CI;N,0,

Molecular Weight: 214.06

Related IND & NDA: and NDA 17-422 (BiCNU, Carmustine) by Bristol
Class: Antineoplastic agent

Indication: Gliadel is indicated for use as an acju~ct to surgery to prolong survival in patients
with malignant glioma.



Clinical Formulation: Each Gliadel wafer consists of a copolymer of polycarboxyphenoxypropane
(PCPP) and sebacic acid (SA) with 7.7 mg (3.85% by weight) carmustine (BCNU) incorporated into
polymer matrix (PCPP:SA 20:80).

Route of Administration: Brain impiant

Previous Reviews, Dates and Reviewers:

Original Review 7127187 AWCoulter
Review #2 3/25/96 DYLecHam
Biopharm Review 2/9/96 PZannikos

Studies Reviewed Previous Submissions:

Biocompatibility Studies:
Biocompatibility of NPC 702 with rat brain, protocol #86-001
Biocompatibility and release kinetics of NPC 702 in rabbit brain, protocol #86-002
Biocompatibility of NPC 702 with the monkey brain, protocol #86-003
Biocompatibility of NPC 702 subcutaneously in the rat, protocol #86-004
Biocompatibility and efficacy of NPC 702 in the rat brain, protocol #86-005

Pharmacokinetics and Drug Metabolism in Animals:

Toxicology:
28 week brain implantation study in rats
Chronic brain implantation study in monkeys

Studies Reviewed with this Submission:

1. Pharmacology:
A A Safety Tolerance Study (28 day) in Rat
B. 26 Week Efficacy Study

C. Tamargo, RJ, Myseros, JS, Epstein, JI et al (1993) Interstitial Chemotherapy of

the 9L Gliosarcoma: Controlled Release Polymers tor Drug Delivery in the
Brain. Cancer Res 53: 329-333
II. Pharmacokinetics: rat and rabbit
I Toxicology:
A. Subchronic Toxicity Studies:
One month brain implantation study in rabbits
B. Chronic Toxicity Studies:
10-month brain implantation study in rabbits
10 week brain implantation study in monkeys
26 week brain implantation study in monkeys
1v. Special Toxicity Studies:
In vitro BCNU toxicity
V. Mutagenicity: Ames assay

Portions of this review were excerpted directly from the sponsor's submission



Overall Summary and Evaluation:

Carmustine (BCNU), chloroethylnitrosourea, is commonly used for the treatment of brain tumors
for its ability to cross the blood-brain barrier. In order to minimize systemic toxicities (myelosuppression,
hepatic, renal and pulmonary) and maximize local drug concentration within brain tumors, interstitial
BCNU therapy with implantable biodegradable polymer, a Gliadel water, is being developed for the new
treatment for malignant gliomas by Guilford Pharmaceuticals Inc.

Gliadel (BCNU-loaded polymer) consists of a biodegradable polyanhydride polymer incorporating
BCNU into the polymer matrix [carboxyphenoxypropane (CPP) copolymerized with sebacic acid (SA)
20:80 molar ratio}. The hydrophobic matrix protects BCNU from hydrolysis. Preclinical results have
demonstrated that Gliadel has been shown to increase the therapeutic efficacy of the BCNU by producing
high local tissue concentrations directly at the tumor site over extended periods of time. Drug is released
over a two to three weeks period primarily by polymer degradation or wafer erosion. A number of factors
influence drug release kinetics including CPP:SA content and the loading dose of BCNU. Radiolabeled
BCNU (Gliadel 1-2.5%), PCPP, and SA bindistribution studies in rat and rabbit indicated >80% of the
radiolabeled BCNU were released from the wafer within 7 days of implantation, and >60% of the
radiolabeled polymer components is released from the water by day 21 post-implantation.

In vivo efficacy studies of Gliadel were performed using escalating doses of BCNU in rat brain
tumor model. Fischer 344 rats bearing ic 9L gliosarcoma were surgically implanted with difterent
concentrations of BCNU in Gliadel ranging 10-40% (correspond to 1.15-4.6 mg BCNU). Gliadel 30%
(containing 3.45 mg BCNU) was determined to be effective in increasing the mean survival of [3.5 days
for untreated tumor to 122.5 days for treated rats. The efficacy was observed as a dose-related increase in
mean survival time when compared to the untreated tumor bearing rats.

Pharmacokinetic studies were performed with radiolabeled Gliadel (**C- or *H-) in rats and in
rabtits to determine the in vivo release of “C-BCNU from a PCPP:SA 20:80 wafer. In SD rats implanted
with Gliadel 3.85% (0.36 mg BCNU), brain tissue analyses indicate only trace amounts of BCNU present
on days 1, 5 and 10 after implantation. The water contained about 50% of the initial BCNU concentration
after 24 hrs and less than 1% of BCNU atter 5 or 10 days of implantation. The local concentration and
distribution of BCNU were evaluated following implantation of Gliadel doses ranging from 2.5% t0 10%
(300 to 1200 ug BCNU) or direct ic injection of *H-BCNU into rabbit brain. The local delivery of BCNU
to brain tissue with Gliadel wafer resulted in a more sustained high local concentration of BCNU than
direct ic injection.

Subchronic and chronic toxicity studies were conducted by brain implantation to evaluate
biocompatibility of Gliadel wafer or PCPP:SA 20:80 (copolymer, or blank) polymer wafer in rat, rabbit,
and monkey brain. In rat studies, the ic implantation of PCPP:SA 20:80 wafers and Gliadel wafers 4, 8,
12, 20 or 32%(containing 0.44, 0.88, 1.32, 2.2, or 3.52 mg BCNU) have been evaluated. Two of eight
rats treated with Gliadel wafers 32% died before day 200 and all other animals survived for 200 days after
implantation. Rats in the 32% Gliadel group gained less weight than did control animals. Mean weight
gain in other groups were comparable to those of the blank wafer group. Mild gliotic reactions were
observed around surgical sites of both implants and no toxicity was reported from other organs of the rat.

In a one month subchronic study with Albino rabbits, PCPP:SA 20:80 wafer and Gliadel wafer
3.85% (0.46 mg BCNU) were implanted in the brain ventricle. Both wafers (Gliadel 3.85%, blank)



produced no deaths, clinical or neurological/behavioral signs. Both implants resuied in a region of tocal
necrosis, which was limited to the implantation sites, and increased with Gliadel wafer. The necrosis was
not present 28 days after implantation.

The biocompatibility of the two polymer components was evaluated in vivo. PCPP:SA was
evaluated for local tissue response for six weeks following corneal implantation in the NZW rabbit and tor
six months following subcutaneous injection in the SD rat. Overall, the results indicated that PCPP:SA is
biocompatible.

Studies were performed in two species (rabbit, monkey) to evaluate whether the brain implantation
of Gliadel or PCPP:SA 20:80 without BCNU, and subsequent external beam brain irradiation, resulted in
more toxicity than is observed with Gliadel, the polymer alone, or irradiation alone. In a 1en-month rabbit
study, after a surgical recovery of 5 days after wafer implantation (Gliadel 4%, or blank wafer) into NZW
rabbits, half the rabbits received radiation treatment of 97.6 centigrays/minutes (3820 rads). Atone
month, implant- and radiation-related brain necrosis with mononuclear cell infiltrate was observed. In the
non-radiated groups at ten months, the effects of Gliadel 4% or PCPP:SA 20:80 were comparable to the
sham control. In the radiated groups, brain necrosis was still present in all of the treatment groups with
comparable incidence and severity. In the ten week cyromolgus monkey study, monkeys received §
daily/week for 6 weeks conventional external beam radiation treatment (the total dose was 6000 ¢Gy). In
the 26 week study, two monkeys were irradiated for a period of 42 days. No meaningful toxicological,
neurological or histological findings were observed in either study except for localized brain necrosis
around the implanted wafer. Radiation treatment in the monkeys implanted Gliadel 3.85% and sacrificed
at 10 weeks did not produce greater severity of brain necrosis than was observed in the non-radiated 1
monkeys implanted with Gliadel 1.9% waters in the ten month study. The studies indicate brain radiation ‘
treatment of Gliadel implanted monkeys did not result in a greater toxicity than was expected with
radiation treatment alone.

The mutation potential of copolymer alone, PCPP:SA 45:55, was tested on S. typhimurium using
8-azaguanine resistance as a genetic marker. At 1 mg/ml concentration with or without metabolic
activation, the degradation products of the polymer, PCPP:SA 45:55 were non-mutagenic. However,
BCNU is known to be teratogenic and genotoxic, thus Gliadel also is considered genotoxic and teratogenic.

cc: Orig NDA 20637
HFD-150/Division File . /
/LeeHam - / - ,
/DeGeorge W v ](V’/fé ' jo *\‘ . ‘ T
/Martin S i _"\—/-', \ \w\u/ ——r
/CSO “
DYLH/WP ‘ \ AN~ /
Revised on 7/9/96 b | oz /7
Revised on 7/22/96 o7 Lo ﬂ'/ :
Revised on 7/24/96 / .

Y



A, 28 Day Intracerebral Range Finding Study (Safety Tolerance Study) and Efficacy Study of
Gliadel in Rat, NOVA Study Report 86-005:

A 28 day range finding study was conducted with intracerebral Gliadel in normal rats to determine the
highest tolerated dose of BCNU. A second study was performed to determine the efficacy of Gliadel with
escalating doses of BCNU in tumor bearing rats.

l.. =8 Day Intracerebral Range Finding Study:

Fischer 344 normal male rats (n=$ rats/group) were implanted with intracerebral (ic) Gliadel 10, 20, 30,
and 40% (correspond to 1.15, 2.3, 3.45, 4.60 mg BCNU), or PCPP:SA 20-80 (control) as in the Table 6.
The implanted wafer was placed surgically in the dorsum of the brainstem between the superior colliculus
and the posterior thalamus. Animals were observed daily tor survival and bwly weight changes for 14
days,

Table 6: Gliadel 10, 20, 30 and 40% aidd PCPP:SA 20:80: 28 Day Intracerebral
Dose range Finding Study in Rats

Species Group Description Results

Strain (BCNU) Initial Wt loss  Initial Wt Recovery Survival

Fischer rats 0% (PCPP:SA)

5 males/group 10% 3% 7-10 days 4/5%
20% 2% 12-14 days 4/5
30% 15% 14-16 days 4/5
40% 20% 14 days(1/3 rats) 3/5

* One death in each group occurred due to water deprivation,

Results:

One of 5 rats each treatment group died due to dehydration in each cage (the time of these deaths
are not given). M reatment-related deaths were observed. One rat death in the 40% BCNU occurred
during the study {no date) and appeared to be treatment-related. Body weight loss was dose-relatea across
all dose groups. Moderate decreases in body weights (~ 15- 20%) were observed at 30% and 40% BCNU
treated groups compared to control group. Based on these results, Gliadel 30% BCNU was selected as
the highest tolerated dose in a follow-up study.

2. 150 Day Efficacy Study of Gliadel 30% in 9L Gliosarcoma bearing rats:

A second study (150 Day) was conducted to evaluate the efficacy of intracerebral Gliade! 30% for
the treatment of 9L gliosarcoma tumor in adult male Fischer 344 rats.

Sixty rats (n= 10 rats/group) were divided into 6 groups (4 treatment and 2 controls) as shown in
the Table 7. NineL gliosarcoma tumor cells were implanted intracerebrally. On the 4th day after tumor
implantation, rats underwent implantation of Gliadel 30% (3.45 mg BCNU). Animals were observed for
survival, clinical signs/behavioral signs, and histopathologic changes for 150 days.



Table 7: Survival Study of Gliadel 309 in 9L gliosarcoma bearing Fischer 344 male rats for 150 days

Species Treatment Groups Results
Strain Mean Survival Histopathology
Rat, 1) Sham control 1) 150 days In Gliadel 30% groups, 50% of
Fischer 344 2) PCPP:SA 20:80 2) 150 days the hepatic specimens showed
10 males/group 3) Tumor + Ghiadel 30%* 3) 122.9 days single or multiple areas of

4) Tumor alone 4) 13.5 days coagulation necrosis with/

5) Tumor + PCPP:SA 20:80* 5) 14.8 days without mixed cell infiltrates

6) Ghiadel 30% 6) 100.7 days and/or microabscess formation

* Tumor and Gliadel implantation were performed during the same surgery

Results:

Mean survival time increased about 10-fold in the Gliadel 30% treated group (122.9 days)
compared to the untreated tumor alone (13.5 days) and tumor + polymer (14.8 days). Mean survival of
non-tumor bearing rats was decreased to 100.7 days (about 22%) by Gliadel 30% alone probably due to
BCNU systemic toxicity. Histopathologic findings in the Gliadel 30% treatment groups induced in ~50%
of animals with single or multiple foci of coagulation necrosis in the liver (likely due to BCNU toxicity).

FIGURE 2: GLIADEL 30%: Survivel Responas in Fischer 344
Rats with & 8L Gliosarcoma Tumor
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B. 28 Week Efficacy Study of Gliadel in Rat:

Forty-eight adult male Fischer 344 rats were implanted with a 9L gliosarcoma in a dorsal brainstem
cortical defect. On the 5th day following tumor implantation, the rats were randomized into six groups of
8 rats/group and implanted with PCPP:SA 20:80, or Gliadel 4, 8, 12, 20, or 32% (correspond to 0.44,
0.88, 1.32, 2.2, 3.52 mg BCNU). These wafers weighed approximately 10-12 mg. Animals were
observed for survival, clinical/behavioral signs, and histopathologic evaluation for 200 days.




Table 9: Comparison of PCPP:SA 20:80 and different concentrations of Gliadel in 9L gliosarcoma bearing
male rats for 200 days

Species/Strain Treatment Groups Results
# of rat Efficacy Toxicity
Rat 1) PCPP:SA 20:80 Ghiadel groups had Gliadel 32% was
Fischer 344 2) Gliadel 4% extended survival, systemically toxic
8 males/group 3) Gliadel 8% In Gliadel 20 and causing decreased

4) Gliadel 12% 32% groups, weight grin

5) Gliadel 20% survival was

6) Gliadel 312% increased as

compared to lower

Groups 1-6 were duplicated. One set had 9L dose.

gliosarcoma cells implanted with treatment

following 5 days after tumor implant

(efficacy). The other set was given treatment

only (toxicity)

Results:

Two rats implanted with Gliadel 32% died on days 82 and 97. Prior to death, a significant weight
loss (69 and 59%, respectively) was observed in these rats. A dose-related decrease in mean body weight
gain was seen in the Gliadel groups treated at doses >20% compared to control animals with blank
polymers,

A dose-related increase in mean survival time was noted in treated animals when compared to the
non-treated umor-bearing rat group. Gliadel 4, 8, or 12% BCNU was effective in increasing survival (no
survival was observed beyond 20 days in untreated rats) in 10- 25% of the animals. With Gliadel 20 or
32%, survival was extended to 200 days for 50-60% of the rats as shown in the Figure 4 below.

At autopsy, gliosis was observed in all treated rats and was most pronounced around the surgical
sites of rats treated with 32% BCNU loaded polymers. Other significant pathologic findings in the treated
and control animals were age-related myocardial and renal changes. No other drug-related toxicities were
seen in these animals.

FIGURE 4: OLIADEL 4, 8. 12, 20, or J3%: Survival Ingidencs In the Rat
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C. Tamargo, RJ et al (1993) Interstitial Chemotherapy of the 9L Gliosarcoma: Controlled Release
Polymers for Drug Delivery in the Brain. Cancer Res. §3: 329-333.

Ninety-six adult male Fischer rats underwent a craniectomy. Sixty rats were implanted with a 9L
gliosarcoma tumor in the left parietal area. The remaining 36 rats were assigned to one of three
experimental groups to assess the toxicity of the i.c. and systemic i.p. BCNU. Four days atter surgery,
rats were randomized into one of eight experimental groups (Table 2) for the treatment and reoperated for
the insertion of either 30% (BCNU 3.54 mg) BCNU-EVACc discs (3 mm in diameter, weighed 11.5 mg) or
similar EVAc discs without BCNU through the craniotomy defect into the cerebral cortex, A systemic
i.p. injection of BCNU (14 mg) was administered within § minutes to the 9L/i.p. BCNU and i.p. BCNU
and the same volume of the vehicle was administered to the other six groups.  The wound was reclosed
with surgical clips and animals were returned to the cages. Animals were observed twice daily during the
first few weeks and daily thereafter for 125 days tor survival, behavioral changes and pathologic changes.
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Results:

The i.c. delivery of Gliadel 30% via EVAc (9L/BCNU-EVAc group) or PCPP:SA polymer
(9L/BCNU-PCPP:SA) significantly increased mean survival (about 5.4- and 7.3 fold; p<0.05) in rats
bearing the 9L gliosarcoma compared to the systemic i.p. injection of BCNU (9L/i.p. BCNU; 2.3-fold).
Five of 12 rats (42%) in the 9L/BCNU-EVAC group and two of 12 rats (17%) in the 9L/BCNU-PCPP:SA
group survived to the end of the experiment (125 days); no viable tumor was found in any of these long-
term survivors (Figure 2). All the rats in the control group without BCNU survived 1o the end of the
experiment at 125 days. By contrast, 10/12 rats died prematurely after the i.p. BCNU group and 8/12
died after the i.c. BCNU group. The mean survival of the i.c. BCNU group was higher than that of the
i.p. BCNU group (Figure 3), but the difference was not significant.

Histopathological changes in all rats treated with BCNU showed pulmonary changes (e.g.,
interstitial pneumonitis fibrosis) and hepatic changes (small scattered micro abscesses). These lesions
were not detected in untieated control animals.
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Summary of Pharmacology:

The efficacy of Gliadel depends on delivery of BONU to the tumor for its cytotoxicity,

Efficacy swdies of Gliadel were performed using escalating doses of BCNU in a rat brain wmor models.

In a 150 day study, 9L gliosarcoma bearing male rats were implanted with i.c. Gliadel 30%
containing 3.45 mg BCNU. Mean survival of rats treated with Gliadel 30% water increased (8-fold and 9-
fold) compared to untreated tumor (13.5 days) and untreated tumor with polymers (14.8 days). In this
group about 50% of survivors had single or multiple foci of coagulation necrosis in the liver,

Ina 125 dey study, thei.. implant of Gliadel 30% via EVAc (9L/BCNU-EVAc groupj or
PCPP:SA polymers (9L/BCNU-PCPP:SA group) significantly inc-eased the mean survival time (5-fold
and 7-fold) compared to i.p.BCNU (9L/i.p. BCNU group) or i.c. BCNU (BCNU/EVAc). All animals
treated with i.p. or i.c. BCNU exhibited multiple scattered areays of coagulation necrosis in the liver.

In a 28 week study, 9. gliosarcoma bearing rats were implanted Gliadel with escalating doses of
BCNU. A dose-related increase in mean survival time was noted in Gliadel 4, 8 and 12%. With Gliadel
20 or 30%, a significant increase in survival was observed for 50-60% of the rats to 200 days. However,
in contrast to the 125 day study, there were no tumor-free survivors reported.

Il PHARMACOKINETICS (Vol. 1.10-12

A, In Vitro Dissolution and in Vive Biodegradation

In Vitro Dissolution:

Method: Three different molecular weights (48,000, 72,000, and 110,000 Da) of the PCPP:SA 20:80
polymers were tested. The release characteristics of the wafers were evaluated in a 0.IMPBSat37°C.
Sets of 3 wafers each were submerged in aqueous environment with constant shaking at 110 rpm. Wafer
sets were removed from the PBS at 2, 4, 8 hr and 1,2,3,5, and 7 days. The water soluble sebacic acid
and carboxyphenoxypropane levels in PBS were determined by HPLC.

Results: During the initial 8 hrs, <5% weight loss occurred. During the next 7 days, almost 80% of the
original weight had been lost. The exponential decay in wafer mass suggests a pseudo-first-order erosion
kineti~s. Even though wafer molecular weight (MW) varied widely, wafer mass loss was independent of its
initial MW, During the initial 10 hrs of incubation, the wafer MW decrease was rapid and slowed
thereafter. Depolymerization occurred more rapidly than did wafer erosion and mass loss.



The release ot the water soluble SA was very rapid, with aimost 80% released by day 7. During
this same period, only 5% of the less soluble PCPP was released. The differences m mitial wafer MW did
not attect the release rates for SA and PCPP.

In Vivo Biodegradation:

Method: Four wafers containing different concentrations of BCNU (3.6-3.9%, 0.47-0.59 mg) with
different PCPP:SA molecular weights (20, 29, 47, or 56 kDa) were implanted into four male rat brains
(one water in each rat). The waters were “3 mm in diameter and weighed 13-15 mg. One male rat each
was sacrificed at 2 hrs, 1, and § days after wafer implantation.  The wafers were immediately frozen on
dry ice and then lyophilized. The molecular weight of the retrieved wafer was determined by gel
permeation chromatography (GPC). BCNU remaining in the wafer was determined by HPLC. The water
morphology was evaluated at each time point using a scanning electron microscopy (SEM),

Results: By 24 hrs post-implantation, approx. 50-80% of the BCNU was released from the water. Water
MW decreased exponentially as a function of implantation time during the tirst 10 hrs tollowing
implantation in the rat brain (first erosion phase), which was followed by a reduction in weight decrease
thereafter. The decredse in MW was slower in the rat brain than in vitro in the PBS.

Morphological Study:

By scanning electron microscopy (SEM), examination of Gliadel wafers before and after implantation
demonstrated morphological changes due to polymer erosion and release of BCNU in the rat brain.

Before implantation, the surface of the water is very firm, with miscrospheres densely packed next each
other. At two hrs post-implantation, the surface layer of the water has eroded exposing the next layer of
compressed microspheres which were clearly identifiable. At 24 hrs post-implant, the surface become
very porous and no individual microspheres could be identified. When cross sections of the degrading
wafer were examined, the dynamic process of waier penetration from the surface into the interior was
apparent. The portion of the water immediately beneath the surface is as porous as the surface. However,
farther down from the wafer surface, the wafer is less porous. By S day post-implantation, the entire
cross-section of the wafer displayed a unitormly high porosity with no individual microspheres identifiable,
indicating that water has penetrated throughout the whole wafer and degraded the interior as well as the
exterior of the wafer.

B. Intracerebral Distribution Studies in Rabbit.

The local concentration and distribution of BCNU within normal brain tissue were studied
following surgical implantation of Gliadel 2.5%, 5%, or 10% (correspond to 300, 600, or 1200 ug
BCNU).

Fifty-six NZW male rabbits (8 rabbits/group) were divided into 6 groups and surgically implanted
with 12 mg wafers (or discs) containing Gliadel 2.5, 5, or 10% [’H}-BCNU by either trituration or
solution method, and control group was implanted with [*H}-inulin wafer (0.2 mg, 40 uCi) into the brain,
Another group of eight rabbits were injected with [’H]-BCNU directly into the brains. Two rabbits/group
were sacrificed on 3, 7, 14, and 21 days. The brains were removed, frozen, and prepared for quantitative
autoradiography. All rabbit brains were evaluated histopathologically.
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The quantitative autographic findings indicated that 30-59% of the brain was exposed to the [*HJ-
BCNU radiolabel on day 3; 5-20% on day 7; and 2-7% on days 14 and 21 as in Table 1. In contrast, the
exposure of the brain to the radiolabel [*H]-inulin was relatively constant at 30% for two weeks before
decreasing.

After the direct ic injection of ['H]-BCNU, labeled tracer was rapidly distributed throughout the
exposed area of the brain. At 24 hrs atter injection, only 15% of the area of the brain was exposed to free
drug and by 72 hr, drug concentration was undetectable,  In contrast, 72 hrs after implantation of polymer
prepared by either method, ~40% of the area of the brain was exposed to the tracer and a decrease to 15%
level did not occur until 180 to 350 hrs. The BCNU polymer discs made by either trituration or solution
methods were not significantly different as shown in Figure 2,
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A protile of concentrations as a function of distance from the implanted polymer was studied in
each animal. At 3 days after implantation as in Table 2, the area of activity extended 12 mm from the
polymer-loaded with 300 ug BCNU with average BCNU concentration of 3 mM within this region. The
600 ug BCNU disc generated a region of activity with 4 6 mM concentration that extended about 10 mm
from the polymer. The 1200 ug BCNU discs generated a 12 mm zone of sotivity with concentrations in 8
mM range. The diameter of activity was Smm at 7 and at 14 days foll wwiiz polymer implantation, and at
21 days measured 3 mm,

TABRLE 2

Resulls 72 huurs afier implantacon of BCNU-loaded polymer
inrabbu brain®

C.oncentra. Avecrage

Thameter of uon st Concentras-
BACNU D Tracer Fdge of tion within
BCNU Survounding Tracer Tracsr
Polymer (mm)  Region Region
(mM BCNU) (mM EE'NU)
"300-4g BCNU potymer 12 03 3
600-ug BCNU polymer 10 062 )
1200-ug BCNU polyrrnAer_ ] 7!2 070 A

* BCNU-lpaded polymer prcpated ;y tnturation method Values
are aversges of two animals each.



pd
~)

Histopathological findings indicated that direct injections of [*H]-BCNU resulted in some local
necrosis and edema at the site. These findings were more prominent at early time points. The edema and
necrosis in animals with BCNU-containing polymer discs were most prominent adjacent to the 1200 ug
loaded discs and least prominent adjacent t those loaded with 300 ug of the drug. These histologic
findings closely paralleled the regions of the brain that contained the highest concentrations of [*H}-BCNU
demonstrated by quantitative autoradiography.

C. Metabolic Disposition and Excretion Studies in Rats and Rabbits:

A metabolic disposition study was pertormed to evaluate distribution and clearance of Gliadel
components (BCNU, PCPP:SA 20:80) in adult $D rat and NZW rabbit. Three types of Gliadel wafers
with BCNU were prepared containing a ditterent “C-label ( “C-CPP C-SA, and “C-BCNU) and
surgically implanted into the rat and rabbit brain, The waters were approximately 3 mm in diameer and |
mm in thickness and ranged in weight 11-17 mg. The concentration of BCNU varied from 0.18- 0.27 mg
(1-2.5%). In the rat, one wafer was implanted into right hemisphere in an area posterior to the coronal
suture and lateral to the sagittal suture. Rats were housed individually in glass metabolism cages to collect
expired CO,, urine, and feces. In experiments not requiring CO, collection, the rats were housed in
Nalgene metabolic cages which allowed separate collection of urine and feces

In the rabbit, two wafers, one each side of the sagittal suture, were implanted in each animal.
Rabbit cages were modified to collect urine and feces Separately. Animals were observed once/twice daily
tor mortality and toxicity. Water remnants were collected trom the animals and analyzed. Samples of
expired CO,, urine and feces were collected on days 1. 4, and 7 and processed and analyzed by HPL.C.

The percent of radiolabeled BOCNU, PCPp and SA in brain, water remnant, and urine and feces

were followed by radioactivity measurements for 7 days after implantation in rat and rabbit are
summatized in Table 17.

TABLE 17 Sclected Radiolabelied Biodisttibution of BONU, POPP, and SA (%)

"C.labeled trine Feces Cxpited CG, Hrain® Water Remnamt

Component  Rat Kabbii Rat Rabbun Rt Rabbs Rat Rabbit Rt Rabbit

(Assay {Iayy)

BONU

Day 7 62 56 47 19 10 - | 2 3d o
POepPP

Day i 01 - <0.1 0.2 . 101.8

Day ¢ 0s . 1.6 0.2 . 968

Day 7 13 - 28 0OR - 96.6 -

Day 21 . 62 -2 . 22 . 28K
SA

Day } 12 - <04 - 2 1.0 97.0

Day 4 79 . 0.7 - - 1.4 . 499 -

Day 7 10 9.3 2 12 40 <] 1.8 8 i4

* not including implantaiion aite
- ot assayed
{5R1 Study Nu. LSC 2047.D01-91]




13

With "C-SA-labeled wafers, expired CO, was the major route of elimination of radioactivity.

