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DEPARTMENT OF HEALTH AND HUMAN SERVICES 

In Response Refer to File : F98-06282 

FD&C Reports _Inc. 
Christine Lee 
5550 Friendship Blvd. 
Chevy Chase, MD 20851 

Dear Ms. Lee; 

June 12, 1998 

Public Health Service 
Center for Drug Evaluation and Research 
Office of Training and Communication 
Freedom of Information Staff HFD-205 
5600 Fishers Lane 12 B 05 
Rockville, Maryland 20857 

This is in response to your request of mARCH 3, 1998, in which you requested the approval 
package for NDA 50722(S002) and NDA 50723 (SOO 1 ). Your request was received in the 
Center for Drug Evaluation and Research on March 5, 1998. 

The documents you have requested are enclosed. "In order to help reduce processing time and 
costs, certain material has been deleted from the record(s) furnished to you because a 
preliminary review of the record(s) indicated that the deleted information is not required to be 
publicly disclosed. If, however, you desire to review the deleted material, please make an 
additional request at the following address: 

Food and Drug Administration 
Freedom oflnformation Staff, HFI-35 
5600 Fishers Lane 
Rockville, MD 20857 

Should the Agency then deny this information, you would have the right to appeal such denial. 
Any letter of denial will explain how to make this appeal." SMG 2460.7(3) 

This concludes the response for the Center for Drug Evaluation and Research. 

Charges of$68.20 (Search $14.50, Review $43.50, Reproduction $10.20, Computer time 
$0.00) will be included in a monthly invoice. DO NOT SEND ANY PAYMENT UNTIL 
YOU RECEIVE AN INVOICE. 



If there are any problems with this response, please notify us in writing of your specific 
problem(s). Please reference the above file number. 

Enclosure: 

Sincerely, 

J. Sanf/ord U/i/Aamj, R.Pfi. 
J. Santford Williams, R.Ph. 
Freedom of Information Officer 
Office of Training and Communications 
Freedom oflnformation Staff, HFD-205 
Direct Line (301)827-3456 

102 pages, approval package for NDA 50722(S002) and NDA 50723(S001) 
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APPROVAL LETTER 



DEPARTMENT OF HEALTH & HUMAN SERVICES 

NDA 50-722/S-002 
NDA 50-723/S-001 

Syntex (U.S.A.) Inc. 
Attention: Carmen Rodriguez, M.Sc. 
3401 Hillview Avenue 
Palo Alto, CA 94304 

Dear-Ms. Rodriguez: 

Public Health Service 

Food and Drug Administration 
Rockville MD 20857 

CERTIFIED MAIL 
RETURN RECEIPT 

.. .-
FEB I I 1998 

We acknowledge your supplemental new drug applications dated July 31, 1997 (accepted for 
filing on August 14, 1997) and February 10, 1998, received August 1, 1997 and February 11, 
1998, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for 
CellCept, (mycophenolate mofetil), 500 mg tablets and 250 mg capsules. 

We acknowledge receipt of your submissions dated August 13, 1997, October 8, 1997, 
December 5, 1997 (2), December 11, 1997, December 17, 1997, December 23, 1997, January 
6, 1998, January 27, 1998, January 29, 1998, February 5, 1998, and February 9, 1998. 

These supplemental applications provide for a new indication for the prophylaxis of organ 
rejection in patients receiving allogeneic cardiac transplants. 

We have completed the review of these supplemental applications including the submitted draft 
labeling and have concluded that adequate information has been presented to demonstrate that 
the drug product is safe and effective for use as recommended in the draft labeling in the 
submissions dated February 9, 1998 and February 10, 1998 with the revisions listed below. 

Accordingly, the supplemental applications are approved effective on the date of this letter. 
As discussed by telephone on February 11, 1998 between Ms. Chris Conroy of Roche and Ms. 
Lisa Hubbard of this Division, the revisions are as follows: 

1. The term "MMF" should be replaced with the word "CellCept'" throughout the clinical 
trials section of the label. 

2. The word "should" will be replaced with the word "may" in the sentence "CellCept should 
be used for cardiac transplant patients with severe chronic renal impairment if the potential 
benefits outweigh the potential risks." throughout the label. 

These revisions are terms of the supplemental NDA approval. 

BEST POSSIBLE COPY 



NDA 50-722/S-002 
NDA 50-723/S-001 
Page 2 BEST POSSIBLE COPY 
Please submit 20 copies of the FPL as soon as it is available, in no case more than 3ti days 
after it is printed. Please individually mount ten of the copies on heavy-weight paper or 
similar materia~. For administrative purposes, this submission should be designated "FINAL 
PRINTED LABELING" for approved supplemental NDAs 50-722/S-002, 50-723/S-001. 
Approval of this submission by FDA is not required before the labeling is used. 

Should additional information relating to the safety and effectiveness of the drug become 
available, revision of that labeling may be required. 

In addition, please submit three copies of the introductory promotional material that yeu 
propose to use for this product. All proposed materials should be submitted in draft or mock­
up form, not final print. Please submit one copy to this Division and two copies of both the 
promotional material and the package insert directly to: 

APPEARS TH!S WAY 
ON ORIGH\AL 

Food and Drug Administration 
Division of Drug Marketing, Advertising and Communications, 
HFD-40 
5600 Fishers Lane 
Rockville, Maryland 20857 

Should a letter communicating important information about this drug product (i.e., a "Dear 
Doctor" letter) be issued to physicians and others responsible for patient care, we request that 
you submit a copy of the letter to these NDAs and a copy to the following address:' 

APPEftRS T~!<; 'N~Y 
QPJ "'\r>•"' • ., • 1 

MEDWATCH, HF-2 
FDA 
5600 Fishers Lane 
Rockville, MD 20852-9787 

Please submit one market package of the drug product when it is available. 

., ~:; nns WAY 
:,,'~ vt<!Gli~AL 

We remind you that you must comply with the requirements for an approved NDA set forth 
under 21 CFR 314.80 and 314.81. 

APP:ARS TH!S WAY 
ON ORIGINAL 



NDA 50-722/S-002 
NDA 50-723/S-001 
Page 3 

If you have any questions, please contact Lisa Hubbard, R.Ph., Regulatory Management 
Officer, at (301) 827-2335. 

APPEARS TH,S WAY 
ON ORIGINAL 

APPEARS 1H~S WAY 
ON OR\G\NAL 

SincereJ.¥ your_s, 

. /S/ 

lvlark J. Go tel berger, M~., MPH 
Director 
Division of Special Pathogens and 

Immunologic Drug Products 
Office of Drug Evaluation IV 
Center for Drug Evaluation and Resefirch 

APPEARS TH,S WAY 
ON ORIGINAL 



ND A 50-722/S-002 
NDA 50-723/S-001 
Page4 

cc: 
Original NDAs 50-722, 50-723 
HFD-590/Div. files /r-
HFD-590/CSO/L.Hubbard / .J/ 
HFD-590/TL/MMann 

,.~~rl\~S TH!S WAY 

HFD-590/MO/JKorvick / ~ / 
HFD-590/Chem/NSclunutl ~ S/ "d-.//?-/qfd 
HFD:590/Chem/MSeggcl // ~ j/to/fft' 
HFD-590/PharmTL/KHast1n'o--s 
HFD-590/Pharm/SKunder /"""" 2--/ P-/ctf ... ,/ 

HFD-725/StatTL/PFlyer ,.r f-1 

HFD-725/Stat/MElashoff / :)/7.., /1i11Y 
HFD-880/TLBiopharm/FAjayi 

· HFD-880/Biopharm/Kumi 
HFD-002/0RM (with labeling) 
HFD-104/0ffice Director 
HFD-101 /L. Carter 
DISTRICT OFFICE 
HF-2/Medwatch (with labeling) 
HFD-92/DDM-DIAB (with labeling) 
HFD-40/DDMAC (with labeling) 
HFD-613/0GD (with labeling) 

, \I 

HFD-735/DPE (with labeling) - for all NDAs and supplements for adverse reaction' 
changes. 
HFD-560/0TC (with labeling - for OTC Drug Products Only) 
HFI-20/Press Office (with labeling) 
HFD-021/ ACS (with labeling) 

Drafted by: lh/February 11, 1998/50722ap 
Initialed by: 
final: 

APPROVAL (AP) 

APPEARS TH!S WAY 
(HI ('! r I r. r "! n l 

.-



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 'nIE 

PUBLIC. 

-~·· 



CENTER FOR DRUG EVALUATION AND RESEARCH 

APPLICATION NUMBER: 050722/8002 AND 050723/SOOl 

MEDICAL REVIEW(S) 



NDA 50-722/s-002, NDA 50-723/s-001 
FDA, Medical Officer's Review 

CellCept®, Mycophenolate mofetil 

Page 1 

Date submitted: 
Date received: 
Advisory Committee: 
Regulatory Action: 

Review completed: 
Final Written review: 
Reviewer: 

Drug name: 
Sponsor: 

Dosage Formulation/ 
Route of Administration: 

Drug Classification: 

Proposed Indication: 

7/3111997 
8/111997 
1114/1998 
2/1111998 

2/11/1998 
5/26/1998 
Joyce Korvick, M.D. 

CellCept®, Mycophenolate mofetil 
Syntex (USA) Inc. 
3401 Hillview A venue 
Palo Alto, CA. 94304 

250 mg Capsules, for oral administration 
500 mg Tables, for oral administration 

Antibiotic, (immunosuppressant) 

Prophylaxis of transplant rejection in patients 
receiving allogenic heart transplants. 

APPEARS THIS WAY 
ON ORIGINAL 

APPEARS THIS WAY 
. ON ORIGINAL 



NDA 50-722/s-002, NDA 50-723/s-001 
FDA, Medical Officer's Review 

CellCept®, Mycophenolate mofetil 
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NDA 50-722/s-002, NDA 50-723/s-001 
FDA, Medical Officer's Review 

CellCept®, Mycophenolate mofetil 

I. INTRODUCTION 
A. Materials Reviewed 

Overview: vol. 2 of 329 
Protocols and amendments: vols. 20.1-20.5 
Efficacy Review: 

1.) MYCS 1864 study report and line listings; vols. 27-50 

Page3 

2.) . SAS files were supplied by the company were reviewed by the statistical 
reviewer with advice and consultation with the medical reviewer. 

3.) Integrated Summary of Efficacy: vol. 26 
Safety Review: 

1.) Line Listings: vols. 207-209 
2.) CD ROM Case Report forms for death and serious adverse events. 
3.) Access database supplied by the applicant for Adverse Events line listings 
4.) Proposed revisions to the label report (Dec 23, 1997), pancreatitis and other 

infections. 
5.) Death and Adverse Event Summaries: vols. 207-209 
6.) Backgrounder and Slides for the Advisory Committee: vol. 1and2 
7.) Integrated Summary of Safety including 3-year renal safety update: Dec. 5, 

1997 vols. 1-2. 

B. Pharmacokinetics: 
Primary Reviewer: Kofi Kumi, Ph.D. 
Subsequent to the approval of the 250 mg capsule of CellCept, the 500 mg tablet was 
approved. 

. For additional information, please refer to the 
clinical pharmacology review. 

C. Pharm/Toxicology: 
Primary Reviewer; Kenneth Hastings, Ph.D. 
There were no new toxicology issues raised by this application. 

D. Chemistry: 
Primary Reviewer; Mark Seggel, Ph.D. 
An Environmental Assessment was necessary with this application because of the 
expansion of the patient population. No other issues were noted in the chemistry 
review. 

E. Statistical Review: 
Primary Reviewer; Michael Elashoff, Ph.D. 
Please see primary review for statistical details of efficacy review. 



NDA 50-722/s-002, NDA 50-723/s-001 
FDA, Medical Officer's Review 

CellCept®, Mycophenolate mofetil 

II. BACKGROUND 

Page4 

Roche Pharmaceuticals (Syntex (USA) Inc.) submitted New Drug Application 50-722/S-
002 for CellCept® on July 31,1997. As of that filing date, only Sandimmune and Neoral 
were labeled for prophylaxis against organ rejection in patients receiving allogeneic 
cardiac traI_lsplantation in the U.S. CellCept® was previously approved for the 
prophylaxis of organ rejection in patients receiving allogeneic renal transplantation, on 
May 3, 1995. 

CellCept is available for oral use as a 250 mg capsule or 500 mg tablet, and is to be used 
-concomitantly with cyclosporine and steroids at a dose of 1 gram twice per day. 

This application consisted of one large, prospective, randomized, double-blind, controlled 
clinical trial (MYCS 1864), and five small non-randomized studies 1754, 1812, 2108, 
1803, 2400). Study MYCS 1864 was considered central to the evaluation of CellCept for 
the cardiac indication. The smaller studies did not contribute to the overall evaluation of 
efficacy of CellCept and were not commented upon further in this review. 

FDA agreed with the applicant that one large, well controlled study may provide enough 
evidence for the cardiac indication, given the similar mechanisms of rejection for 
cardiac and renal transplants, and CellCept's efficacy in the prevention of "treatment 
failure" at 6 months for renal transplants. This agreement was finalized through two pre­
NDA meetings. During the first meeting, (held in February, 1997) one year results were 
presented to the FDA. In late April of 1997, Roche contacted the FDA requesting an 
additional meeting to receive further clarification of the Agency's view of the study 
outcomes. This meeting was held in July of 1997 and included one member of the FDA 
advisory committee and an additional government consultant. Based on the discussion in 
this meeting, Roche agreed to submit a marketing application for the cardiac indication. 

Mycophenolate mofetil (CellCept) is an anti-lymphocyte agent which is rapidly absorbed 
following oral administration and hydrolyzed to form mycophenolic acid, which is the 
active metabolite. Mycophenolic acid is a potent, selective, non-competitive and 
reversible inhibitor of inosine monophosphate dehydrogenase, and therefore inhibits the 
de nova pathway of guanosine nucleotide synthesis without incorporation into DNA. 
Thus, CellCept has a potent cytostatic effect on lymphocytes, which are dependent for 
their proliferation on de nova synthesis of purines. Additionally, Mycophenolic acid 
suppresses the antibody formation by B-lymphocytes . 

. . 

APPEARS THIS WAY 
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NDA 50-722/s-002, NDA 50-723/s-001 
FDA, Medical Officer's Review 

CellCept®, Mycophenolate mofetil 

Pages 

III. CARDIAC TRANSPLANTATION INDICATION 

A. STUDY MYCS 1864: STUDY DESIGN 

This prospective, double-blind, active-control study for the prevention of acute cardiac 
allograft rejection was initiated in 1994, prior to the original approval of CellCept. The 
study design was similar to that of the renal transplant trials, in which a 6-month acute 
rejection endpoint and a 12 month patient and graft survival endpoint were utilized. 
Azathioprine is not approved for cardiac transplant. 

Key study design elements included: 
• Double-blind, randomized controlled study 
• Azathioprinecontrolarm 
• 3 g/day dose of CellCept 
• Routine endomyocardial biopsies 
• Angiography and IV ultrasound 

APP~ARS TH!S WAY 
ON ORIGINAL 

• Extensive follow-up for death/retransplantation, malignandes and CVD through 3 
years for all patients 

• Standardized histologic typing for graft rejections 
• Primary endpoints: (1) biopsy proven acute rejection with hemodynamic 

compromise (superiority) at 6-months while providing (2) equivalent patient and graft 
survival at one year. 

Treatment Regimens: 
CELLCEPT: CellCept 3 g/day, Steroids, Cyclosporine 
AZATHIOPRINE: Azathioprine 1.5-3 mg/kg/day according to each center's regimen, 

Steroids, Cyclosporine 

Medical Officer Comment: 
This study is the largest, randomized, double-blind comparative study which has been 
performed in cardiac transplant recipients. The applicant chose to continue the 3 g/day 
dose ofCel/Cept in the cardiac study even after the approval, in renal transplant 
recipients, of the 2 g/day dose and not the 3 glday dose. It was felt that cardiac 
transplant patients may need more intensive immunosuppressive therapy than renal 
transplants. 

Previously, the standard outcome measure for transplantation studies had been the one 
year survival endpoint. The standardization of the histo/ogic grading of acute rejection is 
evolving, and the clinical correlation to the histo/ogic grade is not exact. Historical data 
regarding the efficacy of azathioprin~ were available at the one-year time point. 

APPf~RS TH~S WAY 
ON ORI( 'fl~' ' 't!l«h' 
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CellCept®, Mycophenolate mofetil 

1. Active Control: Historical Perspective 

Page6 

The standard therapy for prevention of cardiac allograft rejection in the majority of U.S. 
and non-U.S. transplantation centers is currently triple immunosuppressive therapy with 
azathioprine, cyclosporine and steroids in combination. The applicant stated that because 
azathioprine is the community standard, and none of the investigators felt that they could 
enroll the study if it was not utilized, azathioprine, cyclosporine and steroids were 
selected as the active control therapy against which the combination of CellCept®, 
cyclosporine and steroids was compared. The dose of azathioprine selected. 

was somewhat higher than that used in the renal transplantation trials, -

The applicant reviewed the literature, and presented the one year survival results for 
several large observational studies. Of interest was the comparison of two drug therapy 
( cyclosporine and steroids) compared to a regimen containing azathioprine, cyclosporine 
and steroids. Survival at one year ranged from for double therapy ( cyclosporine 
and steroids without azathioprine compared to ~or triple drug regimens. 

Medical Officer Comment: 
The adoption of azathioprine/cyclosporine/steroid triple combination therapy has evolved 
not so much as a result of controlled clinical trials, but as a result of empirical therapy 
which, along with improved donor matching and surgical techniques, has improved 
outcomes over time. As pointed out by the applicant, care must be utilized in making 
comparisons between studies presented by the applicant, due to the use of non­
concurrent, historical comparisons. Transplantation technology, tissue-typing, reduction 
in cold-ischemic time and a host of other factors have also contributed to the improved 
clinical outcome of patients over the past 15 years. We would concur with the applicant 
qualitatively, that azathioprine contributes to the activity of the regimen; however, it is 
m.ore difficult to quantify the effect. Because of these concerns, the study was originally 
designed to demonstrate superiority of the CellCept combination over the active control 
for the prevention of 6-month acute rejection while demonstrating equivalent patient and 
graft survival at one year. Equivalence to azathioprine with respect to the I-year 
graft/patient survival rate could potentially form the basis of an approval even in the 
absence of demonstrated superiority at six months. 

2. Study Endpoints: 
During the study the primary outcome measures evolved. Originally, the primary 
endpoint was "need to treat rejection". In December of 1994 the applicant requested a 3-
year endpoint of prevention of coronary allograft vasculopathy be considered the primary 
endpoint and adjusted the sample siz,s: to 300 patients. In May of 1996 the primary 
endpoint was changed to that which was finally used in the intent-to-treat analysis. This 
was due to the fact that a change in practice to the use of more quantitative definition of 
coronary vascular disease and a subsequently higher rate of allograft coronary vascular 



NDA 50-722/s-002, NDA 50-723/s-001 
FDA, Medical Officer's Review 
CellCept®, Mycophenolate mofetil 

Page 7 

disease, and the number of patients discontinuing early would make the 3-year endpoint 
very difficult to evaluate. 

The final endpoints to be used in the primary analysis of the data were agreed upon prior 
to unblinding of the data. These were 1.) acute biopsy proven rejection with 
hemodynamic compromise, and 2.) patient and graft survival at 1 year. Hemodynamic 
compromise was prospectively defined as any one of the following: inotropic support, 
ejection fraction less than 30%, pulmonary capillary wedge pressure greater than 20 mm 
or increased by 25%, cardiac index less than 2.0 or decreased by 25%, new S3 gallop, 
fractional shortening less than 20% or decreased by 25%, pulmonary artery oxygen 
saturation less than 60 % or decreased by 25%, or other. 
-Medical Officer Comment: 
The six month endpoint was to be tested for superiority and the one-year endpoint was 
designed to test/or equivalence. Given that the historic data/or azathioprine were 
available for the I-year survival endpoint and that it was a community standard, it was 
felt the demonstration of equivalence was acceptable to demonstrate efficacy. The 6-
rnonth endpoint was required in order to demonstrate superiority to azathioprine and not 
equivalence since no historical data supporting the activity of azathioprine were 
available for this endpoint. k r' r · _ ,~ ;, .:;i ! i 1 • :; '~ r'I • 

ON ORIGINAL 
3. Planned Analysis 
The primary analysis was to include all patients randomized. The co-primary endpoint of 
6 month rejection with hemodynamic compromise was to be analyzed by the Cochran­
Mantel-Haenszel (CMH) test, stratifying by center. An alpha-level of0.05 would be used 
to test for the superiority of CellCept. Equivalency for the co-primary endpoint of 12 
month graft and patient survival was to be based on a 95% confidence interval on the 
difference in proportions of subjects having an event in the first 12 months. If the lower 
bound of the Confidence Interval (CI) was within the range ± 10% then equivalence 
could be concluded. 

4. Randomization and Enrollment 

APPEA;~S TH.S WAi 
ON ORIGINAL 

A total of 650 patients were randomized into the study at the time of transplantation. Of 
these, 11 % never received study drug due to the fact that they could not take oral 
medications for the first 5 days following transplantation. The applicant considered the 
"treated" subgroup as the appropriate group upon which to base the primary analysis. 
There were 28 centers enrolling patients in the US and abroad. 

Table 1: Distribution of Patients 
CellCept Azathioprine TOTAL 

Randomized 327 323 650 
Untreated 38 34 72 
Treated 289 289 578 

(source: vol. 26, fig I) 
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The untreated group patients were excluded in a blinded manner based upon a decision 
to withdraw patients unable to receive oral study medication by day 5. The number of 
deaths in the untreated Cel/Cept group was larger than those untreated but assigned to 
azathioprine (61% [23138] vs. 47%[16134], Cel/Cept and azathioprine respectively). 
This unexpected event may have favored Cel/Cept in the treated analysis. 

5. Demographics and Baseline Characteristics 

APPEARS TH!S WAY 
ON ORIGINAL 

Patients randomized into the study were an average of 52 years of age, predominantly 
-male (83%), and Caucasian (87%). 

Baseline characteristics were well matched across treatment groups, except for a slight 
imbalance in donor/recipient CMV serologic status and an imbalance in mean cold 
ischemic time (3.0 h for azathioprine vs. 3.7 h for CellCept). 

Medical Officer Comment: 
The treatment groups were well balanced by demography. The demographic and 
baseline characteristics among patients in this study are similar to those of the United 
Network for Organ Sharing (UNOS) heart transplantation registry. Thus, the study 
results may be generalizable to that population. 

The imbalance in cold ischemic time may favor the azathioprine arm. 

6. Results 

a. Survival: 

APPEARS TH~S WAY 
ON ORIGINAL 

The patient and graft survival were presented according to the intent-to-treat and the 
treated analysis. In addition to calculating the CI, the applicant presented a test of 
significance upon which they wished to claim superiority. 

Table 2. Applicant's analysis of 1 year death or retransplantation rates. 
Analysis Azathioprine CellCept Difference 95% CI 
Intent-to-Treat 15.2% (49/323) 12.8% (42/327) 2.6% -2.5%to5.1% 
Treated l l.4% (33/289) 6.2% (18/289) 5.3% 0.9%to9.7% 
See applicants background document for a description of the we1ghtmg scheme 
(source: vol. 26, tables 9 and I 0). 

.. 
Medical Officer Comment: 

APPEARS THIS WAY 
ON ORIGINAL 

Please see the FDA statistical review for details of the statistical issues surrounding 
equivalence. The FDA favored the intent-to-treat analysis, and in addition performed a 
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sensitivity analysis of the "treated patient" analysis. It was determined that the one year 
survival outcome for the treated subgroup was not robust, in that one or two failures in 
the CellCept arm would extend the lower limit below zero. As a result of this analysis 
and discussions of the Advisory Committee, FDA believes that the applicant has 
demonstrated that CellCept is at least as good as azathioprine for the prevention of graft 
loss or death at one year. Superiority was not demonstrated. 

The applicant has agreed to submit the data base when all of the patients reach the 2-
year follow-up date. 

b. Rejection: 

As described in the applicant's summary of efficacy, attempts to define a clinically 
meaningful 6-month endpoint evolved over the course of the trial. FDA originally 
recommended the use of 1-year graft and patient survival as the primary endpoint. The 
applicant indicated that the one year graft and patient survival included non-rejection 
events, against which CellCept could not be expected to have an effect. Therefore, the 
applicant suggested the inclusion of a 6-month endpoint whicl)\)Y~VW:s\.is9~b5 ~f1ti-
rejection activity of CellCept. ON ~~iGI NA~ A 

Medical Officer Comment: 
The clinical significance of biopsy-proven rejection in heart transplantation varies with 
the histologic grade of severity. The standardization of histological staging is still in 
evolution, and the clinical importance of the lower grades of rejection is still uncertain. 
Thus, it was felt by FDA that evaluation of a 6-month rejection endpoint in heart 
transplantation should also include a direct measure of clinical outcome. Histology 
without clinical signs or symptoms of rejection would be an incomplete measure. The 
final 6-month endpoint of biopsy proven rejection plus hemodynamic compromise was 
agreed upon with the applicant prior to unblinding the study data. These data were 
prospectively collected on the case report forms from the beginning of the study. Another 
definition of the 6-month endpoint was proposed by the applicant after examination of the 
data. This will be discussed below. 