About 40% of the dose was measured as expired CO,, 10% as urinary excretion and 2% in fecal excretion
over a 7 day period in rats. For the same 7 day period, about same amount of radioactivity was excreted
in urine and feces of rabbit. The wafer recovered after 7 days of implantation contained about 8% (rat)
and 14% (rabbit) of the original radioactivity.

The radioactivity level in the rat brain was highest on day 4 (1.4%) and ~ 1% on day 7. The
percentage of radioactivity remaining in the recovered *C-SA wafers loaded with BCNU were 97% after
1 day, 49.9% after 4 days and 8.3% after 7 days. The “C-SA levels in the spleen, kidney, lung and
plasma did not exceed a total of 1% of the administered dose as shown in Table 4.

Table 4 Saven day dispasition of '*C 3ltar braln implantation
of ''C radiolabaiied palymer-BCNU walers in rats

Organ ('*CiSA° 1'*cicee! {*cjscnut
(% dose) (% dase) (‘/. dose)

Urine 11.20 1.24 (AR 44
faocos 1.00 2.54 4.88
CO, 43.62 0.00 4068
Araln 1.03 002 .97
Kidney 0.09 0.3 —_
Liver 1.00 0.10 Q.48
Spisen 0.04 0.01 -_—
Lung .09 0.01 -—
Fart 0.49 0.00 a.t7

" Carcass [ %1} 1.48 %
Plasma 0.24 0.0 0.08
Waler 8.0 9.8 3.4
Felal recovered 4.8 93.08 $0.02
Single 'Cadatind walery imy # r3t Braint, radenitiviy letlewed for

/€ resuila are an Svarage of e 1318
‘Ouee implanted. waler of p(CPP [''C)SA)I060, 5.33 €1, 135 mg
'Cned implanid, water of (| “CICP-RATIO 80, 17 .34 503, 18 mg.

With “C-CPP-Jabeled waters, the radioactivity was very slowly released from the wafer because
of its limited solubility. As shown in Table 17, more than 96% ot the administered radioactive dose still
resided in the recovered BCNU-loaded waters atter 4 and 7 days. The brain tissue contained < 1% of the
radioactivity after 4 and 7 days in rats and 2.2% after 21 days in rabbits. In rabbits, about 62% of the
radioactivity was excreted in the urine by 21 days. In rat, radioactivity was excreted slightly more in the
feces (2.8 %) than in the urine (1.3%) The total excretion (urine, feces) after 7 days was less than 5%.

With [“C]-BCNU-labeled waters, urine was the major route of elimination of radioactivity ( [*C}-
BCNU-labeled wafers). About 60% (rat) and 56% (rabbit) of the radioactive dose was excreted in the
urine over a 7 day period. Expired CO, contained less than 5% of the radioactive dose. After 2 and §
days, the radioactivity levels remaining in the wafers were 60.5 and 11.5% in rat, respectively. The
wafers recovered 7 days after implantation had only 3.4% of the original radioactivity in rat and 12% in
rabbit. The radioactivity in brain tissue after 7 days was 1% in rat and 2% in rabbit.

Summary of Pharmacokinetics:

Intracerebral BCNU dose delivery is dependent on polymer degradation following Gliadel wafer
implantation. The studies were carried out with radiolabeled Gliadel ('*C- or *H-) in rats and in rabbits to
determine the in vivo release of “C-BCNU trom a PCPP:SA 20:80 wafer. In Fischer 344 rats, an i.c.
study with Gliadel 20% reported “C-BCNU levels on day | of post-implant to be 1900 uM at 4.7 mm



distance from the water surface, and days 3, 7 and 14 1o be 700-900 uM at 1.0-1.6 mm distance. Within
two days, 50% of the “C-BCNU in the water was released into the surrounding brain tissue.

Local concentration and distribution of BCNU within normal brain tissue were evaluated following
implantation of Gliadel 2.5, 5, or 10% [*H|-BCNU (correspond to 300, 600, and 1200 ug BCNU).
Quantitative autoradiographic findings indicated about 60% of the brain sections was exposed to
radiolabeled compounds 3 days atter BCNU-polymer implantation, 15% at 7 days, and the BCNU levels
less than 10% at 14 and 21 days. The concentration of BCNU in the exposed areas increased with time- at
day 3 it was calculated at 3 nmol/mg and at day 14 it was 7.6 nmol/mg. Adjacent to the polymer the high
dose water was calculated to produce a BCNU concentration of 8 mM at day 3 and 3 mM by day 21.
Tracer was calculated to travel 12 mm by day 3. The "C- or "H-BCNU levels released from Gliadel
implant into surrounding brain tissue are summarized as in the Table helow.

In Vivo Release of BCNU Levels (mM) from Ghiadel into Surrounding Bram Tissue in the Rat and Rabbat
Spectes Rat Rabbit
Dose % Gliadel 20% Ghudel 2.5% Gliadel 5% Gliadel 10%
(BCNU mg) (4.2 mg BCNU) {300 ug BCNU) (600 ug BCNL) (1200 ug BCNU)
Day | 1.9 ND ND ND
Day 3 0.9 1.9 2.5 2.9
Day 7 0.8 5.8 53 6.3
Day 14 0.7 5.4 7.7 7.6
Day 21 ND 7.4 7.1 7.3

*BCNU mM levels are average data for two animals sacrificed at each time point
ND- not determined

The wafer release and metabolic excretion of radiolabeled Gliadel wafer components ( ['*C]-SA,
['*C]-CPP, and [“C]-BCNU ) have been studied. The concentration of BCNU varied from 0. 18-0.27 mg
(1-2.5%). Biodistribution studies of radiolabeled BCNU, PCPP, and SA in rats and rabbits indicated that
the major excretory route of radioactivity trom the "C-SA labeled water was CO. (40%) and that from the
“C-BCNU-labeled wafers was urine (62%). The percentages of the administered dose remaining in the
wafers recovered after 7 days of implantation were 8, 97 and 3%, respectively, for SA-, CPP-, and
BCNU-labeled wafers in rats. In rabbits, the percentages of the administered dose remaining in the wafers
after 7 days were 14 and 12 % for SA- and BCNU-labeled wafers, respectively. After 21 days of
implantation, 29% of the dose administered in '“C-CPP-labeled was still in the recovered wafers. The
drug-loaded polymer degraded faster than the blank polymer.

BCNU levels in whole blood or plasma and cerebrospinal fluid over a § or 28 day period
following implantation of Gliadel 3.8% (0.46 mg BCNU) were evaluated in rabbit brain. The bio-
analytical method (not specified) indicates that no BCNU was detected in the tissues exclusive of
implantation site.

BCNU concentrations delivered by Gliadel wafer have not been determined in human brain tissue.



L. TOXICOLOGY ~ (Vol. 1.10-12)

A. Subchronic Toxicity Studies:
I One month brain implantation study in rabbits

1. One-Month Brain Implantation Study in Rabbits:

Fifteen Albino male rabbits (1.43- 2.27 kg, 11 weeks old, n=3) were surgically implanted in the right
ventricle with one 3 mm diameter, | mm in thickness and weighing ~12 mg Gliade! 3,85% (0.46 ing
BCNU, Lot #SR042-45-24E-3mm-15; SR042-45-24E-3mm-12) or PCPP:SA 20:80 (Lot#¥SR042-45-24C-
3mm-26; SRO42-45-24C-3mm-22) as shown in Table 10. Ondays 1, 3, 5, 14, and 28 after implantation,
3 rabbits/group were sacrificed for pathological evaluation. The remaining animals were observed for
survival, clinical signs, neurological behavioral and pathological changes for 28 days.

Table 10: A 28 days subchronic toxicity study of Gliadel 3,85% in NZW rabbit

Species/Strain Treatment Groups Results

# of Animals

Rabbit 1) PCPP:SA Mortality: No deaths

NZW 20:80 Clinical Signs: No treatment related clinical
n= 3 males/group | 2) Gliadel 3 85% signs

Body wt./food intake: No change
Pathology: Limited necrosis was observed at
implantation site
Severity of necrosis: Days 1, 3, 5 > Day
14 > Day 28 (no necrosis)

Results:
Mortality: None

Clinical signs:  Several animals in both groups exhibited occasional episodes ot clonus jaw and
intermittent twitching on days 1-6. No body weight or other behavioral changes were
noted.

Gross and Histopathology:

Gross pathology evaluation was limited to the head, the skin over the head, the cranial bones,
meninges and brain. The polymer consisted of a brown/yellow amorphous material. Wafer limits were
partly or wholly defined by a thin red margin. Polymer implants in animals killed at 14 and 28 days after
surgical implantation were generally decreased in size compared to in animals killed at 1, 3, or 5 days
after implantation. A slightly greater amount of necrosis was observed around Gliadel 3.85% wafer than
around empty polymer (PCPP:SA 20:80). No necrosis was seen 28 days after implantation. No other
degenerative changes were observed in the ventricular system.



B. Chronic Toxicity Studies:

I 10 Week brain implantation study to evaluate Biocompatibility in monkeys
2. 10-month brain implantation study in rabbits
3. 26 week brain implantation study to evaluate Biocompatibility in monkeys
l. 10 Week brain implantation study: Biodegradable polymers for controlled delivery of

chemotherapy with and without radiation therapy in the monkey brain:

This study determined the eftects on the monkey brain of interstitial BOCNU delivered by the
PCPP:SA in 20:80 formulation with radiation (Non GLP study).

Eighteen adult male cynomolgus monkeys (3 or 5/group, 3.5-4.5 kg) were assigned to one of four
groups as in the Table 1. Group 1 (control) underwent a right-sided frontal lobectomy without implant.
Group 2 animals received a frontal lobectomy tollowed by implantation of 2.5 ¢cm waters of PCPP:SA.
Group 3 animals underwent a frontal lobectomy tollowed by implantation of Gliadel 1.9%. In Group 4,
bilateral frontal lobectomies were performed with placement of Gliadel in the bed of the lett lobectomy and
PCPP:SA wafers without BCNU in the bed of the right lobectomy, followed by whole-brain radiation
therapy. The PCPP:SA wafers (or disks) measured 2.5 cm in diameter and 1 mm in thickness and weight
about 660 mg. Two types of disks were used: an empty polymer and Gliadel (polymer with 12.5 mg
BCNU (1.9% loaded by weight). Beginning on day 21 after polymer implantation, the monkeys in Group
4 received conventional external beam radiation treatment to the entire brain, with a total dose equal to the
standard course given to patients with high-grade ghomas. The total midsagittal plane dose was 6000 ¢Gy
(200 cGy/day x §/week).

Animals were observed for systemic and neurological effects of the implants.  In this monkey

study, the effect of the polymer on normal brain was assessed by computerized tomography (CT) and
magnetic resonance (MR) imaging at specitied intervals atter implantation, and at autopsy.

Table 1. Experimental design: number of monkeys and times of evaluation

1
Treatment Group ¥ of Camputenized Magnetic Resonance Aulopsy
monkeys Tomography Imaging
Dy 14 Day 42 Day 72 Day 14 Dny 28 Day 16 Doy 72 Day 196
|. Control S s ! 3 1 3 2
2. Empty polymer S S i 3 1 3 2
3. BCNU-loaded polymer 5 5 2 3 1 3 2
4. BCNU -loaded polymer + k) 2 1 !
radiation therapy
Results:
Mortality: 1/3 monkey in Group 4 died on day 2, and autopsy revealed intracerebral hemorrhage.

All other animals tolerated the surgical procedures and radiological studies.

Clinical/neurologic signs:
Two surgical complications occurred because of posterior extension of the frontal



lobectomy involved the motor strip in 1/5 monkey in Group 2 (empty polymer implant).  Monkey
developed hemiplegia posteeratively which resolved into mild hemiparesis. The surgical procedures were
modified and no further neurological complications or other systemic effects were observed in any animals
throughout the study.

CT and MRI Imaging Studies:
Group | (Control):
-5/5 had mild edema on day 14 after surgery by CT and MRI. 2/§ had evidence of
a small amount of blood at the resection site. Minimal mass ettect was observed in one monkey.
- Resolution of edema and a decrease in the size of the low density area correlated with
lobectomy resection on MRI at 28 days and CT scans on 72 days.
Group 2 (Empty polymer):

- The water was visible in all 5/5 monkeys ¢n both CT and MRI.  Polymer was surrounded by

edema suggesting brain reaction to the water. 1/5 monkey had a small mass effect with edemay,

- On day 28, brain reaction to the polymer was still present on the MRI.

- On day 72, polymer was not visible on CT and no evidence of brain reaction in the implant area
was observed.,

Group 3 (Gliadel 1.9%-polymer):

- The results of CT and MRI on day 14 were similar to those of the Group 2. The polymer water
was visible on both CT (opaque area) and MRI (dark area).

- The area surrounding the polymer showed brain edema.

- 4/5 monkeys had minimal shift of intracranial structure across the midline,

- On day 28, brain reaction to the polymer was still present on MR1,

- On day 72, one monkey had no evidence of the polymer while 4/5 had an opaque area that was
consistent with blood or dissolved wafer. Brain reaction edema to the polymer had improved
and one monkey had an area of residual low density on CT at the site of the implant.

Group 4 (Gliadel-polymer + irradiation)

- CT revealed the bilateral craniotomies, hut was otherwise normal,

- No difference was detected between the hemisphere implanted with the empty polymer and
hemisphere implanted with Gliadel 1.9%-loaded polymer.

Gross pathology:
Groups 1, 2, and 3:
- No gross evidence of the effect of treatment on the brain except at the implant site.
- In animals implanted with empty polymer (Group 2) or BCNU-loaded polymer (Group 3),
fragments of polymer were present on both days 16 and 72. Necrosis and gliosis were present in
animals with Gliadel + irradiation (Group 4).

Histopathology:

Autopsies with histopathological evaluation were performed on all animals. In Groups 1, 2, and 3 three
anim; 's were sacrificed around day 16 and two on day 72. In Group 4, one surviving animal each 4 was
sacri? ed on day 72 and day 196.

Groups 1, 2 and 3 showed:
On day 16, & narrow zone of necrosis was not present in the Group 1 but necrosis with inflammatory
response in the brain parenchyma was observed in Groups 2 and 3. The width of the necrosis was
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0.5 w0 L.Omm in Group 2 and 2.0 w0 3.0 mm in Group 3. A cellular inflammatory response was
seen on day 16 in both groups, with a greater response in Group 3. A zone of gliosis and
neovascularization formed around the iesidual polymer not seen in the control animals.
Histopathologic changes were greater in group 3 (Gliadel 1.9%) than group 2 (PCPP:SA 20:80).

On day 72, the tissue reaction had evolved into a chronic inflammatory response. A narrow zone of
glivsis, neovascularization, and hemosiderin-laden macrophages was present at the polymer-brain
interface. In the group 3, one monkey had only mild gliosis of the brain adjacent to the polymer,
while the second continued to have a zone of neovascularization, mild gliosis, and necrotic
parenchyma with hemosiderin and polymer-filled glial macrophages.

Group 4:

On day 72, the BCNU-polymer implantation area was surrounded by a 6-mm region of necrosis, which
was not present around empty polymer. A narrow zone of intense histiocyte infiltration measuring
"1 mm was found around both polymers. Outside the zone of histiocyte, a perivascular
lymphocytic infiltration was observed.

With radiation effects, vascular changes, wall thickening, and hyalinization were observed in several
vessels at the edge of the hemisphere implanted with BCNU-lvaded polymer. At both implantation sites the
area of reaction was less than 1 cm in diameter. and outside this area the brain appeared normal.

On day 196, the abnormal zone was measured 1.2 cm in diameter was severe at the empty polymer
implantation site. This zone comprised a 4-mm area of dense fibrosis with hemosiderin-laden
macrophages, thick-walled vessels, and recent hemorrhage. The remaining 8 mm of the reaction
consisted of edema, perivascular lymphocytes, and gliosis.

The reaction in the hemisphere implanted with BCNU polymer measured 1.5 mm in diameter,
showed mild gliosis and edema. No inflammatory infiltrate or abnormal vessels were found. In
both hemisphere, the brain beyond the reaction zone was normal. Material consistent with
degraded polymer was tound on day 72 at the empty polymer implantation site. No polarizable
polymer was seen on day 196,

2 10-Month brain implantation study in rabbits:

This study was conducted to determine the eftects of Gliadel 4% or PCPP:SA 20:80 with
subsequent irradiation, or irradiation alone (A GLP study).

Sixty adult SPF NZW male rabbits were randomly assigned into six groups (n= 10 rabbits/group).
Rabbits in Groups of 3, and 4 were implanted with Gliadel 4% (0.45 mg BCNU) and rabbits in Group 2
were implanted with PCPP:SA 20:80 (wafer weighed ~12 mg) into the brain, and rabbits in Group |
served as sham (untreated) controls. Group S had sham surgery and Group 6 were implanted with
PCPP:SA 20:80 wafer. After a surgical recovery of five days post-implartation, each rabbits in Group 4,
5, and 6 were irradiated at a single dose of ~3820 rads (based on results of dosimetry) using a Theraton
780 cobalt unit with “Co gamma rays. The radiation dose (97.6 centigrays/min) was delivered laterally to
the cerebral cortex using parallel opposite fields. The duration of irradiation to each side of the cerebral
cortex was 19.6 minutes.
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Measurement and Qbservation:

Daily:
Biweekly:
Weekly:
Gross/Histo.

survival, clinical or behavioral signs

neurobehavioral signs (gnawing reflex, gait, corneal retlex, righting retlex)

body weight

4 rabbits/group were sacriticed at 4 week interim, the remainder rabbits/group at
40 week

Table 11: Ten-Month brain implantation and subsequent irradiation study in NZW male rabbts

5) Sham Control +

6) PCPP:SA 20:80 +

Species Group/Identification Treatment
Strain Wafter Average
Diameter Wt%BCNU Single Radiation Dose
Rabbit 1) Sham Control None None None
NZW 2) PCPP:SA 20:80 3mm None None
n=10males | 3) Gliadel 4% 3 mm 4.09 None
4) Gliadel 4% + 1rradiation 3 mm 4.09 3250 rads*

irradiation None None 3250 rads*

irradiation 3 mm None 3250 rads*

*Target radiation dose

Results:

Mortality:
4 week interim:
40 week:

Clinical signs;
4 week interim:

40 week:

Gross/Histopathology:
4 week Interim:

No mortality

-2/6 rabbits in group S (sham surgery + irradiation) and 1/6 rabbits in

group 6 (PCPP:SA 20:80 + irradiation) were found dead arter 33 weeks (days
235, 273, and 279, respectively)

-2/6 rabbits in group 6 were sacrificed after 31 weeks on study because of
Clinical deterioration.

2/4 rabbits in groups 4 (Gliadel 4% + irradiation), and 2/4 rabbits in

group S showed chewing of left hind foot. This finding was first observed

"2 weeks following surgery.

2/6 rabbits in group 4 and 2/6 in group 6 showed chewing of the foot

One animal in group 6 showed aggressive and exaggerated reaction to the skin
sensitivity.

Brain necrosis was observed in 1/4 rabbits in group 2 (PCPP:SA 20:80), 3/4
rabbits in group 3 (Gliadel 4%), 4/4 rabbits in group 4 (Gliadel + irradiation),
and 2/4 rabbits in group 6 (PCPP:SA + irradiation). Slight to moderate
mononuclear cell infiltration was present in the brain in 4/4 rabbits in groups 2, 3




and 4, and 1/4 rabbits in group S and 3/4 in group 6.

40 week: Brain necrosis was observed in 14/18 rabbits that received radiation. Necrotic
changes were comparable whether the rabbits received irradiation with sham
surgery, with the PCPP:SA 20:80 wafer, or with the Gliadel 4% wafer. No
NECTosis was present in groups that were not irradiated (groups 1, 2, and 3).

3. 26 week brain implantation study to evaluate biocompatibility in monkeys:

This study was conducted to evaluate the eftects of brain irradiation in the male monkey tollowing
a bilateral brain implant of either Gliadel 3.85% or PCPP:SA 20:80 wafers {Non GLP Study).

Three monkeys (B-8, B-9, B-10) underwent 4 small bilateral frontal pole fobectomy and
implantation with a 200 mg PCPP:SA 20:80 water (1.4 cm diameter) in the right hemisphere and a 200
mg Gliadel 3.85% (7.7 mg BCNU) water in the left hemisphere.  After a surgical recovery period of 20-
21 days, the two monkeys (B-8, B-10) received irradiation (total 60 Gy given in 30 tractions over a period
of 42 days). Animals were observed for survival, clinical and neurological signs, and CT scans were
performed 1-2 months post surgery. At 10 weeks, one monkey (B-10) was sacrificed and at 26 weeks, the
second monkey was sacrificed. Complete necropsies were performed and the brain was prepared for
histopathological evaluations.

Table 13: Twenty-six week brain implantation of Gliadel 3.85% and subsequent irradiation study in
monkey

Species/Strain | Treatment Group Results
Monkey All 3 monkeys underwent Mortality: 1/3 died on the second postoperative day
Cynomolgus hilateral frontal lobectomy Clinical signs: No abnormalities were observed
3 males S P '
Right side:200 mg PCPP:SA At 10 week:
20:80 Lett side: 200 mg Gliadel | Residual wafer seen bilaterally. Mild blurring of the grey-
185% white matter at the level of trontal lobe.
At 26 week:
No residual wafer or abnormalities were seen,
At 10 week: Moderate gliosis and necrosis.
At 26 week:Edema and gliosis

Results;
Mortality: 173 of monkeys died of unknown cause on the second postoperative day

Clinical signs:  No neurological effects were observed in the remaining two monkeys. CT scans at 10
weeks revealed no abnormal findings.




Gross and Histopathology: .

At 10 week:  Right side of the brain with blank polymer contained some residual water s reounded by
histiocytes and a moderate gliotic response with lymphocytic infiltration. Mild blurring of
the grey-white matter was noted at the level of the frontal lobe. On the left side of tie
brain with Gliadel, some necrosis, and histiocytes infiltration was observed at the
implantation site. Residual wafer were seen.

At 26 week: Right side: dense tibrosis, hemosiderin-laden macrophages, some thick-walled vessels,
scattered lymphocytic infiltrate were observed at the implantation site.  Reaction was 1.2
c¢m in diameter.

Left side: edema, mild ghiosis, necrosis nor inflammatory infiltrates were seen. Reaction
was 1.5 emin diameter. No residual wafer were seen.

Summary of Toxicology:

Gliadel wafer (a polymer loaded BCNU) with ditferent doses (%) of BCNU or the copolymer
(PCPP:SA 20:80 formulation (copolymer; :SA 20:80 formulation; blank or empty polymer) were
evaluated by brain implantation in the rat, raboit, and monkey. In an one-month study, Albino male
rabbits were implanted with Gliadel 3.85% (0.46 mg BCNU) or PCPP:SA 20:80 polymers into the right
ventricle of brain cerebrum. Gliadel 3.85% produced no treatment-related death, clinical sign, or changes
in body weights, food intake or behavior(neurological). In histopathology, slightly greater amount of tocal
necrosis was present around Gliadel water implanted sites than the blank polymer. These findings were
resolved at day 28,

Studies were performed to evaluate the possible interaction of Gliade! with radiation treatment in
rabbit and monkey. In ten-month rabbit study, brain implantation of water (Gliadel 4% or polymer), and
subsequent irradiation were evaluated. Rabbit exhibited brain nerosis with mononuclear cell infiltration at
one month but delayed deaths (5 rabbits) due to delayed brain necrosis were observed at ten month in the
ircadiated groups. Necrotic changes were comparable among treatment groups with irradiation (sham,
polymer, or Gliadel 4% BCNU). From these results, radiation treatment toxicity was not additive or
synergistic with implanted Gliadel wafer toxicity

Monkey studies (with Gliadel 1.9% + radiation) were performed using CT and MRI for brain
imaging to identify the polymer implants and the surrounding local reaction. A zone of focal brain
parenchvmal necrosis with inflammatory tissue response was observed on day 16 during the course of
biodegradation. By day 72, the inflammatory response was reduced and more chioric in appearance (with
gradual biodegradation of the implant). Stacked fragments of water were still present.

In 26 week monkey study, 3 monkeys were implanted with Gliadel 3.85% (7.7 mg BCNU) and
21 days later, 2/3 monkeys received irradiation treatment of 60 grays given in 30 fractions over a period of
42 days. One of three monkey died due to surgical stress on day 2. At 10 week, all tissue reaction
occurred within one cm of the implant sites (Gliadel 3.85%, PCPP:SA 20:80). The implantation site for
the Gliadel 3.85% wafer exhibited a localized tissue necrosis. Residual wafer was seen bilaterally. At 26
weeks, an edema and mild gliosis with Gliade! 3.85% but the tissue necrosis observed at 10 weeks were
not present. No residual wafers were seen at 26 weeks,

The brain implantation of Gliade! in rat, rabbit and monkey produced no systemic toxicity
(mortality, clinical or neurological) or hel.avio ‘al changes in these animals except consistant pathological
findings of focal brain necrosis, gliosis, and ederna with or without inflammatory responses. Brain
radiation treatment did not result in a signiticant change in the pathology associatzd with Gliadel or
PCPP:SA 20:80.
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Iv. SPECIAL TOXICITY: 7 (Vol. 1.11)

A. In Vitro BCNU Toxicity:

Method: An in vitro study evaluated the effects of BCNU on B6C3F! mouse peritoneal macrophage
cells. Two types of peritoneal macrophages were used: 1) resident macrophage from untreated mice, and
2) thioglycollate-treated macrophages which were obtained from mice injected with 10% thioglycollate 3
days prior to collection. Cultures were incubated with BCNU concentrations ranging from 10* 10 107 M
in 0.01% ethanol vehicle for 1 and 24 hrs. The response of macrophages to BCNU was determined by
their ability to adhere to glass, phagocytize latex spheres, and adhere to and phagocytize chicken
eryth.ocytes.

Results: BCNU produced macrophage toxicity at verv low concentrations (5 uM to U.1 mM) as
determined by an inability to adhere to glass slides, reduced number of macrophages pesent following
incubation, and reduced phagocytic ability of chicken erythrocytes as in the Table ES-1. From these
studies, BCNU is cytotoxic to peritoneal macrophages (resident and thioglycollate).
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V. MUTAGENICITY: (Vol. 1.10)

Ames Assay:

Method: Forward mutation potential of PCPP:SA 45:55 was examined on Salmonella typhimurium using
8-azaguanine resistance as a genetic marker. Samples were tested at 1 mg/mL both with and without

metabolic uctivation. Positive controls were benzopyrene for assays with metabolizing enzyme and 4-
nitroquinoline-N-axide for assays without metabolizing enzyme.

Results: The degradation products of the polymer, PCPP:SA 45:55, were non-mutagenic either with or

without metabolizing enzyme. The induced mutant traction was essentially zero. The positive controls in
both cases were 20 times higher in mutant counts.



PHARMACOLOGY CONSULT

NDA: 20-637

Consult Date- March 21, 1996
Date Received: March 27, 1996
Response Date: March 28, 1996

From: Doo Y. Lee Ham ﬁH’

To: Paul Dietze and Donald Klein
Subject: Residual Methylene Chloride level in Gliadel wafers
Paul,

You have stated concern over the residual levels of methylene chloride (< 0.1%) in each Gliadel wafer.
Each 200 mg wafer contains 3.85 mg BCNLU . The clinical doses of Gliadel are 200 mg/wafer or up 1o
1600 mg/8 wafers,

Comments;

Let us assume,

1. Highest dose level to man - 1600 mp/8 waters
2. < 0.1% MC in 200 myg/water,
200000 ug x 0.001 = 200 ug, or 200 ug x 8 = 1600 ug
3 The calculated level of :nethviene chioride is 200 ug/vwafer or 1600 ug/8 wafers.