The results of the six month endpoint, agreed upon prior to unblinding the data are listed 
in the table below. 

Table 3. Six-month Rejection and Hemodynamic Compromise 
Intent-to-Treat Treated 

CellCept 37% (120/327) 32% (92/289) 
Azathioprine •• 38% (121/323) 35% (100/289) 
Difference 1% 3% 
p-value 0.75 0.34 
(source: vol. 26, table 7 and 8) 
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There were no statistically significant differences for this endpoint in either the treated or 
intent-to-treat populations. The applicant discussed this with the Steering Committee 
(including site investigators), who were no longer blind to the data. Because the rate of 
rejection was higher than the projected rate, the committee members suggested the 
applicant "tighten" the definition ofhemodynamic compromise. The criteria for severe 
hemodynamic compromise were a subset of the original criteria for hemodynamic 
compromis.e (inotropic support, ejection fraction, and fractional shortening). The results 
are listed below. 

Table 4. Rejection at Six Months with Severe Hemodynamic Compromise 
Intent-to-Treat Treated 

-CellCept 18% (59/327) 11 % (33/289) 
Azathioprine 20 % (65/323) 17% (50/289) 
Difference 2% 6% 
p-value 0.49 0.04 
(source: vol. 26, table 7 and 8) 

Medical Officer Comment: 
While the secondary analysis presented above is interesting and may provide additional 
insight into the clinical definition ofhemodynamic compromise, when adjusted for 
multiple comparisons the p-value is not longer significant. 

Additional secondary endpoint analyses were presented by the applicant regarding 
various measures ofrejection. These included comparisons of Biopsy Proven Rejection 
(BPR) grade~ 2, BPR grade~ 3, BPR and treatment With pulse immunosuppression, 
BRP or presumed rejection treated with pulse immunosuppression, BRP or presumed 
rejection treated with OKT3 or antithymocyte globulin (ATG). These analyses were 
presented for both the intent-to-treat population and the "treated". The applicant did 
point to one analysis in the treated population (Biopsy Proven or presumed rejection 
treated with pulse immunosuppression) which was associated with an unadjusted p-value 
of0.025. 

Medical Officer Comment: 
The favored analysis did not achieve a statistically significant difference when adjusted 
for multiple comparisons. None of the other secondary endpoints were statistically 
significant. 

IV. CARDIAC TRANSPLANTATION SAFETY DATA BASE 

All patients who received at least on~.dose of study medication (684 patients with 395 
receiving CellCept) in six cardiac allograft transpant studies were included in the 
supplementary Integrated Safety Summary (ISS) for CellCept. In addition the applicant 
supplied results from patients enrolled in two 3-year Azathioprine-controlled studies for 
prevention of acute rejection in renal allograft recipients (pooled ICM 1866 and IICR 023 
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data). These two renal studies were pivotal in the original licensing application for 
CellCept and include 992 patients, 666 of which received CellCept. The dose of 
CellCept used in the renal studies was either 2 g or 3 g daily. 

In brief, the results of the ISS for cardiac transplant studies revealed: 

1. Numerically fewer deaths among patients who were treated with Ce]lCept at 
any time post-transplantation. 

2. Similar safety profiles, in general, for CellCept and azathioprine when used 
for the prevention of acute rejection in cardiac transplant patients. 

3. Patients taking CellCept had a higher incidence of Adverse Events, including 
those involving the digestive system, than those taking azathioprine. 

4. Opportunistic infections were more frequent in cardiac transplant patients 
treated with CellCept than azathioprine. 

5. Malignancies occurred at the same incidence in patients with CellCept or 
azathioprine. 

6. Safety data in the 3-year follow-up database for renal transplant patients did 
not reveal any new or unexpected safety hazard. 

Only one of the six cardiac transplantation studies presented by the applicant was 
controlled (MYCS 1864). Adverse events in the uncoiitrolled studies were similar in 
nature to those in the comparative trial. This safety review focused on the specific 
Adverse Events encountered in study MYCS 1864. 

A. STUDY 1864 (CARDIAC TRANSPLANTATION) 

There were 289 patients in each treatment arm who received at least one dose of study 
drug. The safety data base includes only these patients. The duration of treatment for 
these patients includes one dose to multiple doses over the course of up to 2.5 years in 
some cases (Table 5). The proportion of patients who received at least 1 year of study 
drug therapy was 65% for CellCept and 55% for azathioprine. 

Table 5. Duration of Treatment in Study MYCS 1864. 

Duration of Treatment CellCept 3 g/day 
N=289 

~l year 30.4% 
>l - 2 years 65.1% . 
>2- 3years 4.5% 

(Source: Table 9, vol. 207) 

AZA 1.5-3 mg/kg/d 
N=289 
40.1% 
55.4% 
4.5% 

APPEARS TH~S wr\Y 
ON ORIGlNAl 

APPEARS TH!S WAY 
ON ORIGINAL 
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The average daily dose of CellCept during the entire study period was 2.69 g/day 
compared to 1.89 mg/kg/day of azathioprine. These doses were slightly higher during the 
first six months of the study, 2. 74 g/day and 1.96 mg/kg/day, for CellCept and 
azathioprine respectively. 

1. Overall Adverse Events 

In general the adverse event profile was similar to that observed in the renal transplant 
experience. (For a list of Adverse Events which occurred 2:, 10% frequency during the 
study please refer to the Appendix A.) Patients were followed while they were receiving 
study medication and for 14 days after discontinuation of study medication. 

Medical Officer Comment: 
APPEARS nns WAY 

ON ORIGINAL 
The following comments are made by body system and include comparisons with the 
renal data found in the label from the original approval based on one year data. 

In the category "Body as Whole " the frequency of the events were generally greater in 
the cardiac study than in the renal studies. This may be in part due to the more extensive 
and rigorous types of procedures the cardiac transplant patients undergo and the 
somewhat higher doses ofimmunosuppressants used/or cardiac transplant rejection 
treatment and prophylaxis. In the cardiac transplant study, the most striking difference 
in frequencies between treatment groups in this category was for infection (25. 6% 
CellCept versus 19. 4% azathioprine). This will be discussed in a later section. 

For the Category "Hemic and Lymphatic", again the rates in the cardiac transplant 
recipients were higher than in the renal. This may in part be due to the post­
transplantation physiology, as the rates were similar between the CellCept and 
azathioprine treatment groups. Adverse events in this category with the greatest 
difference in rates include leukopenia (30.4% vs 39.1%), ecchymosis (40.5% vs 35.6%), 
and leukocytosis (40.5% vs 35. 6%) respectively for CellCept and azathioprine. 

The "Digestive " category again revealed frequencies which were higher when compared 
to the renal transplant experience, but the profile was similar. Adverse events having the 
largest difference when compared to azathioprine in the cardiac transplant studies 
included diarrhea (44.6% vs 33.9%), and nausea (52.6% vs 47.4%). 

As would be expected for a group of cardiac transplant recipients, there were more 
adverse events in the "Cardiovascular" category than in seen in the renal transplant 
experience. In addition to hypertens(on, hypotension, "cardiovascular disorder", 
tachycardia, arrythmia, bradycardia, pericardia! effusion, and heart failure were seen at 
frequencies greater than 10%. Generally the frequencies were similar between the two 
treatment arms. 
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The "Respiratory System" category also included more types of adverse events in the 
cardiac than the renal which occurred at a frequency of > I 0%, including lung 
disorder, sinusitis, rhinitis, pleural effusion, asthma, pneumonia. The rates were similar 
between treatment groups in the cardiac studies. 

"Urogenital System " category had similar types of adverse events to that of the renal 
transplant experience, however the frequencies were lower in the cardiac experience. 
The frequencies between the treatment groups in the cardiac study were similar. 

In the "Metabolic and Nutritional" Category similar events were seen except for 
hypophosphatemia which was seen in renal and not cardiac transplant studies at a rate 
of > I 0%. Additional events occurred in the cardiac transplant experience including 

-increased creatinine and BUN, increased lactic dehydrogenase, bilirubinemia, 
hypervolemia, generalized edema, hyperuricemia, SGOT increased, hypomagnesemia, 
acidosis, weight gain, SGPT increased, hyponatremia, hyperlipemia. The rates were 
similar among the two treatment groups with the largest numeric difference being for 
peripheral edema (59.5% Cel/Cept vs. 5I.2%). Hyperglycemia was seen more frequently 
in the azathioprine group (30.1%) compared to Cel/Cept (23.5%). Hypervolemia was 
seen more frequently in the azathioprine group (17. 6%) compared to the Cel/Cept group 
(13.5%). 

For the "Nervous System " category, the rate of the most frequently occurring events 
were higher in the cardiac transplant experience than the renal. The frequency of 
events in the two treatment arms was similar in the cardiac studies. The largest numeric 
difference was seen for insomnia, 40.8%for Cel!Cept and 37. 7%for azathioprine. 
Additional events occurring at a rate of> 10% in the ·cardiac experience included 
anxiety, paresthesia, hypertonia, depression, agitation, somnolence, confusion, 
nervousness. 

Amblyopia was reported in 14.9% of the patients on Cel!Cept and 6.6% of the patients 
receiving azathioprine in the cardiac studies. In most cases the verbatim term was 
blurred vision. 

In Summary, the pro.file of the Adverse Events seen in the cardiac transplant trial was 
similar to that of the renal trials, except where the influence of the side effects of the 
specific organ transplanted are seen, e.g., more frequent renal side effects in the renal 
transplant recipients and more cardio-pulmonary events seen in the cardiac .trials. The 
overall frequency of adverse events was somewhat higher for the cardiac transplant 
recipients than that in the renal transplant recipients. This may be due to the more 
intense immunosuppresive regimens received by the cardiac patients, and the more 
extensive surgery. In addition, it should be recognized that cross study comparisons 
should be made with caution. Additional labeling changes due to review of the phase 
four experience in renal transplantation will be considered below. 
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Serious Adverse events which occurred in the cardiac transplant study are listed below. 
Severe neutropenia, defined as an absolute neutrophil count< 500 /uL on-study (for any 
length of time) or within 15 days of discontinuing study drug, occurred in 2.8% of 
patients in the CellCept arm and zero percent in the az.athioprine arm. The other events 
were similar between treatment arms and occurred at rates less than 15.6%. 

Table 6. Medically Serious Adverse Events (MCS 1864) 

MMF3 g/day AZA 1.5-3 mg/kg/d 
N=289 N=289 

Premature Termination Due to AE, 14.5% 15.6% 
1ntercurrent Illness or Lab Abnormality 
Death 8.0% 14.5% 
Severe Hepatitis 5.5% 4.2% 
Malignancy* 2.8% 4.2% 
Severe Neutropenia 2.8% 0% 
GI Bleeding 1.7% 1.7% 
GI Perforation 0.3% 0.7% 
Severe Thrombocytopenia 0% 0.3% 

* Excludes squamous cell skin carcinoma and basal cell skin carcinoma. (Source: Table 13, Vol. 207) 

Similar findings were observed in the pooled cardiac data base for the uncontrolled 
studies, except for gastrointestinal bleeding which was 7 .1 % (7 of 98 patients). The 
applicant suggested the reason for a slightly greater incidence was that these patients were 
in studies which included treatments for acute rejectio~ that there was a greater duration 
of treatment, and that there was a greater requirement for pulse immunosuppressive 
therapy. None of the patients in the pooled, uncontrolled cardiac studies had a 
gastrointestinal perforation. Ar t" t.,", ;, ~ ii , :: , , . ·\ : 

Medical Officer Comment: 0 N 0 RIG IN Al 
Review of Appendix 1, volume 208, reveals 8 patients listed as Serious Medical Events of 
Neutropenia (6 on Cel/Cept, 2 on azathioprine). All of them were reported to have 
survived at least 1 year. Thus, while more serious neutropenia events were seen in the 
Cel/Cept arm than the azathioprine arm, these events were not fatal. Similarly from the 
same appendix 16 patients receiving Cel/Cept had serious hepatitis compared to 12 
receiving azathioprine. The death rates among those with serious hepatitis were similar 
(6116 [38%] in the Cel/Cept group, 6112 [50%] in the azathioprine group). Several of 
these cases also had concomitant CMV infections. These results indicate that while 
serious events did occur, the outcomes were similar among the two treatment groups. 

3. Withdrawal due to Adverse Events .. 
Adverse events leading to premature withdrawal in Study MYCS 1864 were similar 
between both treatment groups. The rates are displayed below for the individual causes 
according to the number of patients who experienced at least one event. 
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Table 7. Adverse Events Leading to Premature Withdrawal from Study Drug 

Body System Cell<;:ept (3 g/day) Azathioprine .· 
N=289 N=289 

Any Body System 42 (14.5%) 45 (15.6%) 
Hematopoetic and Lymphatic System 15 (5.2%) 19 (6.6%) 
Digestive System 17 (5.9%) 13 (4.5%) 
Body As A Whole 5 (1.7%) 8 (2.8%) 
Respiratory System 2 (0.7%) 7 (2.4%) 

-Metabolic and Nutritional Disorders 2 (0.7%) 5 (1.7%) 
Nervous System 3 (1.0%) 3 (1.0%) 
Urogenital System l (0.3%) 3 (l.0%) 
Cardiovascular System l (0.3%) 2 (0.7%) 
Skin and Appendages 0 l (0.3%) 
(Source: vol. 207, table 21) 

The categories with the highest frequencies of adverse events leading to premature 
withdrawal included the digestive system and the hematopoetic and lymphatic system. 
Nausea was the most frequent event in the digestive category (3 patients on CellCept and 
4 on azathioprine). The most frequent event in the hematologic category was leukopenia 
3.5% (10 patients) and 4.5% (13 patients) respectively for CeVf:(,~_pt ~~ ~rntlri~I>rine. 

111 i'U{I\::> u1i:.i ,/Af 

Medical Officer Comment: G i~ 0 Ki G: NA L 
Note that the rates were slightly higher for the azathioprine group. 

4. Opportunistic Infections App .. l\Ol" T'.Jl" 1 t1:\y 
t;",,,\.) l\ 1.) li'1rt 

ON ORIGINAL 
Information regarding the following infections was collected in the data base: 
cytomegalovirus (CMV), herpes zoster virus, herpes simplex virus, Candida, 
Pneumoncystis carinii, Aspergillus/Mucor, Cryptococcus, and Listeria monocytogenes. 
CMV was further divided into there categories: CMV viremia/syndrome; CMV tissue 
invasion; and CMV infection. The designation of CMV infection refers to the presence of 
CMV in body fluids excluding blood in the absence of evidence of CMV disease. 

The overall incidence of opportunistic infection was 53.3% with CellCept compared to 
43.6% with azathioprine. The most frequent infection in the CellCept group was Herpes 
simplex 60 (20.8%) vs 42 (14.5%) in the azathioprine group (please see final approved 
label for complete listing). The frequencies of the remaining infections were similar 
between treatment groups. ·· 
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It is of interest to note that the rate of specific opportunistic infections was similar 
between the cardiac and renal transplant experience. Herpes simplex was seen in 20% of 
the patients on Cel/Cept 3 glday and 19. 0% of patients on azathioprine in the renal 
transplantation studies. Death rates due to infection were similar in both treatment arms 
in the cardiac transplantation study (details discussed in Section 6: Deaths). .. 

APPEARS THlS WAY 
5. Malignancies: ON ORIGINAL 
Malignancies were diagnosed at a similar frequency in both treatment arms. The types of 
malignancies are listed below. Note the malignancies reported below occurred anytime 
-while on study drug or 14 days after discontinuation of study drug. The majority of 
patients had between one and 2 years of therapy (Table 5). 

Table 8. Malignancies in Cardiac Allograft Transplantation Study MYCS 1864 
CellCept 3 g/day Azathioprine 1.5-3 mg/kg/day 

N=289 N=289 
Number of patients with 1 or more 20 (6.9%) 20 (6.9%) 
malignancies 
Nonmelanoma Skin Malignancy 12 (4.2%) 8 (2.8%) 

Basal Cell Carcinoma 7 (2.4%) 5 (1.7%) 
Squamous cell carcinoma 6 (2.1%) 3 (1.0%) 

Other Malignancy 6 (2.1%) 6 (2.1%) 
Kaposi Sarcoma 2 (0.7%) 2 (0.7%) 
Adenocarcinoma/Prostate 1 (0.3%) .. I (0.3%) 
Renal cell Carcinoma 1 (0.3%) 1 (0.3%) 
Adenocarcinoma-Lung 0 (0%) I (0.3%) 
Adenocarcinoma/Pancreas I (0.3%) 0(0%) 
Gastric Carcinoma I (0.3%) 0(0%) 
Squamous cell carcinoma/Lung 0(0%) I (0.3%) 

Lymphoma/lymphoproliferative Disease 2 (0.7%) 6 (2.1%) 
(Lymphoma) 
(Source: Table 19 vol. 207) 

Equal numbers of malignancies were diagnosed in both treatment groups. Of the 
nonmelanoma skin malignancy all were either basal or squamous cell carcinomas. 

Medical Officer Comment: 
A similar rate of lymphoma/lymphoproliferative disease was seen in the renal trials. The 
one year renal transplant rate for was 1.2% (4 patients) Cel/Cept 3 g/day and 0.3% (I 
patient) for azathioprine, and the three year rate was 1.8% (6 patients) Cel/Cept 3 g/day 
and 0. 6% (2 patients) for azathioprine . it is known that the risk for Non-Hodgkins 
Lymphoma is the highest in the firs year after transplantation, then the incidence falls 
and remains at a relatively constant rate of The rates reported 
above are in this relative range. 
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Non-melanoma skin malignancies have been reported in renal transplant patients at 
rates of 20% at 5 years in Australia to 10% in 10 years in the Netherlands. The rates 
seen in this study support recommended changes in the warning section of the approved 
label regarding limiting exposure to sunlight and UV light through the use of protective 
clothing and sunscreen with a light protection factor. 

It will be of interest to review the incidence, as well as the types of malignancies reported 
at 3 years in the cardiac transplant recipients, who may receive a higher amount of 
immunosuppression than the renal transplant patients. 

-6. Deaths 
The incidence of death (on-study and post-termination) at any time following 
transplantation for patients who received at least one dose of study medication was 8.0% 
(23/289) in the CellCept group and 14.5% ( 42/289) in the azathioprine group. The 
applicant has recategorized 11 of the causes of death from the category "other'', and one 
from "cerebrovascular event". These changes were a result of additional information 
submitted to the applicant after the "data" lock. The following table represents causes of 

death after the reclassification. APPEARS THIS WAY 
ON ORlGlNAL 

Table 9. Causes of Death Occurring Any Time Post-transplant 
in Cardiac Allograft Transplantation Study MYCS 1864 

CAUSES OF DEATH A7.athioprine 1.5-3 mg/kg/day Cellcept 3 gm/day 
N=289 N=289 

TOTAL DEATHS 42 23 
Cardiovascular Event 11 (3.8%) 9 (3.1%) 
Accident!frauma/Surgery 0 1 (0.3%) 
Cancer 2 (0.7%) 2 (0.7%) 
Infection/Sepsis 14 (4.8%) 6 (2.1%) 
Pulmonary Embolism 2 (0.7%) 1 (0.3%) 
Suicide 0 I (0.3%) 
Cerebrovascular event I (0.3%) 0 
Allograft Rejection IO (3.5%) 2 (0.7%) 
OTHER: 2 (0.7%) I (0.3%) 

Unknown-suspect 0 l (0.3%) 
tamponade 
Unknown-sudden death I (0.3%) 0 
Acute renal failure 1 (0.3%) 0 

(Source: vol. 208, appendix 40) 

There were more deaths in the azathioprine arm at any time post-transplant than in the 
CellCept arm. More deaths attributed to cardiovascular events, infection/sepsis and 
allograft rejection occurred in the azathioprine arm. 
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The line listings and textual comments provided by the applicant in appendix 41 vol. 208 
were reviewed According to this data, the further clarification and reclassification of 
causes of death appears to be appropriate. Only 4 cases had completely unknown causes 
at the time of the data lock It is of interest to note that four of the cases were due to 
acute al/ograft rejection and one to chronic al/ograft rejection. For the remail]ing 
deaths, case report forms and patient summaries were reviewed The cause of death 
assignments were appropriate, given the data presented by the applicant. 

7. Laboratory Abnormalities 
The applicant provided laboratory summaries for selected tests by time periods on study 

-medication (first 30 days on treatment, days 31- 180 on treatment, days 181-365 on 
treatment, and > 365 days on treatment). The laboratory results listed were for the 
following: minimum absolute neutrophil count (ANC), minimum platelet count, 
minimum hemoglobin, maximum serum creatinine, maximum total bilirubin, maximum 
alkaline phosphatase, maximum SGOT (AST), and maximum SGPT (ALT). 

Absolute Neutrophil Counts (ANC) results of< 750 cells/uL at any time during therapy 
occurred in 10 patients on CellCept and 4 patients on azathioprine. These events 
occurred most frequently during the 31-180 day time period. Beyond one year few 
patients exhibited ANC < 1300/uL. 

The frequency oflow platelet count(< 100,000/uL) was highest during the first 30 days 
of treatment (14.6% for CellCept vs. 12.2% for azathioprine). Beyond 30 days, the 
incidence of "low platelet" count was for both treatment groups. Only one 
extremely low (<25,000/uL) value occurred in this study in the azathioprine treatment 
group. 

The majority of patients had minimum hemoglobin concentrations reported greater than 8 
g/dL in the first 30 days of treatment (93% for CellCept vs. 91% for azathioprine). In 
both groups minimum hemoglobin levels improved with time, similarly in both groups. 
13.4% in the CellCept group and 14.3% in the azathioprine group, had minimum 
hemoglobin levels< 11 g/dL after one year of treatment. No patients who were treated 
with CellCept had minimum hemoglobin measurements below 6.5 g/dL, compared to 
three who received azathioprine. 

The majority of patients in both treatment groups had maximum serum creatinine 
concentrations ., during the first 30 days of treatment (66 for 
CellCept vs. 67 for azathioprine). The proportion of patients with this creatinine 
concentration increased in the period·between 31and180 days of treatment in both 
groups (83% for CellCept vs. 77% for azathioprine), and stabilized at this level. For the 
extreme maximum creatinine measured in the first 30 days of treatment, there were 15 % 
in the CellCept group and 12% in the azathioprine group, decreasing in frequency over 
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time. At greater than 1-year of treatment creatinine levels> 2.5 mg/dL occurred in 8% of 
the patients treated with CellCept and 14% treated with azathioprine. 

Maximum alkaline phosphatase levels were most frequently in the 
in the first 30 days of therapy (73% for CellCept vs. 68% for azathioprine). Values of> 
1,000 U/L were not seen in either group. Approximately 60% of patients in ea.Gh 
treatment group had maximum alkaline phosphatase in this range at greater than 1 year of 
treatment. 

Maximum bilirubin most frequently occurred at levels of · 
during the initial 30 days (58% for CellCept and 67% for azathioprine). These 
frequencies decreased over time to 16% vs. 35% for CellCept and azathioprine 
respectively. The proportion of patients having maximum bilirubin values below 1.2 
mg/dL was 84% vs. 66% for CellCept and azathioprine respectively. 

Approximately 20% of patients in each treatment group had maximum SGOT :S 60 U/L 
during the first 30 days of treatment. These frequencies improved so that patients who 
were treated for greater than one year had SGOT levels in this range for 98% of the 
patients in both arms. Only one patient on the CellCept arm had an SGOT of?::. 400 U/L 
at> 1-year. The pattern for maximum SGPT was similar to SGOT and comparable 
between treatment groups. 

Medical Officer Comment: 
Laboratory values reports of selected chemistries did·not reveal evidence for progressive 
nephrotoxicity or hepatotoxicity with Cel/Cept. The highest incidence of ANC < 1300 
occurred during days 31-180 of treatment and remained fairly stable thereafter for both 
treatment groups; ANC less than 1300 /uL was more common with Cel/Cept. The 
majority of patients had elevated serum creatinine concentrations during the initial 30 
days. At greater than 3 65 days of treatment, about twice as many azathioprine patients 
as Cel/Cept had serum creatinine concentrations > 2.5 mg/dL. It is noted that study drug 
was adjusted downward for toxicities of grade 2 or higher and withheld at the 
physician's discretion for toxicities greater than grade 3. 

Analysis of adverse events and toxicities for race and gender were performed, and 
profiles were similar to those for the overall AEs. It should be noted that the majority of 
the patients were male (83%) and Caucasian (87%). 