Animal studies have shown that Gliadel wafer delivers BCNU in a sustained manner and that levels in the
brain are detectable up to 21 days post implant. With the 21 days decomposition time in rats assumging a
constant rate of release the average daily exposure to methylene chloride is 1600 ug/21 days or < 76.2
ug/day. The maximum allowable daily dose of methylene chloride is 140 ug/day for long term use in non-
life threatening disease. Therefore, these levels are well below the daily maximum allowable dose.

ce: Orig. NDA 20637
HED-150/Division File
/Leetiam
/DeGeorge
/Tolpvesi
1CSG v 2
DYLH/WP
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Statistical Review and Evaluation

NDA#: 20-637 JUL | 2 1996
Applicant: Guilford Pharmaceuticals

Name of Drug: GLIADEL WAFER

Indication: As an adjunct to surgery to prolong survival in patients with a

malignant glioma

Documents Reviewed: Vols. 1.43 - 1.59 dated on 02/06/96.
Additional submissions dated on 03/29/96, 05/10/96, and 05/20/96.

Medical Officer: Alison Martin, M.D.

Major Statistical Issues:
(i) discrepancy in results by nonparametric survival analysis and Cox model
(i1) a correlation issue and a missing mechanism in a longitudinal analysis
(ili) a measurement error problem in a linear regression setting

I. Background

Two controlled clinical trials (Studies 8802 and CL-0190) will be evaluated in this review. The
rationale of the trials i described as follows: “The standard treatment of malignant gliomas consists
of surgery followed by cranial irradiation and, at times, systemic chemotherapy. Clinical studies
have determined that maximal tumor resection improves survival. A correlation between the extent
of tumor resection and subsequent survival has been noted. ... Though total resection of a
malignant glioma should be the total goal of surgical treatment for malignant gliomas, this outcome
is usually not possible because these tumors are locally invasive and wide resection margins are
impossible. Thus, additional treatment modalities are necessary. Radiation therapy is used as an
adjunct to surgery to kill remaining tumor cells and delay recurrence. Subsequent research ... has
not resulted in any substantial survival benefit. ... Systemic chemotherapy is also used to kill
tumor cells remaining after surgery. A variety of drugs have been used, including nitrosoureas,
procarbazine, carboplatin, and vincristine. ... Treatment of recurrent malignant gliomas is more
problematic: surgery is of benefit but radiation therapy cannot be used because these patients
receive a maximal dose at the time of their initial therapy. Systematic chemotherapy is often used
because there is nothing else to offer but tiiis approach has not been demonstrated to prolong
survival. ... Recurrence of malignant gliomas occurs at the original tumor site in 90% of cases,
therefore, local control of tumor recurrence is a major therapeutic objective. ... Approach has been
the use of polymer-implants contzining chemotherapeutic agents. This approach allows the
chemotherapy to be targeted to the tumor site in high concentration while substantially reducing the
exposure of the rest of the body to the potential adverse effects of the chemotherapeutic agent. Use
of polymer implants is particularly appealing for thuse chemotherapeutic agents that do not
otherwise cross the blood-brain barrier.”

The treatment effect of polymer wafer (GLIADEL wafer) surgical implantation after maximal
tumor removal surgery was investigated in the two phase III trials. Study 8802 was conducted in
the U.S.A. and Study CL-0190 was conducted in Finland and Norway. The targeted populations



of the two clinical trials were different: 8802 study targeted a population of adult patients with
recurrent malignant glioma and CL-0190 targeted a population of patients newly diagnosed with
malignant glioma.

The efficacy variables of the two studies were survival rates, duration of survival, and Quality of
Life (QOL) measurements.

In this review three main statistical issues; discrepancy in results by nonparametric survival
analysis and Cox regression, a missing mechanism in a longitudinal analysis, and a measurement
error problem in a linear regression setting, will be discussed.

First, this reviewer will summarize the reported results of each clinical study, 8802 and CL-0190,
and will discuss the issue of discrepancy of a nonparametric approach (logrank or Wilcoxon test)
and Cox regression in a survival analysis. A missing mechanism in a longitudinal analysis and a
mfeasuremcm error problem in an independent variable will be discussed in the analysis of Quality
of Life data.

II. Study 8802 (Summary of the Sponsor’s Results and Reviewer’s Comments)

Study 8802 was a Phase III, multicenter, randomized, double-blind, placebo controlled trial with
222 total patients, 110 on Gliadel arm and 112 on Placebo arm. Patients with recurrent
malignant gliomas were eligible for this trial and enrolled into the study from March 1, 1989 to
January 17, 1992.

The patients were randomly assigned either to Gliadel or to Placebo groups at the time of surgery.
*“Twenty seven centers in North America (25 in the United States and 2 in Canada) participated in
the trial.” Randomization was stratified by these centers.

In this study the primary efficacy variables were six month survival rates and patient survival
through six months. Note that in the six month survival analysis, patients who survived more than
six months were considered to be censored at six months. The secondary efficacy variables were
overall patient survival and an evaluation of Quality of Life measurements by Kamnofsky
Performiance Status (KPS) and Mini-Mental State Examination (MMSE) scores.

First this reviewer will summarize and confirm the reported results by the sponsor through the
submitted data.

II.1 Survival Analyses:

In this section the results from survival analyses (survival rates at six months, over thp cntirp study
period, and patient survival through the first six months and over the entire study period) will be
discussed.

(1) Survival Rates:

Table 2.1 summarizes six-month and overall survival rates. 44 subjects of the 110 subjects on
Gliadel and 59 subjects of the 112 subjects on Placebo died before six months after wafer
implantation surgery (p=0.061 by Fisher’s exact test). 5 subjects in each treatment group were
alive a'. the end of the post-surgery observation period (up to 71 months). The overall survival
rates were not statistically significant between the two treatments.

[



REVIEWER'S TABLE 2.1 Survival Rates

! 6 month ? Overall
Gliadel Placebo E Ghadel Placebo
Death 44 59 | 105 107
Alive 66 53 5
Total 110 112 | 10 12
p=0.061 (Fisher's Exact) ! p=1.000 (Fisher’s Exact)

(ii) Survival Duration:

According to Table 2.1, 66 patients of the 110 patients on Gliadel and 53 patients of the 112
patients on Placebo were censored for the six-month survival analysis. 5 patients of the 110
patients on Gliadel and § patients of the 112 patients on Placebo were censored for the overall
survival analysis. Note that in the six-month survival analysis, the maximum observed time for
each subject was a six months, which means that all censored subjects have a six month survival
time and that in the overall survival analysis, the maximum follow-up time was 71 months.

Table 2.2 shows the results of the six month survival and the overall survival analyses: the logrank
test and Gehan's generalized Wilcoxon test show a statistically marginal survival difference with
p=0.063 and p=0.077 in the six month survival analysis, respectively and show non-significant
result in the overall survival analysis (p=0.297 and p=0.106, respectively). Figure | shows an
overall Kaplan-Meier survival curve indicating that the survival diffcrence between the two arms
occurred around six months and thereafter the two survival curves were almost superimposable.
This suggests that the logrank test has more power to detect a late survival difference than the
Wilcoxon test and that the Wilcoxon test has more power to pick up an early survival differences
than the logrank test. Reviewer's Table 2.2 shows these indications.

The median survival time was 7.24 months with 95% C.I. (6.05 - 8.54 months) for Gliadel treated
patients and 5.42 months with 95% C.I. (4.73 - 6.44 moriths) for Placebo treated patients.

REVIEWER'S TABLE 2.2 Survival Duration
e — 1T

6 month Overall (up-to 71 month)
logrank Wilcoxon logrank Wilcoxon
p=0.063 p=0.077 =0.297 p=0.106
Medizn Survival -
© Gliadel Placebo
7.24 months (95% CI: 6.05 - 8.54 months) 5.42 months (95% CI: 4.73 - 6.44 months)

(iii) Cox Proportional Hazards Regression

A Cox proportional hazard regression model was applied to adjus. for the effect of strong



prognostic tactors at baseline on survival outcome due to chance imbalances in the treatment
groups. The sponsor identified 15 factors as being potentially clinically important. This was done
by applying univariate Cox regression without treatment effect in the model for each of the possible
factors. “Of the 15 factors evaluated, 9 were found to be statistically important [p<0.15] in six
month survival”. These nine selected covariates were as follows: tumor type, KPS Score, race,
percentage of tumor resection, age, history of prior chemotherapy, time from first surgery to index
surgery, median MMSE score, and number of wafers implanted. By a backward elimination
method of multiple regression in the Cox proportional hazards model, seven covariates were found
to be statistically significant.

Reviewer's Table 2.3.A. shows the results from the stepwise regression procedure in Cox model
for six month survival. As noted in Table 2.3.A., if the selected seven covariates were fit in Cox
model directly, we obtained a slightly different estimates of parameter coefficients and its
associated standard errors. Comparing the result from the logrank test, p-value was reduced from
p=0.063 to p=0.009 for the effect of treatment.

REVIEWER’s TABLE 2.3.A The Resuits From Cox Regression Model for the 6 Month Survival

L Endpoint
[ Treatment Effect in Six-Month Survival (All Patients}*
Parameter Estimate Standard Error P-value
Treatment -0.537 0.206 0.009
" GBM vs NonGBM 0.522 0.244 0.032
Kamofsky Score -0.429 0.214 0.045
Radiation -0.563 0.236 0017
Age (per decade) 0.173 0.085 0.043
Prior Chemotherapy 0.496 0.213 0.020 I
Years to Index Surg -0.135 0.069 0.050 "
Number of Wafers -1.135 0.518 0.028 “
Note that these Cox results were obtained by torcing all of these covariates into the model

simultaneously.
Note* that results from the stepwise procedure (backward) are different from those obtained
directly with the selected covariates in parameter estimates and their associated standard errors.

Reviewer’s Table 2.3.B. shows the results from the stepwise regression procedure in the Cox
model for overall survival. The same criterion regarding the selection of possible covariates
employed in the six month survival analysis was applied in the overall analysis. Six covariates
instead of seven were selected in this overall survival analysis. As noted in Reviewer’s Table
2.3.B., the results presented here were slightly different from those reported in Sponsor’s Table
4.30. The reason is that this reviewer did not include a certain variable, resection vs biopsy at first
surgery (SURGBR), in the original working model, because the variable did not satisfy the
sporisor’s specified cut-off criterion, P<0.15 (Sponsor’s Table 4.29 on page 75 on volume 1.43).
Although six covariates were selected in this reviewer’s final model, parameter coefficient estimate
and associated standard error estimate of the treatment effect were slightly different from those of
the sponsor.



Comparison with the result from the Wilcoxon test reveals that the p-value was reduced from
p=0.106 to p=0.0301.

REVIEWER's TABLE 2.3.B The Results From Cox Regression in Overall Survival

Treatment Effect in Overall Survival (All Patients)*
Parameter Estimate Standard Error P-valuc
Treatment -0.308 0.142 0.0301
GBM vs NonGBM 0.727 0.159 0.0001
Radiation -0.556 0.175 0.0015
Tumor Resection -0.663 0.164 0.0001
Age (per decade) 0.258 0.056 0.0001
Prior Chemotherapy 0.348 0.147 0.0181
Number of Wafers -0.763 0.284 0.0072
mts are slightly different trom those reported in sponsonm

page 76 in volume 1.43 because a variable, resection vs biopsy at first surgery (SURGBR), was
not included in this reviewer's stepwise regressicn procedure as a starting model. This caused
Prior Chemotherapy instead of Karnofsky Performance Score to be included in the above model.

As noted previously. the results from the stepwise regression procedure in the Cox model are very
sensitive, i.e., parameter estimates depend on which covadates are included in a starting model
(i.e, depending upon the prespecified p-value chosen as a cut-off point in the results of univariate
Cox models without the treatment effect) and those estimates depend on whether the covariates in
Cox model were forced to fit simultaneously or obtained as a result of a stepwise regression
procedure.

(iv) Subgroup Analyses: (Tumor Type, Age, Gender, and Race)

Reviewer’s Table 2.4.A presents subgroup analyses by tumor type, age, gender,
and race for the six month survival experience.

Tumor Type: in GBM tumor type patients, there existed a statistically sigrificant difference in
patient survival between the two arms, but not in the non-GBM type of tumcr patients. No
treatment by tumor type interaction was detected by Cox regression (p=0.177).

In GBM patients the treatment effect result from Cox regression was p=0.0073 with AGE10 (Age
per decade) as a covariate derived from a stepwise procedure with the same starting model with 8
potential covariates except for GBM vs NonGBM. In Non-GBM patients we have p=0.649 with
covariates of Karnofsky Performance Status and Tumor Resection derived from the same starting
model. The sponsor reported p=0.0052 in sponsor’s Table 4.23 on page 83 in volume 1.43.

Age: no statistically significant difference was demonstrated in patient survival for either age
category. Note that there were only 10 patients on each treatment for the at least 65 years of age
category. No treatment by age interaction was detected by Cox regression (p=0.515).




Gender: a marginally statisucally significant survival ditference was t.und in the male subgroup,
but not in the female suberoup. No treatment by gender interaction was detected by Cox
regression (p=0.565).

Race: a marginally statistically significant survival difference was detected in the Caucasian
subgroup. but not in the non-white subgroup. Note that there were only 10 patients on Gliadel
arm and 8 patients on Placebo arm in the non-white subgroup. No treatment by race interaction
was detected by Cox regression (p=0.517).

Reviewer's TABLE 2.4.A Subgroup Analyses for 6 Month Survival
Tumor Type Age*

GBM Non-GBM < 65 265
(Ng=72.N,=13) (N,=38, N,=39) (Ng=100, N,=102) (Ng=10, N,=10)

lograhk E'Wilcoxon logrank | Wilcoxon | logrank Wilcoxon ioérﬁnk Wilcoxon
p=0.013 | p=0.015 | p=0.849 | p=0.775 | p=0.128 | p=0.155 | p=0.180 | p=0.231

Trt x Tumor p=0.177 Trt « Age p=0.515
Cox Regression Cox Regression

(Reported p=0.0052)

Gender Race**

Male Female White Non-white
(Ng=T4, Ny=69) (Ng=36, Ny=43) (Ng=100, N,=104) (Ng=10, N;=8)

logrank | Wilcoxon | logrank | Wilcoxon | logrank | Wilcoxonr logrank | Wilcoxon
p=0.076 | p=0.074 | p=0.461 | p=0.548 | p=0.062 | p=0.088 | p=0.732 | p=0.784
Trt x Gender p=0.565 Trt x Race p=0.517

T T S L

Note* that the sample size in each group 1s 10 patients.
Note**that the sample size on Gliadel is 10 patients and 8 patients on Placebo.
Note that Ny and Ny stand for sample size of Gliadel and Placebo arms respectively.

Reviewer’s Table 2.4.B shows subgroup analyses of tumor type, age, gender,
and race for overall survival.

Tumor Type: in general there existed no significant survival difference between the two
treatments. In GBM tumor type patients the Wilcoxon test showed a statistically significant result
because an early survival difference was observed around six months in Kaplan-Meier survival
curve. No treatment by tumor type interaction was detected by Cox regression (p=0.628).

Figure 2 shows an overall Kaplan-Meier survival curve by treatment group and tumor type. The
median survival was 6.51 months (95% CI:5.32 - 7.49 months) on Gliadel and 4.63 months (95%
CI:3.78 - 5.52 months) on Placebo in GBM tumor type subgroup. The median survival was 9.30
months (95% CI:7.46 - 13.54 months) on Gliadel and 8.67 months (95% CI:6.41 - 12.55 months)




on Placebo in non-GBM tumor type subgroup. The result from Cox regression for treatment effect
was p=0.0514 with covariates of RAD, RACE, AGE 10, and BETSGRY in GBM patients and
p=0.6129 with covariates of KAR, AMT, and AGE10 in non-GBM patients. These results were
derived from a stepwise regre:sion procedire (backward) with the same starting covariates applied
for a overall survival. The sponsor reported p=0.013 in their Tuble 4.33 with different selected
covariates, RAD. RACE, AMT, AGE10, BETSGRY, and SURGBR, on page 80 in volume 1.43
in GBM patients. Sponsor's Table 4.29 on page 75 of volume .43 indicated the possibla
prognostic factors selected from a univariate procedure. The table did not include the var able.
SURGBR. Thus the discrepancy was derived from a different starting model. The following
table presents covariate information.

Reference 1. Abbreviation of Covariates
)

B AGEI0 ~ Ageperdecade

AMT © Tumor Resection>75% vs <75%

BETSGRY Years from First Surgery to Index Surgery

I KAR Kamofsky Score >70 vs <70

RACE White vs. Other

RAD Local/Both vs. Whole Brain Radiation
_*—_, SURGBR - Resection vs. Biopsy at First Surgery
e — ——— e

Age: there existed no significant difference in patient survival in both age categories. Note that
there were only 10 patients in each treatment in at least 65 age category. No treatment by age
interaction was detected by “ox regression (p=0.436)

Gender: there existed no significantly different survival benefit in cither gender. No treatment by
gender interaction was detected by Cox regression (p=0.780).

Race: there existed a marginally significant survival difference in the white population, and
significant survival benefit in non-white population. Note that there were only 10 patients on
Gliade! arm and 8 patients on Placebo in non-white population. Treatment by race interaction was
detected by Cox regression (p=0.042).

Reviewer's TABLE 2.4.B Subgroup Analyses for Overall Survival

Tumor Type Age*

GBM Non-GBM < 65 265
(Ng=72, N;=73) (Ng=38. Np=39) (N;=100. N,=102) (Ng=10, Np=10)

——f

logrank | Wilcoxon | logrank | Wilcoxon | logrank | Wilcoxon | logrank | Wilcoxon

p=0.181 =0.021 | p=0.754 | p=0.864 | p=0.401 | p=0.196 | p=0.119 | p=0.184
Trt x Tumor p=0.628 Trtx Age p=0.436
Cox Regression Cox Regression
p=0.0514 p=0.6129

(Reported p=0.013)




Gender Race**

Male Female White Non-white
(Ng=74, N,=69) (Ng=36, Np=143) (Ng=100, Np=104) (Ng=10, N,=8)

logrank | Wilcoxon | logrank | Wilcoxon logrank | Wilcoxon | logrank | Wilcoxon
p=0.372  p=0.166 | p=0.764 | p=0.438 | p=0.082 | p=0.049 | p=0.006 | p=0.018

Trt x Gender p=0.780 Trt x Race p=0.042
- .~ —

Nrte* that the sample size in each group is 10 pat=iénts.
Note**that the sample size on Gliadel is 10 patients and 8 patients on Placebo.
Note that Ng and Ny stand for a sample size of Gliadel and Placebo arms respectively.

]

viewer’s mments o 802:

(I) Discrepant results among the three tests:

Reviewer's Table 2.5 summarizes the results of survival analyses for six months and for the
overall study period (up to 71 months). P-values from nonparametric approaches (logrank and
Gehan'’s generalized Wilcoxon tests) went from marginally significant (p=0.063 and p=0.077,
respectively) to strongly significant (p=0.009) by Cox regression for six month survival and
changed from nonsignificant (p=0.297 and p=0.106, respectively) to strongly significant
(p=0.0301) by Cox regression in the overall surviva! analysis.

Reviewer's TABLE 2.5 Summary of Survival Analyses for Six Month and Overall Study Period in
Study 8802

r_—f Six-Month Survival After Wafer Implantation Surgery
Logrank test Wilcoxon test Wald’s test (Cox regression)
p=0.063 p=0.077 p=0.009
Overall Survival After Wafer Implantation Surgery
Logrank test Wilcoxon test Wald's test (Cox regression)
p=0.297 p=0.106 p=0.0301
- S —————————

In the comment section this reviewer will discuss four issues regarding this p-value difference
when the alternative hypothesis is not far from the null: (i) effect of imbalance of covariates at
baseline, (ii) consequences of misspecified covariates in the Cox model, (iii) stability of estimated
coefficients in the Cox model.

(i) Effect of Imbalance of Prognostic Factors at Baseline:

It is reasonable that if strong prognostic factors on survival outcome are imbalanced at baseline,
these factors should be adjusted for in an analysis. The sponsor identified 15 potential medically
meaningful prognostic factors. By applying a univariate Cox regression for each of these factors
without treatment effect, 9 factors were selected for further consideration based on a statistical
criterion of p < 0.15. Note that there was no explanation as to why this p-value was chosen for a



cut-point and the cut-value chosen would influence the treatment effect, which will be discussed
subsequently. Then, a stepwise regression procedure was applied to select seven and six
prognostic factors for the six month and overall survival models, respectively.

Appendix | presents the distribution of eight selected prognostic factors (six dichotomous vanables
and two continuous variables) that were adjusted for in the six month survival and for the overall
survival analysis by Cox regression. A major imbalance in the covariates at baseline does not exist
in order for a Cox model to produce a large difference in p-values. This suggests that a small
imbalance in each covanate might influence parameter estimates and associated p-values.

(1) Misspecification of Cox Model (Omitting Covariates in a Model)

The theory for a Cox regression model, the partial likelihood approach, was developed on the
assumption that we have a correctly specified model in terms of proportional hazards and correctly
selected prognostic factors in the model (Cox, 1972, 1975). Under this true model, Andersen and
Gill (1982) showed that estimated coefficients converge to true values in distribution to a
multivariate normal with mean 0 and a covariance matrix consistently estimated by a Fisher’s
information matrix derived from the partial likelihood.

Unfortunately, we do not know the true Cox model. Therefore an applied Cox model can be
considered as a “working” parametric model with some misspecifications. Several approaches
have been suggested for handling misspecified models (e.g., Gail, et al, 1988; Huber 1967;Kent
1982;White 1982). Lin and Wei (1989) investigated the misspecified model in a Cox proportional
hazard model setting and proposed a “sandwich™ estimator for the covariance matrix of estimated
coefficients in the misspecified Cox model for testing purposes. This “sandwich” estimator is
derived from M estimation theory and these authors modified the middle part of the “sandwich”
estimator for the Cox model. Since a misspecified model is estimated, estimated coefficients of the
working model will not converge to the true parameter values; instead, they converge to some
value, hopefully near the true value. They proved that the estimated coefficients converge to a
value, B* where B is the true value, in distribution to a multivariate normal with me. . 0 and a
“sandwich” covariance matrix. Note that the same concept was applied to longitudinal analysis;
This is known as the “GEE" approach proposed by Liang and Zeger (1986) to deal with a
cortelation problem among repeated observations pei subject. The difference between the two
approaches lies in the expected value of a score function evaluated at the true valuz =0 in GEE and
# 0 in a “working” Cox model, which produce inconsistent estimators.

Appendices 2 and 5 show how the estimated coefficient of the treatment effect depends upon the
number of covariates which were selected and reported in the submission, in six months and
overall survival analyses in Study 8802, respectively. It is shown that as the number of covanates
increases, the parameter estimates decrease, indicating that treatment effect increases. On the other
hand, their associated standard error estimates, derived from a sort of Fisher’s information from
the partial likelihood, did not change along with the number of covariates employed in a ““working”
Cox model in six months and overall survival (Appendices 3 and 6, respectively). Therefore,
taking into account these two facts, p-values derived from a Wald test depended upon an estimated
coefficient of the treatment effect in both survivai analyses (Appendices 4 and 7). Therefore, it is
recommended that a “sandwich” estimator should be reported along with a regular estimate (naive
estimate) to judge how far these two estimated values differ in order to assess how far a “working”
Cox model is off from a true model. The reason is that as a “working” model approaches the true
model, the ditference between the two estimators, naive and “sandwich” estimators, approaches
zero. This criterion may be applied for selection of a parsimonious model as a possible true model
among several candidates.



(i11) Stability Issue of Two Estimated Coefficients in a Cox Model

As discussed in (ii), omitting covariates in a true Cox model affects estimation of a treatment effect
even if the covariates are balanced at baseline. In addition, this reviewer observed the following:
(1) the estimated treatment coefficient could vary depending upon which prognostic factors were
selected initially from results of univariate Cox models with p < 0.15 criterion for a stepwise
procedure and (ii) the estimated treatment coefficient would be different depending upon whether it
was estimated in one step including all of the :dentified covariates or estimated through a stepwise
procedure with these same covariates. Reviewer’s Table 2.6 shows these discrepancies for the
overall survival analysis.

Reviewer's TABLE 2.6 Different Treatment Effect Estﬁi_;niues for Overall Survival by Cox model

Parameter Estimate SE p-value | Note
TRT -0.308 0.142 0.0301 with P < 0.15
criterion as a
starting model
TRT -0.286 0.143 0.045 withp <0.15
criterion +

SURGBR as a
starting model

TRT -0.340 0.142 0.0166 Direct fit with the
same covariates
in the first model

— — — o

The sponsor applied a stepwise procedure (backward) to determine a final model as a puasible true
Cox model. As discussed in (ii) and (iii), the derived estimates from this procedure are sensitive to
the P-value criterion for selection of possible starting covariates and to the modeling method, i.e.,
using direct tn vs. a stepwise procedure. In addition, associated standard errors (naive estimators)
were meie stable, which indicates that a derived p-value from a Wald test is sensitive to the
estimated parameter value. In this sense, we may not have a robust result from this procedure. At
least, in this Cox procedure, the “sandwich” estimator of standard crror is recommended to
construct a Wald test for robust inference.

Up to this point this reviewer assumed ihat the key proportional hazards assumption was valid. If
this assumption is violated, we do not have valid inference derived from a Cox model. The
sponsor did not provide us with any information to validate the proportional hazards assumption
for each Cox model such as a graph of time vs log of -log of a survival function for each treatment
arm. Lagakos and Schoenfeld (1984 ) proved that a violation of the proportional assumption in a
Cox model will cause a severe loss of efficiency, which could have occurred in the following
parsimonious models.

(1v) Results from Parsimonious Models

To obtain a more robust result with fewer, yet medically meaningful covariates, this reviewer
consulted with the reviewing medical officer, Alison Martin M.D., and constructed a stratified
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logrank test. The suggested covariates are as follows: Tumor Type (SUB_GBM), Karnofsky
Performance Status (KAR), Age (AGE*), and Years from First Surgery to Index Surgery
(BETSGRY*). Note that in this stratified logrank test AGE* and BETSGRY * were dichotomized
at median values of Agel0 and BETSGRY. i.e., 4.86 and 1.0, respectively,

Reviewer's Table 2.7 shows the results from a stratified logrank test and a corresponding Cox
model with the same dichotomized covariates and the same covariates with AGE10 and BETSGRY
as continuous variables for all patients. This reviewer also applied a stratified logrank test to other
two subsets of the four covariates because (i) four dichotomous covariates makes 16 cells for the
subjects to fall in and to observe deaths in each cell, so tha! this reviewer attempted to reduce the
number of the cells in order to observe more subje-ts and presumably more deaths in each cell and
(10 Harsh et al (1987) suggested AGE and KAR as strong prognostic factors and Young ¢t al
(1981) suggested KAR and BETSGRY as strong prognostic factors. For six months survival both
a stratified logrank test and a Cox model with the two different covariates indicated a significant
survival benefit of Gliadel over Placebo treatment. On the contrary, for overall survival, a
stratified logrank test indicated a strong survival benefit of Gliadel over Placebo treatment, but a
Cox model with both sets of covariates did not show the benefit at all. This result is opposite
because for overall survival a reported Cox model with seven covariates showed a strong benefit,
but no evidence from a logiank test. The results from a stratified logrank test suggested that
SUB_GBM, KAR*, and AGE* are influential prognostic factors in this data for both survival
analyses.

As mentioned above, this reviewer applied a Cox model with the two sets of covariates: one is with
four dichotomous variables and the other is with two dichotomous variables and two continuous
variables ‘AGE10 and BETSGRY). As Table 2.7 indicates, in this set of covariates, the two
continuous variables, AGE10 and BETSGRY, did not provide influential information for either
survival analysis.