8. Outcome of Pregnancies 
No patients in study MYCS 1864 reported having conceived a child while on study drug 
or for three months after completion 'of study. However there have been pregnancies 
recorded in other studies. There were are a total 19 pregnancies reported in studies 
where patients were treated with CellCept since the original NOA for renal 
transplantation was submitted. The results of these pregnancies included 7 normal 
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births, 6 spontaneous abortions/miscarriages (3 occurred during 3 twin pregnancies), one 
intrauterine death, one congenital adrenal hyperplasia, one birth with hand and foot 
deformities where the parent had a history of syndactyly, and three terminations. Only 
two of these pregnancies were in patients who received cardiac transplantation, the 
remainder were renal transplant recipients. 

Medical Officer Comment: G N 0 l~ l G j ,'!AL 
The frequency of miscarriage (6119, or 36%) is higher than in the safety database 
included in the original new drug application (1112, or 8%). Events in the original 
database included 8 normal births, one terminated, one miscarriage, one congenital 
adrenal hyperplasia, one undeveloped diaphragm and possible heart disease. 

Other databases reporting outcomes of pregnancies for renal and cardiac patients 
treated with cyclosporine/steroids and azathioprine report rates of miscarriage from 12-
18%. If one combines the information available in the original NDA and in this efficacy 
supplement, the overall rate of miscarriages in reported pregnancies is 22% (7131). 

Cel/Cept is currently labeled as a Category C drug, and the applicant has an active 
pregnancy registry. 

B. 3 YEAR FOLLOW-UP RENAL TRANSPLANTATION SAFETY 
DATABASE 

Three year safety data from renal transplantation studies has been previously submitted to 
the NDA. In the current submission the applicant compared the safety profile in renal 
transplantation studies (ICM 1866 and IICR 023) with that in heart transplantation in the 
Integrated Safety Summary. Both renal studies were combined in a single data base due 
to similarities in the study designs: azathioprine control arm and two separate doses of 
CellCept (2 gm and 3 gm per day). Two aspects of these comparisons are of interest in 
the in the review of safety for cardiac transplantation: 1.) comparison of the 3 g/day 
safety profile at one year in heart transplant recipients with the one-year profile in kidney 
transplant recipients (both 2 and 3 g/day doses); (2.) long-term follow-up safety data (3 
year) profile, particularly including malignancy and infection. The latter was of interest 
since the heart transplantation study utilized a higher daily dose of CellCept than was 
recommended for the renal transplant recipient (2 g/day). 

Serious adverse events at 1 and 3 years are displayed for the renal transplant recipients 
below. 

.. APPEARS THlS WAY 
ON ORiG!NAL 



NDA 50-722/s-002, NDA 50-723/s-001 
FDA, Medical Officer's Review 

CellCept®, Mycophenolate mofetil 

Page 21 

Table 10. Medically Serious Adverse Events in Renal Transplantation Studies 
(ICM 1866 and IICR 023) at 1 and 3 Years of Follow-up. 

CellCept CellCept 
2g/day 2g/day 
1-year 3-year 

NumberPts 336 336 
Premature DC 40 (I2%) 53 (I6%) 
duetoAE, · 
illness or lab 
Death I7 (5%) 25 (7%) 
GI Bleeding 8(2%) IO (3%) 
Malignancy 6(2%) 9 (3%) 

-Severe 2 (I%) 3 (1%) 
Neutropenia 
GI Perforation I (0.5%) I (0.5%) 
Severe 0 I (0.5%) 
Thrombocyto-

penia 
Severe 0 1 (0.5%) 
Hepatitis 

(Source: vol. 207, table I4 and 15) 

Medical Officer Comment: 

CellCept 
3g/day 
1-year 

330 
52 (16%) 

2I (6%) 
I2 (4%) 
I I (3%) 
7 (2%) 

3 (1%) 
2(1%) 

I (0.3%) 

CellCept AZA 
3g/day 
3-year 1-year 

330 326 
69(21%) 43 (13%) 

38 (I2%) I7 (5%) 
I6 (5%) 4(1%) 
20 (6%) 8 (3%) 
7(2%) 2 (1%) 

4(1%) I (0.3%) 
3 (1%) I (0.3%) 

2 (1%) 4(1%) 

APPEARS THIS WAY 
ON ORIGINAL 

AZA 

3-years 
326 

58 (I8%) 

37 (11%) 
5 (2%) 
18 (6%) 
2(1%) 

4(1%) 
I (0.3%) 

I (0.3%) 

The one-year incidence of severe adverse events in the cardiac transplantation study is 
similar to that of the renal transplantation studies. The incidence of serious malignancy 
was 2.8% in the cardiac transplantation study for Cel(Cept, this was similar to that of 
the 3 gldose rate in the renal transplantation studies. ·Note that the rates increased 
somewhat in the three year comparison. It was of interest to note that the increased rate 
of serious malignancy was similar for the azathioprine and the Cel!Cept 3 g/day (an 
increase of 2 times). 

The Overall malignancy rates for the pooled renal studies are displayed in the following 
table. 

Table 11. Malignancies at 1 and 3 years in the Renal Transplant Studies 

CellCept CellCept CellCept CellCept AZA 
2g/day 2g/day 3g/day 3g/day 
1-year 3-year 1-year 3-year 1-year 

# of patients with 1 or 23 (6.8%) 40 (11.9%) 2I (6.4%) 37 (11.2%) 16 (4.9%) 
more malignancies 
Nonmelanoma skin 17 (5.1%) 32 (9.5%) 10 (3.0%) 17 (5.2%) 8 (2.5%) 
other malignancies 3 (0.9%) 7 (l.1%) 8 (2.4%) 15 (4.5%) 7 (2.1%) 
Lymphoma/lympho- 3 (0.9%) 3 (0.9%) 4 (1.2%) 6 (1.8%) 1 (0.3%) 
proliferative 

(Source: vol. 207 table 20) 

APPEARS nns Wl\Y 
ON ORlG ~ N.~l 

AZA 

3-year 
43 (13.2%) 

30 (9.2%) 
16 (4.9%) 
2 (0.6%) 
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Again there was an increase in the frequency of malignancies over time in all of the 
treatment groups. Much of this increase is due to nonmelanoma skin malignancy. The 
lymphoproliferative malignancies remained at a low level. 

It is important to note that dosage adjustment was permitted in the studies. In Jhe renal 
data base 33% of the patients had been treated with Cel/Cept for more than 3 years. The 
mean daily dose ofCel/Cept was 1. 78 glday for the 2 g cohort and 2.60 g/day for the 3 g 
cohort. Thus, 3 year malignancy rates reflect continuing exposure to doses ofCellCept 
that are near the target dose for both treatment dosages. 

Infections were found in 46.7% of patients with CellCept 2 g/day, 47.6% with CellCept 3 
g/day and 46.0% with azathioprine in the renal transplant studies at the I-year data cut. 
This increased somewhat at 3 years for all groups. Both CellCept 2 g/day and 
azathioprine groups had infection rates of 51%at3 years compared to 53.9% in the 
CellCept 3 g/day group. The distribution of pathogens was similar to that in the cardiac 
studies. 

Medical Officer Comment: 
ON vHlG!NAl 

Long term follow up is needed in the cardiac transplant population in order to fully 
evaluate the benefit and risk profile in transplant recipients. Malignancies, specifically 
nonmelanoma skin, and infections are related to the degree and duration of 
immunosuppression. Adequate recommendations for precautions intended to minimize 
the occurrence of skin malignancies have been included in the WARNINGS section of the 
proposed revised package insert. 

At three years following renal transplantation, there was no evidence to suggest that 
CellCept was any worse than azathioprine with respect to rates of malignancy or 
infection. 
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Study MYCS 1864 met one of two study goals. It demonstrated equivalence of CellCept . 
with respect one-year patient and graft survival to azathioprine. This result was obtained 
in combination with cyclosporine and prednisone. The applicant failed to demonstrate 
superiority with respect to the six-month endpoint (biopsy proven rejection with 
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hemodynamic compromise). Long-term follow-up for patient and graft survival, 
malignancy and opportunistic infection is ongoing. 

The safety profile was similar to that seen in the renal transplant studies. Laboratory 
values reports of selected chemistries did not reveal evidence for progressive 
nephrotoxicity or hepatotoxicity with CellCept. Lymphoproliferative disease or 
lymphoma developed in approximately I% of patients receiving CellCept, which was 
comparable to the renal transplantation experience and that of the azathioprine control 
group. Pancreatitis will be added to the label as a rare event. Finally, cases of fatal 
infection/sepsis occurred in less than 2% of patients receiving CellCept. 

V. ADVISORY COMMITTEE RECOMMENDATIONS 
APPEARS nns WAY 

ON ORIGllU\l 
An FDA Advisory Committee Meeting was held on January 14, 1998, to discuss the 
interpretation of the clinical study (MYCS 1864) for cardiac transplantation and the 
possible extension of the label for the use of CellCept in the cardiac transplant 
population. 

The committee agreed that CellCept was safe and effective for the prevention of acute 
rejection of cardiac allograft transplants. In addition, strong recommendations were 
given to the FDA that equivalence had been demonstrated and not superiority, and as 
such, superiority should in no way be inferred in the label. 

Regarding choice of endpoint for future studies, the committee strongly recommended the 
use of 1-year patient and graft survival with further 19ng-term follow-up. While 
potentially useful, the six month rejection endpoints, were not shown to be clinically 
meaningful in this study. Further refinements of a six month biopsy proven rejection 
endpoint may be explored in future studies, but it is not clear how reliable a clinical 
outcome measure they would ultimately prove to be. 

ON ORIGINAL 
VI. LABEL (See Revised "Package Insert" included in approval package) 

Changes made to the current label approved for renal transplantation, concerned the 
pharmacokinetics in cardiac patients, the clinical study section report of the study results, 
the safety information from the cardiac trial, addition of the cardiac indication, 
recommendation of the 3 g/day dose, nonmelanoma skin malignancy, and pancreatits. 
The study results section reported intent-to-treat and treated results for the two co­
primary endpoints. As per the advisory committee's recommendation, no claim of 
superiority was made, rather equivalence to azathioprine at 12 months was allowed in the 
label. .. 
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The single, double-blind, controlled study (MYCS 1864) submitted in support of 
CellCept for the prevention of acute cardiac allograft rejection in addition to the 
previously submitted renal studies (Study 022, 1866, 023) meet the regulatory 
requirements for approval of this indication. Pursuant to 21 CRF 314.105 (a) the study 
performed was an adequate and well-controlled investigation and established iliat 3 g/day 
dose of CellCept is at least as effective for the prevention of cardiac allograft rejection as 
the established community standard against which it was compared ( azathioprine ). 
CellCept is recommended for approval for this indication. 

Recommend Approval of NDA 50-722/s-002: prevention of acute cardiac allograft 
.rejection (250 mg Capsules). 

Recommend Approval ofNDA 50-723/s-001: prevention of acute cardiac allograft 
rejection (500 mg Tablets). 

Medical Reviewer: 

Joyce Korvick, M.D. /$/4~</V~ . . \ h\ 
Concurrence: /St.,~~ 
Director/HFD-590: Goldberger, M. 

Team Leader: Cavaille-Coll, M. (edit 3-31-98, 5-26-98JSJ·2=f-· 1t' 
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Adverse Events Listed in Label:::_ 10% 

CellCept 

3 g/day 
(n=289) 

Body as a Whole 
Pain 75.8% 
Abdominal pain 33.9 
Fever 47.4 
Headache 54.3 
Infection 25.6 
Sepsis 18.7 
Asthenia 43.3 
Chest pain 26.3 
Back pain 34.6 
Accidental injury 19.0 
Chills 11.4 

Hemic and Lymphatic 
Anemia 42.9 
Leukopenia 30.4 
Thrombocytopenia 23.5 
Hypochromic anemia 24.6 
Leukocytosis 40.5 
Ecchymosis 16.6 

Urogenital 
Urinary tract infection 13.1 
Kidney function abnormal 21.8 
Oliguria 14.2 

Cardiovascular 
Hypertension 77.5 
Hypo tension 32.5 
Cardiovascular disorder 25.6 
Tachycardia 20.1 
Arrhythmia 19.0 
Bradycardia 17.3 
Pericardial effusion 15.9 
Heart failure 11.8 

Metabolic and Nutritional .. 
Peripheral edema 64.0 
Hypercholesteremia 41.2 
Edema 26.6 
Hypokalemia 31.8 

Azathioprine 

1.5 to 3 mg/kg/day 
(n=289) 

74.7% 
33.2 
46.4 
51.9 
19.4 
18.7 
36.3 
26.0 
28.4 
14.9 
11.4 

43.9 
39.1 
27.0 
23.5 
35.6 
8.0 

11.8 
26.3 
12.8 

72.3 
36.0 
24.2 
18.0 
18.7 
17.3 
13.5 
8.7 

53.3 
38.4 
25.6 
25.6 
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Hyperkalemia 14.5 19.7 
Hyperglycemia 46.7 52.6 
Creatinine increased 39.4 36.0 
BUN increased 34.6 32.5 
Lactic dehydrogenase increased 23.2 17.0 
Bilirubinemia 18.0 21.8 
Hypervolemia 16.6 22.8 
Generalized edema 18.0 20.1 
Hyperuricemia 16.3 17.6 
SGOT increased 17.3 15.6 APPEARS 1ms WAY 
Hypomagnesemia 18.3 12.8 ON ORIGINAL 
Acidosis 14.2 16.6 
Weight gain 15.6 15.2 
SGPT increased 15.6 12.5 
Hyponatremia 11.4 11.8 
Hyperlipemia 10.7 9.3 

Digestive 
Diarrhea 45.3 34.3 
Constipation 41.2 37.7 
Nausea 54.0 54.3 
Dyspepsia 18.7 19.4 
Vomiting 33.9 28.4 
Nausea and vomiting 11.1 7.6 
Oral moniliasis 11.4 11-.8 
Flatulence 13.8 15.6 

Respiratory 
Infection 37.0 35.3 
Dyspnea 36.7 36.3 
Cough increased 31.1 25.6 
Pharyngitis 18.3 13.5 
Lung disorder 30.1 29.1 

ta.PPL~RS 1\·\\S 'IJ~'f Sinusitis 26.0 19.0 
Rhinitis 19.0 15.6 OK QR\G\~~l 
Pleural effusion 17.0 13.8 
Asthma 11.1 11.4 
Pneumonia 10.7 10.4 

Skin and Appendages 
Acne 12.1 9.3 
Rash 22.1 18.0 
Skin disorder ·12.5 8.7 

Nervous System 
Tremor 24.2 23.9 
Insomnia 40.8 37.7 
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Dizziness 
Anxiety 
Paresthesia 
Hypertonia 
Depression 
Agitation 
Somnolence 
Confusion 
Nervousness 

Musculoskeletal System 
Leg Cramps 
Myasthenia 
Myalgia 

Special Senses 
Amblyopia 

Endocrine System 

28.7 27.7 
28.4 23.9 
20.8 18.0 
15.6 14.5 
15.6 12.5 
13.1 12.8 
11.1 10.4 
13.5 7.6 
11.4 9.0 

16.6 15.6 
12.5 9.7 
12.5 9.3 

14.9 6.6 
12.1 12.8 

APPEARS lH~S WAY 
ON ORlGlNAL 

APPEARS TH:S Wfl.Y 
ON QiHGl~L\l 
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.-
DATE(S) 

2/10/98 

CellCept (mycophenolate capsules, 250 mg) NDA 50-722 was originally approved- on May 3, 
1995, for the prophylaxis of organ rejection in patients receiving allogeneic renal transplants. On 
June 19, 1997, a 500-mg tablet was approved for this indication under N50-723. 

A supplemental application (N50-722/SE1-002) providing for the prophylaxis of organ rejection 
in patients receiving allogeneic cardiac transplants with CellCept was submitted 'On July 31, 1997. 

· The current labeling supplement was submitted to cover the use of the tablet formulation in the new 
indication. There are no chemistry, manufacturing and controls changes associated with the new 
indication. 

In N50-722/SE 1-002, the applicant initially claimed a categorical exclusion from the 
environmental assessment requirements as provided for by 21 CFR 25.24(c)(2). However, since the 
supplement provides for "different indications than were previously in effect", the supplement does 
not meet those exclusion criteria. Nevertheless, at our request the applicant has applied for a 
categorical exclusion under regulations promulgated in the Federal Register on July 29, 1997. 

is approvable from the chemistry, manufacturing and ... 



( 
Syntex (U.S.A.) Inc. 
3401 Hillview A venue 
Palo Alto, CA 94304 

DATE(S) 
7/31/97 

CellCept (mycophenolate capsules, 250 mg) was originally approved on May 3, 1995, for the 
prophylaxis of organ rejection in patients receiving allogeneic renal transplants. A 500-mg tablet 
was approved on June 19, 1997, for this indication (N50-723). 

This supplemental application provides for the prophylaxis of organ rejection in patients 
receiving allogeneic cardiac transplants with CellCept. There are no chemistry, manufacturing and 

·controls changes associated with the new indication. 
The applicant originally claimed a categorical exclusion from the environmental assessment 

requirements as provided for by 21 CFR 25.24(c)(2). However, since the supplement provides for 
. "different indications than were previously in effect", the supplement does not meet those exclusion 
criteria. Nevertheless, at our request the applicant has applied for a categorical exclusion under 
regulations promulgated in the Federal Register on July 29, 1997. 

en 
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PHARMACOLOGIST'S REVIEW 

NOA# 50-722/S-002 
DATE SUBMITTED: 23December1997 
DATE RECEIVED: 29 December 1997 
DATE ASSIGNED: 29December1997 
DATE REVIEW.COMPLETED: 10February1998 
SPONSOR: Roche 
DRUG: CellCept (mycophenolate mofetil) 
HFD-590 

RELAIED DOCUMENTS: none 
INDICATION: Cardiac transplantation 

REVIEW AND CONCLUSIONS 

APPEARS TH!S WAY 
ON ORIGINAL 

FEB I 0 1998 

The product, CellCept (mycophenolate mofetil), is an approved drug. No 
pharmacology/toxicology information was included in this submission. No ~egulatory 
action is indicated 

APPEARS THIS WAY 
ON ORIGINAL 

concurrences: 
HFD-590/ADir/RAlbrecht /"""/ / / 
HFD-590/SPharm/KHasting ~ 2- '

0 
q 'J 

Steven C. Kunder/Pharm/ 

disk: 
HFD-590/KHastings 

cc: 
HFD-590 (original) 
HFD-590 Division file 
HFD-340 
HFD-590/LHubbard 
HF D-590/ J Korvick 
HFD-590/Slard 
HF 0-590/MSeggel 
HFD-345/ 

-/ 

Steven C. Kunder, Ph.D. 
Reviewing Pharmacologist 

APPJ:nRs TH!S WAY 
n ~., a~ '~ ' ~-' ·u 
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NDA#: 

APPLICANT: 

NAME OF DRUG: 

INDICATION: 

DOCUMENTS REVIEWED: 

MEDICAL INPUT: 

1. Summary 

Statistical Review and Evaluation 

50, 722/S-002, 50-723/S-OO 1 .-
Syntex USA, Inc. 

Cellcept (mycophenolate mofetil) 

Prophylaxis of transplant rejection and increased patient and graft 
survival in patients receiving allogenic cardiac transplants. 

sNOA 

Joyce Korvick, M.O. APPEARS TH!S WAY 
O~~ OR!GINAL 

Cellcept was previously approved for use in kidney transplant patients, this application is a supplemental 
( NOA to add cardiac transplant patients to the indication. One efficacy trial, study MYCS 1864, was 

submitted. 

2. Study MYCS 1864 
APPEARS THlS WAY 

ON ORIGl.~AL 
Study MYCS 1864 is a randomized, multi-center, double-blind trial started in 1994 and still ongoing. 
The study will eventually provide 3 year follow-up data. The first twelve months of data for all subjects 
was submitted in the sNOA. Subjects were randomized at the time of transplant to either' oral MMF or 
oral AZA. Subjects were to be started on the oral study drug within 5 days after transplantation. 

2.1 Endpoints · 

The definition of the primary endpoint was changed several times following initiation of the study. 
Shown here is a history of these changes, made prior to unblinding. 

Initial: 
Changed to: 
Final (co-primary): 
Final (co-primary): 

Biopsy-proven acute rejection at 6 months 
Coronary artery vasculopathy at 36 months 

APPEARS TH!$_ WAY 
ON ORIGINAL 

Biopsy-proven acute rejection with hemodynamic compromise at 6 months 
Graft failure ( death/retransplantation) at 12 months 

Hemodynamic compromise (HOC) was defined as any of the following: inotropic support, ejection 
fraction less than 30%, pulmonary capillary wedge pressure greater than 20 mm or increased by 25%, 
cardiac index less than 2.0 or decreased by 25%, new S3 gallop, fractional shortening less than 20% or 
decreased by 25%, pulmonary artery oxygen saturation less than 60% or decreased by 25%, or other. 

Secondary endpoints included modified definitions of rejection, such as rejections of greater than grade 2 
or rejections that required treatment. These will be discussed in greater detail in section 3.5. 



( 2.2 Planned Analysis 
The protocol specified that the primary analysis would include all patients randomized. The co-primary 
endpoint of 6 month rejection with HDC was to be analyzed by the CMH test, stratifying by center. An 
alpha level of .05 would be used to test for the superiority of MMF. Equivalence for the co-primary 
endpoint of 12 month graft survival was to be based on a 95% confidence interval on the difference in 
proportions of subjects having an event in the first 12 months. The applicant proposOO. in t11e protocol 
that if the lower bound of the CI was within the range ±10% then equivalence could be concluded (it 
should be noted. that the applicant was advised that no formal definition of equivalence has been 
established in this setting). The difference in proportions and the corresponding CI was to be weighted 
by center. No interim analysis was planned prior to the analysis of the 12 month efficacy results. 

3. Applicant Analysis 
This section summarizes the applicant's analysis of the study. 

3.1 Enrollment 

APP~l\R~ 1·H:S WAY 
ON ORIGINAL 

Table 1 summarizes the patient disposition. A total of 11 % of subjects did not receive treatment. The 
sponsor submitted results for the complete set of 650 patients as well as for the treated subset. In the 
NDA, the treated subset was considered primary. Subjects were randomized in 28 centers, with centers 
enrolling between 4 and 57 subjects. The median center size was 19 subjects. 

3.2 Demographics 

Randomized 
Untreated 
Treated 

Table 1: Patient Disposition 

Treatment 
MMF AZA 

327 
38 

289 

323 
34 

289 

Total 
650 
72 

578 

Subjects were primarily Caucasian (86%) and male (84%), with a mean age of 52 years. The treatment 
groups were well balanced with respect to these demographic characteristics. No difference between the 
treatment groups was noted in any of the baseline disease variables in either the "all randomized" group 
of patients or in the treated group of patients. 

3.3 Survival 
APPEARS HHS WAY 

ON ORIGINAL 
As noted in Section 2.2, the study was designed to demonstrate equivalence of the two treatfuents with 
respect to 12 month survival. Table 2 shows the results for this endpoint. The sponsor used the lower 
bound of the confidence interval on the difference in survival rates to assess equivalence. Note that the 
sponsor used a center-adjusted method to calculate the survival difference and associated confidence 
interval. The lower limits of 0.9% and -2.5% were within the protocol-defined range of equivalence 
(-10% to 10%). 

l\PPF~~S iH\S W;\Y Table 2: Death/Retransplantation APPF~RS TH!S W.fJ.Y 
'\ 

ITT Treated 
MMF 87.2% 93.8% 

2 



( APPfA~S TH!S WAY AZA 84.8% 88.6% 
APPEARS TH!S WAY 

ON ORIGINAL 
O~! flPIG!h'Al Difference 2.6% 5.3% 

95%CI -2.5% to 7.6% .9% to 9.7% 
p-value .402 .037 

The sponsor also performed a Cochran-Mantel-Haentsel test for the 12 month survival rate~,-yielding a 
p-value of .03. A logrank test comparing time-to-death yielded a p-value of .03 as well. The sponsor 
concluded in the Integrated Summary of Efficacy that: 

Equivalence of MMF to AZA was the prospectively set hypothesis to assess the co-primary 
endpoint of graft failure (death or retransplantation). By the protocol's definition of equivalence, MMF 
was found to be equivalent to AZA. However, MMF was statistically and clinically superior to AZA as 
demonstrated by a 45% reduction in mortality at one year (I 1% versus 6%) as well as by a statistically 
significant earlier time to death in the AZA group. 

3.4 Rejection 

The study was designed to demonstrate superiority of MMF to AZA with respect to rejection With 
hemodynamic compromise (HOC). 

Table 3: Rejection+ HDC 

APPEARS THlS WAY MMF 

ON ORIG I N.a.L AZA 

ITT 
37% 
38% 

Treated 
32% 
35% 

APP~ARS TH!S WAY 
nN ORIGINAL 

Difference 1% 3% 
p-value .75 .34 

After the rejection + HOC analysis was performed, the applicant derived a new endpoint: rejection with 
severe HOC (SHOC). The applicant claimed that the definition of rejection plus HOC "resulted in almost 
twice the rate of such acute rejections in the control group (31 % ) than had been anticipated at the time of 
the selection of the endpoint (14%)." The criteria for SHDC were a subset of 3 of the 8 I-IqC criteria 
(inotropic support, ejection fraction, and fractional shortening). The results for this new endpoint are 
shown in Table 4. 

Table 4: Rejection + SHDC 

ITT Treated 
A'~fARS TH!S WAY MMF 

(r)N {)Q\t:l\I~\_ AZA 
Difference 

18% 
20% 
2% 

11% 
17% 
6% 

APPEARS TH!S W.A.Y 
<VI O~!G1?·Ln.L 

p-value .49 .044 

The applicant, focusing on the p-value of .044, stated that they had demonstrated statistical superiority of 
MMF over AZA. 

The applicant also looked at the one-year survival rates for subjects with and without a prior rejection + 
SHDC event. It was noted that, while 12 of the 38 AZA subjects who had the event died by one year, 
none of the 19 MMF patients who had the event died at one year. 

3 
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3.5 Secondary Rejection Endpoints 
The applicant analyzed several other definitions of rejection, as shown in Table 5. 

Table 5: Secondary Rejection Endpoints 

All Patients Treated Patients 
MMF AZA Di ff MMF AZA Di ff 

.. .-p . ·p 
BPR"' 95% 97% 2% .39 95% 97% 2% .21 

BPRGrade;;::l 68% 70% 3% .50 65% 69% 4% .31 
BPRGrade 2::3 49% 55% 6% .12 45% 53% 8% .054 
BPR + trt PI 67% 72% 5% .15 64% 71% 7% .057 

BPR/P + trt PI 69% 75% 6% .12 66% 74% 8% .025 
BPR/P + trt Of A 21% 24% 2% .43 15% 21% 6% .060 

*BPR = Biopsy-Proven Rejection of Grade l or greater, BPR/P = Biopsy-Proven/Presumed Rejection, trt PI = treated with pulse 
immunosuppressives, trt O/A =treated with OKT3 or ATG 

The applicant attributed statistical significance top-values less than .05. The applicant also claimed an 
overall pattern in these data, namely that the more "severe" the rejection the larger the advantage for 
MMF. 

3.6 Conclusions 

The applicant concluded: 

APPEARS 1H!S WAY 
ON OR\G\NAL ' 

Treatment with MMF offers an advantage over standard therapy with AZA in preventing acute 
rejection during the first 6 months following cardiac transplantation. The efficacy of MMF appears 
more pronounced in preventing severe rejection. 

4. Reviewer Comments 

4.1 Continuity Correction 

APPEARS THIS WAY 
ON ORIGINAL 

The applicant did not incorporate the continuity correction in their analyses. Including the eontinuity 
correction would result in p-values higher than the applicant's by about .0 l. In the context of the other 
issues raised in this section, however, the effect is negligible. 

4.2 All Patients vs. Treated Patients Analysis 

The protocol stated that: 

APPEARS TH!S WAY 
ON ORIGINAL 

All patients randomized in the study will be included in the inferential analyses on the basis of 
intent-to-treat. Additional analyses of efficacy variables may be performed using data from p~ients 
receiving at least one dose of study medication. 

It is clear from this statement that the primary analysis would be the ITT analysis with all patients, and 
the treated analysis would be viewed as secondary. The applicant elected not to modify the primary ITT 
analysis prior to unblinding the study when it was known that 11 % of patients failed to receive study 
drug. However in the NOA, the applicant has emphasized the results of the treated analysis rather than 
the ITT analysis. Since the change in focus occurred after the data were unblinded and analyzed, there is 
concern that the treated group analysis was emphasized because of the more favorable results. 

The treated analysis is not necessarily flawed. Since the decision to administer study drug was 
presumably made in a double-blind fashion, the randomization still supports statistical tests. In addition, 
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the treated analysis is a clinically relevant analysis. However, performing several analyses gives 
multiple chances to win, and thus the p-values for analyses other than ITT should not be taken at face 
value. The ITT analysis must still be viewed as primary, and p-values in the treated analysis should be 
adjusted to reflect the multiple comparisons. This adjustment means that p-values in the treated analysis 
should be multiplied by a number a little less than 2 l. For example, a p-value in the treated subgroup of 
about .05 should be viewed like a p-value resulting from a single analysis of about :- This will 
apply both to the 6 month rejection analysis and to the 12 month analysis. _" "''"' -u 1. S \.\} .~" APPtHG'{:::, I 11 1 • ,;.i,\i 

4.3 Survival ON ORiGrnAL 
The other co-primary endpoint was 12 month survival. The applicant proposed to demonstrate 
equivalence for this endpoint. The protocol proposed that equivalence be based on the lower bound of a 
95% CI on the difference in survival rates between MMF and AZA. The applicant proposed that 
equhcalence be defined as the lower bound of this confidence interval being greater than -10%. 

Table 2 showed the survival results for this study. In the ITT analysis the observed difference was 2.6% 
with a LCB of-2.5%. On the basis of this result, MMF has been demonstrated to be no worse than AZA. 
However, the applicant has emphasized the result in the treated subgroup over the ITT result. Recall that 
the applicant elected to keep the primary analysis as ITT analysis prior to unblinding. The change in 
emphasis occurred after the more favorable result in the treated analysis was known. Ho'Yever, even with 
this change in emphasis to the treated subgroup, the conclusion is unchanged. The treated results fell 
within the protocol definition of equivalence. Based on the rule proposed in the protocol, the MMF arm 
would have to be l 0% better to conclude superiority, however, the MMF arm in the treated analysis did 
not meet this goal. Therefore, based on the applicant's pre-specified rule, superiority has not been 
demonstrated. 

The applicant has focused on the fact that the LCB in the treated analysis was greater than 0% with a p­
value less than .05. However, several points cal? be made regarding this claim. First, the primary 
hypothesis was equivalence and not superiority. An equivalence design allows efficacy to be 
demonstrated even when the experimental arm is somewhat worse than the control. Conversely, if the 
experimental arm is a little better than the control, the claim of superiority does not follow automatically. 
This means that only a compelling result would support a claim of superiority. However, for several 
methods of analysis, had there been one less death in the AZA arm or one more in the MMF arm the 
LCB would be less than 0% and the p-value would be above .05. Additionally, there is the concern over 
p-values from the treated analysis discussed earlier, namely that the treated results may have been 
emphasized due to the more favorable results. The protocol specified ITT results clearly showed 
equivalence and not superiority. Observed p-values in the treated group in the range are 
more like p-values of Thus, these considerations lead one to conclude that the tre<fted result, 
while suggesti\e, does not demonstrate superiority of MMF for one year survival. 

To summarize the survival results, the study has demonstrated equivalence. However, superiority has not 
been established. There is a suggestion from the observed survival difference that MMF might provide 
some advantage, and this can be revisited when longer term follow-up has been completed. 

APPEARS TH~S WAY 
ON ORlGlNAL 

1 A simulation study was conducted to determine an appropriate adjustment factor. The simulation study found that 
an adjustment factor of 1.8 to 1.9 was necessary to maintain the overall Type I error rate at 5%. The appropriate 
number is a link less than 2 (a Bonferroni adjustment) due to the fact that the analyses arc correlated. 
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( 4.4 AZA Efficacy 
To put the survival results into perspective, this section briefly summarizes the data supporting the 
efficacy of AZA on survival. The historical data supporting the effect of AZA on 12 month survival 
come from several published epidemiological studies. The two large studies the applicant submitted are 
the Opeltz and the Shumway studies. Both indicated a survival advantage at 1 year of about 4 percent. 
In interpreting these findings, one must keep in mind that the results are confounded' by 'time. This 
confounding results from the fact that the studies looked at heart transplants occurring over a several 
year period. Du.ring this time period the frequency of triple therapy has increased while at the same time 
survival has improved for other reasons not related to triple therapy. Studies such as these cannot 
separate these two contributions to increased survival. Thus the value of 4% may be an upper bound on 
the survival advantage of AZA. Both studies also indicated that the benefit of AZA may be limited to 
the first year of treatment, with no additional benefit accruing after the first year. 

And-finally, no historical data were presented for the effect of AZA on 6 month rejection. APPEARS TH !S WAY 
ON ORIGINAL 

4.5 Rejection 
The 6 month primary rejection endpoint was composed of biopsy-proven rejection accompanied by 
hemodynamic compromise. Death also counted as an event in this analysis. This table shows the 
observed results. The results indicated no significant difference between the arms in either the ITT 
analysis or in the treated subgroup. 

After the trial was unblinded and these data were analyzed, the applicant, in conjunction with a steering 
committee, decided on a new endpoint definition. One of the stated reasons for this change was that the 
event rates of rejection +HDC were about 33%, which was felt to be too high compared to the 
expected when the endpoint was chosen. The new endpoint was called SHDC. Again though, analogous 
to the ITT vs. Treated discussion, the applicant chose not to change the definition of the primary 
endpoint in the protocol prior to unblinding and analyzing the data. One must therefore view skeptically 
the results for this new endpoint. In addition there 'was already a protocol defined SHDC definition, that, 
while not specified as an endpoint, was used to manage patients. The protocol definition of SHDC 
(inotropic support plus any one of the other HDC criteria) differs from the new SHDC endpoint. As 
Table 6 shows, no significant difference was seen between the arms for the protocol SHDC definition in 
either analysis. 

Table 6: Rejection + protocol SHDC 

AP?£ARS 1H\S WAY ITT Treated APPEARS TH!S WAY 
ON ORIG\NAL MMF 15% 9% ON ORIGINAL 

AZA 16% 11% ~ 

Difference 1% 3% 
p-value .83 .31 

Recall, one of the main justifications for the new endpoint was that the more restrictive definition 
resulted in event rates closer to the expected However, as the table indicates, the rates for the 
protocol definition of SHDC were also in the range And, this definition was felt to be clinically 
relevant as evidenced by its use in the clinical management of patients. 

To summarize the rejection endpoints, it is helpful to break them into several groups. The first is the 
primary endpoint. Since it was the designated as the primary analysis, the finding of no difference 
between the arms must be given the highest weight in the overall assessment of rejection. The next group 
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is the endpoints with modified definitions of HDC: the new and the protocol SHDC definitions. Only the 
new SHDC definition in the treated subgroup had a p-value less than .05, and any type of post-hoc 
multiple comparisons adjustment would inflate the p-value to well above .05. As an additional analysis, 
Dr. Korvick suggested an analysis of the endpoint biopsy-proven rejection + inotropic support, which 
was felt to be the most serious of the components of hemodynamic compromise. That endpoint showed 
no significant difference either (all patients p-value = .826, treated p-value = .12). Then~ group of 
rejection endpoints is composed of the secondary rejection endpoints from the protocot." None of these 
were significant in either the ITT or treated analysis, even if one does not apply any multiple comparison 
adjustments either for the fact that there were two sets of subjects or for the fact that multiple endpoints 
were analyzed. The applicant discussed two other endpoints. The first is the endpoint biopsy-proven 
rejection of grade 3 which was not in the protocol and the second is biopsy proven or presumed rejection 
with immunosuppressive treatment which was in the protocol under the heading of variables that would 
only be looked at descriptively. 

Again, one must place the p-values in the context of the entire analysis. Most or all of these analyses are 
clinically relevant definitions of rejection. But, since so many analyses were done,_ even a non­
conservative multiple comparison adjustment would raise even the smallest p-value they report to well 
above .10. Overall, none of the planned (primary or secondary) rejection analyses yielded a significant 
difference in either the ITT analysis or the treated subgroup even without multiple comparisons 
adjustments. None of the unplanned rejection endpoints are significant if one takes the multiple 
comparisons into account. The smallest p-values were for unplanned endpoints in the secondary treated 
analysis. 

And as a final point, since these endpoint definitions are closely related and statistically correlated, 
consistency of results in favor of one treatment or the other is to be expected. Thus the fact that MMF 
showed a small numeric advantage for several similar rejection definitions does not compensate for the 
fact that none of the endpoints demonstrated superiority on its own. In summary, on the basis of this trial 
the applicant did not meet the goal of demonstrating superiority of MMF over AZA with respect to 6-
month rejection. The two arms appeared to have similar efficacy for this endpoint, however, no 
information regarding the efficacy of AZA for any definition of 6 month rejection has been presented. 
Thus, the meaning of similar efficacy for this endpoint is uncertain. APPEARS TH !S WAY 

5. Conclusions ON ORIGINAL 

In conclusion, the applicant met one of the two goals of the study. The applicant has demonstrated 
equivalence for the 12 month survival endpoint. There is a suggestion from the observed survival 
difference that MMF might provide some advantage, but this result is subject to enough uncertainty that 
a claim superiority is not justified. ..-

The applicant failed to demonstrate superiority for 6 month rejection. It appeared that the two arms had 
similar response rates for this endpoint. However, the import of this finding is uncertain since AZA has 
not been shown to be effective for 6 month rejection. 

/S /- </>' 1c }; 
Concur: Dr. Flyer . '/ 

Michael Elashoff, Ph.D. 
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Submission Code: P Reviewer: Kofi A. Kumi, Ph.D. 

Individual data are on file in the Division of Pharmaceutical Evaluation 3. 

SYNOPSIS 

APPEARS TH!S WAY 
ON ORIGINAL 

The applicant submitted an efficacy supplement for Mycophenolate Mofetil (MMF, CellceptCR>) 
to be used for the prophylaxis of organ rejection in cardiac transplantation. MMF is approved 
(NDA 50, 722) for use in the prevention of acute allograft rejection following renal 
transplantation. In this application, the sponsor submitted one pivotal efficacy study (MYCS 
1864) in which the pharmacokinetics of MMF in a subgroup of the cardiac transplant patients 
were evaluated. Three pilot studies that evaluated the pharmacokinetics ofMMF in cardiac 
patients were submitted as supportive studies. MMF is the morpholino-ethyl ester pro-drug for 
mycophenlic acid (MP A). MMF is hydrolyzed to MP A, the active moiety. MP A is a potent and 
specific inhibitor of de novo purine synthesis which blocks the proliferation of both T and B 
lymphocytes. MP A undergoes conversion to an inactive glucuronide (MP AG) whicli is 
eventually excreted in urine. MP AG is also excreted in bile and undergoes enterohepatic 
recycling (as MPA). The absorption, distribution, metabolism and excretion ofMMF in healthy 
and renal transplant patients were described in NDA 50,722 review and are cross-referenced in 
this review. In renal transplant patients, AUC and Cmax were found to be about 50% lower in 
the immediate post transplant period ( :o:: 40 days) compared to stable renal transplant period 
(~ 3months) or in healthy patients. The dosage form used in the pivotal efficacy and .­
pharmacokinetic studies is the approved 250 mg capsule formulation. 

In the pivotal clinical study, the pharmacokinetics were evaluated in a subgroup of cardiac 
transplant patients on day 1, 5, day before discharge (about day 7) and at 6 months post 
transplantation. The mean AUC, Cmax and Tmax ofMPA after administration ofMMF 1.5 gm 
two times a day (BID) are summarized in the following table 



( Mean MP A Plasma Pharmacokinetics Parameters 

PK Parameter Day l Day 5 Day of Discharge ~ 6 months 

Mean± SD (n) MPA 
.. ... -

Cmax (µg/mL) 11.6 ±7.45 (l 7) 13.3 ±7.80 (10) l l.5 l ± 6. 76 ( 11) 20:0'±9.35 (52) 

AUC(0-4h) 21.7 ±9.65 (17) 29.1 ±11.0 (8) 23.9 ± 13.2 (10) 34.7 ± 12.9 (46) 
(µg*h/mL) 

AUC(0-12h) 36.7 ±1 l.9 (16) NC 43.3 ± 20.8 (9) 54.1±20.4 (49)# 
(µg*h/mL) 

Tmax (h) 2.02 ±l.83 (17) l.58±1.00 (IO) 1.77± 1.32(11) 1.12 ± 0.66 (52) 
. . .. 

NC= Not computed; Day I= Day I of rece1vmg MMF 1.5 gm BID after transplant; Day5 =Day 5 of rece1vmg MMF 1.5 gm 
BID after transplant; Day of Discharge= Day before discharge from hospital (about day 7), receiving MMF 1.5 gm BID. 
#Estimated from data collected over 4 hours 

There was a trend towards an increase in Cmax and AUC ofMPA when the early (day of 
discharge, about 7 days) and late(> 6 months) are compared; mean AUC and Cmax ofMPA 
were approximately 20% and 45%, respectively, lower for the early compared to ~he late 
transplant period. Because of significantly fewer early than late transplant patients with PK 
parameters, it is not clear whether this a significant observation. However, the same trend was 
observed in the renal transplant patients. Steady state conditions appeared to be reached by day 
14 (probably sooner) of dosing 1.5 gm MMF twice a day. 

Concentration-Effect (PK/PD) Relationship: The results from the logistic regression analyses 
performed on data from a subgroup of patients in the pivotal study (MYCS 1864) indicated that, 
there was no significant difference in the concentrations of the early transplant patients who 
experienced Biopsy Proven Rejection (BPR) and those who did not experience BPR. However, 
the mean AUC of MPA of the 6 patients who did not experience BPR was lower than the 3 
patients who experienced BPR. For the late transplant patients, again, there was no significant 
correlation between AUC of MPA and the probability of BPR. In the renal transplant application, 
there was a suggestion of higher frequency of rejection associated with lower MP A:_ -
concentrations. There is inconclusive evidence in the pivotal cardiac study to provide such an 
observation. The concentration effect relationship should be further explored in future studies. A 
visual evaluation of the concentration observed after an adverse event episode did not indicate a 
relationship between the occurrence of adverse events and MPA concentration. .. 

Cardiac vs Renal Transplant Patients: Pharmacokinetics: A summary of the 
pharmacokinetics obtained from the pivotal phannacokinetic studies (MYCS 1864 and MYCc 
1866) for cardiac and renal transplant patients administered 1.5 gm MMF are provided in the 
following tables 
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Pharmacokinetic Parameters of MP A after Administration of MMF 1.5 gm BID 

Parameter Cardiac Transplants (Study MYCS 1864) Renal Transplants (Study MYCc 1866) 

MPA Mean± SD (n) 

Day 1 Last Day ?. 6 months Day 1 Last Day . ?. l..months 
. . 

Tmax (hr) 2.02 ± 1.83 1.77 ± 1.32 1.12 ± 0.66 3.22 ± 3.78 1.86 ± 2.46 0.90 ± 0.24# 
(.17) ( 11) (52) (29) (20) 

Cm ax 11.6 ± 7.45 11.51±6.76 20.0 ± 9.35 6.09 ± 5.47 11.7 ± 8.62 29.7 ± 14.2 
(µg/mL) (17) (11) (52) (29) (20) (20) 

AUC 36.7 ± 11.9 43.3 ± 20.8 54.1±20.4 20.8 ± 12.6 35.9 ± 16.5 52.1±17.7 
(µg!hr/mL) (16) (9) (49) (29) (20) (20) 

Last Day: Day Before Discharge, #pooled data from package insert (n=23) 

Pharmacokinetic Parameters ofMPAG after Administration of 1.5 gm MMF BID 

Parameter Cardiac Transplants (Study MYCS 1864) Renal Transplants (Study MYCc 1866) 

MPAG (MPA EQ.) Mean± SD (n) , 

Day 1 Last Day ?. 6 months Day 1 Last Day ?. 3 months 

Tmax (hr) 5.78 ± 3.26 4.54 ± 4.25 2.52 ± 1.18 7.1±4.33 2.50 ± 1.23 NA 
(17) (11) (54) (29) (20) 

Cm ax 50.0± 15.7 94.l ± 34.7 104 ± 34 29.0 ± 18.9 99.6 ± 45.4 NA 
(µg/mL) (17) (11) (54) (29) (20) 

AUC 423 ± 137 963 ± 525 NC 229 ± 142 890 ± 341 NA 
(µg*hr/mL) (17) (9) (29) (20) 

Last Day: Day Before Discharge, NC= not calculated, NA= not available 

The p~armacokinetics of MP A and MP AG after administration of 1.5 gm of MMF twice a day to 
renal and cardiac transplant patients appear to be similar. Cmax and AUC in both patient groups 
increase after 3 or 6 months of administration when compared to the early post transplant period. 
A box plot (figure on next page) of pooled data from renal patients and the cardiac patients who 
received 1.5 gm of MMF also indicated that the pharmacokinetics of MP A appear to be similar. 
However, because of the differences in the number of patients, definite conclusions can.not be 
made. 

Drug Interaction: No new drug interactions studies were submitted in this application. Drug 
interaction studies submitted to the NOA 50,722 are cross referenced in this application. There 
was no significant interaction observed when MMF and cyclosporine A were coadministered. 

Gender: There are no significant gender differences in the pharmacokinetics of MP A after 
administration of MMF. 
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As shown, the pharmacokinetics of M:MF as evidenced by 1v1PA AUCo.-1z and Crn:u are comparable 
in renal and cardiac transplantation; both parameters increase with time. 
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Proposed Indication (From Draft Package Insert): Cellcept is indicated for the prophylaxis of 
organ rejection and increased graft patient survival in patients receiving allogeneic cardiac 
transplants. Cellcept should be used concomitantly with cyclosporine and corticosteroids. 

LABELING COMMENTS .. . 
Please eliminate the final sentence in the paragraph beginning on line 115. This sentence should 
be replaced with the following sentence: 

The Cmax and AUC ofMPA in early transplant patients (<40 days posttransplant) are 
approximately lower respectively as compared to healthy volunteers or 
to stable renal and cardiac transplant patients. 

COMMENTS 
It was evident from the advisory meeting for this application that it is difficult to determine 
biopsy proven rejection in cardiac patients. This may have contributed to the difficulty ill 
demonstrating concentration effect relationships in cardiac patients. Therefore, the sponsor is 
encouraged to explore alternative ways of evaluating whether there is a relationship between 
concentration of MP A and effect in cardiac patients. 

There is insufficient information in this application to evaluate if the pharmacokinetics are 
different in different ethnic groups. As recommended in the original application, the applicant 
should explore whether there are ethnic differences in the pharmacokinetics of MMF. Also, it is 
recommended that the sponsor evaluate the pharmacokinetics in pediatric patients. 

RECOMMENDATION 
The pharmacokinetic studies submitted to the Human Pharmacokinetics and Bioavapability 
section ofNDA 50,722 (SEl-002) to fulfill sections 320 and 201.5 of21 CFR are acceptable and 
support a recommendation for approval. 
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Concurrence: 
Funmi AJay(Ph.D. 
Acting Team Leader 
HFD 590 Section 

Kofi A:. Kumi, Ph.D. 
Pharmacokinetics Reviewer 
HFD 590 Section 
Division of Pharmaceutical Evaluation III 
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( REVIEW 

BACKGROUND: 

The application was submitted to request approval of Mycophenolate Mofetil for t}\e prp.phylaxis 
of organ rejection in cardiac transplantation. MMF (Cellcept) is approved for use iri the· 
prevention of acute allograft rejection following renal transplantation. MMF is used in 
combination with corticosteroid and cyclosporine. The pharmacokinetic data for MMF was 
derived from 4 studies; one pivotal and 3 pilot studies. The formulation used in the pivotal 
studies was the approved 250 mg capsules. A 500 mg tablet which is bioequivalent to the capsule 
is also approved. 

MMF is the morpholino-ethyl ester pro-drug for mycophenlic acid (MP A). MMF is hydrolyzed 
to MP A, which is a selective, noncompetitive and reversible inhibitor of inosine monophosphate, 
a critical enzyme in the de novo pathway for purine biosynthesis which blocks the proliferation 
of both T and B lymphocytes. MMF was demonstrated to be an effective immunosuppressive 
agent for the prevention of acute rejection in cardiac allografts in a variety of species. Five 
uncontrolled pilot studies demonstrated benefit in the prevention of acute rejection and treatment 
of refractory acute rejection in cardiac transplant patients. From the previous application (NDA 
50,722), the mean absolute bioavailability after oral administration is reported to be 94%. MPA 
undergoes conversion to an inactive glucuronide (MPAG) which is eventually excreted in urine. 
MP AG is excreted in bile and is believed to be deglucuronidated in the colon and thereby 
undergoes enterohepatic recycling (as MPA). This finding was based on the observation of a 
secondary peak 6-12 hours post administration and a 40% reduction in the AUC ofMPA when 
MMF was coadministered with cholestyramine. Orally administered radio-labeled MMF resulted 
in complete recovery of the administered dose (93% in the urine and 6% in feces). Most of an 
administered dose is excreted in the urine as MPAG; less than 1 % is reported excrett;d in the 
urine as MP A. MMF is reported not to be detected in the plasma after oral administration. The 
mean± SD apparent half-life of MPA is 17.9 ± 6.5 hours after oral administration. MPA and 
MPAG are extensively bound (97% for MPA and 82% for MPAG) to plasma proteiI).S, giainly 
serum albumin. In renal transplant patients, it was observed that AUC and Cmax were 
approximately 50% lower in the immediate post transplant period(::;; 40 days) compared to stable 
renal transplant period (L 3months) or in healthy patients. 
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( OVERVIEW OF PHARMACOKINETIC STUDIES 

Pivotal Study 

~ .-
Study MYCS 1864: Randomized, Double-Blind Comparative Study ofMycophenolate 
Mofetil or Azathioprine Each in Combination with Cyclosporine and Corticosteroids for 
the Assessment of Rejection, Graft and Patient Survival in Cardiac Allograft Recipients: 
Pharmacokinetics Report (Volumes 5 and 10page1) 

Introduction: Mycophenolate Mofetil (MMF) is an anti-lymphocyte agent currently approved 
for grophylaxis of organ rejection in patients receiving allogeneic renal transplants. The applicant 
is pursuing an indication for the use of MMF to prevent organ rejection in cardiac transplant 
patients. MMF is a prodrug which undergoes first pass metabolism in the liver to mycophenolic 
acid (MP A), an active metabolite which further gets glucuronidated to an inactive metanolite 
(MPAG). In a subset of patients in this comparative safety and efficacy study, the 
pharmacokinetics ofMMF in both early and late cardiac transplant patients were evaluated. This 
report summarizes the findings of the pharmacokinetics evaluation. 