6 Months Overall
Covariates Stratified Cox Stratified Cox
Logrank Logrank
SUB_GBM
KAR P=0.0316 P=0.3246
AGE* P=0.0295 (P=0.0341 with P=0.0593 (P=0.2253 witk
BETSGRY™* AGE10 and AGEI10 and
BETSGRY) BETSGRY)
SUB_GBM
KAR P=0.0166 =0.0305 P=0.0473 P=0.2749 .
AGE* (P=0.0298 with (P=0.2742 with
AGEI10) AGE10)
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SUB_GBM | ,
P=0.1831 P=0.4251

KAR P=0.0593 P=0.0488
BETSGRY* (P=0.0473 with (P=0.3004 with
BETSGRY) BETSGRY)

Reviewer's Table 2.8 shows the results from a stratified logrank test and a corresponding Cox
model with the two sets of covariates for GBM patients. For six months survival both a stratified
logrank and corresponding Cox models showed strong evidence of a survival benefit in Gliadel
treatment over Placebo treatment. For overall survival a stratified logrank test indicated 2
significant benefit of Gliadel over Placebo treatment, but a Cox model with the three dichotomous
covariates did not show the evidence. On the contrary, the Cox model with the set of covariates
with BETSGRY treated as a continuous variable showed a marginal significance. This result
contradicts the result of a Cox model with different covariaies. For GBM patients, KAR and
AGE* are suggested to be influential prognostic factors for survival and BETSGRY to be a
potential prognostic factor.

Reviewer's TABLE 2.8 The Results From a Stratified Logrank and a Corresponding Cox Model

for GBM Patients
(GBM Patients
7 e 6Momhs B Oyerall 7 )
Covariates Stratified Cox Stratified Cox |
Logrank Logrank
KAR | P=0.0055
AGE* P=0 0083 (P=0.0057 with P=0.0342 P=0.1821
BETSGRY* AGE10 and (P=0.0737 with
BETSGRY) AGE10 and
BETSGRY)
KAR
AGE* P=0.0044 P=0.0063 P=0.1271 P=0.1614
(P=0.0080 with (P=0.1829 with
AGEI10) AGE10)
KAR
BETSGRY* P=0.0153 P=0.0146 P=0.0734 P=0.2421
(P=0.0082 with (P=0.0825 with
BETSGRY) BETSGRY)

Reviewer’s Table 2.9 shows the results from a stratified logrank test and corresponding Cox
models for non-GE i/ patients. Neither test showed any survival benefit of Gliadel over Placebo
treatment.




Reviewer's TABLE 2.9 The Results From a Stratified Logrank and a Corresponding Cox Model
for Non-GBM Patients

Non-GBM Patients
| 6 Months Overall
Covariates Stratified Cox Stratified ; Cox
Logrank : Logrank |
KAR P=0.6659 P=0.6928
AGE* P=0.7857 (P=0.4261 with P=0.8135 (P=0.8363 with
BETSGRY* AGE10 and AGE10 and
BETSGRY) BETSGRY) |
KAR
AGE* P=0.8571 P=0.7569 P=0.7691 P=0.8478
(P=0.7348 with (P=0.8635 with
AGE10) AGE10)
KAR
BETSGRY* P=0.6196 P=0.€583 P=0.7886 P=0.6076
(P=0.4132 with (P=0.7231 with
BETSGRY) BETSGRY)

The results of six months and overall survival for Non-3BM patients are robust in a sense that the
results did not depend upon statistical approaches (a I nk, a stratified logrank and Cox models
with various sets of covariates). The analyses indicate uat there is no statistically significant
treatment effect of Gliadel 2ver Placebo treatment fo. non-GBM patients. Also, the results of six
months survival for GBM patients is robust in the same sense indicating that there is statistically
significant treatment effec’. of Gliadel over Placebo treatment. On the other hand, the result of a
overall survival for GBM patients depends on the statistica! approaches and type of covariates
used, dichotomous vs co~iinuous, eg. BETSGRY vs BETSGRY*. Logrank did not show a
sigrificant result, biit a Cox model with six covariates showed a sisnificant result. In contrast, the
stratified logrank test with KAk and AGE* showed a strong treatment effect of Gliadel over
Placebo treatment, but a Cox model with the sanie covariates did not show a treatment benefit.
Lagakos and Schoenfeld (1984) showed that a violation of the proportional hazaids assumption
will cause a loss of efficiency in a Cox model, which might have happened in the GBM patients
case. Further investigation will be needed. Combining the results of GBM and non-GBM
patients, we found that there is a treatment ¢ ‘fect of Gliadel over Placebo in six months survival,
but not in overall survival.

IL.2. Quality of Life (QOL)

Karnofsky Performance Status (KPS) score and Mini-Mental State Exarvination (MMSE) were
measured as parameters of Quality of Life. Both measurements were taken at day of surgery, day
of discharge from hospital, and at 2 months, 4 months, and 6 months. The sponsor applied a
longitudinal analysis known as a “Generalized Estimating Equation” (GEE) approach.

In general, we have to face two challenges in an analysis of repeated measuiements. These

challenges are (i) a within patient correlation problem and (ii) a missing data proolem. The GEE
approach was devzc!ored to cope with a correlation problem among observations per subject and
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was utilized because KF'S and MMSE wrere repeatedly measured over time for each subject and,
each measurement v -uld be correlated within a subject. In a classical univariate repeated ANOVA,
a particular correlation structure, known as compound symmetry structure, must be assumed for a
valid F test of interaction of treatment and time, or a multivariate analysis would be applied. But in
a multivariate approach, a distribution must be correctly specified with a correct mean and variance
structure. In addition, we may encounter a singular covariance matrix. To deal with these
problems GEE employs the idea of “working correlation” and by invoking M estimation theory,
robust variance, known as a ‘sandwich estimator’, original!v termed so by Lin and Wei (1989), is

derived.

Another issue is the missing data problem. Reviewer’s Table 2.10 shows the missing data pattern
over time. By Visit 5 about 50% of the patients had dropped out from the study on each treatment

arm.

Reviewer's TABLE 2.10 Missing Data Pattern Over the Study Period

Visit Gliade! (N=110) Placebo (N=112)

| Visit 0 (Day of Surgery) 110 112
Visit 1 (Discharge) 109 112

Visit 3 (Month 2) 100 100

Visit 4 (Month 4) 85 74

Visit 5 (Month 6) 66 52

Visit (Month 8) 19 13

Visit 7+ 5 7

The sponsor employed two analyses to cope with missing data. An observed cases (OC) analysis
was employed based on the assumption that missing data would be caused by a “missing
completely at random” (MCAR) missing mechanism and a last observation carried forward
(LOCEF) analysis was employed on the assumption that the last observed value would be frozen
until the end of trial so th- t missing data would be replaced by the last observed data. These two
missing mechanisms are very strong assumptions so that in reality it would be very difficult to
Justify their validity particularly in an oncology trial.

The sponsor applied GEE with the independence assumption for an ANOVA type analysis
assuming these two missing mechanisms.

Reviewer's Table 2.11 summarizes the results from two analyses of KPS scores as a continuous
variable; OC and LOCF analyses. Neither analysis showed a statistically significant treatment
effect of Gliadel over Placebo treatment. Visit effect was found to be statistically significant in

both anal/ses.
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_Working Assumption

oC | LOCF Analysism

Treatment Effect p=0.571 p=0.193 o
Visit Effect p <0.001 p <0.001
Trt x Visit Interaction p=0.134 p=0.459

viewer's s :

This reviewer employed a growth curve analysis to deal with the correlation issue in a longitudinal
analysis. This reviewer applied three types of linear model: (I) GEE with three different “working”
correlation assumptions; independent, compound symmetry, and AR-1, (ii) a linear mixed effects
model, known as a “Laird and Ware" mode! (Laird and Ware, 1982), with three random
coefficients, intercept, slope, and intercept and slope, and (iii) a two stage model to obtain robust
results. The details of these approaches can be found in Appendix 8.

For the missing data problem this reviewer employed the concept of a “Pattern-Mixture Model”,
advocated by Little (1993 and 1995) to judge whether the observed missing mechanism is
ignorable or nonignorable. This reviewer did not attempt to produce one estimate or derive one p-
value by modeling a missing mechanism if there was a nonignorable missing mechanism because
(i) the re~ults will be very sensitive to an assumed missing mechanism and (ii) there is no data to
verify the assumed missing mechanism. The approach employed in this review is summarized in
¥ aure 3.

This reviewer requested additional data on exact time measurement values for KPS and MMSE.
These - ere received on 05/10/96. This reviewer noticed that there exists a measurement error
problem in an independent variable, namely a time variable, in the sense that the measurements
were not taken at each prespecified visit per protocol. For example, KI'C measurement at visit 3
was supposed to be taken at 60 days after the surgery, but in fact some measurements were taken
as late as 105 days after surgery.

It is well known in a linear regression setting that if we have measurement error in an independent
variable, the estirnated coefficient will be biased toward 0 in classical measurement error models
but a measurement error problem will not affect parameter estimates in a Berkson model (Fuller,
1986). In general, measurement error models have an identifiability problem because there are too
many parareters to estimate in such models. In our trial setting, we know the actual times when
KPS was measured so that it is natural to estimate a variance of the measurement error at each visit.
Even after we adjust for the measurement 2rror, the associated confidence interval would be larger
than that calculated when we do not have the measurement er.or problem.

In our setting we do not expect an extremely large change from baseline over time, rather we have
a modest or small change over a time. If we allow a measurement error at each occasion: (1) the
parameter esti:..ate will be biased toward the null and (2) after adjustment for the measureme:t
error we face a large confidence interval. Thus, we may not pick up the modest or small change
due to the meacurement error. This reviewer recommends a smaller window around each visit to
minimi. s the measurement error problem in order to avoid bias toward the null by treating a clinical
trial desiy* as a balanced design or we can use actual time by considering the (rial as an unbalanced
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design.

This reviewer used reported actual time for each subject considering the trial as an unbalanced
design. Therefore, this reviewer considered the trial as an unbalanced and incomplete design.

Appendix 9 shows a summary of the results of KPS measurements for all patients. On the Gliadel
treatment arm we observed that as the count number of the measurements increased, the decline of
KPS score was smaller, indicating that there was a relationslup t etween KPS score and patients’
survival; slow decline of KPS suggests a better survival (see Figure 6). As commented in Gliadel
in Appendix 9, we found that the estimated :.lope among count categories was statistically
significantly different. On Placebo treatment we observed the same phenomenon, but as noted in
the appendix comments, the estimated slope was found to be statistically significantly different
among count#>S, 5, and <5 (see Figure 7). By applying homogeneity criterion, we found that a
possible missing mechanism in each treatment group is nonignorable. Therefore, statistical analysis
with all observed data under an ignorable missing mechanism assumption would not be appropriate
in our case.

This reviewer examined treatment effect (a slope difference) within count number. For count#< 5
and count#=5, there was not a statistically significant difference found between the two treatments.
For count# >S5 there might be a statistically significant difference between the two anns, depending
on a statistical analysis as noted in commerts for Gliadel in Appendix 9.

As we noticed in the survival analysis, tumor type is a very strong prognostic factor. Additional
analyses will be required for GBM patients and for non-GBM patients.

1L Study CL-0190

Study CL-0190 was a small Phase III, multicenter, double-blind, placebo controlled trial with 32
patients, 16 patients in each arm, conducted in Finland and Norway. “Patients were enrolled into
the study [from March 23, 1992 through May 14, 1993] after pathological examination of the
tumor during surgery established the presence of malignant glioma. After maximum tumor
resection [Study Day 1], the surgeon placed up to eight GLIADEL wafers, each containing
approximately 7.7 mg BCNU or eight BIODEL (PLACEBO) wafers, into the resection cavity.
About three weeks after surgery, standard radiotherapy began”. The patients were newly
diagnos=d with malignant glioma.

The objective of this study was to evaluate the safety and efficacy of Gliadel as adjunctive treatment
with surgery and external beam radiotherapy in patients newly diagnosed with malignant
glioma without prior surgical, radiotherapeutic, or chemotherapeutic treatment .

This study was stopped after 32 patients were enrolled instead of the planned number of 100
natients because (i) “‘concerns about the lack of evidence that wafers from GLIADEL lot SR042-
49-7 were sterile” and (ii) no GLIADEL wafers were available for

to allow the study to continue,

“The monitoring of the results was to be done after every tenth event (death) using a sequential
restricted triangular stopping rule.” An irterim analysis was performed on a half of the patients, 16
patients, during the spring of 1994.

The primary efficacy variables were 12 month survival rates, median survival duration, and time to
treatment failure. The secondary efficacy variables were KPS evaluations and MMSE Scores.
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[II.1  Summary of the Sponsor’s Results for CL-0190

This reviewer summarized aud contirmed the reported results of the sponsor through the submitted
data.

HL1.1 Primary Efficacy Variables (Study CL-0190):

For All Patients:

First, this reviewer will focus on all patients in the study.

(i) Survival Rates:

Reviewer’s Table 3.1 summarizes twelve months and overall survival (up-to 24 months) rates. 6
of the 16 Gliadel patients and 13 of the 16 Placebo patients died before 12 months after wafer
implantation surgery (p=0.029 by Fisher’s exact test). The overall survival rates were not

statistically significant between the two treatments (p=0.172 by Fisher’s exact tcst).

Rcvicwcr's TABLE 3.1: Survival Rates

12 month Overall (up-to 24 month)
" Gliadel Placebo Gliadel Placebo
Death 6 13 1 15
Alive 10 3 S 1
Total 16 16 16 16
p=0.029 (Fisher’'s Exact)

(ii) Survival Duration:

Reviewer’s Table 3.2 shows 12 month anu overall survival analysis results. The logrank and
Gehan's generalized Wilcoxon tests show a highly statistically significant survival advantage for
Gliadel with p=0.0087 and p=0.0105 in the twelve months survival comparison and p=0.012 and
p=0.011 in the overall suivival comparison, respectively. The median survival durations were
13.37 months (95% ci: 9.66 montns to an inestimable maximum) and 9.17 months (95% ci: 8.64 -
10.33 months) for Gliadel and Placebo group patients, respectively. Reviewer's Figure 4 shows
the overall Kaplan-} ieier survival curve, indicating that the survival difference between the two
arms occurred near the 12 month cut-point and that there existed a strong survival difference

between the two treatments.
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ReviewerTAB 32 Paticns’ Survl

12 months

Oerall (p-to 2

logrank

Wilcoxon*

logrank

Wilcoxon*

p=0.0087

p=0.0105

p=0.012

p=0.011

i Median

Survival

Gliadel

Placebo

fiii) Cox Regression:

13.37 months (95% ci: 9.66 - inestimable)

9.17 months (95% ci: 8.64 - 10.33 months)

Nole that WilcOXon* stands for a Genan's generalizea Wilcoxon test.

Cox regression was applied “to control for the effect of strong prognostic factors on survival
outcome due to chance imbalances in the treatment groups”. Eight factors were identified as being
of potential clinical importance by the sponsor (Table 4.19 on page 43 in volume 1.54). By
applying univariate regression analyses without treatment effect, three factors (tumor type, age,
and Mini-Mental State Examination (MMSE) score) were identified with p < 0.15 criterion. A
stepwise procedure (backward) was employed to identify important prognostic factors further with
p=0.05 criterion. Reviewer's Tables 3.3 and 3.4 show the results for 12 month survival and
overall survival with p=0.0010 and p= 0.0005, respectively for treatment effect.

Reviewer's TABLE 3.3 Cox Regression analysis for 12 Month Survival
l Treatment Effect in Twelve-Month Survival (All Patients)

|
" Parameter

Estimate Standard Error P-Value -!!
|  Treatment -1.8737 0.5671 0.0010 1‘
| Age (per decade) C.8337 0.3817 0.0290 |
u MMSE Score -1.5738 0.5532 0.0044

Reviewer's TABLE 3.4 Cox chcssion Ana!xsis for Overall Survival

if;

Treatment Effect in Overall Survival (All Patients)
Parameter Estimate Standard Error P-Value
Treatment -1.7324 0.4961 0.0005 J
Age (per decade) 0.8100 0.3168 0.0106
MMSE Score -1.3866 0.4683 0.0031 ﬂ



For GBM Patients:

In this study, 27 out of 32 patients had GBM tumor type. The following results were limited to the
GBM patients.

(i) Survival Rates for GBM Patients:

Reviewer’s Table 3.5 shows survival rates for the 12 month period and for the overall study period
(up to 24 months). Five of 11 Gliadel patients and 13 of 16 Placebo patients died before 12
months after the implantation (p=0.097 Fisher’s Exact test). 9 of the Gliadel patients and 15 of
Placebo patients died during the study period (p=0.549 Fisher's Exact test).

Reviewer's TABLE 3.5 §uwival Rates for GBM Patients ‘

12 month Overall (up-to 24 month)
Gliadel Placebo Gliadel Placebo
Death 5 13 9 15
Alive 6 3 2 ]
Total 11 16 11 16
p=0.097 (Fisher's Exact) p=0.5487 (Fisher’s Exact)

(ii) Survival Duration for GBM Patients:

Reviewer’s Table 3.6 shows survival analyses for 12 month and the overall study period. Figure
5 shows a overall Kaplan-Meier survival curve for GBM patients. The median survival duration
after the implantation was 12.25 months (95% CI; 9.23 - 17.87 months) for Gliadel patients
compared to 9.17 months (95% CI: 8.64 - 10.35 months) for Placebo patients (p=0.126 and
p=0.093 by the logrank and Wilcoxon test, respectively). The Cox regression with Age and
MMSE score as covariates indicated a strong statistically significant survival difference during the
overall study period. During the 12 month period the logrank and Wilcoxon tests showed a
borderline statistically significant survival difference and Cox regression showed a strong survival
difference.
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Reviewer's TABLE 3.6 Survival Analyses for 12 months and Overall Study Period for GBM

Patients
w@
12 month Overall (up-to 24 month)
logrank Wilcoxon* logrank Wilcoxon*
p=0.0587 p=0.0702 p=0.1261 p=0.0931

| Cox Regression

Cox Regression

P=0.0072 with MMSE Score

P=0.0035 with Age and MMSE score

Median Survival for

Overall Study Period

Placebo
9.17 months (95% CI: 8.64 - 10.35 months)

Gliadel
12.25 months (95% CI: 9.23 - 17.87 months)
Note that ¥ ‘stands f

ilcoxon* stands for a Gehan's generalized Wilcoxon test.

Subgroup Analyses: (Tumor Type, Age, and Gender)

Appendix 10 presents subgroup analyses by tumor type, age, and gender for 12
months and overall survival experience.

Tumor Type: in this study most patients had GBM tumor type (11 of 16 on Gliadel and all 16 on
Placebo had GBM tumor type). There existed a marginally statistically significant suivival _
advantage for Gliadel in 12 months survival and no statistically significant advantage for Guadel in
overall survival.

Age: most subjects in this study were under 65 years of age (15 of 16 subjects in both treatment
groups were under 65 years of age). A statistically significant difference was demonstrated in
patient survival in both the 12 months and overall study periods.

Gender: a statistically significant survival difference was found in the female subgroup, but not in
the male subgroup in both of 12 months and overall study period.

Reviewer’s Comments:
(I) Results from survival analyses
Reviewer's Table 3.7 summarizes the results of survival analyses (logrank, Gehan's generalized

Wilcoxon and Cox model) for 12 months and for the overall study period (up to 24 months). The
three approaches indicate a statistically significant survival advantage for Gliadel over Placebo.
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Study CL-0190

Reviewer's Table 3.7 Summary of Survival Analyses for 12 Months and Overall Study Period in

. e
12 Months Survival After Wafer Implantation Surgery
logrank Wilcoxon* Cox
P=0.0087 P=0.0105 P=0.0010
Overall Survival After Wafer Implantation Surgery
logrank Wilcoxon* Cox
P=0.012 P=0.011 P=0.0005
‘mmmn's generalized Wilcoxon test.

Previously, in the reviewer’s comments for Study 8802, three issues - (i) effect of imbalance of
prognostic factors at baseline, (ii) misspecification of Cox model (omitting covariates in a model),
and (iii) stability issues of the estimated coefficients in a Cox model- were discussed.

For the first issue, Appendix ! | presents baseline characteristics of two covariates, MMSE score
and Age (per decade). This reviewer did not find major imbalance in baseline covariates. For the
second issue, this reviewer recommends a robust standard error for each estimated coefficient to
produce a robust Wald's test. For the third issue, reviewer's table 3.8 shov's that AGE10 (age
variable treated as continuous) did not have more influential information thaii a dichotornous are
variable, AGE*. This effect can be found by comparison with the results from Cox models with
covariates between AGE* and MMSE Score and AGE10 and MMSE Score, between AGE* and
AGEI0, between AGE* and KAR and AGE10 and KAR in 12 months and overall study periods.

To obtain a more robust result with medically meaningful covariates, this reviewer applied a
stratified logrank test after consultation with the reviewing medical officer, Alison Martin M.D..
Reviewer's table 3.8 shows the results of stratified logrank tests and corresponding Cox models
with two age categories, AGE* and AGE10 for GBM patients in Study CL-0190. This reviewer
focused on analyses for GBM patients because 27 of the 32 subjects had a GBM tumor type.

Age (AGE* and AGE10) and Karnofsky Performance Status (KAR) were selected from the

medical point of view and Mini-Mental State Examination Score (MMSE) was selected because this
variable was chosen in the sponsor’s Cox models.
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Reviewer’s Table 3.8 The Results of Stratified Logrank Tests and Corresponding Cox Models in
' > Months and Overall Study Period for GBM Patients in Studv CL-0190

GBM Patients
| 12 Months (logrank: p=0.0587) Overall (logrank: p=0.1261)
Covariates } Stratified Cox Stratified Cox
3 Logrank - Logrank
AGE* ' P=0.0046 P=0.0027 P=0.0029 P=0.0017
MMSE Score (P=0.0035 with (P=0.0035 with
AGEI1G and AGE10 and
MMSE Scrore) MMSE Score)
AGE* P=0.0382 P=0.0226 | P=0.0173 P=0.0252
(P=0.0291 with: (P=0.0420 with
i AGETM AGE10)
MMSE Score # P=(2.3094 1 P=0.0072 P=0.0190 P=0.0129
AGE* L P=0.0i . P=0.0057 P=0.0063 P=0.0081
KAR ! | (F= 7 WITH (P=0.0189 with
; | AGri0and AGE10 and
; I“AR) KAR)
KAR } P=0.0235 P=0.0199 P=0.0773 P=0.0529
ot es gy e a——— — a
Note that AGE* is a dichotomous variable with a cut-off point=55.5 years of age.

Note that MMSE score stands for Mini-Mental State Examination Score and KAR for Karnofsky
Performance Status Evaluation.

Note that imbalance of KAR at baseline was observed, i.e., more subjects with >70 KAR were in
the Placebo arm.

According to reviewer’s table 3.8 the results from a stratified logrank test were consistent with
those obtained by a corresponding Cox model in 12 months and overall study periods to indicate a
statistically significant survival advantage for Gliadel. Age, Karnofsky Performance Status score,
and Mini-Mental State Examination score were shown to be a important prognostic factor in both
study periods. Since we have a quite small sample size; 27 patients with 18 deaths in 12 months
and 24 deaths in the overall study period, this reviewer considered a stratitied logrank test with
AGE* as a final model from the medical point of view and the stability point of view because we
would have 4 cz=lls with 2 covariates and 2 cells with one covariate.

Therefore, this reviewer considers that a statistically significant survival advantage for Gliadel was
demonstrated for GBM patients.

111.2. Quality of Life (QOL)

Kamofsky Performance Status (KAR) and Mini-Mental State Examination Score (M.MSE)'»\'/ere
measured as parameters of Quality of Life. Both measurements were taken at Baseline, Visits 3, 4,
5,6,7,8,9,10, 11, and 12. The sponsor applied a longitudinal snalysis known as a
“Generalized Estimating Equation” (GEE) approach advocated by Liang and Zeger (1986).

In order to deal with two challenges; the correlation issue among observations per subject and a
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missing data issue, in a longitudinal analysis, the sponsor applied an “independent” correlation
assumption for the correlation problem and observed case (OC) analysis and last observation
carried forward (LOCF) analysis for missing data. The sponsor applied this technique to an
ANOVA type analysis.

Reviewer's table 3.9 summarizes the results from two analyses of KAR score as a continuous
variable: OC and LOCF analyses. Neither analyses showed a statistically significant treatment
effect of Gliadel over Placebo treatment.

Reviewer's TABLE 3.9: The Results from the Two Missing Assumptions with an “Independent”

Working Assumgtion ,

oC Analys;- LOCF Analysis
Treatment Effect P=0.808 P=0.174
Visit Effect P=0.010 P=<0.001
Trt x Visit interaction P=0.546 P=0.239

The sponsor employed a GEE approach to a small sample of 32 subjects. The results from the
GEE approach will be valid if we have a large sample size of subjects, not of observations per
subject. Therefore, this reviewer is doubtful that this sample size is large enough to support
asymptotic results.

For a missing data problem, the sponsor employed two approaches: observed case (OC) analysis
and last observation carried forward (LOCF) analysis. As discussed in reviewer’s comments on
QOL analysis for Study 8802, OC analysis must assume a “missing completely at random”
(MCAR) missing mechanism, which is unlikely to be realistic in our setting. LOCF analysis must
assume that the last observation will be frozen until the end of trial so that missing data will be
replaced by the last observed data. These two missing mechanism assumptions are too strong to
be appropriate in this setting.

As discussed in reviewer's comments on QOL analysis for Study 8802, the reviewer recommends
a growth curve approach employing the idea of ‘pattern-mixture model’ for the missing data
problem. Since in this case we have a very small sample size with heavy dropouts after Visit 8,
this reviewer recommends a two stage approach without any test of slope.

IV. Reviewer’s Summary and Conclusions

The treatment effect of Gliadel for patients with a malignant glioma as an adjunct to surgery to
prolong survival was investigated. In this review the two controlled studies, 8802 and 0190, were
reviewed.

Study 8802 was a Phase III, multicenter, randomized, double-blind, placebo controlled trial with
222 total patients, 110 on Gliadel arm and 112 on Placebo arm. Patients with recurrent
malignant gliomas were eligible for this trial. This study was conducted in North America. Study
0190 was a small Phase III, multicenter, double-blind, placebo controlled trial with 32 patients, 16
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patients on each arm. Patients with newly diagnosed malignant gliomas without prior
surgical, radiotherapeutic, or chemotherapeutic treatment were eligible for this trial.
The study was conducted in Finland and Norway.

The primary efficacy variables in both studies were survival rates and patient survival. For the
survival rates both studies indicated a marginally or statistically significant benefit in rates for
Gliadel over Placebo treatment at early times, 6 months and 12 months, for Study 8802 and Study
0190, respectively. On the other hand, at the end of the study period, neither study showed any
survival rate benefit for Gliadel over Placebo arm.

For patient survival, as discussed in reviewer’s comments on Study 8802, this reviewer raised
three issues regarding discrepant results among three tests (logrank, Gehan's generalized
Wilcoxon, and Cox model), indicating a strong treatment effect for Gliadel with Cox modeling vs.
marginal difference with a logrank test: (i) effect of imbalance of prognostic factors at baseline, (i)
misspecification of Cox model (omitting covariates in a model), and (ii1) stability of estimated
coefticients. For the first issue, there did not exist a major imbalance in prognostic factors at
baseline to account for the large difference in p-values obtained by nonparametric approaches and a
Cox model in both studies. For the second issue, this reviewer recommended a robust standard
error estimate along with a naive estimate to judge how far off or how close these estimates are
since we do not know a true Cox model. The third issue is related to the second issue. This
reviewer recommended a robust standard error estimate to produce a robust Wald's test statistic,
and pointed out the need for checking the validity of the proportional hazards assumption when a
Cox model is applied.