Objectives: The objective of the pharmacokinetics portion of the study was to characterize the 
pharmacokinetics ofMPA and MPAG in the early transplants period or at a time 6 months or 
more following transplantation 

Design: This was a multi center, double-blind, randomized, controlled study in 650 primary 
cardiac transplant recipients. Patients received MMF 1.5 gm orally twice daily or azathioprine 

(according to local center practice) plus matching placebo. Six 
hundred fifty patients were enrolled, 323 randomized to AZA and 327 to MMF. The.patients 
were on maintenance immunosuppressive therapy with cyclosporine and corticosteroid. 
Intravenous cyclosporine could be administered on the day of transplantation and 
thereafter until oral cyclosporine could be tolerated. Oral cyclosporine dosing was a~jlli?ted to 
maintain trough levels that reflect a standard assay range at each center; the mean values at 6 
months for AZA and MMF arms were 1.12 ± 0.03 and 1.13 ± 0.03 µglmL, respectively. 
Immediately before transplantation, patients could receive up to 1 g methylprednisolone IV and 
then up to 500 mg methyl prednisolone IV 12 hours later. Additional IV corticosteroid$-could be 
administered for up to 3 days. In a subset of patients, blood samples (5 mL) were collected for 
full pha,111acokinetics (PK) profile on day I and the day before discharge at 0, 0.5, 1, 1.5, 2, 4, 8 
and 12 hour postdose; a mini-profile was collected on day 5 (0, 0.5, 1 and 4h post dose). Predose 
samples were collected days 7 and 9. Blood samples (0, 20, 40, 60, 75, 90 mins, 2 and 4 hours 
post morning dose) were collected for determination of PK profile after long term (at least 6 
months) dosing of MMF. 



( 

Data Analysis: The following phannacokinetics parameters of MP A and MP AG (expressed as 
MPA equivalent units) were computed for days 1 and the day before discharge (about ct;y 7) 
data: Cmax, Tmax and AUC(0-12h). AUC(0-4) was computed for days 1, 5 and day before 
discharge. For greater than 6 month, the concentrations at 6, 8 and 12 hours were estimated by a 
validated algorithm (APPENDIX). AUC(0-12) was then calculated using the observed and 
estimated concentrations by the linear trapezoidal rule. The algorithm was validated by 
comparing AUC(0-12) calculated with the estimated AUC(0-12h) on the day of discharge 
(APPENDIX). In an effort to determine the relationship between concentrations and selected 
adverse event episodes, blood samples were collected after selected episodes of adverse events. 
To evaluate if phannacokinetics-phannacodynamic relationship exist between AUC of MP A and 
clinical outcome, a logistic regression analysis was performed to describe the probability of 
rejection as a function of either AUC or ln(AUC) of MP A. 

Results:~Seventeen and 55 patients provided early and late phannacokinetics da~ respectively. 
The mean age for the patients who provided early and late data were 4 7 .5 and 52.4 years, 
respectively. The mean phannacokinetics parameters ofMPA after administration ofMMF 1.5 
gm two times a day (BID) are summarized in the following table. 

Mean MP A Plasma Phannacokinetics Parameters 

PK Parameter Day l Day 5 Day before Discharge ~ 6 months 

Mean± SD (n) MPA 

Cmax (µg/mL). 11.6 ±7.45 (17) 13.3 ±7.80 (10) 11.51 ±6.76(11) 20.0 ±9.35 (52) 

AUC(0-4h) 21.7 ±9.65 (17) 29.l ±11.0 (8) 23.9 ± 13.2 (10) . 34.7 ± 12.9 (46) 
(µg*h/mL) 

-

AUC(0-12h) 36.7 ±11.9 (16) NC 43.3 ± 20.8 (9) 54.l ±-20.4(49)* 
(µg*h/mL) -
Tmax (h) 2.02 ±l.83 (17) 1.58 ± 1.00 (l 0) 1.77 ± 1.32 (11) l.12 ± 0.66 (52) 

. . .. 
NC= Not computed; Day 1 =Day l of receiving MMF 1.5 gm BID after transplant; Day5 = Day 5 of receiving MMF 1.5 gm 
BID after transplant; Day of Discharge= Day before discharge from hospital (about day 7), receiving MMF 1.5 grrtBID. 
#Estimated from data collected over 4 hours 

There was no significant difference in MP A pharmacokinetics parameters from day 1 up to the 
time of discharge. There was a trend towards an increase in Cmax and AUC of MP A when MMF 
was administered over a longer period of time; however, because the number of patients with PK 
parameters taken after 6 months were significantly higher than those with PK parameters 
between day 1 and day before discharge, definite conclusion can not be deduced on the 
difference in concentrations observed between early and late periods post transplantation. 
There is no significant difference in the PK parameters during the period post transplantation. 
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Mean MP AG Plasma Pharmacokinetics Parameters 

PK Parameter Day 1 Day 5 Day before Discharge ~ 6 months 

Mean± SD (n) MPAG 

Cmax(µg/mL) 50.0± 15.7 (17) 113 ± 34.3 (lO} 94.1±34.7(11) 104 ± 34 (54) 

AUC(0-4h) 102±54.0(17) 442 ± 153 (8) 344 ± 189 (10) 361±189 (48) 
(µg•h/mL) 

AUC(0-12h) 423 ± 137 (17) NC 963 ± 525 (9) NC 
(µg•h/mL) 

Tmax (h} 5.78 ± 3.26 (17) 2.58 ± l.45 (10) 4.54 ± 4.25 (11) 2.52 ± 1.18 (54) 
.. .. 

NC= Not computed; Day l = Day l of rece1vmg MMF 1.5 gm BID after transplant; Day5 = Day 5 of rece1vmg MMF 1.5 gm 
BID after transplant; Day of Discharge= Day before discharge from hospital (about day 7), receiving MMF 1.5 gm BID. 

Cmax and AUC ofMPAG was significantly different on day 1 from day before discharge; there 
is about a 3-fold increase in AUC of MP AG when day 1 is compared to day before discharge. 
Day before discharge AUC and Cmax ofMPAG were similar to that observed after 6 months. 

Pharmacokinetics-Pharmacodynamic Relationship: Blood samples were collected following 
rejection or selected adverse events. Adverse events were grouped into categories: hematological 
infection, opportunistic infection, malignance, gastrointestinal, rejection and other. MP A and 
MP AG concentration data were plotted by category versus time; data was overlaid on reference 
curves prepared from the> 6 month data showing the 50th, 90th and 95th centiles. Also, in the 
MMF group, for the subset of patients for which AUC of MP A data were available, a logistic 
regression analysis to describe the probability of rejection as a function of either AUC or In 
(AUC) ofMPAwas conducted. Pharmacokinetics data were.available from a subset of patients 
(n=9) in which 12 hour profile was performed on the day before discharge and in a subset of 
patients (n=49) in which an abbreviated pharmacokinetics profile had been performed 6 months 
or later following transplantation. The logistic regression analysis was evaluated with the help of 
Dr. He Sun, Pharmacometrics Node for DPE3. 

The results from the logistic regression analysis for the early transplant patients did not 
demonstrate a significant difference in concentrations of patients who experienced Biopsy 
Proven Rejection (BPR) and those who did not experience BPR. However, the mean AVC of 
MPA of the 6 patients who did not experience BPR was lower than the 3 patients who 
experienced BPR (Table on following page). For the late transplant patients, again, there was no 
significant relationship between AUC of MPA and the occurrence of BPR. In the renal transplant 
application, there was a suggestion of higher frequency of rejection associated with lower MPA 
concentrations. There is inconclusive evidence in the pivotal cardiac study to provide such a 
suggestion. The sponsor speculated that a correlation between AUC of MPA and the occurrence 
of BPR was not demonstrated in these patients possibly because the end point of BPR may not 
be amenable to establishing concentration effect relationship in cardiac transplant patients. The 
sponsor stated that evaluating BPR in cardiac transplants is much more difficult than in renal 
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INV: Multiple 
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TABLE 1 Patients Included in PK/PD Analysis 
(Appendix H Data) 

Patients Experiencing ISHLT Patients NOT Experiencing ISHLT 
Biopsy Grade lllA or Greater Biopsy Grade lllA or Greater . 

Patient MPAAUC Num. Days Patient MPAAUC Num. Days 
Number (mcg•h/ml) Post Tx Number (mcg-h/ml) PostTx ...... 65.4 6 ....... 23.4 16 ....... 28.6 12 ···- 58.0 13 

·---· 51.7 6 ........ 42.1 15 
........... 16.1 11 ........... 50.2 9 
·-· 

'APP~A~S ·n~'s \N~Y Mean 
Std Dev 

%CV 
Min 
Max 

N 

55.3 
28.5 
51.5 

8.67 
3.06 

35.3 

Mean 
Std Dev 

32.3 
37.4 
15.5 
41,5 

17 
13.5 

3.08 
22.8 

r ~) r.,, 0 , '. ..... i ·q :"\. \. 

3 3 

Notes: 

%CV 
Min 
Max 

N 

1. Biopsy had to occur less than 181 days following transplantation 

6 6 

- .... -

APPEARS TH!S WAY 
ON ORIGINAL 

2.. Num. Days Post Tx is the number of days post transplant when ttle pharmacokinetic profile was obtained. 
3. Profile was to be taken on day of discharge following transplantation. 
4. Patient numbers are obscured until the study is completely unblinded. 

APPEARS THIS WAY 
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TABLE2 Patients Included in PK/PD Analysis 
(Appendix 0 Data) 

Patients Experiencing ISHL T 
Biopsy Grade lllA or Greater 

Patients NOT Experiencing ISHLT 
Biopsy Grade IUA.or Greater 

Patient MPAAUC Num. Days 
Number (mcgeh/ml) Post Tx -..... 

Patient MPAAUC Num. Days 
Number (mcg•h/ml) Post Tx ..... --

···- .. .... 
··-· ..... 
..... ·-·· ..... . ...... 
..... .. ..... 
-··· -···· ..... ........ ..... . ...... 
..... ..... 
··-· . .... 
--·· ....... 
-··· ......... 
....... ....... 
..... . ...... 
..... ·-·· ..... .. ...... 
..... .. ....... ..... .. ......... 
- . ........... 
..... ........ 
..... ···-· 
-··· ......... 
..... -
-··· ..... 

Mean 58.2 334. Mean 49.S 358. 
Std Dev 18.2 92.2 Std Dev 22-2 108. 

%CV '.11 ? 27.7 %CV 44.8 30.1 
Min Min 
Max Max 

N 26 26 N 23 23 

Notes: 

1. Biopsy had to occur less than 181 days following transplantation 

APPEARS THIS WAY 
ON ORIGINAL 

.. 

2. Num. Days Post Tx is the number of days post transplant when the pharmacokinetic profile was obtained. 
3. Patient numbers are obscured until the study is completely unblinded. 
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Table 3 : Univariate Logistic Regression Results 

'· ·. Comparison FIN Intercept 

App. H. MPA AUG· 319 3.01 
App. H, ln(MPA AUC) 319 8.42 

App. _O, MPA AUC 26149 ,_, 1 

App. 0, ln(MPA AUC) 2€/49 5.37 

Coef. S.E. 
L-R 

Chi2 p-value 

-0.05 0.04 1.71 0.1914 
-2..07 1.92 1.45 0.2291 

-
-0.02 0.02 2.36 0.1247 
-1.40 0.80 3.42 0.0642 

-.:--· 

APPEARS TH!S WAY 
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' , .. ' • . • • . , , ' ' , , ~ : • . .. ' ~ . -., ' l r 

I ' 
I 

.. -

Whole Model 

-tog· RSquare L-R 
likelihood (U) Chi2 p-value 

0.853 0.1490 1.71 0.1914 
0.723 0.1262 1.45 0.2291 

1.179 0.0348 2..36 0.12~7 

1.712 0.0505 3.42 O.Q642 
,...----
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( transplant patients. A relationship between MP A concentration and the occurrence of the 
commonly observed adverse events could not be established in this population (APPENDIX). 
The concentration of MP A was not determined at the same time after each adverse event which 
may have contributed inadequate evaluation of the relationship of concentration to adverse 
events was not possible. Also, it is not clear how much of the observed adverse events \Yere due 
to cyclosporine administration. The relationship between concentration of MP A anrt BPR and 
adverse events should be explored further if further studies are conducted. 

Conclusion: The pharmacokinetics ofMPA in cardiac transplant patients are similar to that 
observed in renal transplant patients. MP A and MP AG concentrations were lower during the 
early period of cardiac transplant compared to that observed after 6 months of therapy. There was 
a trend towards accumulation of both MP A and MP AG after multiple dosing of MMF; however, 
MP AG accumulation was much more pronounced than that observed for MP A. 
Pharmacokinetics-Pharmacodynamic relationship could not be established for AUC of MPA and 
BPR (ISHL T grade 3 or better). No evidence of a relationship between MPA concentration and 
the occurrence of commonly observed adverse events could be demonstrated. 

Supportive Studies 

Study MYCc2108 (P180180): An Open Label, Safety, Dose-Finding, and Pharmacokinetic 
Pilot Study ofMycophenolate Mofetil in Combination with Cyclosporine and 
Corticosteroids in Cardiac Allograft Recipients: Pharmacokinetics Report (Volume 21 
page 1). 

Introduction: Mycophenolate Mofetil (MMF) is approved for use in the prevention of rejection 
of renal transplant. This phase II pilot study was to evaluate the safety and the maximum 
tolerable dose (MTD) in cardiac allograft recipients. MMF was an adjunctive 
immunosuppressant. 

Objective: The primary objectives were: 1) To evaluate the safety and tolerability 3.!ld ~o 
determine the maximum tolerated dose ofMMF in combination with cyclosporine and 
corticosteroids in cardiac allograft recipients experiencing acute cellular rejection 2) To evaluate 
the safety and tolerability and to determine the MTD of MMF administered in the early 
postoperative period through 6 months post transplant in combination with cyclosporillf and 
corticosteroids, in cardiac allograft recipients 3) To obtain pharmacokinetic data for MMF in 
cardiac allograft recipients when administered in combination with cyclosporine and 
corticosteroids. 

Design: This was a single center, open label, dose escalating study in two patient groups: Group 
A patients received MMF within 48 hours of biopsy-proven International Society for Heart 
Transplant (ISHT) grade IIB or II acute rejection; Group A patients began participating in the 
study between 81 and 1054 days following transplantation. Group B patients received MMF 
within 48 hours following transplantation. The first 5 patients enrolled in group A started at dose 
of 2 gm BID and subsequent enrollment to higher doses occurred only when the earlier patients 
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had received at least 14 days of therapy. The dose was to be increased until 2 or more patients 
experience toxicities as outlined in the protocol. In group B, the first 6 patients started at 1.5 gm 
BID. Dose increments were the same as group A. Predose mycophenolic acid (MPA) and 
mycophenolic acid glucuronide (MPAG) concentrations were determined on days 7 and 14, full 
12-hour pharmacokinetic profiles were obtained on Days 1 and 21 and once during the ~onth 3. 
The sampling times were 0 (predose), 0.5, 1, 1.5, 2, 4, 8 and 12 hours after MMF admi~istration. 
MP A and MPAG concentrations were determined by an The quantitation limits 
of the methods were 0.4 µg/mL for MPA and MPAG. The formulation and batch numbers of 
MMF used in the study were 61443-051and61443-00-1964, respectively. 

Data Analysis: The following pharmacokinetic parameters for MP A and MP AG (MP A 
equiy:alents) were calculated: Cmax, Tmax, Cmin (computed as the mean of the predose and the 
end of dosing interval concentrations), Cmax/Cmin, Cave, Cmax/Cave, AUC(0-12). 

Results: The maximum dose studied was 5 g/day due to development ofleukopenia. Ten 
patients enrolled in group A and 12 in group B of the study. All patients who enrolled and 
participated in the study were included in safety, efficacy and pharmacokinetic analyses. The 
mean ±SD age and weight were 50.6 ± 11.0 years and 79.7±15.5 kg, respectively., 
Plasma MP A and MPAG concentrations were highly variable. Steady state conditions appeared 
to have been reached by day 14 of daily dosing ofMMF. The mean pharmacokinetic parameters 
are provided in the APPENDIX. Between day comparison of AUC and Cmax of MP A in group 
A are provided in the following tables. 

MMFDose Mean ±SD MP A AUC (µg*hr/mL) (n) 

Day of Treatment 

Dayl Day21 Month 3 

4 g/day (2g BID) 87.5 ±48.9 (5) 65.9 ±7.85 (4) 87.l ±30.8 (4) 

5 g/day (2.5g BID) 71.8 ±7.13 (5) 94.1±24.0 (5) 66.0 ±7.88 (2) 

MMFDose Mean± SD MPA Cmax (µg/mL) (n) 

Day of Treatment 
... 

Day 1 Day21 Month 3 

4 g/day (2 g BID) 34.6±18.4 (5) 23.8 ±8.01 (4) 32.7 ± 19.5 (4) 

5 g/day (2.5 g BID) 29.3 ±6.27 (5) 26.7 ±10.2 (5) 26.3 ± 11.5 (2) 

There was no consistent trend in both AUC and Cmax within a given dose between the days 
studied. No significant differences in AUC and Cmax were detected during the therapy. It must 
be noted that this was a pilot study and the number of patients in each group was small. 

17 

I 



( 

( 

MMFDose 

4 g/day (2g BID) 

5 g/day (2.5g BID) 

MMFDose 

4 g/day (2 g BID) 

5 g/day (2.5 g BID) 

Mean ±SD MPAG AUC (µg•hr/mL) (n) 

Day I 

590 ± 226 (5) 

664 ±166 (5) 

Day I 

74.0 ±25.8 (5) 

78.7 ± 11.8 (5) 

Day of Treatment 

Day21 

1177±405(4) 

1623 ± 129 (5) 

Month 3 

1048 ±303 (4) 

1327 ± 115 (2) 

APPEARS THIS WAY 
ON ORIGINAL 

Mean± SD MPAG Cmax (µg/mL) (n) 

Day of Treatment 

Day21 Month 3 

133 ± 30.0 (4) 122 ± 37.8 (4) 

187 ± 25 (5) 170±65.5_(2) . -

There is about a 2-fold accumulation in MP AG after multiple dosing of MMF; however, this not 
expected to have clinical significance. 

Between day comparison of AUC and Cmax ofMPA in group Bare provided in the following 
tables: 

MMFDose Mean±SD MPAAUC (µg*hr/mL) (n) 

Day of Treatment 

Day I Day21 Month 3 

3g/day (1.5 g BID) 42.5±13.1 (6) 44.7±11.5 (5) 62.2±21.3 (5) 

4 g/day (2 g BID) 31.3±10.7(6) 42.7±15.4 (5) 48.5 ±13.5 (5) 

-
MMFDose Mean ±SD MPA Cmax (µg/mL) (n) -

Day of Treatment 

Day I Day 21 Month 3 
t-

3g/day (1.5 g BID) 11.3±9.53 (6) 15.3±2.69 (5) 23.3±8.34 (5) 

4 g/day (2 g BID) 7.09±5.59 (6) 14.2±9.19 (5) 15.9 ±4.84 (5) 

There was no statistically significant difference in AUC and Cmax of MPA among the various 
days studied. However, it appeared that in these patients (group B), there was a trend towards an 
increase in both AUC and Cmax of MPA by month 3 of MMF administration. Individual patient 
data generally showed a trend towards an increase in Cmax and AUC of MPA by month 3 of 
MMF administration, even though in a few patients the concentration remained the same or 
decreased. The same trend was not clearly obvious when day 1 and 21 data were compared. 
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MMFDose Mean ±SD MPAG AUC (µg•hr/mL) (n) 

Day of Treatment 

Day l Day21 Month 3 -.. • . . 
3g/day (1.5 g BID) 237 ±80.3 (6) 634 ± 94. l (5) 894 ± 271 (5) 

4 g/day (2 g BID) . 227 ± 66.9 (6) 657 ± 243 (5) 859 ±310 (5) 

MMFDose Mean ±SD MPAG Cmax (µg/mL) (n) 

Day of Treatment 

- Day 1 Day 21 Month 3 

Jg/day (l.5 g BID) 29.0 ± 8.54 (6) 74.0± 17.0(4) 106 ± 26.2 (5) 
-

4 g/day (2 g BID) 29.2 ±11.5 (6) 81.4 ± 26.6 (5) 99.9 ± 37. l (5) 

There is significant accumulation of AUC and Cmax ofMPAG after multiple dospig. This may 
not be of clinical significance. 

When the dose for the groups are normalized to 2000 mg, the AUC ofMPA for Group A patients 
appeared to be greater than that seen in the post transplant period for the days 1 and 21 of the 

( group B patients; however, by month 3 the AUC appeared to be similar (APPENDIX). 

None of the patients were reported to have lost their graft during the study. Overall, the 
investigator reported that at the doses studied, some MMF patients showed resolution of acute 
cellular rejection and that no benefit was noted with respect to prevention of rejection. 

Conclusion: The pharmacokinetics of MMF appeared to be different during the first three weeks 
of therapy in patients who had acute episodes of rejection (Group A) prior to starting MMF from 
those who received MMF within 48 hours of transplant (Group B). This difference appeared to 
be due to the fact that Group A patients received MMF ;·post transplant 
(late transplant period) compared to within 2 days (early transplant period) for the Group B 
patients. The plasma concentrations appeared to be smaller during the first three weeks compared 
to at 3 month of therapy in group B patients. This is consistent with what is reported fotrenal 
transplant patients. Doses up to 5 g/day were reasonably tolerated according to the investigator's 
report. However, higher doses were associated with the development of leukopenia which 
resulted in the termination of the study. The maximum dose reasonably tolerated in this study 
was 5 g/day. 

APPEARS THlS WAY 
ON ORIGINAL 
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Study ICM 1754 (CL 6783): An Open-Label, Pilot, Dose-Finding, Safety and Efficacy 
Study of Mycophenolate Mofetil for Treatment of Cardiac Allograft Recipients: 
Pharmacokinetics Report (Volume 17 page 1) 

Introduction: This pilot study was designed to evaluate the efficacy and safety ofMMF in 
patients whose cardiac allograft was undergoing mild acute cellular rejection or who were at high 
risk of rejection as their corticosteroid dosage was being reduced. 

Objective: To evaluate the safety and efficacy ofMMF in cardiac transplant patients also 
receiving cyclosporine and prednisone for 1) the treatment of mild acute cellular rejection with 
dos~s ranging from 500 mg to 3 gm per day 2) To evaluate the safety and efficacy of two dose 
levels (500 mg and 1 gm per day) ofMMF in the prevention of rejection in patients also 
receiving cyclosporine and prednisone 3) To evaluate the pharmacokinetics ofMMF in patients 
undergoing cardiac transplantation 4) To monitor for the occurrence of adverse events and 
opportunistic infections in patients being treated with MMF also receiving cyclosporine and 
prednisone. 

Study Design: This was a single center, open-label study in which 39 patients (ages 20 to 65 
years) were enrolled. There were two groups of cardiac patients: Group A patients had biopsy­
confirmed evidence of mild (Grade 3) acute cellular rejection of their cardiac allograft and Group 
B patients were those at high risk of rejection during a planned, phased reduction in the dose of 
corticosteroids during the first 4 postoperative months. In Group A, 9 patients each were enrolled 
in the 1 gm/day and 2 gm/day subgroups and 6 patients each in the 500 mg/day and 2 gm/day·,.,,,:···· 
subgroups. In Group B, 6 patients each were enrolled 500 mg/day and 3 were enrolled in the 
1 gm/day subgroup. This was an ascending dose finding study, hence patients were enrolled 
sequentially at higher dose levels. MMF was begun within 48 hours of entry biopsy and was 
given for 56 days. Plasma samples for full pharmacokinetic profiles were obtained on Days 1 and 
28 of dosing. (1 hr postdose) and _ (predose) values were obtained on Days 14, 42 and 
56. MPA and MPAG in plasma were quantitated The quantitatiop. li!llit of this 
method for MPA and MPAG was 0.4 and 0.355 µg!mL, respectively. 

Data Analysis: The following pharmacokinetic parameters were computed for MP A and MPAG 
on day 28: Cmax, AUC, Tmax, Cave, Cmin (calculated as the average of the 0 and 24 ~our 
plasma concentration for the once daily regimen or the average of the 0 and 12-hour plasma 
concentration for the BID regimen) and fluctuation percent defined as 100 x (Cmax-Cmin)/Cave. 
On day 1, Cmax, AUC, Tmax were computed. 

Results: Cmax, AUC and Tmax of MP A and MPAG for Group A patients are contained in the 
following tables; additional pharmacokinetic parameters are provided in the APPENDIX. 
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MP A Phannacokinetic Parameters on Day 1 

Parameter 500mgQD l gmQD 1 gm BID 1.5 gm BID 

Mean ±SD (n) Day 1 
~ ~-

Tmax(hr) 1.25 ± 0.61 (6) 3.72 ± 7.62 (9) 2.50 ± 3.86 (8) 2.00 :!: 1.27 (6) 

Cmax (µg/mL) 7.40±3.11 (6) 22.06 ± 15.61 (9) 11.80 ± 7.85 (8) 10.08 ± 9.85 (6) 

AUC (µg*hr/mL)' 17.86 ± 3.92 (6) 48.85 ± 19.21 (8) 29.29 ± 21.05 (8) 28.32 ± 10.63 (6) 

'AUC's are 24 hour for QD patients and 12 hour for BID patients 

MP A Phannacokinetic Parameters on Day 28 

Parameter 500mgQD lgmQD 1 gm BID l.5 gm BID 

Mean ±SD (n) Day 28 - ·-
Tmax(hr) l.50±0.58(4) 3.88 ± 8.15 (8) 1.29 ± 1.22 (7) 3.00 ± 1.41 (5) 

Cmax (µg/mL) 7.04 ± 5.00 (4) 18.82 ± 7.51 (8) 8.52 ± 4.81 (7) 5.83 ± 2.27 (5) 

AUC (µg*hr/mL)' 21.15 ± 7.37 (4) 49.36 ± 18.49 (8) 37.43 ± 15.98 (7) 28.93 ± 5.30 (5) 

'AUC's are 24 hour for QD patients and 12 hour for BID patients 

The mean Cmax for MPA on day 1 for the lgm/day was about 2-fold higher than that for the 
1 gm BID regimen but Cmax occurred at a later time for the 1 gm/day when compared to 1 gm 
BID dosing regimen. The mean AUC computed after 1 gm BID dosing is similar to that after 1.5 
gm BID. This is unexpected and the reason for this observation is not clear. The AUC(0-24) for 
the 500 mg/day and the 1 gm/day dose groups appeared to increase proportionally with dose on 
day 28 but a similar trend was not observed between the other dose groups. The mean Cmax after 
daily dosing of 1.5 gm BID for 28 days is lower than that observed after 1 gm BID dosing. This 
is unexpected since and the reasons are not clear. Multiple dosing for 28 days does not appear to 
result in any significant accumulation which is unexpected since Cellcept has terminal 
elimination half life of about 17 hours. A few patients in the 1.5 gm BID dosing gro!!P had lower 
than expected plasma concentration time profiles which may explain the inconsistency in the 
AUC and Cmax for this dose group. The pharmacokinetic data was highly variable and too few 
patients to make adequate inferences from this pilot study. APPEARS... TH !S WAY 

MP AG Pharmacokinetic Parameters on Day 1 
ON ORIGINAL 

Parameter 500 mg QD I gmQD 1 gm BID 1.5 gm BID 

Mean ±SD (n) Day I 

Tmax (hr) 2.83 ± 1.33 (6) 5. 78 ± 6.89 (9) 3.06 ± 1.02 (8) 5.83 ± 2.56 (6) 

Cmax (µg/mL) 18.35 ± 7.10 (6) 36.42 ± 6.48 (9) 34.56 ± 10.24 (8) 36.22 ± 6.32 (5) 

AUC (µg*hr/mL)' 269.9 ± 102.7 (6) 512.5 ± 163.8 (8) 264.9 ± 95.18 (8) 324.9 ± 49.71 (5) 

'AUC's arc 24 hour for QD patients and 12 hour for BID patients 
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MP AG Pharmacokinetic Parameters on Day 28 

Parameter 500mgQD 1 gmQD 1 gm BID 1.5 gm BID 

Mean ±SD (n) Day 28 

Tmax (hr) 2.50 ± 1.00 (4) 3.01 ± 1.06 (8) 4.14 ± 3.67 (7) 5.20 ± 3.90 (5) 
~ .-.. 

Cmax (µg/mL) 32.28 ± 11.74 (4) 54.71±21.06 (8) 49.57 ± 15.45 (7) 74.00 ± 10.31 (5) 

AUC (µg*hr/mL)# . 486.3 ± 185.9 (4) 722.80 ± 370.40 (8) 469.9 ± 127.10 (7) 646.50 ± 184.8 (5) 

# AUC's are 24 hour for QD patients and 12 hour for BID patients 

The AUC(0-24) of MP AG for the 500 mg/d and the 1 gm/d also appeared to increase 
proportionally with dose. However, similar trend was not observed between the other dose 
groups. There is a trend toward accumulation of MP AG after dosing for 28 days. 

Trough concentrations were not taken between days 1 and 14 of dosing hence it is ~iffi~~t to 
precisely estimate when steady state was reached in these patients. However, based on trough 
concentrations obtained after day 14, it appears steady was reached by day 14 of dosing. 

Enrollment in Group B was terminated prematurely to concentrate on the Group A patients when 
it appeared that MMF might be efficacious in preventing graft rejection. Hence, there is too few 
patients in Group B to make any inferences. The pharmacokinetic parameters from the small 
group of patients enrolled in the 500 and 1 gm/day in this study are provided in the APPENDIX. 

Conclusion: There was considerable variability and too few patients in some dosing groups to 
make definite conclusions from the pharmacokinetic data. However, there appeared to be a trend 
towards MP AG accumulation upon multiple dosing, but it may not be of clinical significance. It 
appears that steady state conditions are reached by day 14 (probably sooner) of multiple dosing. 

Study ICM 1812 (CL 6818): An Open-Label, Pilot, Pharmacokinetic, Safety and Efficacy 
Study_ of Mycophenolate Mofetil for Treatment of Refractory Cellular Allograft Rejection: 
Pharmacokinetic Report {Volume 11page1). 

Introduction: This was one of the initial phase II studies to evaluate the use ofMMF as an 
immunosprressive agent to prevent advanced acute rejection following solid organ 
transplantation. This study included renal, cardiac, and hepatic allograft recipients withtbiopsy­
proven refractory acute cellular rejection, who had recurrent rejection or rejection unresponsive 
to steroids and OKT3 or ALG or who were unable to tolerate further treatment with these agents. 
This review focuses on the pharmacokinetics in cardiac transplant patients. 

Objectives: The primary objectives were to evaluate the following: l) The effect of treatment on 
the course of rejection 2) The safety and tolerability of MMF when administered with baseline 
levels of cyclosporine and prednisone 3) The effect of treatment on graft and patient survival 
over the 56-day treatment period and 4) The pharmacokinetics of MMF when administered with 
baseline levels of cyclosporine and prednisone. 
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The secondary objectives were to evaluate 1) The effect of administration of MMF in 
combination with cyclosporine and prednisone for the prevention of further rejection episodes 
and 2) The occurrence of opportunistic infections during treatment. 

Study Design: This was a 56-day, multi center, open-label study that enrolled 158 patients that 
met the entry criteria as specified by the protocol. Concomitant treatments with cyo1osporine and 
prednisone were permitted. The original protocol allowed a MMF starting dose of 1 g twice daily 
(BID) with an increase to 1.5 gm BID on Day 5 or later if there is inadequate therapeutic 
response. Amendment to the protocol allowed MMF starting dose of 1.5 gm BID with an 
increase to 1.75 gm BID on Day 5 or later ifthere is no or inadequate therapeutic response or no 
severe adverse events attributed to MMF for patients who weighed 40 kg or more. Most patients 
in the study were started on MMF 1.5 gm BID. Trough blood concentrations of cyclosporine 
were-obtained and recorded weekly. Full 12-hour pharmacokinetic profiles for MMF were 
determined on days 1 and 28; and peak and trough sampling on Days 3, 7, 14 and 21. Patients 
who completed the initial 28-days of treatment with MMF with clinical and histologic evidence 
of complete or partial resolution of rejection and without severe MMF-related adverse events, 
were allowed to receive MMF for an additional 28 days. Pharmacokinetic evaluation was not 
conducted during the second 28-day treatment. Each patient received 1, 1.5, 1. 75 gm of MMF 
BID, 30 mins before breakfast and 12 hours later. 

Pharmacokinetic Data Analysis: The following pharmacokinetic parameters for MP A and 
MP AG were computed as appropriate: Tmax, Cmax, AUC(0-12), Cave (AUC(0-12)/12), Cmin 
(morning predose sample), Cmax/Cmin, Cmax/Cave and Percent Fluctuation (lOQ x (Cmax-

Cmin)/Cave) APPEARS TH!S WAY 

Results: Thirty-seven out of the 158 patients who enrolled were cardiac qno9~W}~c~~ents; Ten 
of the cardiac patients did not complete the study. The mean MPA pharmacokinetic parameters 
for the 1 gm and 1.5 gm BID dosing groups for the cardiac patients are provided below. The 
pharmacokinetic parameters for the other groups are provided in the APPENDIX. 

. -
Mean±SD MP A Pharmacokinetic Parameters for Cardiac Transplant Pat~nts 

Pharmacokinetic 
Parameters 

Day 1 (n=7) 

Tmax (hr) 1.01 ±0.49 

Cmax (µg/mL) 9.46 ± 7.01 

AUC (µg*hr/mL) 21.29± I0.01 

NA: Insufficient data for computation 

1 gm BID 

Day 28 (n=3) Day 1 

3.17 ± 4.20 NA 

9.06 ± 8.24 NA 

35.53 ± 13.76 NA 

APPEARS TH! S \'f' 
ON ORIGl~AJ 
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1.5 gm BID 

Day 28 
.... 

2.28 ± 3.22 (n=5) 

10.86 ± 4.54 (n=5) 

41.70±6.15(n=3) 
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Mean±SD MPAG Phannacokinetic Parameters for Cardiac Transplant Patients 

Pharmacokinetic 
Parameters 

Tmax (hr) 

Cmax (µg/mL) 

AUC (µg*hr/rnL) 

Day I (n=7) 

4.33 ± 3.51 

32.64 ± 19.45 

250.6 ± 107.8 

NA: Insufficient data for computation 

I gm BID 

Day 2S,{n=3) 

5.33 ±2.31 

55.02 ± 22.68 

531.6 ± 241.0 

1.5 gm BID 

Day l Day28 

NA 3.38 ± 2.76 (n=5) 
... ;-

NA 108.6 ± 52.70 {n=5) 

NA 1281±369.2 {n=3} 

When the phannacokinetic data for Day 1 were compared with those for Day 28 for the 1 gm 
BID group, a small degree of accumulation was observed (mean AUC increased from 21.3 to 
35.5-µg*h/mL) after multiple dosing which is unexpected since MPA has a terminal elimination 
half-life of about 17 hours. There was a trend towards an increase in Cmax and AUC after 
multiple dosing with an increase in dose, but this does not appear to be proportional to d9se. 
However, there is insufficient information from this study to determine whether MP A 
pharmacokinetics in cardiac patients are linear or non linear. Trough MPA plasma 
concentrations suggest that steady state may be achieved by Day 14 of dosing. 

APPEARS TH!S WAY 
ON ORIGINAL 

The mean MP A and MP AG phannacokinetic parameters computed for renal transplant patients 
are contained in the following tables. 

Mean±SD MPA Phannacokinetic Parameters for Renal Transplant Patients 

Pharmacokinetic 1 gmBID l.5 gm BID 
Parameters 

Day 1 Day28 Day l Day28 

Tmax (hr) 1.69 ± 1.19 (n=8) 1 (n=2) 3.98 (n=l) 3.25 ± 4.33 (n=6) 

Cmax (µg/mL) 8.28 ± 8.06 (n=8) 16.66 (n=2) 1.94 (n=I) 12.67 :!! 8.54 (n=6) 

AUC (µg*hr/mL) 17. l l ± 8.08 (n=9) 32.96 (n=l) 14.43 (n=l) 53.90 ± 33.54 (n=5) 

Mean±SD MP AG Phannacokinetic Parameters for Renal Transplant Patients 

Pharmacokinetic 1 gm BID 1.5 gm BID 
Parameters 

Day I Day28 Day I Day28 ... 
Tmax (hr) 4.79 ± 3.65 (n=8) 2.03 (n=2) 8.00 (n=l) 4.01 ±2.18 (n=6) 

Cmax (µg/mL) 26.56 ± 9.24 (n=8) 114.4 (n=2) 38.34 (n=l) 90.85 ± 50.70 (n=6) 

AUC (µg*hr/mL) 214.3 ± 88.33 (n=9) 1066 (n=l) 256.1 (n=l) 703.2 ± 218.2 (n=5) 

.. 

When the pharmacokinetic data for Day 1 were compared with those for Day 28 for the 1 and 1.5 
gm BID dose groups in the renal transplant patients, there appeared to be an increase in both 
Cmax and AUC of MPA after multiple dosing for 28 days. 
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However, because of too few patients in some of the dosing groups, inferences could not be 
made. Similarly, because of the large variability and too few patients, no trends could be made 
from the MPAG data except for the 1 gm BID group in which mean Cmax and AUC doubled. 
Again, it must be emphasized that there were too few patients in some groups and large 
variability in the data to warrant concrete inferences from these observations. Trough 
concentrations suggest steady state concentrations are achieved by day 14 of dosip.g • 
(APPENDIX) but because of the variability in the data and too few predose concentrations, it is 
difficult to precisely estimate when steady state was achieved in these patients. It is therefore 
feasible that steady state conditions may have been achieved earlier than day 14 of dosing. In the 
hepatic patients, because of the variability in the data and number of patients, no trend could be 
deduced from the pharmacokinetic data. 

In general, Cmax and AUC ofMPA increased little or moderately after multiple doses and steady 
state appeared to be achieved by day 14 of dosing. However, Cmax and AUC of MPAG showed 
a greater degree of accumulation after multiple doses. Because of the variability in-the . _ 
pharmacokinetic data and too few patients in some dose groups, quantitative and definite 
conclusions could not be drawn. Comparison between different patient groups was difficult and 
tenuous because of the variability in the number of patients in each group and the variability in 
the data. However, an evaluation of the 1 gm BID dose group data on day 1 (APPENDIX) may 
suggest that there is no difference in the pharmacokinetic data for the different patient groups. 
Because this was the first MMF study for the treatment of acute allograft rejection and the 
severity of the medical conditions, the investigators reported a lot of protocol violations resulting 
in considerable variability in the data and few evaluable patients available in some dosing 
groups. This made the data tenuous and difficult to interpretate. 

Conclusion: There was a trend towards an increase in AUC and Cmax of both MP A and MPAG 
after multiple dosing in cardiac patients. Steady state appears to have been reached by day 14 of 
dosing. There was considerable variability in the pharmacokinetic data to allow adequate 
comparison between different patient groups and doses. Most patients in the study received 1.5 
gm Bil) dosing regimen. 

APPEARS TH!S WAY 
ON ORIGINAL 

APPEARS TH!S WAY 
ON ORIGINAL 
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CELLCEPT® 
Mycophenolate Mofetil 

Supplemental NOA 50-722 
Ce11Cept0 (mycophenolate mofetil capsules) 250 mg 

Certification Statement for Generic Drug Enforcement Act of 1992 

On behalf of Syntex (U.S.A.) Inc., Roche Global Development has made a diligent effort to 
insure that no person debarred under section 306(a) or 306(b) of the Federal Food,..Drug and 
Cosmetic Act has provided any services in connection with this application. Relying on this 
effort, Roche certifies that it did not and will not use in any capacity the services of any person 
debarred under Section 306(a) or 306(b) of the Federal Food, Drug and Cosmetic Act in 

·connection with this application. 

APPEAi-<S TH;$ 'l¥J~1 
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CELLCEPT® (Mycophenolate mofetil) Patent Information 

Patent Information 

~ . 
Mycophenolate mofetil is the subject of U.S. patents 4,753,935 and 4,786,637. · The following 
documents provide information about these patents, including patent certification. 

APPEARS TH!S WAY 
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PA TENT INFORl\1.A TION 

CellCeptTM (mycophenolate mofetil) 250 mg Capsules 
NDA 20-513 

.. 
Syntex Laboratories, Inc. submits the following patent information, . as required by 
Section 505(b) of the Federal Food, Drug, and Cosmetic Act, as amended, and in compliance 
with 21 CFR 314.53(c) (draft of July 10, 1989). 

The following patents are relevant to this New Drug Application: 

Patent No. 4, 753,935; 

Patent No. 4, 786,637; 

The owner of the patents is: 

expires June 28, 2005; drug, 
drug product; 

expires November 22, 2005; method of use. 

Syntex (U.S.A.) Inc. 
3401 Hillview Avenue 
P.O. Box 10850 
Palo Alto, California 94303 

·~ i· •, r . . ~ ')1"" YH i S UIAY · ·' • ·. /., ;,..) I , W~ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT NO. 

ISSUED 

-INVENTOR(S) 

PATENT OWNER 

CERTIFICATE EXTENDING PATENT TERM 
UNDER 35 U.S.C. § 156 

~ .-

4,753,935 

June 28, 1988 

Peter H. Nelson et al. 

Syntex (U.S.A.) Inc. 

APPEA~" -~'.li'' 1,·:,~1( , ,,.') l "·~)'ti."\ 

ON ORIGH·JAL 

This is to certify that there has been presented to the 

COMMISSIONER OF PATENTS AND TRADEMARKS 

an application under 35 U.S.C. § 156 for an extension of the patent term. Since it 

appears that the requirements of the law have been met, this certificate extends the term of 

the patent for the period of 

824 days 

from the date of expiration of the original patent term, January 30, 2007, with all rights 

pertaining thereto as provided by 35 U.S.C. § 156(b). 

I have caused the seal of the Patent and Trademark 

Office to be affixed this 23rd day of September 1996. 

Bruce A. Lehman 

Assistant Secretary of Commerce and 

Commissioner of Patents and Trademarks 
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PATENT CERTIFICATION 

CellCeptTM (mycophenolate mofetil) 250 mg Capsules 
NDA 20-513 

~ .-
Syntex Laboratories, Inc. submits the following patent certification, . as required by 
Section 505(b) of the Federal Food, Drug, and Cosmetic Act, as amended, and in compliance 
with 21 CFR 314.53(c) (draft of July 10, 1989). APPEARS TH!S WAY 

ON ORIGINAL 
The undersigned certifies that the drug and/or the formulation or composition of CellCept™ 
(mycophenolate mofetil) 250 mg Capsules is claimed by U.S. Patent No. 4,753,935. This 
product is the subject of this application for which approval is being sought. 

The undersigned certifies that U.S. Patent No. 4,786,637 covers the use of 9el1Cept™ 
(mycophenolate mofetil) 250 mg Capsules that is the subject of this application for which 
approval is being sought: namely, adjunctive therapy for prophylaxis of rejection and treatment 
of refractory rejection in renal allograft recipients. · 

APPEARS TH!S WAY 
ON ORIGINAL 
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EXCLUSIVITY SUMMARY for NDA # 50-722 SUPPL #~0~02~-
NDA# 50-723 SUPPL #001 

Trade Name CellCept Generic Name mycophenolate mofetil 
Applicant Name Syntex (U.S.A.) Inc HFD- 590 

Approval Date February 11, 1998 

PART I IS AN EXCLUSIVITY DETERMINATION NEEDED? 

1. An exclusivity determination will be made for all original applications, but only for certain 
supplements. Complete Parts II and III of this Exclusivity Summary only if you answer 
"yes" to one or more of the following questions about the submission. 

a) Is it an original NDA? 
YES I I NO I x I 

b) Is it an effectiveness supplement? 0 N 01\ · i.:.; · ·' · 

If yes, what type? (SEl, SE2, etc.) 

YES I x I NO I I 

SEl 

c) Did it require the review of clinical data other than to support a safety claim or 
change in labeling related to safety? (If it required review only of bioavailability 
or bioequivalence data, answer "no.") 

YES I x I NO I I 

If your answer is "no" because you believe the study is a bioavailability study and, 
therefore, not eligible for exclusivity, EXPLAIN why it is a bioavailability study, 
including your reasons for disagreeing with any arguments made by the applicant 
that the study was not simply a bioavailability study. 

If it is a supplement requmng the review of clinical data but it is not an 
effectiveness supplement, describe the change or claim that is supported by the 
clinical data: 

Form OGD-011347 Revised 817/95; edited 8/8/95 

APPEARS r;::-· 
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cc: Original NDA Division File HFD-85 Mary Ann Holovac 
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d) Did the applicant request exclusivity? 

YES I I NO I x I 

If the answer to (d) is "yes," how many years of exclusivity did the applicant 
request? 

~ .-

IF YOU HA VE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO 
DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8. 

2. Has a product with the same active ingredient(s), dosage form, strength, route of 
administration, and dosing schedule previously been approved by FDA for the same use? 

YES I I NO I x I 

If yes, NDA# __ _ Drug Name ____ _ 

IF THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE 
BLOCKS ON PAGE 8. ' 

APPEARS THlS WAY 

3. Is this drug product or indication a DESI upgrade? ON ORIGlNAL 

YES I I NO I x I 

IF THE ANSWER TO QUESTION 3 IS "YES," GO DIRECTLY TO THE SIGNATURE 
BLOCKS ON PAGE 8 (even if a study was required for the upgrade). 

APPEARS THiS lf·iAY 
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PART II FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES 
(Answer either #1 or #2, as appropriate) 

1. Single active ingredient product. 

2. 

Has FDA previously approved under section 505 of the Act any drug product containing 
the same active moiety as the drug under consideration? Answer "yes" if the active moiety 
(including other esterified forms, salts, complexes, chelates or clathrates) has been 
previously approved, but this particular form of the active moiety, e.g., this particular 
ester or salt (including salts with hydrogen or coordination bonding) or other non-covalent 
derivative (such as a complex, chelate, or clathrate) has not been approved. Answer "no" 
if the compound requires metabolic conversion (other than deesterification of an esterified 
form of the drug) to produce an already approved active moiety. 

YES I x I NO I I 

If "yes," identify the approved drug product(s) containing the active moiety, and, if 
known, the NDA #(s). 

NDA#_-"'5~0-~7=22=----~ 

NDA # 50-723 

NDA# ____ _ 

Combination product. 

If the product contains more than one active moiety (as defined in Part II, #1), has FDA 
previously approved an application under section 505 containing any one of the active 
moieties in the drug product? If, for example, the combination contains one never-before­
approved active moiety and one previously approved active moiety, answer "yes." (An 
active moiety that is marketed under an OTC monograph, but that was never approved 
under an NDA, is considered not previously approved.) 

YES I I NO I I 

-If "yes," identify the approved drug product(s) containing the active moiety, and, if 
known, the NDA #(s). 

NDA# ____ _ 

NDA# ____ _ 

NDA# ____ _ 

APPEARS TH!S WAY 
ON ORIG L~/~l ... 

IF THE ANSWER TO QUESTION 1OR2 UNDER PART II IS "NO," GO DIRECTLY TO 
THE SIGNATURE BLOCKS ON PAGE 8. IF "YES," GO TO PART III. 

APPEARS THIS WAY 
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PART III THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS 

To qualify for three years of exclusivity, an application or supplement must contain "reports of 
new clinical investigations (other than bioavailability studies) essential to the approval of the 
application and conducted or sponsored by the applicant. " This section should be completed only 
if the answer to PART II, Question 1 or 2, was "yes." 

1. Does the application contain reports of clinical investigations? (The Agency interprets 
"clinical investigations" to mean investigations conducted on humans other than 
bioavailability studies.) If the application contains clinical investigations only by virtue of 
a right of reference to clinical investigations in another application, answer "yes," then 
skip to question 3(a). If the answer to 3(a) is "yes" for any investigation referred to in 
another application, do not complete remainder of summary for that investigation. 