This reviewer applied a stratified logrank test to lessen the need for the proportional hazards
assumption and to control the effect of fewer, but medically meaningful prognostic factors. This
analysis indicated that there existed a statistically significant survival benefit of Gliadel in both the 6
months and overall study periods in Study 8802. In this analysis, tumor type, Karnofsky
Performance Status, and age are suggested to be influential prognostic factors in both study
periods. For GBM patients, a stratified logrank test showed a statistically significant survival
benefit for Gliadel over Placebo treatment in 6 months and overall study periods and Karnofsky
Performance Status and age are suggested to be influential prognostic factors in both periods. On
the other hand, there did not exist a statistically significant survival benefit for Gliadel for non-
GBM patients in either period.

For Study CL-0190, a stratified logrank test indicated a statistically significant survival benefit for
Gliadel over Placebo treatment in both 12 months and overall study periods for GBM patients. In
this study this reviewer focused on GBM patients because 27 of the 32 patients had a GBM tumor
type. Age is suggested to be an influential prognostic factor in this study.

Since there existed a statistically significant treatment benefit for Gliadel in patient survival in Study
8802 and in Study CL-019C for GBM patients, but not for non-GBM patients in Study 8802, this
reviewer reccmmends approval of Gliadel for the treatment of GBM patients.

The secondary efficacy variables are Quality of Life measured by Kamnofsky Performance Status
score and Mini-Mental State Examination score. The sponsor performed a longitudinal analysis by
the GEE approach with an “independent”” working assumption to cope with a correlation problem
and observed case analysis and last observation carried forward analysis to deal with a missing
data problem. In these analyses overall treatment effect was found no. to be statistically significant
in either study. This reviewer applied a growth curve analysis by the GEE method and a linear
mixed effect model to cope with a correlation problem and employed the concept of a “pattern-
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mixture model” to judge whether the observed missing mechanism was tgnorable or nonignorable.
This approach suggested that the observed missing patiern in Study 8802 was due to a
nonignorable missing mechanism and that OC analysis would not be valid in this case. This

reviewer found a relationship between Kamofsky Performance Status score and survival time, i.e.,

the longer a patient survival time is, the slower the decline in Karnofsky Performance Status. This
“lationship was observed in both Gliade] and placebo arms, but there existed no statistically

. - nificant QOL benefit for Gliadel in patients who died before 6 months. A treatment effect tor

Gliadel over Placebo was detected, but the result depended upon a statistical approach with a sraall

sample size. Therefore interpretation of these results must be extremely cautious.
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Figure 1: Qverall Kaplan-Meier Survival Curves for All Patients by Treatment
Group (Study 8802)
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Figure 2. Overall Kaplan-Meier Survival Curves for All Patients by Treatment
Group and Tumor Type (Study 8802)
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Figure 4: Overall Kaplan-Meier Survival Curves for All Patients by Treatment
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Figure 5: Overall Kaplan-Meier Survival Curves for GBM patinets by Treatment
Group (Study CL-0190)
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APPENDIX 1: Baseline Covariates Employed in Cox Regression in Study 8802

P S S S S P AR R

) o Tumeor Type
Non-GBM GBM
Placebo 19 ) 7 - 112

 Gliadel | 38 ] 10
Fisher's Exact p=1.0000

" Karnofsky Performance Score

T <=10 >70 o
Placebo 56 56 112
Gliade! 490 ol 110

Fisher's Exact p=0.4237

Location of Prior Radiation Therapy
Whole Brain I Local/both 7

Placebo

e

Tumor Resection 275% vs. <75%
Cdrsae | srse
Placebo | 30 82 112
 Glindel 28 82 110
o Fisher's Exact p=0.879l -

None Yes
Placebo s8 54 o 112

Gliadel 52 58 110
Fisher's Exact p=0.5059




APPENDIX1I: Baseline Covarlates Employcd in Cox Regression in Study 8802
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APPENDIX 8: A Summary of Longitudinal Linear Models

Wa briefly outline longitudinal linear models, which can be applied under an ignorable missing
assumption or within a homogenasity group under a nonignorable missing assumption.

In a general longitudinal analysis Zeger et a/ (1988) make a distinction between two types of
longitudinal analyses: a "subject-specific (38) model” (a type of mixed effects model) and a
“population-averaged (PA) model”. In the SS model, we are mainly concerned with
individuals' resporise ovar tirme, and the hetarogeneity of the data from each individual can be
axphicitly modeled. On the other hand, the PA modal focuses on the average response and the
heterogeneity of individuals 18 not considerad in the model.

The $S model focuses on the between-subjact variability in a data set. Thae variance can be
modeled explicitly, and will contribute to the marginal covariance structure and/or the
marginal mean functions in the SS madels. This s the approach used in the linear mixed effects
model. Howevar, if the analysis la not focused on accounting for between subject variabllity, a
PA mode! approach, with relaxed assumptions, can be applied. This is a Generalized Estimating
Equations (GEE) approach. As noted by Zege: et al (1988), a marginal covariance structure,
which is one of the challsnges in a repeated measurement setting, can be explained by the two
approaches in a different fashior. On the other hand, a marginal means, in our case, intercept
and a siopa, will not be affected by the two approaches.

1. Subjecti-8pecific Linear Models

«inear mixed effects models have been investigated by a number of researchers (Harville,
1976 and 1977, and Rao, 1985, 1987, and 1975). As described above, by introducing
distributional assumptions for each individual's random variability, a marginal covariance
structures can be explained explicitly. Of particular interest in the regulatory context, Laird
and Ware (1982) have described the application of these models to unbalanced (in gensral we
have a balanced design in a clinical trial setting) and incomplete data based on the assumption
that a missing mechanism is defined as “missing at random” (MAR), belonging to an ignorable
missing machanism. The model can be delined as

y=XB+2b +¢

where Z, is a known design matrix of random effects, b,, and b, and ¢, are N (0, ¢z) and N (0, a2},
) respectively. Note that we assume that b, and r, are independent of each other. To estimate the

fixad elfects parameters (population parameters), we nead to know the marginal means and
marginal covariance matrix, Applying the independence assumption of b, and ¢, with the

corresponding expectation equal to 0, we will obtain

E(y,)=XBandcov(y)=ZQ Z + 0o =V,

Then the estimated fixed sf{ects parameters can be obtained by



xl h 7 K
fu( X0 x )Y }jx,’CT' y)andcov(fl)=( ffxf\?;‘x. y!

(L] twl iw]

Note that (I) the random etfects only contribute to the marginal covarlance matrix, and not to
the marginal means, l.e., V, is the only function of random efects, and that the covariance

structure will depend on a choice of random effects, 2, and that (ll) the misspecification of the
marginal covariance matrix due to a Incorract cholce of the random effects, Z, may lead to an
underostimate of the varlance of the astimated parametaers.

The second approach is called & “random cuefficlent models™, This approach Is similar to a
linear mixed effacts model. The model can be defined as

Y= XA+ L,

where fand ¢, are N (B, Ips) and N (0, 021;) respectively, and we assume that fande are
independent each other.

Then a simple unweighted estimator can be defined as
K
1

b, = o L8, where ) = ( XD X0 (X[y) andcov () m Ty + 0'(XT X, )" = W,
in

i

And a weighted estimator can be defined as

K
! ]
b LW
yw

= i
ia |

Note that for a balanced and a complete design we have b,=b,, .

The main difference between the two approaches Is that (1) a weighted least squares (1
generalized least squares) is applied to each subject in a linear mixed effects model, and a
simple least squares is applied to each subject in a random coefficient mode!, and () the
weighting acheme is different.

2. Population-Averaged Linesr Models

In the PA approach to linear models we are interested in & model which ls only a function of
covariates without introducing subject to subject heterogenaity in the marginal covariance
matrix. Therefore the mode! can be simply defined as

y=Xp+e

in the 85 model, random effects variables are employed to describe the covariance structurs.



Thr: nknown correlaticn structure dvpends on the selection of Z,matrix. Thus the selected
covarlancs structure can be viewed as one of a number of possibla alternatives. In applying the
PA approach, Jeanrich and Schiuchtar (1986) investigated a number of covariance structure
(independent observations, tompound symmetry, random-effects, first-order autoregressive
structure, arid 80 or: In a variety of situations (unbalanced and incomplete designs). They usad
a likellhood-based approach to the linear model. Thersfore the only restriction required for the
covariance matrix I8 a positive delinite matrix. Note that the misspecification of tha covariance
matrix may lead to an underestimate of the variance of the estimated paramaters.

Another approach to the linear modal, not requining distributional assumptions on the error
term. is tha application of an estimating equation. Invoking M-estimation theory (Huber 1687,
White 1992, Liang and Zeger, 1988), the estimating equation can be defined as

K
U(Br= EXTV (y, ~Xp)=0

ia)

where V, is known as a ‘working” covariance matrix. Note that the solution of the equation is
consistent even if v, Is misspecifiad as long as the expected value of the eatimating aquation
equal to 0. Liang and Zager (1988) introduced the notion of a “working" correlation In the
estimating equation --a parsimonious covariance structure. In addition, we can protect the
underestimation of the variance of the estimators of the population paramaters by Introducing
“sandwich" estimators of the variance, derived from M-aesiimation theory (Serfling, 1980).
This Is an importani fact in a regulatory context in a sense that the variance estimator wlill be
robust. The sandwich variance estimate of the parameters of interest can be given as

13

K K
Vys (X XIVIX Z'X.TV:'(y, - XMy, - XHT9X X ff'va;‘x,)“

tei

Nota that the asymptotic results will depend on having a large number of subjects, not on having
& large number of data points per subject.



APPENDIX 9: SUMMARY RESULTS FROM A

INGITUDINAL ANALYSIS

1O
OF KPS MEASUREMENTS IN STUDY 8802

" " Gliadel © Placebo | ﬂ

f counw | weort | n Bt | N | R | Counw| weore | 8 Ext N R
»$ camp inter 7 77!7157 3.45 2571* ;-i 7 AR-1 inter 7472 4.51 183
T Taepe | - T slope | 0.034 | 0020 | 0018
s | AR | nter | 70062 | 236 | 3.2 s | AR | imer | 72.21 | 2.82 | 2.28

slope® | -0D.062 | D.0O16 | D.017

slope* | -0.057 | 0.018 | 0.019 ]

4 AR-| inter 68.08 3.6l wn

4 AR-| inter 65.12 1 3.27

slope 0171 0.034 | 0.046

slope | -0.220 | 0.037 | 0.053 |

1 comyp inter | 686181 2.766 | 3036

e S

slope | 0346 | 0075 | 0.090

1 comp inter 66.11 2.45 2.39 §

slope | -0.307 | 0.046 | 0.066 |

2003 | comp inter | 66,2421 2853 | 2992

2o} | comp inter | 64.02 | 2.356 | 2324}

e

slope | -0.346 | 0.0’8 | 0.088

slope | -0.302 | 0.041 | 0.063 |

<$ | Akl | inter | 63.94 | 211 | 191

slope | -0.251 | 0.027 | 0.044 ]

Comments:

{1} In count § a quadratic term was found to be statistically
significant, but for a parsimonious model a linear model
was selected.

(ii) the estimated slope was staustically significantly
diffarem among each count category. This indicates that
i we have a nonignorable missing mechanism.

(iii) for countw >3, LW model shows a similar time trend as
GEE with a smaller standard error, indicating a significant
time trend.

{iv) a quadratic terrn was significant in count¥a$

Commens:
{1) In count 8 a quadratic term was found to be statistically
significant, bt for a parsimonious model a linear model
was selected.

{11} In a category of couni® 2, 3, or 4 there was no different
time trend found, i.e., among these categories we have an |
ignorable missing mechanism, ]
(111) There was a statistically significant difference in time |
trend among count¥ »5, 5, and <3, indicating that we have
a nonignorable missing mechanism.

(iv) & yuadratic term was significant in count#s$.

Possible Missing Mechanism

Possible Missing Mechanism

Nonignorable

Note that wcor stands for a “working” correlation.

Nonignorable

Note that N stands for a naive standard error calculated by the inverse of Fisher's information and R for a robust standard

error calculated by a ‘sandwich’ estirnator.




APPENDIX 10: Subgroup Analyses in CL-0190 Study

Subgroug’ Analxses for 12 Month Survival

Tumor Type Age '
GBM Non-GBM < 65 265
(Ng=11, Nyu 160 (Ngm$, Ny=0) (Ng=15, Ny=1$) (Ng=l, Ny=l)
logrank Wilcoxon | logrank | Wilcoxon Iograr;ki Wilcoxon | logrank Wilcoxon
p=0.0587 | p=0.0702 |  Not Not | p=0.0097 | p=0.0140 |  Not Not
applicable applicable Applicable Applicable
W(rjcndcr T ~ Race (Not Defined) ]
Male Female White Non-white
(N8, Ny=6) (Ngu8, Ny=10)
logrank Wilcoxon logrank Wilcoxornimlorgrank Wilcoxon logrank Wilcoonn
p=0.788 | p=0.691 | P=0.0009 | p=0.0016

Subgroup Analyses for Overall Survival

- Tumor Type Ae.
GBM Non-GBM < 65 2 65
(Ng=11, N,=16) (Ngx$, Ny=0) (Ng=15, N,=15) (Ng=t, No=1)
lrogrank Wilcoxon logrank | Wilcoxon | logrank | Wilcoxon | logrank Wilcoxon
p=0.126 | p=0.0931 |  No Not | p=0.0134 | p=0.0144 |  Not Not
applicable applicable Applicable Applicable
Gender Race (Not Defined)
Male Female White Non-white
(Ng=8, Nyu6) (Nya8, Ny=10)
logrank Wilcoxon | logrank | Wilcoxon | logrank | Wilcoxon logrank Wilcczci
p=0.918 | p=0.847 | p=0.0003 | p=0.0008




APPENDIX 11: Baseline Covariates Employed in Cox regression
in Study CL.-0190

MMSE Score

Placebo
Ghiadel

AGE PER DECADE

7 Placebo Gliadel
~ Mem 5.3887 5.3521
- sD 0.8026 0.9536
6.0470 - 3.6038 6.7521 - 3.6789




APPENDIX 11: Baseline Covariates Employed in Cox regression
in Study CL-0190

< Mediun
N Placebo 8 8
Gliadel 8] 8

‘ ! _ S S————————.

_AGE PERDECA e
Placebo Gliade!

Meun | 5.3887 5.3521
SD 0.8026 09536
- 100% 6.0470 T 6.7521
h,..,.__ 75% 5.3918 6.0386
50% 53918 5.6155
25% 4.9175 4.4396 -
o o 36038 36789
e e e a—
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STATISTICAL REVIEW AND CONSULTATION, ADDENDUM #1

N.D.A.: #20-637 JUL 12 o8
SPONSOR: Guilford Pharmaceuticals

PRODUCT: Gliadel Water

TOPIC: Stability testing statistical analysis

REVIEWING CHEMIST:  Paul E. Deetze, Ph.D.

LOT NUMBERS: t1-017-012, 1V-017-013
DOCUMENTS
REVIEWED: CMC portion of NDA #20-637, upduie | dated 5/17/96

After consultation with the Chemist, it was discovered thal the only relevant studies for
determining the expiry of Gliadel are §-9502, S-9503, §-9504, and S-9506. Since the expiry based
on ¢ach of these studies exceeds 24 months, it is reasonable to grant the Sponsor’s proposat of

a 15-month expiry.
/\\,/ 1, f ".I'“";A

b Vance Berger, Ph.D.
1 Mathematical Statistician
(; QJ(.\""L -
Concur: Dr. Gnecco ™

Dr. Chi (|,

‘ML

Archival NDA #20-637

HFD-150 / Division File
HFD-150 / Dr. Tolygesi
HFD-150 / Dr. Dietze

HFD-150 / Mr. Zimmerman, CSO
HFD-710 / Dr. Chi

HFD-710 / Dr. Gnecco

HFD-710 / Dr. Berger

HFD-710 / chron file

CC:



STATISTICAL REVIEW AND CONSULTATION

N.D.A

SPONSOR;

PRODUCT:

TOPIC:

REVIEWING CHEMIST:

LOT NUMBERS:

DOCUMENTS
REVIEWED:

#20.637 U
Guiltord Pharmaceuticals

Gliadel Water

Stability tesung statistical analvsis

Paul E. Dietze. Ph.D.

3U1-017-012. 1V-017-013

CMC portion of NDA #20-637, update | dated 5/17/96



1. BACKGROUND

The objective was to deterimine the stability of Ghiadel based on the ume when an appropriate
one-sided contidence interval tor BONU content crosses the specitication limit for BONU content
orimpurities. This was done for each of five studies (§-9501, §-9507, S-9513, $-9514. and
S-9515). The lot numbers were 3U-017-012 for studies $-9501 and $-9507, and 1V-017-013 for
the other three studics. The first intersection o a confidence interval and the specitication limit
tor BONU 15 the expiry The impurities checked tfor were 2-chloroethylamine, 2-chloroethanol.,
acetaldehvde. unknowns, and total impunnes (page 73). The storage conditions and duration
appear in Sponsor’s Table 7 (page 710, Twelve months of data is available for Study $-9501, nine
months of data is available for Study S 9507, and three months of data is available for Studies
$-9513, §-9514, and §-9513 page 75).

2. SPONSOR’S RESULTS

Sponsor’s Figure 4 presents data for Study $-9501. The expiry from this figure is 22.5
months based on BCNU content. The slope of the least squares line is positive, indicating
that the BCNU content appears to be increasing on average as time elapses. Sponsor's
Figure 5 presents data tor Study 8-9507. The expiry from this figure is 8.5 months based
on BCNU content. Sponsor's Figure 6 presents data for Study $-9502 (which is not one
of the ones previously listed). The expiry trom this figure 1s 24 months based on BCNU
content.  The slope of the least squares line is positive, indicating that the BCNU content
appears to be increasing on average as time elapses. Sponsor's Figure 7 presents data for
Study $-9503 (which again is not one of the ones previously listed). The expiry trom this
figure exceeds 24 months based on BCNU content. The slope of the ieast squares line is
positive, indicating that the BCNU content appears to be increasing on average as time
elapses. Sponsor’s Figure 8 presents data for Study S-9504 (which again is not one of the
ones previously listed) The expiry from this figure exceeds 24 months based on BCNU
content. The slope of the least squares line is positive, indicating that the BCNU content
appears to be increasing on average as time elapses. Sponsor's Figure 9 presents data for
Study 8-9506 (which again is not one of the ones previously listed). The expiry from this
figure exceeds 24 months based on BCNU content.  The slope of the least squares line is
positive, indicating that the BCNU content appears to be increasing as time elapses.

3. REVIEWER'S RESULTS

There appears to be little correspondence between the studies described in Sponsor’s
Table 7 and the studies in the figures. There appears to be only one batch tested per
study. The slopes tor BONU content are generally increasing. yet one-sided lower
confidence bands and specification limits were employed. Degradation products appeared
not to be tested for. In 1 6/7/96 conversation with the Supervisory Chemist I found these
issues not to be of concern. as the Gliadel wafers are to be made up on an as-needed basis.
What is referred to as a confidence interval is. presumably. a Working-Hotelling

2



contidence band. There was no statistical analysis ot Studies $-9513. 5-9514, or 5-9515
This reviewer could not find a proposed expiry in this submission.

4. SUMMARY AND CONCLUSIONS

The data presented are quite incomplete. Nevertheless, this appears not o be a concern
to the Supervisory Chemistry Reviewer. The study with the shortest expiry s §-9507,
with an expiry ot 8 5 months. Thus this reviewer recommends an overall expiry of 8.5

months for Ghadel.

.

e,

Concur; Dr. Gneceo ~
Dr. Chi Qb
1 \L\\,

PR

CC:

Archival NDA #20-637

HFD-150 / Division File
HFD-150 / Dr. Tolygesi
HFD-150 / Dr. Dietze

HFD-150 / Mr. Zimmerman, CSO
HFD-710 7/ Dr. Chi

HFD-710 / Dr. Gnecco

HEFD-710 / Dr. Berger

HFD-710 / chron file
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Vance Berger, Ph.D.
Mathemuatical Statistician
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VLERGER / 5-17-96 / WP6.1 - CA\GLIADEL\REVIEW.DOC
This review consists of three pages of text plus copies of Sponsor's tables and figures.



Lo STABILITY
Introduetion
There are five stability protocols for BONU currently ongoing at
Guittord. Two long term studies are being conducted on BONU Lot
AU-017.0120 This s the current lot of material being used in the
manutacture of GLIADEL. Three additional studies are being
conducted on a second lotot BCNU (Lot 1V-017-015). This material
was recerved from jate November, 1995, Intormation on
the study numbers, lot numbers. storage temperatures and study
durations ts provided in TABLLE 7
Studies $-9501 and §-9513 are being conducted to evaluate the
stability of BONU at =35 = 2°C. This is the storage temperature
selected for long term storage of the material at Guiltord. Study S-
9307 is being conducted at 3 £ 2°C and Study 5-95314 is being
conducted at 8 = 2°C in order to verify the vendor's label
storage condition of 2 - 8°C. Study S-9515 is an accelerated study
hemng conducted at 25 = 27C/60% RH.
- TABLE 7. CURRENT STABILITY STUDIES FOR BCNU BULK DRUG
A
* v Lot No. Storage
Study No. Evaluated Condition Start Date Duration
S-9501 30-017-012 2300 3/95 24mos.
S-9507 3U-017-012 o 5/95 24 mos.
S-95153 IN-017-013 SR 12:95 24 mos.
S5-9514 IN-017-013 §=C 12/95 24 mos.
S-9515 IV-017-015 25°C 60% RH 12/95 6 mos.
;"\ r :vl I‘ .
. Lots Evaluated
Two production lots of BCNU are being evaluated in these studies.
Manufacturing information for the lots is provided below.

GLIADEL®
CMC NDA LUpdate |
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CHEMISTRY CONSULT

NDA 20-637 Submission Date: August 6, 1996
August 9, 1896

Drug Name, Dose and Formulation: Polifeprosan 20 with Carmustine, 7.7mg/m?, Carmustine/ wafer
Brand Name: Gliadel® Waler

Sponsor: Guilford Pharmaceuticals, Baltimore, Maryland 21224

Reviewer: N.A M. Atiqur Rahman

Type of Submission: New Drug Application/ Chemistry Consult/ Phase IV Commitment

The onginal amendment submitted on August 6 includes additional in-vitro release test data from 11
production lots of Gliadel for evaluation. Submission dated August 9 presents Phase IV commitment for in
vitro release testing of Gliade! according to a revised interim in vitro release test specification as proposed
by the sponsor.

COMMENTS

1. The revised interim in vitro release test specification as proposed by the sponsor is not acceptable. The
revised interim in vitro release test specification should be as follows:

Methodology: Flow-Through System
Guilford Method No. AC-2029
Units: 6 individual units
Percent Carmustine Released. Time (h) % Release (Range)
h
RECOMMENDATION

The sponsor should provide in-vitro release test data according to the revised interim in vitro release test
specifications as mentioned in comment 1 of at least three commercial lots as a Phase IV commitment.



Please provide tha comments of this review tc the respective Chemistry reviewer.

cc:

N.A.M. Atiqur R#man’ Ph. D.
Division of Pharmaceutical Evaluation |

fonm s/de/ g
0 e/&*/% Mehul U. Mehta, Ph.D.

Division of Pharmaceutical Evaluation |

NDA 20-637 (original)

HFD-150/ Division File

HFD-150/PZimmerman, PDietze, ETolgyesi
HFD-150/AMartin

HFD-850/L.Lesko

HFD-860/ HMalinowski, MMehta, ARahman

HFD-870/ Drug File (Clarence Bott, PKLN RM. 13B-3 1)
HFD-870/Chren File (Clarence Bott, PKLN RM. 13B-31)
HFD-870/Reviewer's File (Clarence Bott, PKLN RM. 13B-31)
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CHEMISTRY CONSULT - 2)11/96

NDA 20-637 Submission Date: February 06, 1996

Drug Name, Dose and Formulation: Polifeprosan 20 with Carmustine, 7.7mg/m?
Carmustine/ wafer

Brand Name: Gliadel Wafer
Sponsor: Guilford Pharmaceuticals, Baitimore, Maryland 21224
Reviewer: N.A .M. Atiqur Rahman

Type of Submission:  New Drug Application/ Chemistry Consult

BACKGROUND

The submission has been forwarded by the Chemistry Reviewer, Dr. Paul Dietze, to
provide comments on:

1. In vitro-release test of Gliadel

2. the study comparing the /n vitro erosion of Gliadel wafer versus wafer erosion
and release of BCNU in rat (appendix 16)

3. tissue biocompatibility study report (appendix 28)

COMMENTS
The comments provided helow relate to the study investigating the effect of Gliadel
wafer molecular weight on its performance, i.e., erosion of the polymer and release of

BCNU from the wafer.

1. In the in vitro study, the sponsor demonstrated that the wafer mass loss was
independent of its initial molecular weight. The study also demonstrated that despite

the differences in the initial wafer molecular weight, the molecular weight decreases



in vitro were similar. The molecular weight of the wafers used in the in vitro study
were 48, 72, and 110 KDa. In the in vivo study, the sponsor demonstrated, using
wafars of molecular weight 20.5, 28.9, 46.6, and 55.5 KDa, that molecular weigi:t
profiles as a function of implantation time were similar up to hours and the release
profiles of BCNU in rat brains were similar up to hours. The ranges in the wafer
molecular weights were different for wafers used in the in vivo v and in
vitro studies. In addition, the sponsor did not provide any information
on the in vitro release profiles of BCNU from wafers with molecular weight ranging
from in the submission. Therefors, the initiai wafer molecular weight
specification of is not completely supported by the data provided

in the submission.

2. The sponsor should demonstrate that the in vitro release ratas of BCNU from
Gliadelwafers of molecular weight ranging from are similar before
setting an initial wafer molecular weight specification at for the

drug product.

RECOMMENDATION

The tissue biocompatibility study review by the Biopharmaceutics reviewer appeared
to provide no meaningful information regarding setting of any specifications based on

tissue biocompatibility. The study may be consulted with the Pharmacologists.

Please provide the comments of this review to the respective Chemistry reviewer.

. . (g 8//3/%
N.A.M. Atiqur Rahman, Ph. D.[)%/,J/qé Mehul U. Mehta, Ph.D.

Division of Pharmaceutical Evaluation | Division of Pharmaceutical Evaluation |
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Division of Oncology Drug Products
Chemist's Memo

Io:  Paul Zimmerman, HFD-150

Erom: Paul E. Dietze, HFD-150
through Eva Tolgyesi, HFD-150

Concerning: Proposed intarim specifications for In Vitro Relaase Rate for Gliadel Wafer.
NDA 20-637

Pate. September 5, 1996

In a tacsimile from Guillord Pharmaceuticals (attached) dated September 4, 1996 the company
agreed to the interim specifications for In Vitro Release Rate that we proposed in CMC review #9
{and communicated to Guilford by Agency facsimile on Septembar 3, 1996),

The applicant also agreed 1o be responsive to our request to make the test more discriminating.

Finally, the applicant has provided, as we requested, the release rate for the three hour time point.
Examination ot the three hour time point data sugnests the three hour time point, if included in the
specifications, would make the test more discriminating. A specification for release rate at the three
hour time peint would be useful. See comments in CMC review 9 concerning this issue. The data

provided by Guilford suggest a reasonable specification for release rate at the three hour tima point
would be 10 - 35%,

The applicant will provide, as we requested, the three our time point (as well as other time points)
for the first eight batches of drug product that are manutfactured. A final specification will then be
adopted after examination of all the data. However, the initial data suggests that including the
three hour time point in the specifications will lead to a more discriminating test,

The proposed interim specifications for in vitro release rate, provided below, are what was agreed
on.