YES I x I NO I I 

IF "NO," GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8. APPEARS TH!S W~Y 
O'N ORIGINAL 

2. A clinical investigation is "essential to the approval" if the Agency could not have 
approved the application or supplement without relying on that investigation. Thus, the 
investigation is not essential to the approval if 1) no clinical investigation is necessary to 
support the supplement or application in light of previously approved applications (i.e., 
information other than clinical trials, such as bioavailability data, would be sufficient to 
provide a basis for approval as an ANDA or 505(b)(2) application because of what is 
already known about a previously approved product), or 2) there are published reports of 
studies (other than those conducted or sponsored by the applicant) or other publicly 
available data that independently would have been sufficient to support approval of the 
application, without reference to the clinical investigation submitted in the application. 

For the purposes of this section, studies comparing two products with the same 
ingredient(s) are considered to be bioavailability studies. 

(a) In light of previously approved applications, is a clinical investigation (either 
conducted by the applicant or available from some other source, including the 
published literature) necessary to support approval of the application or 
supplement? 

YES I x I NO I I 

APPEARS THIS WAY 
ON ORIGINAL 

Page 4 
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(b) 

If "no," state the basis for your conclusion that a clinical trial is not necessary for 
approval AND GO DIRECTLY TO SIGNATURE BLOCK ON PAGE 8: 

- .-
Did the applicant submit a list of published studies relevant to the safety and 
effectiveness of this drug product and a statement that the publicly available data 
would not independently support approval of the application? 

YES I I NO I x I 

(1) If the answer to 2(b) is "yes," do you personally know of any reason to 
disagree with the applicant's conclusion? If not applicable, answer NO. 

YES I I NO I I 

If yes, explain: ________ _ 

(2) If the answer to 2(b) is "no," are you aware of publislled studies not 
conducted or sponsored by the applicant or other publicly available data that 
could independently demonstrate the safety and effectiveness of this drug 
product? 

YES I I NO I x I 

If yes, explain: 

(c) If the answers to (b)(l) and (b)(2) were both "no," identify the clinical 
investigations submitted in the application that are essential to the approval: 

Investigation #1, Study# MYCS 1864 

Investigation #2, Study # _______ _ 

Investigation #3, Study # _______ _ 

Page 5 
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In addition to being essential, investigations must be "new" to support exclusivity. The 
agency interprets "new clinical investigation" to mean an investigation that 1) has not been 
relied on by the agency to demonstrate the effectiveness of a previously approved drug for 
any indication and 2) does not duplicate the results of another investigation that was relied 
on by the agency to demonstrate the effectiveness of a previously approved drug product, 
i.e., does not redemonstrate something the agency considers to have been demonstrated in 
an already approved application. ~ .-

a) For each investigation identified as "essential to the approval," has the investigation 
been relied on by the agency to demonstrate the effectiveness of a previously 
approved drug product? (If the investigation was relied on only to support the 
safety of a previously approved drug, answer "no.") 

b) 

Investigation #1 

Investigation #2 

Investigation #3 

YES I I 

YES I I 

YES I I 

NO I x I 

NO I I 

NO I I 

If you have answered "yes" for one or more investigations, identify each such 
investigation and the NDA in which each was relied upon: 

NDA # Study# ____ _ 
NDA # Study# ____ _ 
NDA # Study# ____ _ 

APPEARS.THIS WAY 
ON ORIGINAL 

For each investigation identified as "essential to the approval," does the 
investigation duplicate the results of another investigation that was relied on by the 
agency to support the effectiveness of a previously approved drug product? 

Investigation #1 

Investigation #2 

Investigation #3 

YES I I 

YES I I 

YES I I 

NO Ix I 

NO I I 

NO I ~ 

If you have answered "yes" for one or more investigations, identify the NDA in 
which a similar investigation was relied on: 

NDA# ___ _ Study# _____ _ 
NDA# ___ _ Study# _____ _ 
NDA# ___ _ Study#~-----

R"' T"'S 11·,·11 APPEA ~ n: ,;i.-.• 

ON OR!GIN~.L 

Page 6 

ON ORIGINAL 



( c) If the answers k ion in the 
application or ~i , :stigations 
listed in #2(c). k' 

Investigaii,;, 

Investig;•' :n:' 

Investig:,. 

4. To be eligible for ex'-<~ : must also 
have been conductc< 1 " · 1ducted or 
sponsored by" the '' ;-

,, .on, 1) the 
applicant was the sp , . ~Agency, 

or 2) the applic<HY { ·rt for the 
study. Ordinari;: ·. f the cost 

m of the study. 

"" en a) For eacl1 ,. .~stigation -t \"'' ·. ·71 as the 
~ t . ~ 

-a spo; :: 

0 Invest en en IND /1 -( m ,.... ,.., Investig;,:: 

(') IND# 
0 
-0 ,< 

- (b) For e«c:: icant was 
not id en, )plicant' s 
predecessc: 

Investigatior 

YES I IE'. 

IDT POSSIBLE COPY 
\. 
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Investigation #2 
! 

YES I I Explain --- NO I I Explain ! ----

(c) Notwithstanding an answer of "yes" to (a) or (b), are there other reasons to believe 
that the applicant should not be credited with having "conducted or sponsored" the 
study? (Purchased studies may not be used as the basis for exclusivity. However, 
if all rights to the drug are purchased (not just studies on the drug), the applicant 
may be considered to have sponsored or conducted the studies sponsored or 
conducted by its predecessor in interest.) 

YES I I NO Ix I 

If yes, explain: 

~gnature 
Title: aA as,o 

~/ 

cc: Original NDA Division File HFD-85 Mary Ann Holovac 

Page 8 
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PEDIATRIC PAGE 
(Complete for all original applications and all efficacy supplements) 

NDA/PLA/PMA #_ 50-722 Supplement# S-002 Circle one: SE1 

HF0-590 Trade and generic names/dosage form: CellCept ., (mycophenolate mofetill tablets and capsules 

Action: AP 
Applicant Svntex (U.S. A.) Inc. Therapeutic Class lmmunosuppression 
lndication(s) previously approved: prophylaxis of organ rejection in patients receiving allogeneic renal transplants. .-
Pediatric information in labeling of approved indication(s) is adequate _x_ inadequate_ 

Indication in this application : prophylaxis of oraan rejection in patients receiving allogeneic cardiac transplants 

_ 1. PEDIATRIC LABELING IS ADEQUATE FOR ALL PEDIATRIC AGE GROUPS. Appropriate information has been submitted in this or 
previous applications and has been adequately summarized in the labeling to permit satisfactory labeling for all pediatric age groups. 
Further information is not required. 

2. PEDIATRIC LABELING IS ADEQUATE FOR CERTAIN AGE GROUPS. Appropriate information has been submitted in this or previous 
applications and has been adequately summarized in the labeling to permit satisfactory labeling for certain pediatric age groups (e.g., 
infants, children, and adolescents but not neonates). Further information is not required. 

__x_ 3.PEDIATRIC STUDIES ARE NEEDED. There is potential for use in children, and further information is required to permit adequate labeling 
for this use. 

a. A new dosing formulation is needed, and applicant has agreed to provide the appropriate formulation. 

b. A new dosing formulation is needed, however the sponsor is either not willing to provide it or is in negotiations with FDA. 

_x _ c. The applicant has committed to doing such studies as will be required. 
_x _ (1) Studies are ongoing, (for renall 

(2) Protocols were submitted and approved. 
(3) Protocols were submitted and are under review. 
(4) If no protocol has been submitted, attach memo describing status of discussions. 

. 
d. If the sponsor is not willing to do pediatric studies, attach copies of FDA's written request that such studies be done and of the 

sponsor's written response to that request. 

4. PEDIATRIC STUDIES ARE NOT NEEDED. The drug/biologic product has little potential for use in pediatric patients. Attach memo 
explaining why pediatric studies are not needed. 

xx_ 5.lf none of the above apply, attach an explanation, as necessary. 

Signature of Preparer and Title / S / 
Lisa M. Hubbard, R. Ph., Senior Reguf atory Management Officer 

cc: Orig NDA/PLA/PMA # 50-722. 50-723 
HFD-590_/Div File 
NOA/PLA Action Package 

ON ORiGIHAl 

Date: February 11, 1998 

APPL\RS Th IS './iiJW 
ON ORIGINAL 

HFD-006/ SOlmstead (plus, for CDER/CBER APs and AEs, copy of action letter and labeling) 

NOTE: A new Pediatric Page must be completed at the time of each action even though one was prepared at the time of the last 
action. (revised 2/11/981 

I 



/":J >---z.~ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
Rockville MD 20857 

MEMORANDUM OF TELEPHONE CONFERENCE WITH INDUSTRY 

• DATE: January 8, 1998 

TO: Christine Conroy, Pharm.D. 

ADDRESS: Christine Conroy, Pharm.D. 

FROM: 

NDA: 

Roche Global Development-Palo Alto 
3401 Hillview Avenue 
Palo Alto, CA 94394-1397 

Mary Dempsey, FDA Project Manager 

50-722/S-002 

APPb~,;:3 ·; H:S WAY 
ON ORIGINAL 

SUBJECT: Statistical Issues APPEAl~S TH!S WAY 

FDA Attendees: 
Mike Elashoff, Statistician 
Paul Flyer, Statistician 
Mary Dempsey, Project Manager 

L) i<l 11i:11r.- ··1Al I ;, Vl'Ouhii 

Sponsor Attendees: 
Richard Mamelok, M.D., Medical Monitor 
Mandee Rees, M.S., Director, Statistics 
David Ipe, M.S., Statistician 
Chris Conroy, Sr. Regulatory Project Manager 

APPEARS THIS WAY 
ON ORIGINAL 

The purpose of this telecon was to revisit the statistical issues that were addressed at the 
January 5tt1, 1998 telecon. 

Dr. Elashoff explained to Roche the rationale for his statistical analysis of the data. He 
detailed the Robustness issue and clarified the statistical techniques employed to arrive at 
the P value. Dr. Elashoff also placed the P value in perspective with the claims of 
superiority. 



( 
N 50-722/S-002 

Roche concurred that they were very close to agreement with the techniques and findings 
of Dr. Elashoff s statistical analysis. ~ .-. ..., ~-

The Agency and Roche are going to telecon tomorrow, January 9th, 1998, to further 
prepare for the upcoming Advisory Committee Meeting. 

If you have any additional questions concerning your application, please contact Mary 
Dempsey, Project Manager at 301-827-2335. 

Signature minutes preparer:· /$/ /S L--"'-/Date: tJ/ -O'J-1 ~-
Conference Chair (or designated sighatory)_'-__ ---'--,,-~--_Date:_· __ _ 

APPEARS TH!S WAY 
ON ORIGINAL 

APPEARS TH!S WAY 
ON ORIGINAL 

APPEARS TH!S WAY 
ON ORIGINAL 
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N 50-722 

CC: 
HFD-725/Stat/MElashoff 
cc: 
Division File 
NDA 50-722 
HFD-590/MO/JKorvick 
HFD-590/MO/MCavaille'-Q()M 
HFD-590/ Act. TL/LHubb£!J/ .._. 

V' 

ijFD-725/Stat/MElashoff 
MFD 7l5/Act.Tt/ 1 Ctrtr:warty 
HFD-590/PM/MDempsey 

;1FIJ- 72s~1--r Tt-/Fr'rJS7 

APPEARS TH~S 1H~Y 

APPEARS TH!S W.~Y 
ON ORIGINAL 

APPEARS TH!S WAY 
ON ORIGINAL 

APPEARS TH!S WAY 
ON ORlG!NfH 



···~ (( ~~ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 

Food and Drug Administration 
Rockville MD 20857 

( 

MEMORANDUM OF TELEPHONE CONFERENCE WITH INDUSTRY 

DATE: 

TO: 

ADDRESS: 

FROM: 

NDA: 

SUBJECT: 

FDA Attendees: 

Roche Attendees: 

December 12, 1997 

Christine Conroy, Phann.D. 

Roche Global Development 
3401 Hillview Avenue, A3-330 
Palo Alto, CA 94304 
Telephone 650-855-5894 
Fax 650-852-1861 

Mary Dempsey, Project Manager 

50-722/S-002 

Hemodynamic Compromise 

Mike Elashoff, Ph.D., Statistician 
Mary Dempsey, Project Manager 

Richard Mamelok, M.D., Medical Monitor 
Mandee Rees, M.S., Director, Statistics 
David Ipe, M.S., Statistician 
Patrick Macbeath, Statistics 
Christine Conroy, Pharm.D., Sr. Regulatory Manager 

Au ~ !:: o, :;it: .l. '. '.' -.. H 1:· .. 1,. 
f" r L f'~ • \ ...; ~ , ~ -.) .. " -.._ 

0 »i 0 .,_, .~, 1 :, L 
11 · ~\I lu .1 :'• 

Dr. Elashoff requested that Roche clarify the definition of hemodynamic compromise. He 
referred to the definition as it was outlined in the Protocol and that it was different from 
the definition that was being used in the Data Set. 

Roche's response was that the Data Set definition is made up of eight variables including 
a category for 'inotropic support' and a category for 'other'. Roche stated that during a 
meeting with the Division on March 19, 1997, they discussed the criteria that would be 
used to assess hemodynamic compromise ( as part of a 6-month rejection endpoint). 



( Roche further explained that during this meeting, the final endpoint change for study 
1864 was discussed and the definition of hemodynamic compromise was presented. The 
minutes and overheads from this meeting were filed to IND 33,872/S-404 dated 
May 5, 1996. 'Inotropic support' was included in the definition ofhemodynamic 
compromise at this time. See attached copy of the definition of hemodynamic .. .­
compromise. ,l'\p?'-f\PS Tr!lS WAY -- r-

:: :'l iJ p; \~ l:'J ~.l 

Signature minutes preparer:_· - · /.)/' .cDate: 01 /CJ9 /9rT 
Conference Chair (or designated sig~tocy) __ -_-_7-=_:;~3.,..-~~-:-_~-=-~-=--7-=-: __ D.ate: ___ _ 

~r>nr"'p~ TH?S 'N/';Y 
r 

f ",.,r~ r-,. ~:iis V''W 
( '·' ' Ip-, , 

tir,.,r"'f{<':, Tl"C:: iu~y 
, . . - ~ . ' 

1 ' ~., ' '\ l - ' ' i 
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NDA 50-722/S-002 

Concurrence: 
HFD-590/ ActTL/PM/LHubbard 

cc: 
NDA 50-722 
Division File 
HFD-590/MO/MCavaille' -Coll 
HFD-590/MO/JKorvick/ "/ 
HFD-725/Stat/PFlyer \) 
HFD-725/Stat/MElashoff yf_:!\ 
HFD-590/ ActTL/PM/LHubbarc'.. ¥ 
HFD-590/PM/MDempsey 

Address: V :\DSPIDP\Dempsey\N 50-722\telO 10998 

APP~~!{\ n~: 1~ V >·.Y 
r,N ·.~:~;,1 .·1 .; 

APPEARS Hl!S °"":'t\Y 
0 1'1 '~ rl i (' I II ' • 

11 Vt\ I 'j' ,j/·\L 

APPL"RS TH!S WAY 
0~ O!?IG1t"/.~l 
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NOA 50-722 1 

Public Health Service 

( 4- DEPARTMENT OF HEALTH & HUMAN SERVICES 

Food and Drug Administration 

( ,:emorandum of Industry Telephone Conference 

Rockville MD 20857 } 

J1ubk"c 
YfO 

Date: 20 November 1997 .. • 
-. •· r-

NDA: 50-722, SE-I, S-002 

Drug: CellCept 

Sponsor: Syntex U.S.A 

Chair:-Joyce Korvick, M.D. 

Facilitator/Recorder: Lisa M. Hubbard, RPl /s/: 

Sponsor Chair: Chris Conroy 

FDA Participants: 
Joyce Korvick, M.D., Medical Officer, 
Mike Elashoff, Ph.D., Statistician 
Lisa Hubbard, R.Ph., Regulatory Management Officer 

External Participants: 
Dr. Richard Mamelock 
Dr. David lpe 
Ms. Mandy Rees 
Ms. Chris Conroy 

Purpose/9bjectives: 

APPUR··· · ::: · 
0 N (• ' I t . :; i ( 

1. To clarify the FDA request for a dataset requested 17 November 1997. 
2. To clarify the FDA request for an argument related to Azathioprine activity 
3. To clarify the FDA request for information related to pancreatitis 

Discussion Points: 

1. A dataset to investigate the six-month co-primary endpoint 
2. Azathioprine activity in cardiac transplant patients 
3. Overview of pancreatitis in patients receiving CellCept 

Decisions reached: 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 

Unresolved Issues 

NOA 50-722 2 

Public Health Service 
Food and Drug Administration 
Rockville MD 20857 

1. Roche will determine whether or not they will submit a request to alter the goal date 
for this application by the end of the month. 
2. FDA will determine the final representatives of the Advisory Committee by the end of the 
month. 

Action Items 
1. Roche will submit an additional statistical dataset as described above. 
2. Roche will submit an argument related to Azathioprine activity as described above. 
3. Roche will submit a summary with respect to pancreatitis as described above. 
4. Roche will confirm availability for a telephone conference tentatively scheduled for 

December 8, 1997. 
5. Roche will confirm Dr. Miller's availability for the Advisory Committee meeting in 

early December. 
5. FDA will determine the final Advisory Committee participants by early December. 

APPEARS rn;s 'NAY 
ON ORIGINAL 

, 
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Roche Global Development 
3401 Hillview Avenue 
Palo Alto, CA 94304-1397 

OATE: December 18, 1997 

TO: Nancy Sager PHONE: 301 594 5629 
Office of Pharmaceutical Science, FDA FAX: 301 827 2772 

FROM: Dr. Sabine Geisel 
Drug Regulatory Affairs 

PHONE: + 1 415 855 5923 
FAX: + 1415852 1861 

RE: Environmental Assessment Report - Application for Categorical Exclusion for 
CellCept - cardiac indication (NDA 50-722/S002) 
CellCept Intravenous (NOA 50-758) 
CellCept Oral Suspension (NDA 50-759) 

CC: Dr. Mark Seggel, CDER 

Message 

Dear Nancy, 

APPEARS TH!S WAY 
ON ORIGINAL 

As discussed in our teleconference yesterday please find attached a memo with our 
current production estimates for mycophenol(:\te mofetil and the calculation of the 
Expected Introduction Concentration (EiC). 

Our proposed wording tor applicatlon for Categorical Exclusion is: 
"Herewith we apply for a categorical exclusion for submitting an environmental 
ass~ssment report for NOA 50-722/S002 
We state that we are _in compliance with the categorical exclusion criteria according to 
§25.31 (b) and to our knowledge no extraordinary circumstances exist." 

We would appreciate getting your comments on the rationale to support the request for 
Categorical Exclusion as well as on the proposed wording for the actual application . ..,We 
would also like to get your advice about the feasibility to submrt one application for 
categorical exclusion for all three NDAs together or if it would be more appropriate to 
have a separate application for each NOA. 

Thank you very much for your assistance. 

Best regards 

y l _ r_ /1 A 
Sabin(~ ~h.\D. 
Regulatory Program Manager 

APPEARS TH!S WAY 
ON ORIGINAL 

Attachment 
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Syntex EH&S Center 

Memorandum 

December 1 B, 1997 . .-

Re: Status on Need for Environmental Assessments for Mycophenolate Mofetll Based on 

Curre~t Production Estimates APP~.~:?S TH!S WAY 
ON ORIGINAL 

Based on current Mycophenolate Mofetil market projections and production estimates for the year 

2092, the expected peak production year within the next five years, the production volume in the 

United States for the year 2002 Is estimated to be This estimate includes all Indications 

and formulations expected to be approved by the year 2002 In the Cellcept program,J.e. renal, 

cardiac, capsules, tablets, oral suspension, and sterile lyophilized powder for intravenous infusion. 

Mycophenolate Mofetil Is excreted as the pharmacologically Inactive compound MPAG (a 

glucuronide conjugate of mycophenolic acid). In vivo studies suggest that MPAG may then be 
hydrolyzed to mycophenolic acid (MPA). MPAG is also expected to be hydrolyzed to MPA upon 

discharge into the environment. Therefore, MPA can be considered as the major metabolite of 

Mycophenolate Mofetif in the environment. Based on this. the expected environmental Introduction 

concentration is calculated for MPA rather than for mycophenolate mofetil or MPAG. 

The Expected Introduction Concentration (EiC) of Mycophenofic Acid is then calculated from the 

estimated production volume as follows: 

As the EiC fol' MPA is '.for an estimated production volume of 

for Categorical Exemption from an Environmental Assessment may be submitted. 

APPEARS iH,S WAY 
0 ~~ 0 R ! r. ! ~1 ~ l 

. a Request 
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DEPARTMENT Of HEALTH&. HUMAN SERVICES 

: .. ';_:,t-

Food and Drug AdminiStratlon 
Rockville MD 208 5 7 

Syntex Labc;ratories, Inc. 
Attention: Daniel Zebrowski, Ph.D. 
Dru11 Regulatory Affairs 
3401 Hillview Avenue 
Palo Alto, CA 94303 

Dear Dr. Zabrowski: 

MAY -3 ~95 

Please refer to your November 10, 1994 new drug application submitted under 
section 507 -of the Federal Food, Drug, and Cosmetic Act for CellCept• 
(mycophenolate mofetill 250 mg Capsules. 

We ecknowledge receipt of your amendments dated: 

November 11, 1994 
November 14, 1994 
November 15, 1994 
November 18, 1994 
Novemtwr ?.1, 1994 (2) 
Decemb<. ~ "94 
December o, ) J94 
December 1 l, 1994 (2) 
December 15, 1994 
December 16, 1994 
December 20, 1994 
December 21, 1994 
December 23, 1994 (31 
January 4, 1995 (2) 
January 6, 1995 (21 
January 9, 1995 

Janusry 10, 1995 
January 18, 1995 
January 25, 1995 (21 

· January 30, 1995 
February 6, 1995 (31 
February 7, 1995 
February 9, 1995 
February 11, 1995 
February 13, 1995 (2) 
February 20, 1995 
March 2, 1995 
March 6, 1995 (41 
March 7, 1995 
March 9, 1995 
March 10, 1995 (2) 
March 14, 1995 

March 15, 1995 
March 16, 1995 
March 17, 1995 (3) 
March 21, 1995 (4) 
March 2:,, 1995 
March 23. 1995 (3) 
April 3,. 19£5 
April 6, 1995 (2) 
April 11, 1995 
April 12, 1995 
April 13, 1995 
April 19, 1995 
April 25, 1995 
April 28, 1996 (21 

This new drug appHcati.rn provides for (11 the prophylaxis of organ rejection in 
pati6nts receiving allogeneic renal transplants 

We have completed the review of this application including the submitted draft 
labeling and have concluded that adequate information has bee·n presented to 
demonstrate that the drug product is safe and effective for use in the prophylaxis 
of ori;an rejection in patients receiving allogenic renal transplants as recommended 
in the April 28, 1995 draft labeling. Accordingly, the application is approved 
effective on Aie date of this letter. 
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We have the following recommendations that pertain to post-marketing studies for 
the prophylaxis indication: 

1 . Please further explore the pharmacokinetics of mycophenolate mofetil in 
black patients. If the pharmacokinetics in this group is substantially different 
compared to Caucasians, then additional st•Jdies of efficacy should be 
undertaken in this population. 

2. Please continue current studies in pediatric populations. In addition, studies 
which would further characterize the phar~cokinetics of mycophenolate 
mofetil and its metabolites after the administration of I. V. and oral 
formulations, as well as activity of MP A from these formulations, should be 
undertaken in the pediatric populations. · 

3. Please further e.iCplore the pharmacokinetics of mycophenolate mofetil and its 
metabolites in patients with alcoholic cirrhosis and In patients with other 
hepatic diseases. 

4. You should consider conducting treatment-strategy type studies (e.g., 
starting with three grams per day and permitting the option of decreasing the 
dose to two grams per day, at least in some patients). 

Pursuant to 21 CFR 314.125(b)(5), there is lack of substantial evidence consisting 
of adequate and well-controlled investigations establishing that C&ilCept is effective 
for the treatment in patients who have received allogenic 
renal transplants. 

Based on the.limited amount of data to support CellCept for the treatment of 
- an additional clinical tria!(s) will need to be conducted to 

support this indication. If you decide to pursue this indication further, we are 
available to meet with you to discuss the design of this clinical trial. 

The fin;;l P• inted labeling If Pl) must be identical w the April 28, 1995 draft 
labe:ing. Marketing the product with FPL that is not ident1ca! to this draft labeling 
ma·1 render the product misbranded and an unapproved new drug. 

Please submit tv1enty copies of the FPL as soon as it is available, in no case more 
than 30 days after it is printed. Please individually mount ten of the copies on 
heavy weight paper or similur material. For administrative purposes this submis:;ion 
should be desiyr:ated "FINAL PRINTED LABELING" for approved NOA 50-722. 
Approval of thi~; labeling by FDA is not required before it is used. 

' 



Should additional informat;on relating to the safety and effectiveness of the drug 
become available, revision of that labeling may be required. 