Time (h) % Released (range)

NDA # 20-637 tor Gliadel Waters is approved with respect to chemistry manutacturing and controls
issues.
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DIVISION OF ONCOLOGY DRUG PRODUCTS
Review ol Chemistry, Manuracturit v ontreg e

NDA #: 20-637 CHEM.REVIEW #: Y REVIEW DATE: 9-3-96

SUBMISSION TYFE DOCUMENT DATE CDER DATE ASSIGNER DATE
Amendment BC 8-27-96 8-28-96 " 9.3-96
Facsimile 8-29-96

HAME & ADDRESS OF APPLICANT: Guilford Pharmaceuticais Inc,

6611 Tributary Street
Raltimore, MD 21224

DRUG PRODUCT NAME
Pxoprietary: Gliadel?® Wafer
Neonproprietary/USAN: Polifeprosan 20 with Carmustine
Code Name/#: GPI-100
Chem.Type/Ther Clags: 3P
ANDA Suitabjility Petition/DESI/Patent Status: USP 5,179,186 {(exp. date 9/9/2011)
USsE 4,789,724 (exp. date 14/17,/2000)
RHARMACOL . CATEGORY/INDICATION: antineoplastic/malignant glioma
DOSAGE FORM; Implant, Biodegradable wafer
STRENGTHS: 3.85% carmustine, 7.7 mg carmustine/wafer
RQUTE OF ADMINISTRATION: Surgical :mplant
DISPENSED; X Rx oTC

Poly{bxs(p-ﬁarboxyphenoxy) pzopane sebacic aé;drri
20:80) with 1,3-bis(2-chlorcethyl)-1-nitrosourea

1.3-bis{2-chloroethyl) -1-nitrosourea:
MW, - 214.04, Chemical Formula = C.H.(C1 NG

[o]
G==CHy—CH, — 7“””0”2 —CH,—al

NO

Polifeprosan:

o~g—©-0(cr(,),og o-g-wm.).mr%»
m n

Ratio mon & 20:80; raniom sopslywher
BURRORTING DOCUMENTS:
IND Guilford Pharmaceuticals Inc. Gliadel Wafer -

DMF



Sterilization reviewaed by
HFD-160 as
part of the
microhiology

review

DMF Reviewed by

D. Klein and
found
adequate for
a DMF
DMF Packaging Reviewed on
10-13-93 by
HFD-632 and
found
acceptable

RELATER DOCUMENTS (if applicable): NDA 17-422 BiCNU (sterile carmustine)

Bristol -Myers Squibb

CONSULTS :

EA Approved EA and FONSI was submitted to HFD-
102 for review, found to be
acceptable and was approved on

G- 06,

Microbiology Approved Submitted to HFI' 160 to evaluate the
sterilization process for
manufacture of the jubmitted on
2-14-96. Approved on 5-3-96

Biometrics Approvoed Analysis of stability data was
requested on 5-23-96, Biometrics
initial review was completed on
7-11-96 and updated on 7-12-96. The
requested 15 month expiry date was
found to be acceptable,

Biopharm. Approved Submitted to HFD-860 to evaluate the
in vitro release test and tissue
compatibility studies. Submitted on
2-14-96. Consult review received on
7-22-96. However, additional
information was requested. The
additional, information was provided
on 8-12-96,

Pharm./Tox. Approved Submitted to evaluate the proposed



cification for CHCl. . Found to be
acceptable on 3-28-96

OTHER REQUESTS:

Trademark Review Approved Gubmitted on 2-14-96. Approved on
4-4-96.

EER Approved Submitted on 2-14-96. All
manufacturing sites found acceptable
on 7-26-96.

Methods Vvalidation Pending Will be initiated after all methods
deficiencies have been addressed.

REMARKS/COMMENTS :

This submission providen updates information concerrning the in vitrs velease

test. The amendment responds to comments indicated .n review #8,

SONCLUSIONS & RECOMMENDATIONS:

The proposed interim release spe-ificarions are acceptable as interim
specifications. However, The C&. should forward the following comments to the
applicant:

The proposed interim specifications for in vitro release rate, provided
below, are acceptable. However, we would like to see, as was requested, the
data for percent released, for eazh 1ot, at the 3 h-ur time point,

Time (h) % Releasea (range)

We also remind you that we are interested in developing a discriminatory test
for in vitro release rate. We do not feel that the current test is
sufficiently discriminating. As was mentioned in our teleconference on August
28 we are concerned that the acceptable value for each of the last three time
points is essentially the same. As you pointed out, this is due to the fact
that the value for percent released has leveled off for the last three data
points. One way to make the test method more informative would be to have
earlier time points. We anticipate that a more discriminating test will be
developed, we do not envision that the interim specifications will be
acceptable as final release specifications (due to the .ethod being non-
discriminating). Therefore, we would like to see the data for the 3 hour time
point for eacn lot of drug product for which you have provided us with data.
In addition, please provide the 3 hour time point, along with the other time
points, for the first eight lots ot drug product you manufacture. We would



NDA #20-637, Guiliford Pharmaceuticals, Gliadel Wafer 4

alse be interegted in other suggestions you might have to develop a move
discriminating and rigorous test method.

All of the other deficiencies cited in review #8 have been addressed. If the

above stipulaticns are accep
respect Lo chemistry manufac

ce:
Orig. NDA 20-367
HFD-150/Divigion F-le
HFD-150,pPDietze
HFD-150/DKlein
HFD-151/PZimmerman
HFD-150/ETolgyesi
HFD-860/ARahman

table to the applicant the NDL in approved with
turing and controls,
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¢ / ¢\ jr);{l/ U3
e L - -
—= = —"/'
Paul E Dietze, Ph.D _(:\~

Chemisat

@@%@A T 3/?@

Eva Tolgyesi, Ph.D,
Chemistry Team Leader




NG 29 1956

Division of Oncology Drug Products
Chemist's Memo

Ta: Paul Zimmerman, HFD-150

Erom: Paul £, Dietze, HFD-150
through Eva Tolgyesi, HFD-150

Concarning: Labelling for Gliadel Wafer, NDA 20-637
Dats: August 27, 1996

! have examined the ravisad labelling for Gliadel wafer. The revised labelling was submittad, by the
applicant, oy facsimile on 8-26-96. With regards to CMC issues the labelling is satisfactory. The
applicant has made the requested change in the Description section of the package insert. The package
insert is acceptable from a CMC perspective.

2o o SR gy
Paul E. Dietze, Ph.D. =~
Raview Chemist, HFD-150

A
cc: HFD-150/PDietze @
HFD-150/EToigyesi

HFD-150PZimmerman - @ /7,7/ Cié

File: ¢c:\ndas\n20637m2.000



DIVISION OF ONCOLOGY DRUG PRODUCTS
Review of Chemistry, Manufacturing,

and Controls

NDA #: 20-637 CHEM,.REVIEW #: & REVIEW DATE: B-13-96
SUBMISSION TYPE  DOCUMENT DATE CDER_DATE ASSIGNED DATE
Amendment BC 8-9-96 8-12-9¢6 8-9-96
l:.\‘(-m,‘”rﬂ " S ‘e MR SR X ?4 PR

NAME & ADDRESS OF APFLICANT:
6611 Tributary Street

Guilford Pharmaceuticals Inc.

Baltimore, MD 21224
DRUG PRODUCT NAME
Bxoprietary: Gliadel® wafer
Nonproprietary /USAN: Polifeprosan 20 with Carmustine
Code Name/#: ' GPI-100
Chem.Type/Thexr.Class; 3p

ANDA Suitability Petition/DESI/Patent Status; USP 5,179,186

UspP 4,789,724

{exp. date 9/9/2011)
(exp. date 10/17/2006)

antineoplastic/malignant glioma

ROSAGE FORM: Implant, Biodegradable wafer
STRENGTHS: 31.85% carmustine, 7.7 mg carmustine/wafer
BOUTE OF ADMINISTRATION: Surgical implant
DISPENSED: X _ Rx oTC
FORMULA, MOL .WT:

Poly [bis (p-carboxyphenoxy) propane:sebacic acid
20:80] with 1,3-bis(2-chloroethyl)-1-nitrosourea

1,3-bis(2-chloroethyl)-1-nitrosourea:

M.W. = 214,06, Chemical Formula = C.,H.Cl.N,0.
(8]
C"*—CH? -— CH2 - NCNHCH2 — CH2~—- Ci
NO
Polifeprosan:
S Q 9 Q
o=c—©—o<cn,),o—®c 0=~C~CH,{CH,),CH;-C
m bl
Rato m:n & 20.80, random copolymaer
IND Guilford Pharmaceuticals Inc. Gliadel Wafer
DMF { Terminal
Sterilization
DMF Manufacturer
of

Being
reviewed by
HFD-160 as
parxt of the
microbiology
review

Reviewed by
D. Klein and
found



DMF

CONSULTS:

EA

Microbiology

Biometricsa

Biopharm.

Pharm. /Tox.

QOTHER REQUESTS:

Trademark Review

EER

Methods vValidation

REMARKS /COMMENTS :

Approved

Apbroved

Approved

Pending

Approved

Approved

Approved

Pending

rJ

adequate for
a DMF

Packaging Reviewed on
10-13-93 by
HFD-632 and
found
acceptable

(if applicable): NDA 17-422 BiCNU (sterile carmustine)

Bristcl-Myers Squibb

EA and FONSI was submitted to HFD-
102 for review, found to be
acceptable and was approved on
5-7-96 .

Submitted to HFD-160 to evaluate the
sterilization process for
manufacture cof the DP. Submitted on
2-14-96. Approved on 5-3-96

Analysis of s ability data was
requested on _-23-96. Biometrics
initial review was completed on
7-11-96 and updated on 7-12-96. The
requected 15 month expiry date was
found to be acceptable.

Submitted to HFD-860 to evaluate the
in vitro release test and tissue
compatibility studies. Submitted on
2-14-96. Consult review received on
7-22-96. However, additional
information was requested. The
additicnal, information was provided
on 8-12-96.

Submitted to evaluate the proposed
specification for CHCl,. Found to be
acceptable on 3-28-96

Submitted on 2-14-96. Approved on
4-4-96.

Submitted on 2-14-96. All
manufacturing sites found acceptable
on 7-26-96.

Will be initiated after all methods
deficiencies have been addressed,

This submission provides updated information concerning the in vitro release

test.



CONCLUSIONS & RECOMMENDATIONS:

The CSO should communicate the deficiencies, listed below, to the applicant.
If the appiicant commits to provide the information, listed below, the NDA can
be approved with regards to chemistry manufacturing and controls.

i. The proposal to conduct in vitro-release testing of the first eight
production lots, in order to establish a final specification is acceptable.
However the original specifications proposed by the applicant are
unacceptable. The following interim specifications, provided below, would be
acceptable to the Agency. The applicant should commit to adopting the
following interim specifications and to submit the data to the Agency in order
to set proper in-vitro release specifications.

In-vitro Release Test Specifications {Interim):

Methodology: Flow-Through System
Guilford Method No. AC-2029
Units: 6 i1nhdividual units
Percent BUNU released: Time (h) % Released (Range)
ii. Provide information on the pharmacokinetics of carmustine after

intravenous administration in the package insert.

1ii. The applicant stated CFR code for waiver, 21 CFR 314.50(d) (3), is
incorrect. This section of the code describes the content and format of an
application. The waiver iequest should follow the procedure in 21 CFR 320.22

iv. Before a final specification for molecular weight can be
established it needs to be demonstrated, using the in vitro release method,
rhat BCNU release rates from wafers having molecular weights ranging from 20
Fpa to 100 KDa are similar. A comparison of release rates, using the in vitro
test method, for polymers having a molecular weight of 20 KDa and 100 KDa
needs to be provided to demonstrate release rates are the same. The
specification for molecular weight of 20 KDa to 100 KDa is acceptable as an

interim specification and will be finalized after the results of the suggested
study are completed.

ce:

Orig. NDA 20-367
HFD-150/Division File
HFD-150/PDietze
HFD-150/DKlein
HFD-151/PZimmerman
HFD-150/ETolgyesi
HFD-860/ARahman

e (G g3y,

2N
Paul E Dietze, Ph.D -
Chemist
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DIVISION OF ONCOLOGY DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

NDA_#: 20-637 CHEM.REVIEW #: 7 REVIEW DATE: 8-7-9¢

SUBMISSION TYPE ROCUMENT. DATE CDER DATE ASSIGNER DATE
Amendment B 7-30-96 7-31-9¢ 8-2-96
Amendment BC 7-19-96 7-22-96 7-24-96
Amendment BC 7-19-9¢ 7-22-96 7-24-96
Amendment BC 7-19-96 7-22-96 7-24-96
Amendment BC 7-17-9¢ 7-18-96 7-22-96
Amendment BC 7-11-96 7-12-96 7-15-96
Amendment AC 6-27-96 6-28-9¢€ 7-1-96
Amendment AC 5-17-96 §-20-96 5-21-96
ORIGINAL 2-6-96 2-7-96 2-12-9¢6
NAME & ADDRESS OF APPLICANT: Guilford Pharmaceuticals Inc.

6611 Tributary Street
Baltimore, MD 21224

Proprietary; Gliadel® Wafer
Nonproprietary/USAN: Polifeprosan 20 with Carmustine
Code Name/#: GPI-100

Chem.Type/Ther.Class: ip

ANDA Suitability Petition/DESI/Patent Status: USP 5,179,186 (exp. date 9/9/2011)
USP 4,789,724 {exp. date 10/17/2006)

PHARMACOL . CATEGORY/INDICATION: antinecplastic/malignant glioma

ROSAGE FORM: Implant, Biodegradable wafer

STRENGTHS : 31.85% carmustine, 7.7 mg carmustine/wafer
RQUTE OF ADMINISTRATION: Surgical implant

RISRENSED;: X Rx oTC

Poly(bxs(p carboxyphenoxy) propanersebacxc.aczd
20:80] with 1,3-bis(2-chloroethyl)-1-nitrosourea

1,3-bis(2-chloroethyl) -1-nitrosourea:
M.W. = 214.06, Chemical Formula = C,H,Cl1,N,0,

o]
Ci—CHjy— CHy =~ NCNHCH, — CHZ-—'CI
NO

Pclifeprosan:

0 o Q '
o-é-@—mcr«,m—@-c 0~C-CH{CH),CH-C

Ralic mn = 20:50; random copalymer
IND Guilford Pharmaceuticals Inc. Gliadel Wafer
CMF Terminal Being
Sterilization reviewed by
HFD-160 asg

part of the
microbiology



DMF

DMF

Bristol-Myers Squibb

Microbiology

Biometrics

Biopharm.

Fharm. /Tox.

OTHER REQUESTS:

Trademark Review

EER

Methods validation

REMARKS /COMMENTS ;

Approved

Approved

Approved

Pending

Approved

Approved

Approved

Pending

rJ

review

Manufacturer Revizwed by
D. Klein and
found
adequate for
a DMF

Packaging Reviewed on
10-13-93 by
HFD-632 and
found
acceptable

i NDA 17-422 BiCNU (starile carmustine)

EA and FONSI was submitted to HFD-
102 for review, found to be
acceptable and was approved on
5-7-96.

Submitted to HFD-160 tc evaluate the
sterilization process for
manufacture of the DP. Submitted on
2-14-96. Approved on 5-3-96

Analysis of stability data was
requested on 5-23-96. Biometrics
initial review was completed on
7-11-96 and updated on 7-12-96. The
requested 15 month expiry date was
found tc be acceptable.

Submitted to HFD-860 to evaluate the
in vitro release test and tissue
compatibility studies. Submitted on
2-14-96. Consult review received on
7-22-96. However, additional
information was requested,

Submitted to evaluate the proposed
specification for CHCl,. Found to be
acceptable on 3-28-96

Submitted on 2-14-96. Approved on
4-4-96.

Submitted on 2-14-96. All
manufacturing sites found acceptable
on 7-26-96.

Will be initiated after all methods
deficiencies have been addressed.



NDA #20-637, Guilford Pharmaceuticals, Gliadel Wafer 3

This submi:sion provides revised pouch and carton labelling for Gliadel,

With respect to CMC issues the revise. P2vch and carton labelling for Gliadel
is acceptable. All of our comments, made 71 earlier reviews, have been

incorporated into the labelling. The revised labelling includes the fact that
Gliadel Wafers are now manufactured by Guilford for

The NDA can be approved, with respect to chemistry manufacturing and controls
issues, after the applicant addresses the conce-ns raised by the biopharmacist
and discussed in review 6.

ce:
Orig. NDA 20-367
HFD-150/Division File
HFD-150/PDietze
HFD-150/DKlein

HFD-150/ETolgyesi
HFD-860/ARahman

<\ 71
Paul E Dietza, Ph.DAX\\j:

Chemist

(0 TR elehe

Eva Tolgvyesi, Ph\;j\j

Chemistry Team Leader




. DIVISION OF ONCOLOGY DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

NDA #: 20-637

Amendment BC 7-19-96
Amendment BC 7-19-66
Amendment BC 7-15-396
Amendment BC 7-17-96
Amendment BC 7-11-96
Amendment AC 6-27-96
Amendment AC 5-17-96
ORIGINAL 2-6-96

NAME & ADDRESS OF APPLICANT:

ANDA Suitability Petition/DHESI/Patent Status:

CHEM.REVIEW #:
SUBMISSION TYPE  DOCUMENT DATR CDER DATE

5  REVIEW DATE: 7-25-96 JUL 25 1996
ASSIGNED DATE
7-22-96 7-24-96
7-22-96 7-24-96
7-22-96 7-24-96
7-18B-96 7-22-96
7-12-96 7-15-96
6-28-96 7-1-96
5-20-96 5-21-96
2-7-96 2-12-96

Guilford Pharmaceuticals Inc.
6611 Tributary Street
Baltimore, MD 21224

Gliadel ® wafer

Polifeprosan 20 with Carmustine
GPI-10Q0

ip

USP 5,179,186 (exp. date 9/9/2011)
Usp 4,789,724 (exp. date 10/17/20086)

antineoplastic/malignant glioma

Implant, Biodegradable wafer

3.85% carmustine, 7.7 mg carmustine/wafer
Surgical implant

X _ Rx _ . OTC

Poly[bié(p-cﬁrboxyphenox ) propane:sebaciclacid
20:80] with 1,3-bis(2-chloroethyl)-1l-nitrosourea

’

)
C1—CH, ~— CHy —— NCNHCH, ~— CHy—Cl
NO

Polifeprosan:

o) (o] o}
" [ [] "
O-C—Q-—O(CH,),O—O—C 0=C-CH,(CH,),CHC

L.}

Ratio min « 20:80, rendom copolyrmer

IND Guilford Pharmaceuticals Inc.

DMF

bis(2-chloroethyl) -1-nitrosourea:

1,3-
M.W. = 214.06, Chemical Formula C.H,C1,N,0,

Gliadel Wafer

Terminal Being

Sterilization reviewed by
HFD-160 as
part of the
microbiology

review




DMF

)

Manufacturer Reviewed by
D. Klein and
found
adequate for
a DMF

Packaging Reviewed on
10-13-93 by
HFP-632 and
found
acceptable

RELATED DOCUMENTS (if applicable): NDA 17-422 BiCNU (sterile carmustine)

Bristol-Myers Squibb

CONSULTS :

Microbiology

Biometrics

Biopharm.

Pharm. /Tox.

OTHER _REQUESTS:

Trademark Review

EER

Methods vaiidation

Approved

Approved

Ap. oved

Pending

Approved

Approved

Pending

Pending

EA and FONSI was submitted to HFD-
102 for review, found to be
acceptable and was approved on
5-7-96.

Submitted to HFD-160 to evaluate the
sterilization process for
manufacture of the DP. Submitted on
2-14-96. Approved on 5-3-96

Analysis of stability data was
requested on 5-23-96. Biometrics
initial review was completed on
7-11-96 and updated on 7-12-96. The
requested 15 month expiry date was
found to be acceptable.

Submitted to HFD-860 to evaluate the
in vitro release test and tissue
compatibility studies. Submitted on
2-14-96.

Submitted to evaluate the proposed

specification for CHCl,. Found to bhe
acceptable on 3-28-96

Submitted on 2-14-96. Approved on
4-4-96.

Submitted on 2-14-96.

Will be initiated after all methods
deficiencies have been addressed.



'Wuz 3! oiwnc_c.Q FLA @)

REMARKS /COMMENTS ;

Drug fubstance: Updated stability data and minor editorial changes to the
specifications and methods for the drug substance is provided. Additionally,
test Gata is provided for the bulk drug substance lot 1V-017-013.

Drug Product: The amendinent to NDA 20-637 dated 7-17-96 provides updated
stability data for the drug product. The amendment dated 7-19-96 withdraws the
applicants sarlier redquest to add as a second contract
facility for LAL and sterility testing of the drug product.

The Biopharm. consult and EER are still pending.

See attached review notes.

o .
Drug Substance: Satisfactory information provided for the drug substance.

Drug Product: Updated stability data is provided. The updated stability data
is satisfactory and does not appear to show any unusual trends.

With respect to CMC issues the NDA can be approved if the pending Biopharm.
consult and EER are found to be acceptable.

cc:

Orig. NDA 20-367
HFD-150/Division File
HFD-150/PDietze
HFD-150/DKlein
HFD-151/PZimmerman
HFD-150/ETolgyesi
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Donald Klein, Ph.D

Eva Tolgyesi, Ph.D.
Chemistry Team Leader
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DIVISION QOF ONCOLOGY DRUG PRODUCTS

Review of Chemistry, Manufacturing, and Controls
NDA #; 20-637 CHEM.REVIEW #: 4 REVIEW DATE; 7-16-96 UL 17 1996
SUBMISSION TXPE  DROCUMENT DATE CDER DATE ASSIGNED DATE
Amendment BC 7-11-96 7-12-96 7-15-96
Amendment AC 6-27-96 6-28-96 7-1-%6
Amendment AC 5-17-96 5-20-96 5-21-96
ORIGINAL 2-6-95 2-7-96 2-12-96
NAME & ADDRESS OF APPLICANT: Guilford Pharmaceuticals Inc.

6611 Tributary Streat
Baltimore, MD 21224

RRUG PRORUCT NAME
Bxoprietary: Gliadel ? wWafer
Nonproprietary/USAN: Polifeprosan 20 with Carmustine
Code Name/#: GPI-100
Chem.Type/Ther Class: 3p

AMDA Suitability Petition/DESI/Patent Status; USP 5,179,186 (exp. date 9/9/2011)
USP 4,789,724 (exp. date 10/17/2006)

RHARMACOL . CATEGORY /INDICATION; antineoplastic/malignant glioma

ROSAGE FORM: Implant, Biodegradable wafer

STRENGTHS: 3.85% carmustine, 7.7 mg carmustine/wafer
RQUIE OF ADMINISTRATION: Surgical implant

DISPENSED: X Rx oTC

Poly(bis (p-carboxyphenoxy) propane:sebacic acid
20:80] with 1,3-bis(2-chloroethyl)-1l-nitroscurea

1,3-bis(2-chloroethyl) -1-nitrosourea:
M.W, = 214.06, Chemical Formula = C,H,Cl,;N,O.

0
CI==CHy = CHy —~ Tcm«cuz -~ CHy—Ci
NO

Polifeprosan:

2 ol | ¢ 0
o-c—@—o«:H,),o—@—C 0-C-CH,(CH,},CH~C

n

Raiie nun « 20:00; random copolymnar
IND Guilford Pharmaceuticals Inc. Gliadel wafer
DMF Texrminal Being
Sterilization reviewed by
HFD-160 as
part of the
microbiology

review

'



%)

DMF Manufacturer Reviewed by
D. Klein and
found
adequate for
a DMF

DMF Packaging Reviewed on
10-13-93 by
HFD-632 and
found
acceptable

cable): NDA 17-422 BiCNU (sterile carmustine)
Bristcl-Myers Squibb

CONSULTS:

EA Approved EA and FONSI was submitted to HFD-
102 for review, found to be
acceptable and was approved.

Microbiology Approved To HFD-160 to evaluate the
sterilization process for
manufacture of the DP. Submitted on
2-14-96. Approved on §/3/96

Biometrics Pending Analysis of stability data was
requested on 5-23-96.

Biopharm. Pending Submitted to HFD-860 to evaluate the
in vitro release test and tissue
compat.ibility studies. Submitted on
2-14-96.

Pharm. /Tox. Approved To evaluate the proposed
gpecification for CHCl,. Found to be
acceptable on 3-28-96

QTHER REQUESTS:

Trademark Review Approved Submitted or. 2-14-96. Approved on
4/4/96.

EER Pending Subm:t- d on 2-14-96.

Methods Vvalid an Pending Wil® + initiated after all methods
def. .zies have been addressed.

REMARKS /COMMENTS: This amendment to NDA 20-637 provides for minor changes in
the May 17, 1996 submission. All of the changes are acceptable. The changes
correct minor errors in the NDA and the May 17, 1996 amendment. Most of the
changes correct typographical errors or minor omissions. The only change that
is of concern is that the applicant provides for a new testing laboratory.
This could de'ay NDA approval since a EER will be required.

The Biometrics consult, Biopharm. consult and EER are still pending.
See attached review notes.

All of the changes are minor and are acceptable.



The only change that is of concern is that the applicant provides for a
.ew testing laboratory. This could delay NDA apprrval since an EER will be
required. I have requested that the CSO discuss this with the applicant. If
the applicant decides to maintain their request for addition of a new testing
facility an EER will have to be requested to evaluate the new testing
facility. Alternatively, the applicant could withdraw their request for
approval of the second testing facility, and thus preclude any delay that
might occur due to EER approval. After approval of the NDA the applicant could
then request approval of the new testing facility in a supplemental
application.

With respect to CMC issues the NDA can be approved if the pending Biometrics
consult, Biopharm. consult and EER are found to be acceptable.

(e ol

Crig. NDA 20-367
HFD-150/Division File
HFD-150/PDieat2e
HFD-150/DKlein
HFD-151/PZimmerman
HFD-150/ETolgyesi

C\.a_—éj g &?// «f gL

e
Ll

Pau) E ‘iietze, Ph.D

Eva Toulgyesi, Ph.D
Chemistry Team Leader
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DIVISION OF ONCOLOGY DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

NDA #: 20-637 CHEM.REVIEW #: 3 REVIEW DATE: 7-2-96
SUBMISSION TYPE  RQCUMENT DATE CDER _DAIE ASSIGNED DATE
Amendment AC 6-27-96 6~28-96 7-1-96
Amendment AC 5§-17-96 5-20-96 §-21-96
ORIGINAL 2-6-96 2-7-96 2-12-96
NAME & ADDRESS OF APPLICANT: Guilford Pharmaceuticals Inc.
6611 Tributary Street
Baltimore, MD 21224
RRUG_PRODUCT NAME
Proprietary: Gliadel ® wafer
Nenproprietary/USAN: Polifeprosan 20 with Carmustine
Code Name/#: GPI-100
Chem Type/Ther.Class: 3p

ANDA Suitability Petitiop/DESI/Patent Status: USP 5,179,186 (exp. date 9/9/2011)

USP 4,789,724 (exp. date 10/17/2006)

antineoplastic/malignant glioma

DOSAGE FORM: Implant, Biodegradable wafer

STRENGTHS ; 3.85% catmustine, 7.7 mg carmustine/wafer
ROUTE QF ADMINISTRATION: Surgical implant

DISPENSED: X Rx oTcC

AL NAME, STRUCTURAL FORMULA ‘ AR
Poly(bis (p-carboxyphenoxy) propane:sebacic aci
20:80) with 1,3-bis(2-chloroethyl)-1l-nitroscurea

1,3-bis(2~chloroethyl)-1-nitroscurea:
M.W. = 214.06, Chemical Formula = CyH,Cl,N,0,
o
€1 CHy ~— CHy — NCNHCH, — CH; —Cl
NO

Polifeprosan:

9 e !_ e 0
»o-c—<C\>-o<cH,),oA®—c 0=C-CHy{CH,) CH;~C

m n
Ratio mn = 20:00; randnrm aopolymer

IND

DMF

DMF

Guilford Pharmaceuticals Inc.

Gliadel Wafer

Terminal
Sterilization

Manufacturer

Being
reviewed by
HFD-160 as
part of the
microbiology
review

Reviewed by
D. Klein and



found
adequate for
a DMF

DMF Packaging Reviewed on
10-13-93 by
HFD-632 and
found
acceptable

NDA 17-422 BiCNU (sterile carmustine)
Bristol-Myers Squibb

CONSULTS:

EA Approved EA and FONSI was submitted to HFD-
102 for review, found to be
acceptable and was approved.

Microbiology Approved To HFD-160 to evaluate the
sterilization process for
manufacture of the DP. Submitted on
2-14-96. Approved on 5/3/9%6

Biometrics Pending Analysis of stability data was
requested on 5-23-96.

Biopharm. Pending Submitted to HFD-860 to evaluate the
in vitro release test and tissue
compatibility studies. Submitted on
2-14-96.

Pharm./Tox. Approved To evaluate the proposed
specification for CHCl,. Found to be
acceptable on 3-28-96

OTHER REQURSTS:

Trademark Review Approved Submitted on 2-14-96. Approved on
4/4/96. However, see comments to
deficiency 26 in review,

EER Pending Submitted on 2-14-96.

Methods Validation Pending Will be initiated after all methods

deficiencies have been addressed.

REMARKS/COMMENTS: This amendment to NDA 20-637 is a response to deficiencie-
regarding our review of the 5-17-96 amendment. The deficiencies were
communicated to the applicant by facsimile on June 6, 1996.

The Biometrics consult, Bicopharm. consult and EER are still pending.

CONGLUSIONS & RERCOMMENDATIONS:
Drug Substance: The sponsor has adequately addressed all drug substance
deficiencies.

Drug Product: With regards to the drug product the applicant has adequately
addressed all of the deficiencies.




The applicant has addressed all deficiencies in a satisfactory way and has
made all requested changes. With respect to CMC issues the NDA can be

approved if the pending Biometrics consult, Biopharm. consult and EER are
found to be acceptable.

cec:
Orig. NDA 20-367
HFD-150/Division File
HFD-150/PDietze
HFD-150/DKlein
HFD-151/PZimmerman
HFD-150/ETolgyesi

C:’) < ?/L/ac

Paul E Dietze, Ph.D
Drug Product Section

Uonlll Yo ooty

Donald Klein, Ph.D.
Drug Substance Section

| 7/!)/96

Eva Tolgyesi, Ph.D.
Chemistry Team Leader



DIVISION OF ONCOLOGY DRUG PRODUCTS
Raview oI Chemistry, Manufacturing, and Contrc.s

NDA #; 20-637 CHEM.REVIEW #; 2 REVIEW DATE; 5-21-96

SUBMISSION TXPE RQCUMENT DATE CDER DATE ASSIGNED DATE
Amendment 5-17-36 5-20-96 5-21-56
CRIGINAL 2-35-98 2-7-98 2-12-9¢
NAME & ADDRESS QF APPLIGCANT: Guilford Pharmaceuticals Inc.

5611 Tributary Street
Baltimore, MD 21224

riatary. Gliadel ® Wafer
ristary USANM: Polifeprosan 20 with Carmustinz
Ca - GPI-100
Chem 'N:pg /Thay _""ass: 3p

ANDA Syitability Petition/DESI/Patent Status: USP 5,179,186 (exp. date 9/9/2011)

USP 4,789,724 (exp. date 10/17/2008}

PHARMACOL.CATEGORY/INDICATION: antineoplastic/malignant glioma

ROSAGE FORM: Implant, Biodegradable wafer

STRENGTHS ; 3.85% carmustine, 7.7 mg carmus:tine/wafer
RQUIE OF ADMINISTRATION: Surgical 1implant

DISPENSED: X  Rx oTC

3! Ta
propane:sebacic acid

MU
cchencxy!)
20:80] with 1,3-b:s l-chlorocethyl)-1-nitrosourea

{2-chlorcethyl)-l-nitrosourea:
M.W. = 214.06, Chemicali Formula = T H,C1N.C.

9]

i
Ch—CHz —cH;. —_ NCNHI:HZ —_— CH:. —-

NG
Polifeprcsan:
o — 0 0 o
Q-C—=" —0CH) 0~ = O -C - CHUCH ),CH- C}-

™

Rauo m ~ = 29 80 random copDONMeE!

SUPPORIING DOCUMENTS:

IND Guilfcrd Pharmaceuticals Inc. Gliadel Wafer

DMF Terminal Being

Sterilization reviewed by

¥FD-160 as
rart of the
microbiology
review

DMF Manufacturer Reviewed by

2. Klein and
sound
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a DMF

DMF racraging ewed on

3-93 by
H §32 and
a ptacie

BELAIED_QQQQMEHIiaiil_ABQlAQAhl§L¢ 17-422 B1CONU (sterile carmusiine

stol-Mvers 3Squibb

CONSULTS :

EA Approved EA and FONSI was submitted to HFD-
102 for review, found to be
acceptable and was approved.

Microbiaology Approved To HFD-160 to evaluate the
sterilization process for
manufacture of the DP. Submitted on

-14-96, Approved on 5/3/9¢

Biometrics Pending hAnalysis of stability data was
requested on 5-23-96.

Biopharm. Pending Submitted to HFD-86Q to evaluate the
in vitro release test and tissue
compatibility studies. Submitted on
2-14-96.

Pharm. /Tox. Approved To evaluate the proposed
specification for CHCl . Feund to be
acceptable on 3-28-96

OTHER REQUESTS;

Trademark Review Approved Submitted on 2-14-96. Apprcved on
4/4/96. However, sSee comments to
deficiency 26 in review.

EER Pending Submitted on 2-14-96.

Methods Validation Pending Will be initiated after all methods

deficiencies have been addresgssed.

REMARKS/COMMENTS: This amendment to NDA 20-637 13 a response to deficiencies
regarding our review of the original submission. The deficiencies were
communicated to the applicant by facsimile on April 22, 1996.

The Biometrics consult, Biopharm. consult and EER are still pending.

The EA is acceptable. A FONSI has been prepared and was approved.

Drug Substance: The sponsor has adequately,y addressed all drug substance
deficiencies except for one deficiency. The sponsor should provide poth the
physical and chemical characteristics of carmustine that have been requested
by the Agency.



Drug Product: With regardis to
almost all ci the defiz.ancire
However, =-here are sLL.. some
These defici2ncies,concsrning
applicant tc address

Cnce these minor def sies
Bropharm. ccnsuln an are
See draf~ def.ciency lz:zer
ccC:

Orig. NDA 20-367
HFD-150/Division File
HFD-150/PDietze
HFD-150/DKlein
HFD-151/PZimmerman
HFD-150/ETclgyes:

the drug prcduct the applicant has addressed
5 zited an cur original review of the NDA.
minor deficiancies that need t©o be add assed.
the DP, are mincr and should be easy for the
arz addressed and the Biomenrics consult,
received tha NCA can be aopproved.
=
L LT T ;
- N e S? - o
e
Paul = Dietze, Ph.D
Drug Product Section

Donald Klein, Ph.D.
Drug Substance Section

Eva Tolgyesi, Ph.D.
Chemistry Team Leader




DIVISION OF ONCOLOGY DRUG PRODUCTS
Review of Chemistry, Manufacruring, and Controls APR | 8 |00f

NDA #: 22-537 y W b REVIEW DATE: 4-17-96
SUBMISSION TYPE POCUMENT DATE CDER DATE ASSIGNED DATE
ORIGINAL 2-6-9% 2-7-96 2-12-96
NAME & ADDRESS OF AP Guilford Pharmaceutical Inc.
6611 Tributary Street
Balcimore, MD 2122
DRUG PRODUCT NAME
Proprieracyv: Gliadel ¥ wafer
Neoproeprastary TISAN: Polifeprosan 20 with Carmustine
Coda Name/#; GPI-100
e 7 S . 3>

ANDA Suitability Petition/DESI/Patent Status: UsSP 5,179,186 (exp. date 9/9/2011)
UsP 4,789,724 {(exp. date 10/17/2006;

PHARMACOL . CATEGORY /INDICATION: antineoplastic/malignant glioma

DQSAGE FORM: Biodegradable wafer

STRENGTHES: 3.85% carmustine, 7.7 mg carmustine/wafer
RQUTE OF ADMINISTRATION: Surgical impiant

RISPENSED; __% Rx . otC

CHEMICAL NAME, STRUCTURAL FORMULA, MOLEZCULAR FORMULA, MOL.WI:

2oly(bis({p-carboxyphencxy) propane:seta

20:80} wizth 1,3-bis(l-chloroethyl.-l-n

1,3-bis!2-chlovoethyl)-l-nitrosourea:

M.W. = 214.06, Chemizal Formula = C.HCL NO
2

L LS LA Lot L P L

mael0 a0
SUPPORTING DOCUMENTS:
IND Guilford pPharmaceuticals Inc. Gliadel wafer
DMF Terminal Leing
Sterilization reviewed by
HFD-160 as
part of the
microbiology
' review
DMF Manufacturer Reviewed by
D. Klein and
found

adequate for
a DMF
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RELATED DOCUMENTS (if applicable):

L R o

NCA 17-422 BiCNU (sterile carmustine; Bristol-Myers Squibb

CONSULTS

EA Pending Will be submitzed to HFD-102Z for
review after initial deiiciencies
have been addressed by the sponscr. .

Microbiclogy Pending To HFD-160 to evaluate the
sterilizacion process for
manufacture of the DP. Submitted on
~<-14-96.

Bicmetrics Hold Analysis of stability data will be
requested when updated stabilicty
data is provided.

Bicpharm. Pharm,/Tox. Panding To HFD-860 to evaluate the in
vitro release test and tissue
compatibility studies. Submitted on
2-14-96.

QTHER REQUESTS;

Trademark Review Approved Submitzted on 2-14-96. Approved on
4/4/96

EER. Pending Submitted on 2-14-96.

Methods VvValidation Pending Will be initiated after all methods
defic:encies have been addressed.

REMARKS /COMMENTS :

Drug Substance: The appi:cant will need to address the deficiencies before the
NTA cain be approved. For the drug substance, the two categories that contain
the major deficiencies ars quality control and stability study data.

Drug Product: The applicant will need to address several deficiencies before
the NDA can be approved. Most important 1is to provide analysis of
representative lots of drug product to insure that the drug product can be
made reproducibly, mnre detalled specifications need to be established for the
drug product and the stability, data is limited (additional stability data will
be required and the stability protocol needs to include additional tests).

In additicn, the microbiclogy consult and EER are still pending.

CONCLUSIONS & RECOMMENDATIONS:

Aith regards to chemistry manufacturing and controls NDA #7.0-637 is not
arprovable. There are several deficiencies. The applicant mist address tne
deficiencies before the NDA can be approved.



NDA 20-637, Guilford Pharmaceu

cC:
Orig. NDA 20-367

HFD-150/Division File

HFD-150/PD1ietze
HFD-150/DKlein
HFD-1531/PZimmerman
HFD-150/ETolgyes:

- - LY
als, GLIADEL Wafer 3
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Donald N. Klein, Ph.D.
Drug Substance Section
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Prul E Dietze, Ph.D —>=
Drug Product Section
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Eva Tolgyesi, Ph . D.
Chemizstry Team Leader
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REQUEST FOR TRADEMARK REVIEW
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TO: Labeling and Nomenclature Committce $30 CoRP
Attention: Mes—¥nme-Midda, Chair, (HFD-66€) MPN~EX
Demial Burin v -
FROM: Division of (yncloo DIy i HFD-_/%¢.
Attention: [ . ( Dierde Phone & ' * /s 3%

DATE: =l

SUBJECT: Request for Assessment of a Trademark for a Proposed
Drug Product ’

Proposed Trademark:

a i . ) .
Company Name: Q~u/Lfd ATERTYS

(I //ud:i'/ (.’\‘:

r

/'!(tv /‘7

Established name, including dosage form:

@E_A,ANDA# Je ¢ L7
J“:V.i«.
j:// l'c‘,' Y Y e e ST PRI

Other trademarks by

the same firm fcr companion products:

Indications for Use

(may be a summary if proposed statement is
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lengthy) : G-licae! oo be-s < - s e 1y ilnL‘/u.(ft o e gt L et” o
e T A
10 o d i) ced g i F fe I R S [ 2Ty -+ i Sk 13
7 i4 ] - 7
il
LY zilt.lxuu-gtr IR
= -~

Initial comments from the submitter:

etc.) ‘
S e

(concerns, observations,

NOTE: Meetings of tlhe Committee are scheduled for the

4th Tuzsday of the month.

Please suhmit this form

at least one week ahead of the meeting. Responses
will be as timely as possible.

Rev QOct. 93
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Consult #553 (HFD-150)
iLIADEL WAFER polifeprosan 20 with carmustine
The Committe has no reason to find the proposed proprietary name unacceptable however,

the Committee suggests that the USP dosage form of “implant” should be used 1n
conjunction with the USAN name as the estublished name.

/\' (,{6644:7‘4 L(L/Cr//q Q . Chair

CDER Labeling and Nomenclature Committee







ENVIRONMENTAL ASSESSMENT
AND
FINDING OF NO SIGNIFICANT IMPACT
FOR

GLIADEL WAFER®

[POLIFEPROSAN 20 WITH CARMUSTINE ]

NDA 20-637

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

DIVISION HFD-150



FINDING OF NO SIGNIFICANT IMPACT
NDA 20-637
GLIADEL WAFER

[Politeprosan 20 with Carmustine]

The National Environmental Palicy Act of 1969 (NEPA) reguires all Faderal agencies to assess the
environmental impact of their actions. FDA 1s required under NEPA to consider the environmental
impact of approving certain drug product applications as an integral part of 1ts regulatory process.

The Food and Drug Admunistration, Center for Drug Evaluation and Research has carefully considered
the potential environmental impact of this action and has concluded that this action wi” 1t have a
significant effect on the quality of the human environment and that an environmaental impact statement
therefore will not be prepared.

In support of their new drug application, for Gliadel Wafer®, Guilford Pharmaceutica Inc. has prepared
an environmental assessment in accordance with 21 CFR 25.3la(b}(3) (attached} which avaluates the
potential anvironmental impa~sts of the manufacture, use and disposal of the product.

Gliadel Wafer 1s a biodegradable copolymer of polycarboxyphenoxypropane {(PCPP) and sebacic acid
{SA} with 7.7 mg carmustine. The wafer 1s impianted into surgical cavaties created by the removal of
tumors in patients' brains. Gliadel Wafer 1s used as an adjunct to surgery to prolong survival in patients
with malignant glioma. t.ulk drug substance will be manufactured by

Formulation, final container packaging, labeling, and release for commercial
distribution will be conducted by Guilford Pharmaceutica Inc. at the tacility located in Baltimore, MD.
The finished drug produnt will be used in hospitals,

Waste products generatad at the production facihities in California will be disposed of in accorcance
with applicable national,state and local environmental regulations. has provided a
Certificate of Environmentatl Compliance.

Waste products generated at the Baltimore facility rasult from the manufacturing process.At least 97%
of the volatile organic chemicals used 1n the processes are recovered for hazardous waste disposal and
controls have been implemented. These include standard operating procedures for handling of
materials and management of hazardous was'e and the use ot high efficiency air particulate filtration
system for the exhausts from entire clean room operations. Other engineering controls for emission
reduction includes dry ice traps and water aspirator baths, which are usad to capture volatile organic
chemicals in the production of the copolymer. The applicant certifies that they comply with all
applicable applicable snvironmental and occupational safety regulations spacified by local, state and
tedaral permitted governments. Air emissions include traces of the organic salvent dichloromethane.
This emission was reported this emission to the Maryland Department of the Environment's Air and
Radiation Managcment Administration as part of 1n application for a permit to construct.

Guilford's hazardous wastes are shipped, for incineration, to a licensed facility in the mainland USA.
Attar the hazardous waste undergoes thermal destruction in high temperature incinerators and I8
destroyed, a Certificate of Treatment 1s sent to Guwlford.

Disposal of the drug may result from out of specification lots, discarding of unused or expired product,



and user disposal of empty or partly used product and packaging. Returned or out of specification drug
substance and rejected or returned drug product will he shipped to a licensed incineration facility in the
U.S. Waste at hospitals and chnics will be disposed with biological or medical waste according to
hospital/clinic regulations.

Pracautions taken at the sites of manufacture of the buik product and its final formulaton are
axpected to minimize occupational axposure and environmental release.

The Ceanter for Drug Evaluation and Research has concluded that the product can be
manufactured and used without any expected agverse environmental effects.

—x) . ) X
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., Ut > RGN .
Ltk . - '
DATE PREPARED BY: -

Paul E. Dietze, Ph.D.
Review Chemist
Center for Drug Evaluation and Research
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DATE DIVISION CONCURRENCE
Eva Tolgyesi, Ph.D.
Supervisory Chemist
Center tor Drug Evaluation and Research
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Nancy B. Sager '
Environmental Scientist
Center for Drug Evaluation and Research
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ABBREVIATED ENVIRONMENTAL ASSESSMENT

DATE: February 201096

NAME OF APPLICANT/PETITIONER

Gurlrord Pharmaceuticals Inc.

ADDRESS

661! Tributary Street

Balumore. Maryland 21224

(4101 631-6300

DESCRIPTION OF PROPOSED ACTION

A.  Requested Approval

Guiltord Pharmaceuticals Inc. has filed a New Drug Application (NDA),
NDA No. 20-637, pursuant to Section 505(b) of the Federal Food. Drug, and
Cosmetic Act for GLIADEL® Wafer (polifeprosan 20 with carmustine).
Each GLIADEL® water consists of a copolymer of polycarboxyphenoxy-
propane (PCPP) and sebacic acid (SA), with 7.7 mg (3.85% by weight)
BCNU (carrnustine).

An Abbreviated Environmental Assessment (AEA) is being submitred
pursuant to 21 CFR Part 25 31a(b)(3).

B Need tor Action

GLIADELP™ is an FDA designated orphan drug product (Application No. 89-
370y under Section 526 of the Federal Food, Drug, and Cosmetic Act, 21
1".S.C. Part 360bb and is intended as a treatment for malignant glioma, a
ondition atfecting about 17,500 patients in the U.S. each year.

Items 7-11 and 15 have been omitted from this Abbreviated Environmental
Assessment.



AEA NDA

¢ Production Locations

Drug Substance
The drug substance BCNU (carmustine) is supplied to Guiltord
Pharmaceuucals by a bulk drug manutucturer,

has authurized the FDA to refer to their Drug Master File (DMF)
A copy of this letter may be found in ATTACHMENT 1. Please
refer to this DMF for additional information regarding
manutacturing facilities.

Additionally, has provided a Certificate of Environmental
Compliance. A copy of this certiticate is provided in ATTACHMENT 2.

Drug Product

The drug product and any intermediates are manufactured at 6611 Tributary
Street, Baltimore, MD 21224, Packaging. labeling and shipping activities
are conducted at the same facility. The 83,027 square foot facility is located
on a 7.487 acre parcel of land owned by

This is a former site of a U.S. Army milita.y installation known as Fort
Holabird. The U.S. Government owned the property trom 1918 to October
20,1977

The facility is bordered by an unnamed tributary to the south that flows into
Colgate Creek. which is about 40 meters west of the facility. The sight is
relatively leve; with a slight slope toward Colgate Creek. Storm water
drainage is controlled by municipal storm drains.

To the east of the facility are warehouses. The nearest residential area is
Cummins Apartments about a 100 meters southeast of the facilities. The
facility is zoned for industrial and commercial use. A copy of a site location
map is provided in ATTACHMENT 3.

D. Locations of Use

The product will be used in hospitals and implanted into surgical cavities
created by the removal of brain tumors in patients’ brains

E. Disposal Sites

Rejected. expired. returned and/or waste drug substances are collected for
disposal at the Tributary Street facility and sent to Environmental

o



AEA NDA

Enterprises. Inc. located at 4630 Spring Grove Avenue. Cincinnat. Ohio

43232 Their EPA identiticaton number is OHD 083577010 and the Ohio

facility permuit number is 05-31-0466. According to their Ohio Hazardous
Waste Facility Installation and Operation Permit Renewal, Environmental
Enterprises. Inc. permit was approvad on June 16, 1995 and does not expire
until June 16, 2000.

Guilford's hazardous wastes are sent from Environmental Enterprises. Inc.

10
_has the EPA identification number ARD069748192, and was

issued a RCRA Part B Permit, number 10-HR-1 from the State of Arkansas’
Department of Pollution Control and Ecology. This permit is in effect until
June 26, 1998.

When receives Guilford's hazardous waste, it undergoes thermal
destruction in high temperature incinerators with an operating capacity of
18.2 tons per hour. Once the material is destroyed, a Certificate of Treatment
is sent to Guilford from Environmental Enterprises’ Director of Quality
Assurance,

Wastes at the clinics and hospitals have been requested by Guiltord to be
disposed with the biological or medical waste. Packages and products not
used or damaged in shipment are to be returned to Guilford for disposal with
the other hazardous wastes sent for incineration. Empty packages are
discarded into the municipal wastes.
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35 IDENTIFICATION OF CHEMICAL SUBSTANCES THAT ARE THE

SUBJECT OF THE PROPOSED ACTION

A

Drug Substance

Nomenclature

« USAN Name: carmustine
« Chemical Name: 1,3-bis(2-chloroethyl)-1-nitrosourea
N,N’-bis(2-chloroethyl- 1 -nitrosourea)

“hemical Abstrac : S) Registrati
Exempt (CAS154-93-8)
(Please see ATTACHMENT 4 for additional information on
bischloroethyl nitrosourea reported in the Seventh Annual Report on
Carcinogens, 1995.)
Molecular Formula
CH,Cl.N,0,
Molecular Weight

214.06

Structural Formula

0
C1-CHy-CH,-NCNHCH,-CH;-Cl
NO

Physical Description

BCNU is a light yellow powder. It is highly soluble in alcohol and
limids. It is poorly soluble in water. Its melting point is 29.5-32.0°C.

lmpurities

In the Aerojet synthetic process for the manufacture ot BCNU,
potential process related impurities include 1,3-bis(2-chloroethyl) urea
(BCU), the key intermediate, and sodium nitrite. Montgomery, et al.
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has shown that BONU degrades to BCU, 2-chloroethanol. N, and CO.
under agueous condition at 30°C. Acetaldehyde and 2-chloroethyvi-
amune hvdrechloride were tound to be other degradants of BONU in
Agticous solution at room temperature by Montgomery. Other
investigators have also found that the predominant degradants ot
BUNL are BCU. acetaldehvde, 2-chloroethanol. and 2-
chloroethvlamine.

Based on studies reported in the literature and discussions with the
Aerojet technical staff, the major impurities and/or degradants of

BCNU have been identified as BCU, acetaldehyde. 2-chloroethanol. 2-

chloroethylamine, and sodium nitrite.

Drug Product

Nomenclature

« USAN Name: polifeprosan 20

+ Chemical Name: Poly[bis(p-carboxyphenoxy)propane:
sebacic acid 20:80] with 1,3-bis (2-
chloroethyl)- 1 -nitrosourea

« Generic Name:  polifeprosan 20 with carmustine

Chemical Abstr ' cgistration N

Exempt (CAS-90409-78-2)

Molecular Formula

(polifeprosan 20)
(C 1 7H !bob)nh(c IOHISO-t)n

(Carmustine)
CH,Cl,N,0,

()
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Molecular Werght

Per Water
Wetght Average Molecular Weight
20,100 - 100.000

Stecwural Formula

Please refer to the structural tormula of politeprosan 20 as provided in
the USAN and the USP Dictionary of Drug Names in
ATTACHMENT 5.

Physical Description

GLIADEL is a sterile, otf-white to pale vellow wafer approximately
.43 ¢m in diameter and | mm thick. It is insoluble in water. Itis
solublz in methvlene chloride. Its melting point is 60-70°C.

Impurities

The drug product is not monitored for impurities..
INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT

A, Substances Expected to be Emitted

Drug Substance
As stated 1n section 3.3.4-C . the manufacturer of the drug substance

BCNU. has provided Guiltord with a Certificate of Environmental
Compliance.

Drug Product
The production of Gliadel wafers produces minimal emissions into the

environment. Accompanying this AEA in ATTACHMENT 6 is a mass
balance report that identifies the constituents anu quantities used in the

production process. The report simplifies the process into three stages:
Production of Copolymer, Copolymer/BCNU Blend, and Pressing and

Packaging of Gliadel Wafers.

At least 97% of the volatile organic chemicals used in the processes are
recovered for hazardous waste disposal and sent to the permitted facilities
described in section 3.3 4-E of this AEA. The only exception is the
dichloromethane that is used during the Copolymer/BCNU Blend. During
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these processes, spray drving ot the blended matenal causes an emissien of
dichloromethane ata rate of 78 Ke hour ond a total ot 624 ke vear. Ths
emussion s been reported to the Marviand Department ot the
Environment’s Air and Radiation Management Admumnstration as part ot an
application tor a permit o construct.

B.  Controls Exercised

Engineering and administrative controls have been implemented to reduce
emissions where possible. The administrative controls include specific
standard operating procedures for handling of materials and management of
hazardous waste. One major engineering control is the high etficiency air
particulate filtration system tor the exhausts trom entire clean room
operations. This svstem is continuovsly monitored and an alarm is acuvarted
when there 15 a drop in the volume of exhausting air or there is a
malfunction in the system. Other engineering controls for emission
reduction includes dry ice traps and water aspirator baths, which are used to
capture volatile organic chemicals in the production of the copolymer.

Exposures to emplovees trom vi.latile organic chemicals have been
monitored and are considerably less than the permissible exposure limits or
any action levels. Fume hoods are use to reduce the exposures to solvents.
The fume hoods are tested semi-aninually to ensure proper exhaust flow and
thev are designed to activate an alarm if there is a malfuncti-n. Solvents and
hazardous wastes are stored in flammable storage cabinets or in the
appropriatelv ventillated storage rooms. Floor drains do not exist in the
tacility to prevent any potential tor contaminating the waste water
discharges

Fyve washes, emergency showers, fire blankets and first aid kits are readily
available to all emplovees in the production area. The entire area is
monitored for tire protection with the use of smoke detectors and sprinklers.
These devices are monitored by an outside agency 24 hours a day.

Emergency response procedures are in place for containing spills and the
necessary equipment and training has been made available to the employees.
A 24 hour emergency response service is also available in the event the
chemical spill is bevond Guilford's capabilities.

C.  Citation of and Statement ot Compliance with Applicable Emission
Requirements

Guilford complies with all environmental and occupational safety regulation

N
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~pecitied by the rederal. state and logal governments. Guiltord apides by e
sate’s " A Qualiny ™ regulatons (Code ot Maryland Regulanons, Tie 2o
Subtitle 11y and the regulations for “Disposal of Controljed Hazardous
Substances™ (Code of Maryland Regulations, Titje 260 Subntle 13 Also.
Guilford complies with the local regulations tor the controlling waste water
discharges. which are specified in Article 23 of the Baltimore Citv Code.
Federal requirements ror environmental compliance are dictated 1n Title 1)
ot the Code of Federa Regulations and Guitford also conforms to these
regulations. The Maryland Department ot the Environment has been
authorized to enforce regulations as strict or stricter than those in the tederal
regulations, which Guilford aj 0 obeys.

Guilford follows OCcupationa. satety requirements specitied in Title 29 of
the Code of Federal Regulations and state adopted safety regulations in Title
Y ot the Code of Maryland Regulations, which entorced by the state's
Marvland and Occupational Safety and Health Division. Other satety
requirements that are followed pertain to building design. such as the BOC.\
National Building Codes of 1993, the National Fire Protection Association
Codes and the standards trom the Asnerican National Standards [nstitute,

The material safety data sheets for each chemical used in the production
process are located 1in Attachment 7.

Below is a Jist of the emission permits and licenses for the fiyeiljr -

- EPA ID# for generation of hazardous waste s MD0000993980 with
no expiration date specified
City ot Baltimore s Waste Water Discharged permir # 4-09848;
expiration date 9Y-30-9¢
City ot Baltimores Fire Prevention Permit # 31638: expiration date
7-12.9¢

- The Marvland Department of the Environment (Code of Maryland
Regulations 26, L.13) requires a Permit to Construct for processing
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feen torwarded bup o the ime of thig submission, Gudtord s awaiting

=eeipt ot the permygg

Discussion of the ttect of Approval on Compliance with Current
Emission Requirements

Current production Plans are for 6000 Gliadel waters per month which
exceed current and ©Xpected demands for the product. Ifan increase mn

production js necessary, it wij) require changes to the current eguipment Jue

to the limited capacities, At that point, emission controls could be
necessuy. Processes May not be conducted with new or altered equipment
until an application for modifications g submitted and granted by the
Marviang Department of the Environmen,

E.

Expected [ntroduction Concentrations (EIC)

. . tration £ :
The expected introduction ot drug substance into the environment is
estimated below without consideration of metabolism or depletion
mechanisms:

EIC-Aquatic (ppm)= 3.5 E.07

where A= |44 kg/vear of production
B= 1/ liter per day entering POTW’s
C= vear/365
D= 10E6 mg/kg (conversion factor)

{f

the EIC into the Terrestrial and atmosphereic environment from the
metabolismvexcretion of patients in whom GLIADEL wafers have
“een implanted js 4 factor of the individual metabolism of the patient.

atl the drug substance (BCNU) used in production WEre to enter the
HEPA exhaust System, only 3.57E.07 kg/hour would enter an air

Expect troducti 1
The EIC from disposal does not need to be calculate( since this
material is completely destroyed by incineration.



NOTE: SECTIONS 3.37 THROUGH 3.3.11 AND 3.3.15 OF THIS
ABBREVIATED ENVIRONMENTAL ASSESSMENT ARE NOT
REQUIRED.

3.3.12  LIST OF PREPARERS

Frederick A. Miller Social Security No. 211-36-9068
Safety & Environmental Health Officer

Qualitications of Preparer

Mr. Miller has worked in the pharmaceutical industry as a safety and
environmental professional for more than 11 years. He has an Associates
of Applied Science degree in Occupational Safety and Health Technology.
He attended several courses in environmental law, radiation safety and
OSHA compliance. He is responsible for acquiring Guilford's
environmental permits which include waste water discharge, hazardous
waste. air quality and radioactive materials. He has assisted in the
preparation of a previous AEA for Nova Pharmaceuticals. Also, he is
responsible for administering and maintaining Guilford's Safety and
Environmental Health programs.

3.3.13 CERTIFICATION
The undersigned Guilford Pharmaceuticals Inc. official certifies that the
information presented in this AEA is trur accurate and complete to the
knowledge of the company. The AEA contains non-confidential
information and acknowledges that this informaticn will be made available

SN to the public in accordance with 40 CFR §1506.6.

33.14 REFERENCES

N/A

3.3.15 APPENDICES

N/A,
/Lf‘”/fozfjh/’nun/ 01/9—/9(?

Ross S. Laderma.ﬁ' Date
Vice President, Regulawory Affairs

AEA NDA
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CERTIFICATE OF ENVIRONMENTAL COMPLIANCE

CERTIFICATE OF ENVIRONMENTAL COMPLIANCE

The offeror currently B8 IS T IS NOT in compliance with applicable national, state, and local environmental laws
and regulations. (If not in compliance, attach details and evidence of approved mitigation measures.)

The offeror has examined the activities encompassed within the proposed action entitled “Supplying BCNU 10

Pharmaceuticals)” (enter title andior Solicitation number and Principal Investigator's name), for compliance
with environmental laws and regulations. The offeror states that the conduct of the proposed action O WILL

8 WILL NOT violate any applicable national, state, or local environmenial law or regulation. (/f a violation will
result, attach details describing the nature of the violation and evidence of approved mitigation measures.)

The offeror agrees that if the work required under the proposed action at any time results ina viogauon'”of any

applicable environmental law or regulatioin, the offeror will immediately take appropriate action, to include
notifying the Contractng Officer, and coor¢inating with the appropriate regulatory agencies.

£

Karen 1. Gunderson
(Name of Official Responsible for
Environmental Comphiance)

{Name of Organization)

£ Upnl

Signature -

/"fam.<.§/v , LJMLI Mdr\t,j PR

e
[24

Date

L0689

2
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BISCHLORIETHYL NITROSIUREA
153-92-

5
CAS No. 8

N
1

CARCINCCENITITY

Thers 15 sufficient evidence for the carcincg2nicity of trsanlorcatingg
nitrosoured 1n 2xseritental animals (IARC v.256, 1G3l; [ARC S.4, 1987, [ART 5.7,
1987). when administared intraperitoneally or iniravenously, bischlorcethyl
nitrosoura: 1nduced lung tumors including adenccarcincmas, and neurogenic tumors
'n rats. when icministered by intraperitoneal injection, the compound induceq
malignant tumors in the peritaneal cavity. OJther studies of bischlorosthy)
nitrosnurea in rats and mice were determined to provide insufficient data for
evaluation by an IARC Working Group.

an [ARC Working Group reported that there is limited evidence for the
carcinogenicity of bischloroethyl nitrosourea in humans (TARC S.4, 1982; [ARC
V.26, 1481; I1ARC S.7, 1987). No epidemiological study on the effec. of
bischloroethyl nitrosourea alone in Fumans is eavailable, but bischlaroethyl
nitrosourea is associated witn acute non'ymphocytic leukemia following its use
with other anticencer therapies in the treatment of previously existing cancer,

PROPERTIES

Bischloroethy! nitrosourea is a light yellow powder that is slightly
soluble in water and 50% ethanal, soluble in ethanol, and highly soluble ir
lipids. This compound is sensitive to oxidation and hydralysis, subsequently
forming alkylating and carbamoylating intermediates. when heated to
decomposition, it emits toxic fumes of hydrochloric acid and other chlorinated
compounds as well as nitrogen oxidac (NO.).

USE

Bischloroethy! nitrosourea has been used since 1971 as an antineoplastic
agent in the treatmen:z of Hodgkin's lymphoma, multiple myeloma, and primary or
metdstatic drain tumors. [t has also been reported to hav2 antivirai,
antibacterial, and antifungal activity, but no evidence was found that it is
currently used in these ways {IARC V.26, 1981).

PROOULCTION

The USITC does not 'ist any current producticn volume for bischloroethyl
nitrosourea (USITC, 1987). 1In 1981, bischl.roethyl nitrosourea wis believed to
be produced by only one ..S. company in an undiscloscd amount, and was availabtle
in the United States in vials containing 100 mg ([ARC V.26, 1931).

232
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Bischlarsethy! Kitrosourea (Canmtin_cd!

EXPOSURE

The primarv rzutes of potential hrman exposure to hischlorgethy!
nitrosourea are inj=cticn, inhelation, and der-al contact. [t is administered to
patients in doses of 190-250 mg/m® body surface by intravenous injeciian Ziily,
for courses of 2 or 3 days (IARC ¥.2S, 1981). The National Qccupatianal Exposure
Survey (1981-1983) estimated that 5,536 total workers, including 2,809 women,
potentially were exposed tao bischloroethyl nitrosourea in the work place (MICSH,
1984). rPatential exposure af health professionals who handle this druy {e.y.,
pharmacists, nurses, dnd physicians) may occur during drug preparaticn,
administration, or cleanup; however, the risks can be avoided through use of
containment equipment and proper work practices (Zimmerman et al., 1981).
Potential occupational expusure to bischloroethyl nitrosourea may also occur for
workers involved in the formulation and packaging of the pharmaceuticals.
Bischloroethy! nitrosourea i% not known to be a naturally occurring cempound {TARC
v.26, 1981).

REGULATIONS

Bischloroetnvl nitrosourea is used as a pharmaceutical and in low
quantities relative to other chemicals; therefore, it is of little regulatecry
concern to EPA. However, there may be a small pollution problem relative to
hospital wastes. FDA requlates bischloroethyl unitrosourea under the Food, Drug,
and Cosmetic Act (FD&CA) as a prescription drug, approved for human use. FDA
requires warning labels on bischloroethyl nitrosourea regarding its potential
carcinogenicity, mutagenicity, ter2.ogenicity, and/or fertility impairment. OSHA
requlates bischloroethyl nitrosourea under the Hazard Communication Standard ard
as a chemical hazard in lahoratories.

REGULATICNS
Regulatory Acticn Effect of Requlation/Other Commants !
F ! 21 CFR 314. Prcmulgated 3/29/74. | Approved for use as an antineo-
D | FDACA 505: Prescription drug plastic agent.
A | approved for human use.
21 CFR 201.57. Promulgated Includes provisional requirements
6/26/79. FDACA: Orug labeling for warning labels regacding
requirements for human potential carcinogenicity, !
‘ prescription drugs. mutagenicity, teratogenicity, |
i and/or impairment of fertility. ;
__

{Continueq

—
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Biszhligroethy] Nitroscurea (Conzin

REGULATICNS

Regulatory Action

Effect of Regulatirn/Other Commen

e X N O

29 CFR 1910.1200.
11/25/83. OSH Act:
Communication.

Promulgated
Hazard

29 CFR 1910.1450. Promulguted
1/31/60. OSH Act: Final rule
for occupational exposure tc haz-
ardous chemicals in laboratories.

Requires chemical manufacturers a
importers and all employers to
assess chemical hazards and to pr
vide information to employees.
Hazard Cemmunication Program to
include lebels, material safety
data sheets, and worker training,
Labels may be subject to FD&CA
requirements.

As a select carcincgen (IARC Grou
2A), bischloroethyl nitrosourea i
included as a chemical hazard in

laboratories. Employers required
to provide employee information a
training and to provide Chemical

H:giene Plan.

234
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534 POLIF-POLOX

-

Polifeprosan 20 w9/ (g ve o roe sam 1 CooHL Ol e
(CaH 0, 220060=200.000  Politeprosan s INN | The
numernical vain: 20 represents tne weight percent ol the 3.4 -
ttrimethylenecioxyvidibenzow acid monomer tmonomer m}
presentin the ~oivmer (1) Benzowe acid, 4.47-{1.3-propane-
divibisioty tho- polvmer with decanediowe aaid; (2) 4.4
i Tarmethvienstoedibenzow 1ad, polymer with sebacic
acd. CAS-Y0409.78.1 Pharmaceunc aid. Biodel (Scios
Noval

Poligeenan [/969] ipol i gee nan). {C,;H,,M:0,,S,}n (Nom-
inal, the value of nis 30 10 60). Polysacchande denved from
extensive hydrolysis of carrageenan from red aigae. (1) Po-
ligeenan; (2) 3.6-Anhydro<4-0-3-D-galactopyranosyl-a-D-
galactopyrancse 2 4-bis(potassium/sodium sulfateH1—3)
polysacchande C.45-53973-98-/. INN. Pharmaceutic aid
(dispersing agent).

LR R 2

Poliglecaprone 25 [!99/] (pol ¢c glek 4 prone).
(CoH10D1)mt CeHO4),. 70,000 (wt. avg.). [Poliglecaprones
BAN (1) 2-Oxzpanone, polymer with | 4-dioxane-2.5-dione;
(2) 2-Oxepanone polymer with p-dioxane-2,5-dione. CAS-
41706-8i% INN. Surgical aid tsurgical suture material.
ubsorbable). : Ethicon)

- -
PRAL } RN

e o) N
- .l n

Daamer 3 sl e Gce e
HE LR VRPN

Poligtecaprone 90 (/99/] 1CH 301 CiH Ol
5,000-15,000 ¢ 21 4vg). (1} 2-Oxepanone, poiymer with 1.-
dioxane-2 3<di:ne; (2) 2-Ovxepanone polymer with p-diox-
ane-2,5<hwone CAS-41706-81-4 INN Surgicai aud (sur-
gical suture cociing, absorbable) tEthicon)

i,

R T A S E HE LU IE DY P UEn)
IR TR . T

Poliglusam [/99/] 1 pol ce gloo” sami. Linear homepolymer of
partiaily acetyiated glucosamune t 1) Chitosan. 1 1) Chitosan.
CAS-9012-74~ NN dnthemorrhagic. (Hoechst-Rous-
seit)

Polignate Sodium [/970] (ro g’ nate) The sulfonated form of
3 polymer similar to the sub-unit of conifery! aiconol poly-
mer derived from coniferous wood. (The individual polymer
units are considered to be three-dimensional structures with
molecular weights 1n the range of several thousand.) (1)
Lignosulfonic acid, sodium salt; {2) Sodium lignosulfonate
('AS-8041-5146. CAS-7061-5146 [sodum ligrosulfonate]
Enzvmernhibiior ipepsiny & aHR-24188

USAN ang the USP Dictionary of Drug Yames

Polirexanide JoH. oM HCH, [Polvhexamide s BAN
Pecmuner s carsesy iminoinudocarbomy himine heve-
~cavdrocnionde) CAS-29787-48-4 NN

melnyieney T

[ L TR R R IS

LR

Poitomyeliis Vaccine (previously used name) — See Polio-
virus Yaccine Inactivated.

Poliovirus Yaccine Inactivated (poe lee oh vve' russ). USP
{mmunizing agent (active). [Name previously used: Polio-
myelitis Vaccine./

Polievirus Vaccine Live Oral. USP. Immunizing agent (acnive).
Onmune (Lederie)

Polipropene 25 (1974] (pol 1 proe’ peen). (CyHe)y (1) 1-Pro-
pene homopolymer: (2) Polypropene, CAS-9003-07-0. Phar-
maceutic aid (tablet excipient).

MOy -
\

i o

Polisaponin. Mixture of all the steroid sapomins isolated {rom
the rhizome of Dioscorea polysiachya. CAS8063-80-7
INN.

Politef (INN) — See Polytef.
Poimiror. Polichumica Sap, [taly, brand of Nifuratel.
Polocaine. Astra brand of Mepivacaine Hydrochlonde.

Poloxalene [/965] (pol ox’ a leen). Liquid nontonic surfactant
polymer of the polyethylene-polypropylene glycol type, hav-
ing a molecular weight of approxumately 3000. (In the graphic
formula, average values are:a = 12,0 = 34, c = 12) (1)
Oxirane, methyl-, polymer with oxirane; (2) Palyethylene-
poiypropylene glycol. CAS-9003-11-6. INN; BAN. Phar-
maceutic aid (surfactant). Bloat Guard (SmithKline Bee-
cham Animal Health); Therabloat (SmithKline Beecham
Animal Health) ¢SK&F 18,667

“0. LMy SH Ol 1EHEH,Oly 16H,CHy O H

Ly

Poloxamer {/97/} (&o\ ox’ a mer). NF. HO(C,H.O),
{C1H40)(C;H,O) H. (Poloxamer-188 is JAN.] (1} Oxi-
rane, methvi-, polymer with oxirane; (2) a-Hydro-w-hydrox-
vpoly(uxyethylene},-poly(oxopropylene)y-poly(oxyethylenc),
block copolymer. [Note—Poloxamer (used in conjunction
with g numeric suffix for individual unique identification)
15 the nonproprietary narte that applies to 7produc!s for
which a food. drug, or cosmetic use s likely. These copoly-
mers may function as surfactanis, emulsifiers. solubilizers,
or stabilizers See accompanying iable for poloxamer
names | CAS-106392-12-5 [block copolymer]. INN; BAN.
Pharmaceutic aid {ointment base),; pharmaceutic aid (sup-
posttorv base), pharmaceutic aid (su-factant), pharmaceu-
tic aid (tadlet binder and emulsifying agent), p) armaceulic
ard (tablet coating agent). (BASF)

ERRREER R R

L.SAN for Polozxamers

Average BASF

Average Values Corp

Phvsical Molecular —————  Brand

Form We:ght ] b Name

Polowan.e? Pluryme

124 Liqusd 209010 2360 2 0 L4
188 Sohd 7680109510 0 27 F 68
7 Soid 6840 to 8830 64 3?7 F 37

38 Solid 1270010 17400 141 44 F 108

10° Soiid 984010 14600 (01 S6 k12T




DIVISION OF ONCOLOGY DRUG PRODUCTS

REVIEW QF ENVIRONMENTAL ASSESSMENT
EQR

NDA 20-637 GLIADEL ® Water (Palifeprosan. 20 with Carmustine)



1. DATE QF DQCUMENT: 02-Apnl-1996
2. NAME OF APPLICANT: Guiiford Pharmaceuticals Inc.

3. ADDRESS: 6611 Tributary Street
Baltimore, MD 21224

4. DESCRIPTION.QF PROQPOSED ACTION:

A. Describe the requestad approval. Guilford Pharmaceuticals Inc. is requesting approval of
NDA 20-637 for the use of GLIADEL® Wafers (Polifeprosan 20 with Carmustine), for use as an adjunct
to surgery to prolong survival in patients with mahgnant glioma. Each GLIADEL® Wafer consists of a
copolymar of polycorboxyphenoxypropane (PCPP) and sebacic acid {SA), with 7.7 mg of carmustine per
wafer {3.85% carmustine per waferi.

GLIADEL is an FDA designated orphan drug product {Application No. 8--370).

The applicant has not included a description of the packaging for the drug product. However,
the drug product packaging consists of two foil laminate pouches. The inner pouch is a lsminate and
considered the product closure system. The inner pouch maintains product sterility and protection from
moisture. The outer pouch is a peclable overwrap. Each pouch contains an individual wafer. Eight
pouches are then placed in a carton.

B. Describe the need for action. The drug is indicated as an adjunct to surnery to prolong
survival in patients with malignant glioma. The treatment may be used in conjuncuon with external
beam radiation therapy. The condition affects about 17,500 people per year.

C. Describe the locations where the products are to be:

1. Produced: The drug substance carmustine is supplied to Guilford Pharmacseuticais
by a bulk drug manufacturer,

The drug product and any intermediates are manufactured at 6611 Tributary Street, Baltimore,
MD 21224, Packaging, labeling and shipping activities are conducted at the same facility. The 83,027
square foot facility is located on a 7.487 acre parcel of land owned by

This is a tormer site of a U.S. Army military installation known as Fort Holabird. The U.S.
Government owned the property from 1918 to October 20, 1977. In Attachment 3 is a copy of the site
location map.

The apphcant has not included a description of the environment adjacent to tha drug substance
manufactunng faciity needs to be inciuded. However, Nancy Sager, HFD-102, has indicated that this is
not necessary since the company has been manufacturing the drug substance for many years. See
attached E-mail.

2. Used: GLIADEL™ Watfer will be used in hospitals and implanted into surgical cavities
created by the removal of brain tumors in patients' brains

3. Disposal:

a. Drug Substance: Rejected expired, returned and/or waste drug substances
ara collected for disposal at the Tributary Straat facility and sent to
Their EPA identification number is
OHD 083377010 and the Ohio facihty permit number is 05-31-0466. According to their Ohio
Hazardous Waste Facility Installation and Operation Permit Renewal, Environmental Enterprises. Inc.
permit was approvaed on Juna 16, 1995 and does not expire until June 16, 2000.

Guiltord's hazardous wactes are sent from
has the EPA identification number




ARD0B9748192, and was issued a RCRA Part B Permit, number {0-HR- | from the State ot Arkansas’
Department of Pollution C_atrol and Ecology. This permit is in effect until June 26, 1998,

When receives Guiltord's nazardous weste. it undergoes thermal destruction in high
temperature tncinerators with an operating capacity of 18.2 tons per hour. Once the matenal 1s
destroyed, a Cartificate of Treatment is sent to Guilford from Environmaental Enterprisaes’ Director of
Quality Assurance.

b. Drug Product: Wastes at the cltinics and hospitais pave been requested by
Guilford to be disposed of with the biological or medical waste. Packages and products nut used or
damaged in shipmeant are to be returned to Guilford for disposal with the other hazardous wastes sent
for incinaration.

5. IDENTIFICATION QF CHEMICAL SUBSTANGCES THAT ARE SUBJECT TQ THE PROPOSED ACTION: A
complete description of the drug substance s provided on page 4. Also included is a list of process
related impurities and degradants frore ~asmnstine . e < ~onsor includes in Attachment 4 additional
infarmation on the drug substance cai oo, i@ 1uported in the Seventh Annual Report on Carcinogens.
Similurly, a complete des~iption ol the a0 product s provided on page 5. The applicant provides
(Attachment 7} Matarv Safers Daca Jhess (MSDS) for the drug substance. materials used in the
manufacture of the drug suLstance anu for the © 5 rroduct.

G. INTRODUCTION OF TUBSTANCES INTG THE ENVIRONMENT:
A. Drug Substance Production Sites: The drug substance 1s manufactured at The
53500s0r tndicatas in section 3.3.4-C that the manufacturer of the drug substance, carmustine ,

has provided Guilford with a Certificate of Fnvironmenta!l Compliance.

No mnformation (s provided pertairing to the manufacturing site for the drug substance, listing the
substances to be emitted, the controis exercised, compliance with applicable emission requirements at
the production site, type and quantities of substances to enter the environment. However, in discussion
with Nancy Sager, HFD-102, she indicated that this is not necessary since the company has been
manufactunng the drug substance for many years. See attached E-mail.

8. Drug Product Manufacturing Sites:
Substances Expected to be Emitted: The sponsor indicates the production of GLIADEL wafers
produces minimal amissions into the environment, In ATTACHMENT 6 is provided a mass balance
report identifying the constituents and quantities used in the production process, CAS registry numbers
for these compounds and maximum expected amission levels. The report simplifies the process into
three stages; Production of Copolymer. Copolymer/carmustine Blend, and Pressing and Packaging of
GLIADEL Wafers.

The sponsor indicates at least 97% of the volatile organic chemicals used in the processes are
recovered for hazardous waste disposal and sent to the permitted disposal facilities described earlier.
The only exception is the dichioromethane that is used during the Copolymer/carmustine Blend.

Durning this processes, spray drying of the blended material causes an emission of dichloromethane at a
rate of 0.78kg/hour and a total of 624kg/year. It 1s indicated that the sponsor has reported this
emission to the Maryland Department of the Environment’s Air and Radiation Management
Admimstration as part of an application for a permit to construct.

Controls Exercised: The following controls are exercised to reducs amissions where possible.
Engineering and administrative controls have been implemented to reduce emissions. The
administrative controls include specific standard operating crocedures for handling of materials and
management of hazardous waste. One major engineering control is the high efficiency air particulate
filtration system for the exhausts from entire clean room operations. This system is continuously

mon ~ored and an alarm 1s activated when there is a drop in the volume of exhausting air or there is a
malfunction in the system. Other engineering controls for emission raduction includes dry ice traps and



water aspirator baths, which are used to capture volatle organic chermicals in the production of the
copolymer.

Exposures to employees from volatle organic chemicals have been monitored and are considerably
less than the permissible exposure imits or any action levals. Fume hoods are use to reduce the
exposures to solvents. The tume hoods are tested semi-annually to ensure prope; exhaust flow and
they are designed to activate an alarm it there 1s a maifunction. Solvents and nazardous wastes are
stored in flammable storage cabinets or in the appropriately ventilated sterage rooms. Fioor drains do
not exist in the facility to prevent any potential for contaminating the waste water discharges.

Eye washes, emergency showers, fire blankets and first aid kits are readily avauable to all
employees in the production area. The entire area is monitored for fire protection with the use of
smoke detectors and sprinklers. These devices are monitored by an outside agency 24 hours a day.

Emergancy response proceduyreas are in place for containing spills and the necessary equipment and
trainng has been made available 10 the empioyees. A 24 hour emergency response service is also
available in the event the chemicatl spill 1s beyond Guilford's capabilitias.

Citation and Statement of Comphance with Applicable Emission Requirements: The applicant certifies
that they comply with ail applicable environmental and occupational safety regulations specifiad by
federai, state and local governments, A list of emission permits and licenses for the manufacturing
facility 1s provided.

MSDS are provided in Attachment 7 for compounds used in the drug product manufacturing
process.

Disc'ssion of the Effect of Approval on Compliance with Current Emission Raquirements: Current
production pians are for 6000 GLIADEL wafers per month which exceed current and expected demands
for the product. If an increase in production is necessary, it will raguire changes to the current
equipmaeant due to hmited capacities. At that point, emission controls could be necessary. Processes
will not be conducted with new or altered equipment until an application for modifications is submitted
and granted by the Maryland Department of the Environment.

Expected Introduction Concentrations (EIC): Calculations concerning the expsacted introduction of
drug substance into the environment from use was calculated without consideration of metabolism or
depletion mechanisms. The EIC-Aquatic (ppm) = 3.5 E-07.

An EIC from disposal was not calculatad since the maternal is destroyed by incineration.

12. LIST QF PREPABERS: A list of persons who prepared the Environmental Assessment document
and their qualifications s provided.

13. CERTIEICATION: Certification {signed by the Vice President, Regulatory Affairs) is provided that
the information prasented in the Environmental Assessmant document s "trug, accurate and complete
to the knowledge of the company”.

14. REFERENCES: No referencss are listed.

15. APPENDICES: Appendices are attached. These include: A LOA to examine the DMF of the drug
substance manufacturer, A Ceruficate of Compiiance for drug substance manufacturer,

Information on carmustine contamned in their Seventh Annual Report on Carcinogens (1995),
the structure of Polifeprosan (from USANI), a mass balance report for GLIADEL manufacturing process
and maternal data safety sheets.
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Chemist

HFD-150

Division Concurrence:

Eva Tolgyesi, Ph.D. Date
Chemist
HFD-150
Concurred:
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Nancy Sager Date

Environmental Scientist
Center for Drug Evaluation and Research

cc:
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HFD-150/PDietze
HFD-150/ETolgyesi
HFD-151/PZimmerman

File: n20637e2.001



DEBARMENT CERTIFICATION FOR NDA

Puw suant to section 306(kX1) of the Federal Food, Drug and Cosmetic Act, the
applicant certifies that, to the best of its knowledge and belief, the applicant did not
and will not use in any capacity the services of any person listed pursuant to section

306(e) as debarred under subsections 306(a) or (b) of the Act in connection with this
application.

Bate
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MAY 3 1996

REVIEW TO HFD-150 .

OFFICE OF NEW DRUG CHEMISTRY
MICROBIOLOGY STAFF
MICROBIOLOGIST'S REVIEW OF NDA
May 1, 1996

A. i NDA 20007 APPLICANT: CGuilford Pharmaceuticals Ine
6611 Tributary Street
Balumore, Maryland 21224

2. PRODUCT NAMES: GLIADEL® Wafer
Polifoprosan 20 with Carmustine

3 DOSAGE FORM AND ROUTE OF ADMINISTRATION:
Fiach Oliadel® wafer consista of 7 7 g BCNUAvafer arcd 192 1 mg of a iodegradabie polyanhydnide
sopolymer Up to eight Gliadel® walors (cumulative dose of 61 6 mg canmustine) may he implanted
nto the surgical cavity

4, METHODS OF STERILIZATION:
Terminal Sterilization by Gamma liradistion

s, FHARMACOLOGICAL CATEGORY:
Anti-neoplastic

B. 1. DATE OF INITIAL SUBMISSION:  February 6, 1996
2. ASSIGNED FOR REVIEW: February 29, 1996
¢ REMARKS: Ghiadel® 1% a biodegradable polyanhydride polymer containing BCNU  Ttis surgieally implanted

wi the bram of patients with s mabignant ghoma Up (o eight waters aro implanted at the tumeor site to provide sustained
release over a thiee week period Each wafer i packaged in a double foil pouch system The outer pouch 1s not stenile
The inner pouch and the Gliadel® wafer inude are stenle  Ghiade® water 18 the subject of an approved orphan drug
dempnation

D. CONCLUSIONS:; The NDA 20-637 for Gliadel® wafers is recommended {or approval
from the standpoint of microbiology  Specific comments are provided in Section E “Review

Notes
Lo o737

Patricia F. Hughes, Ph.D.
Review Microbiologist
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