3 

In addition, please submit three copies of the introductory promotional material that 
you propose to use for this product. All proposed materials should be submitted in 
draft or mock-up form, not final print. Please submit one copy to this Division and 
two copies of both the promotional material and the package insert dirP.ctly to: 

Food and Drug Admin:stration 
Division of Drug Marketing, Advertising and 
Communications, HFD-'-40 
5600 Fishers Lane 
Rockville, Maryland 20857 

Validation of the regulatory methods has not been completed. At the present time, 
it Is the policy of the Center not to withhold approval because the methods are 
being validated. Nevertheless, we expect your continued cooperation to resolve 
any deficiencies that may occur. 

?lease submit one market package of the drug when it is available. 

Under section 736(a)( 1 )(B)(ii) of the Prescription Drug User Fee Act of 1992, this 
letter triggers the remaining 50% of the fee assessed for this application. You will 
receive an invoice for the amount duP. within the next month. Payment will be due 
within 30 days of the date of the in11oice. 

We remind you that you must comply with the requirements for an approved NOA 
set forth under 21 CFR 314.80 and 314.81. 

If you have any questions, please contact Matthew J. Tarosky, R.Ph., Regulatory 
Management Officer, at (30~ I 443-9553. 

Sincerely yours, 

~~ .D.,M.PH 
Acting Deputy Director 
Office of Drug E11aluation II 
Center for Drug Evaluation and Research 



OMllOH OF llYNTIX Cll.sA.l INC. 
3401 Hl.1.-AllP:lli!, P.O. IOX •­
P~' "'ALTO. CAI ICIOftMA M303 

lwl SYNTEX I 

DiYlslon of Antiviral Div& PIOduas (HFD-S30) 
Center tor Drue e,-a1uat1on and ~ 
Poocl i..111 Dl:1llJ Adlmnielnllon 
NJcbolson Rcu 1d1 Cara - Room 221 
SSl6 NicMbon Lane 
1Cemiugt0n, Marylacd 2089S 

SUBJECT: 

~~AElllAATOAYAFl'­

April 28, 1995 

CEl.l..CBP'r' (M)ICOphenolate Mofdil) - Oral Clpllllc 

Dear~: 

EDcJoscd please fiDd 1hc fitlll wnton of 1he label • diJcu.~ With Mr. Tarosky today. It 
iDl:lllpofltce Ill lgieed upon diaqes u oudincd la die AlKil 13, 1995, venioD of the label and the 
qR'lCd lqlOll at of IOda)' tor llK: hq:!dc: IDlufticicoCy eectloD of the labd in 1be .l'lllrmaalltlnetic 
section (Le., the cbugc of Ille word "ideologies" to "etiologies" ID 1be tu of Apdl 28, 1995). 

We gteatly appreciate the conttllllillg support !be Agax;y Im provided us in Ille ~ 
prosnm IDd tllmllghout Ille review fbr myropllcoc)Jat.e mofc:til. ~ fed fmc: to c.onlact me at 
(41S) 3S4-724S if you have any qumioO.: 

Sincerely, 

L1-"--e-~'2~& 
Carol C. Grundfcet 
Regulatory Program Din:dot 

-Desk Copy: Mr. MallJlcw Tuolky (by fu) 
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Ce11Cept8 

(mycophenolate mofetil capsules) 

WARNING 

Increased susceptlbility to infection and the possible develo..·•111V1• ;,f 

lymphoma may result from immunosuppresslon. Only physicians 

experienced in immunosuppresslve therapy and management c1 

renal transplant patients should use CeliCept,41. Patients receiving 

the drug should be managed in facilities equipped and staffed with 

adequate laboratoiy and supportive medical resources. The 

physicillll responsible for maintenance therapy should haVe complete 

infonnation requisite for the follow-up of the patient 

DESCRIPTION 

• 

13 GellCept (mycophenolate mofetil) Is the 2-rilorpholinoelhyl ester of m)'COphenolic aeid (MPA). 

14 an imrnunosuppresslve agent 

15 The che(pical name for mycophenolate mofetil is ?-mcrpholinoelhyl (EH>-{ I .~dlhydro+ 

16 hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4-methyl-4-hexenoate. It has an 

17 empirical formula of C,.H,,NO,_ a molecular weight of 433.50, and the fol!owing structural 

18 fonnula: 
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CallCept is available for oral adninistl1llion as capsules containing 250 mg of mycophenolate 

mofetl1. Inactive ingredients include croscannellose sodlur.i, magnesium stearate, povidone 

(K-90) and pregelatinlzed starch. nie capsul~ shells ~laln black iron axld&, FD&C blue #2, 

gelatin, red iron oxide, silicon clioxide, sOdium lauryt sulfate, titanium diaxide, and yellow Iron 

oxide. 

Mycophenolate mofetil is a white to off-white ciystalline l""Wder. It is slightly ~uble in water 

( 43 )l()/ml at pH 7 .4); the solubiity increases in acidic medium ( 4.27 mgfml at pH 3.6). It Is 

freely soluble !fl acetone, soluble in methanol. and spa.1ngly soluble In ettianol. The apparent 

partition coefficient in 1-octanollwater (pH 7.4) buffer solution is 238. The pKa values for 

mycophenolate mofebl are 5.6 for !ti& rnofl>l\ollno group and 8.5 for the phenolic group. 

cuNaCALPHARr.1ACOLOGY ·:· 

30 Mechanism of Action 

31 Mycophenolate mofell has been demonatrated in experimental Mimal models to prolong the 

32 sulYival of allogeneic transplants (lddney, ~. liver, intestine, limb, smal bowel, pancreatic 

33 Islets, and bone marrow). Mycophenolate mofetil has al£o been shOWn to reveise ongoing 

34 acute ~action in the canine l9n8I and 'rat caltliac allograft models. · Mycophenolate mofetil 

35 also inhibited proliferative arteriopathy in experimental models of aortiC and heart allOgrafts In 

36 rats, as well as in primate cardiac xenar,;rafts. Mycophenolate mofetil was used alone or in 

37 combination with other immunosuppl'MSive ageflla in lt!ese studies. Mycophenolate mofetil 

38 has been demonstrated to inhibit lmmunologlcally-mediatec:l inflammatory responses In animal 

39 models and to inhibit tumor development and prolong su1Vival in murine tumor transplant 

40 models. 
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Mycophenolate mofetil is rapidly absorbed following oral administration and hydrolyzed to form 

MPA, "'rhich is the active metabolite. MPA is a potent, selective, uncomJ?E!litive and reversible 

inhibitor of inosine monophosphate dehydrogenase (IMPDH), and therefore inhibit.s the de 

nova pathway of guanosine nudeoticte synthesis Without incorporation into DNA. Because T­

and B-lymphocytes are cntically dependent for their proliferation on de nova synthesis of 

purines whereas other cell types can utilize salVage pathways, MPA has potent cytostalic 

effects on lym~es. MPA inhibits proliferar responses of T- ard B-lymphocytes to both 

.nitogenic and allospec!fic stimulation. AddiliorJ of guanosine or deoxyguanosine reverses the 

cytostatic effects of MPA on lympllocytes. MP~ also suppresses antibody formation by B­

lym~tes. MPA prevents the glycosylation ~f lymphocyte and monocyte glycoproteins that 

are involved in intsrcellular adhesion to en~ cells and may inhibit recruitment of 

leukocyte$ into Sites of inftarmlation and graft ~- MycophenOlate mofetU °did Rot inhibit 

early events in the actiVation of human ~ral blood mononudear cells, such< as the 
I 

production of interleukin-I (IL-1) and interleukit2 (ll-2), but did block the coupling of these 

events to DNA synthesis and proliferation. 
I 

' I 
56 Pharrnacokinetics I 
57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

Following oral administration, mycophenolate mofetil undergOeS rapid and extensive 

absOfplion·and·complcte presystemic metabol~ to MPA. the active metabolite MPA is 
I 

metabolized to form the phenolic glucuronide of MPA (MPAG) which is not pharmacologically 

active. Mycophenolate mofetil is not measurabie systemically in plasma following oral 

administration. ! 
i 
' I 

Absorptien: In 12 healthy volunteers, Iha m~ ~bsolute bioavailability of oral 
' mycopt;enolate mofetil relative to IV ~ate mofetil (based on MPA AUC) was 94%. 

The area under the plasma-concentration timej1:Urve (AUC) for MPA appears to increase in a 

dose-proportional fashion in renal transplant ~tients. receiving multiple doses of 

mycophenolate mofetil up to a daily dose of 3 g (see table below on pharrnacokinetic 

parameters in renal transplant patients). 
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f38 1mmedately post-ltansplant (<40 days), mean AUC and Cma>c are ar.proximately 50% lower in 

69 renal transplant patients 1han that obseM3d in healthy volunteers 01 in stable renal transplant 

70 pa.tienlS. 

71 Food (27 g lat, 650 calorieS) had no £»fleet on the extent of absolption (MPA AUC) of 

72 mycophenolate mofetil when administered al limes al 1.6 g bj.d. to renal transplant patients. 

73 However, MPA Cmax was dec:reased by 4C'oj(, in !fie presence of food. (See DOSAGE AND 

74 ADMINISTRATION.) 

75 Distribution: The mear1 (±SD) apparent volume ol distrillUtirJn of MPA in twP.lve healthy 

76 volunteers is approximately 3.6 (:1:1.5) and ·4.0 (±1.2) LJkg following IV and oral administration, 

n respectively. MPA. at clinlcaly relevant coocentrations, is 97% bound to plasm~ albumin. 

78 MPAG is !!2% bound to plaSma albumin ~ MPAG concentration ranges that are normally 

79 seen in stable renal transplant patients; however, at higher MPAG concentratiom> (ot>served in 

80 patients with renal Impairment or delayed graft function), the binding of MPA may be reduced 

81 as a result of competition between MPAG and MPA for protein binding. Mean blood to 

~ plasma ratio of radioactivity concentrations was approximately o.~ indicating that MPA and 

83 MPAG do not extensively distribute into the cellular fractions of blood .. __ ._ ......... .,. 
84 In vitro studies to evaluate the effect of other agems on the bindng of MPA to human serum 

85 albumin (HSA) Of plasma proteins shOWP.d that sulicylale (at 25 mgdl with HSA) and MPAG 

86 (at ~ µglml with plaSma proteins) irl. '!Based tie free fraction of MPA. At concentrations 

87 that e><ceeded what is enc:ounlered clinically, cyd1osporine, digaxin, naproxen, prednisone, 

88 propranaiot, tacrolimus, lheOphyllne, tolbutamidE•, and warfarin did not increase the free 

89 fraction of MPA. MPA at concentrations as high ;!IS 100 llO'mL had little effect on the binding 

90 of warfarin, digoxin or propranolol, but decreased the binding of lheophylline from 53% to 45% 

91 and phenytoin from 90% to 87%. 

92 Metaboli.-;m: Mycophenolate moletil underg<>e:; complete presystemic metabolism to MPA, 

93 the active metabolite. MPA is metabolized principally by giucuronyl transferase to form Ille 

94 phenolic glucuronide of MPA (MPAG) which i'3 not pharmacologically active. The following 

95 metabolites of the 2-hydroxyethyl- morpholiml moiety are also recovered in the ,Jrine following 
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96 

97 

98 

99 

100 

101 

1()2 

103 

104 

105 

oral administration of mycophenolate mc'elil to healthy subjects: N-(2-carboxymethyl)­

morphOline, N-(2-hydroxyelhyl)-morpholine, and the N-oocide of N-(2-hydraxyethyl)-morpholine. 

Secondary peaks in 1he plasma MPA concentralion-time profile are usually observed 6-12 

hours post-dose. The coadministration of cholestyramine (4 g l.i.d.) re:;1;lted in approximately 

a 40% decrease in the MPA AUC (largely as a consequence of ~lwer concentrations in the 

terminal portion of the profile). These observations suggest that eoterohepatic recirculation 

contributeS to MPA plasma ccncentrations. 

Increased plasma conc:entratiOns of mycophenolato moletil me«abolites (MPA 50% increase 

and MPAG about 3-6 fold increase) aro obseMid in patients with mnal in:.ufficiency. (See 
. ··-

CU!':'ICAL PHAAMACOl...OGY: Special Populations.) 

106 Excrdion: Negligible amount of drug is excreted as MPA (<1% of doSe) in the urine. Orally 

107 administered radiolabeled mycopheno/;ate mofelil ~lted in complete recoveiy of the 

108 administered dose; with 93% of the administered dose recovered In the urine and 6% 

109 recovered in feces. Most (about 87%) of the administered dose is excreted in the urine as 

110 MPAG. MPA and MPAG are usually nC)t removed by heniodialysis. -However, at high MPAG 

111 ~ ~trations (> 100 µ.gfml), sm&ll amounts of MPAG are removed. 

112 Mean (±SD) apparent half-ife and plasma clearance of MPA are 17.JJ (:16.5) hours and 193 

113 (±48) mllmin following oral administration and 16.6 (±5.8) hoors and 1n (:.t31) mUmin 

114 following IV administration, respect.ively. 

115 Phannacoldnetics in Healthy llblunteers and Renal Tninsplant Patients.~ Shown below 

116 are Ille l'llf'.an (±SD) phannacokinetic parameters for MPA following the Administration of oral 

117 mycophenolate mofetil ~ as single doses to healthy volunteers and multiple doses to renal 

118 transplant patients. As noted below, MPA AUC and C'Tlax in early transplant patients (<40 

119 days post-transplant) are approximately 50% lo• var as compared to healthy volunteers or to 

120 stable renal transplant patients. 
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21 PHARMACOKINETIC PARAMETERS FOR llPA 
122 [!MM (.so)] 
123 FOLLOWING ADMINISTRATION OF llYCOPHENOLATE llOFl:TIL 
124 TO HEALTHY VOLUNlEERS (SINGLE~} 

·125 AND 
126 RENAL TRAHSPLANT PATIENTS (HULTIPLE DOSES) 

127 
128 
129 

130 
131 

132 
133 
134 

135 
136 

137 
138 

. 139 
140 

141 

Huohhy Dooe --(Ro. of subject.) 

"'"'29) 1 9 
• ( ... 117} T--- Due ...... , ........ 

(M.•,,.....l 
&dy (dO clo¥ol 1 9 b.i.cl. 
(n.25) 

&dy (<40 doyo) 1.6 9 bl.cl. 
(~ 

..... (.:II-) 1.5 9 b.i.d. 
(""23) 

Specj_al Po~u!atiOlls 

T-
lhl 

o.eo 
(:r0.36) 

1-
(h) 

1.31 
(10.71) 

1.21 
(t0.81) 

0.1111 
~) 

-
a... T-MJC 

(NML) IPlrh/nllJ 

24.5 ~e· 

(±9.5) (±16.2) 
. - -

a.. IHM, ... 
~L) -AUC. .. 

(whl'MLJ 

1.16 27.3 
~-50) (':10.9) 

. 13.5 311.~ 

(i.e. ti) (':15.4) 

24. 1 es.a 
~12.1) (':35.4) 

142 

1~ 

144 

Shown bel'>W are the mean (±SD) pharmacokinelic parameters for MPA following the 

administration of oral mytt'phenolate mofetil given as single doses to subjects with renal and 

hepatic impairment. 
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46 PHARllACOl<INETIC PARAMETERS FOR UPA 
146 [-(di>)) 
147 FOLLOWING SINGLE DOSES OF llYCOPHENOLATE MOFEllL 
141'1 CAPSUl.ES .. cttAONIC RENAL AND HEl>ATIC IUPAIRllENT 

1"9 
150 

151 
152 
153 

154 
155 
156 

157 
158 
159 

160 
161 
162 

163 
164 

165 
166 

167 
168 

Aoolol...,.._ 
c-.01..-1 

.-.-.-
GFA >80 ml./min/1.13111' ,_, ---· MldR9n.ll1~ 
GFA 5IMIO ...unwt.ntr/ 

<-> 
-ANlollnlpaii-4 

GFA 254 rNJrrW/t.ntf/ 

<-> 
SW.. AlnMI .......... 

GFA 45 •lilllinl1.73111' 
(n-7) 

....... ...,.,_ .. 
(-.cA ......... , 

HNllhy ""*"'-
(""6) 

-cinlloais 
1-18) 

''· .. 

-
I 11 

lg 

I g 

I 11 

Dose 

lg 

1 11 

r- c.. MJC... 
(It) ,,..,..., ~ 

0.75 25.3 45.0 

C±O.zn ~7.119) (t22.6) 

0.75 211.0 599 
wizn (t3.12) (tf2JI) 

075 18.0 $2.9 
,:1:0.27) (tll.2) C*2fi.5) 

f.00 fl.I ,.._. 
(t0.41) C11o.I) ~·> 

T- 0.. auc... 
(It) ~ .... ~ 

063 2'.I 29.0 
(%il.14) (tS.7') (tS.78) 

0.85 22.4 211.• 
1,!:058) (tclO. I) (tcl0.7) 

169 Renal lnsuffidency. In a single-dose study (6 vo!unteetS per group), plasma MPA AUCs 

170 obse1Yed in votunteef'S with severe chronic renal impairment (glomerular filtration rate (GFR) 

171 <25 mUmin/1.73 m2) were about 75% higher relalive to those observed In healthy volunteen; 

172 (GFR >80 ml../minfl. 73 m'). In act:Jltion, the single dose plasma MPAG AUC was 3-6 fold 

173 higher imtolunteeis with &e11ere renal rnpainnent than in volunteers with mild reNll 

17 4 impairment or healtt'y volunteers, consistent with the knoWn renal elimination of MPAG. 

175 Multiple dosing of mycopheno'.ate mofetil in patients with seve•e chfOflic l8flal impairment has 

176 not been studied. No data ii.re available on the safety ol !ong-tenn p.xposure to this level ol 

1n MPAG. (See PRECAUTIONS: General and DOSAGE AND ADMINISTRATION.) 

178 In patients with 1elayed gra~ function post-transplant, mean MPA AU<;. 12 ¥.'85 comparable to 

179 that seen in posHranspta1:t patients without delayed !Jfatl function. Mean plasma MPAG 
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80 AUC,..,, was 2-3 fold tdgher than In post-transplant patief1lS without delayed graft function. 

181 (See PRECAUTIONS: General and DOSAGE ANO ADMINISTRATION.) 

J 82 Tile pharmacoldnelicS of mycophenolate moletil are not altered by hemodialysis. 

183 Hemodialysls usually does not 1·emove MPA or MPAG. Al high concentrations of MPAG 

t84 (>100 µglml), hemcxJia!ljsis removes only $111811 amounts of ~PAG. 

185 Hepatic Insufficiency: In a sirlgle dose (1 g) st.Jdy of 1 B volunteers with alcoholir: cirrhosis 

186 and 6 healthy volunteers, hepatic MPA glucuronida!lon J>f')CeSSeS appeared to be relatively 

187 unaftecied b'/ hep11t1c parenchymal diseaSe when pharmacokinetic pata/Mlters of heahhy 

188 volunteers and aleohofic cinhosis patients witnln ails study were compared. H.o~r. it 

189 should be noted that for unexplained reasons. tho healthy volunteers in fhls stuctY ,'Jad about a 

190 50% lower AUC as compared to healthy volunteers in other. studies, thus making compatlsons 

191 between volunteers with alcoholic cirrhosis and healthy voluoteers difficult. Effects of hepatic 

192 disease on this process probably ~nd on the particular disease. Hepatic disease with 

193 other etiOlogies may show a different effect. 

194 Pediarrics: Very rmited phannacokinetic data are available for pediatric renal transplant 

195 redpiMts: ·Data on these patients ccllected on day 21 post-tr.ansplanl are presented in the 

196 table below: 
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197 PHAAMACOKINETIC PARAMETERS FOR MPA 
198 [mun *(SD)) 
199 FOlLOWING MULTI?LE ORAL DOSES OF 
200 MYCOPHENOLATE MOFEllL IN PEDIATRIC RENAL 
201 TRANSPLANT PATIENTS 

202 

203 
204 
205 

. 200 
207 
20E 

209 
210 
~11 

212 
213 
214 

A .. _.,. 

23moto<6yr 
(Mwan • 2.75) 
("""') 

26yrto< 12yr 
~-9.0) 

<-4) 

212yrto1a rr 
~a15.I) 
(noo5l 

212yr101eyr 
<M-• 14.0) 
1-7> 

.,_ 

15 1nglkg b.i.d. 

15 mg/kg b.l.d. 

15 mo'k4I b.i.d. 

23 mglkg b.ld. 

T- Cnlax 
(h) (llg/noL) 

' 1.25 I 3.TI> 
110.87) (:t2.ll8) 

0.50 13.5 
(:t0.00) ci;c ... ., 

!I.SO 13.2 
(:t0.00) (te.861 

1.14 10.6 
(±0.80) (±9.59) 

Aue.. 
(pgoh/lnL) 

13.6 
(H.69) 

23.4 
(:t.2.IM) 

30.0 
(te.34) 

28.3 
(:1:12.8) 

···= 

215 Gender. Data obtained from several studies were pooled to look at any gender related 

216 diffelences in. the phalmacokinetics of MPA (data were aqusted to 1 g dose). Mean (±SD) 

217 MPA AUC,..12 for males (11279) was 32.0 (±14.5) ;\lld for females (n"'41) was 36.5 (±18.8) 

218 µgohlml while meClfl (±SD) MPA Cm8lc was 9.96 (±6.1S) in the males and 10.6 (:1:5.64) µg/ll'IL 

219 In the females. These differences are not z! ;;tinical significance. 

220 Clinical StWies 

221 The safety and efficacy of CellCept in combination with corticos!el'OidS and cyclosporine for 

222 the P19118nlion of organ rejection following aHogeneic renal transplants were assessed in three 

223 randomized, double-blind, multicenter trials. 

224 These studies compared two dose levels uf CeUCept (1.0 g b.i.d. and 1.5 g b.i.d.) with 

225 azathioprine (2 studies) or placebo (1 study) when administemd in combination with 

226 cydosporine (Sandimmune9) and corticosteroids to prevent acute rejeCtion episodes. One 
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~27 study also indudeti antithymocyte globulin (ATGl~M9) induction therapy. The lhme studies are 

228 described by geographic locatit'n ot the iwestigational sites. One study was conducted in the 

229 USA at 14 sites, one study was conducted in Europe at 20 sites, and one study was 

· 230 conducted in Europe. Canada, and Australia at a total ol 21 sites. 

231 lhe primary efficacy endpoint was the proportion of patients in each treatment group who 

232 experienced treatment failure Within the first six months after transplantation (defined as 

233 bicpsy-pmven acvte rsjection on trearmerit or the occurrence of dealt;, gra1t l~s or eally 

234 tennination from the study for any reason without prior biopsy-proven rejection). CellCept, 

235 wheo administered with antilhymocyte globlllin (ATGAM9) induction (one study) and with 

236 cyclosporine 'lnd corticosteroids (all three studies), was C001pared to the following three 

237 therapc;uiic regimens: (1) antitl>yn1ocyte globulin (ATGAM9) induction/azathioprine/ -

238 cydosporine/COtticosteroids, (2) azathioprir.alcyclosporirlcorticosteroids, and (3) 

239 cydosporine/corticostero!<i;. 

240 CellCept. in combination with corticosteroids and cydospor'.ne redUCE:d !~alisti"811y sigllificant 

241 at the <0.05 leve!) the incidence of treatment failure Within the firsr 6 months tallowing 

242 transplantation. The following tables summarize the results ol these studies. These tables 

243 sli<SW\1 )" ttre proportion of patients experiencing treatment failure, (2) the proportion of patients 

244 who BJCPeri~nced bio;>Sy-proven acute rejection on treatment, and (3) early termination, for any 

245 reason other than gra 't loss or death, without a prior biopsy-proven acute rejection episode. 

246 Patients who prematurely discontinued treatment "'-ere foDoweJ for the occurrence of death or 

247 graft loss. and the cumulative incidence of graft loss and patient death are summarized 

248 separately. P.;.lients who prematurely diseontinued treatment were not followed for the 

249 occurrence of <..::Ute rejection after termination. Mora patients discontinued receiving CellCept 

250 (without prior biapsy·r<oVen rejection, death or graft loss) than discontinued in the control 

251 groups. with the highest rate in the CellCert 3 g/day group. Therefore, the acute rejection 

252 raies may be underestimates. particularly in the CellCept 3 g/day group. 
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253 Incidence of Treatment Feilure 
254 (Biopsy-Proven Rejection or Early Terminmion for Any Reason) 

255 

256 

257 

258 
259 
260 

~61 
2ti2 

. 263 

264 
265 
266 

2.67 
268 
269 
270 

271 
272 
273 

274 

275 

276 
277 
278 
279 

::-ao 
281 
282 

USAStudJ Cel1Cep1 
2 gl'day 

(nd99......,.) (n=167 poitients) ,.. ,_ ,...,,.. 31.1% 

Ea1't ternin31ion 9.6'% 
wilhoul prior Kute 
rejection• ' 

Biopsy-pr- 19.8% 

rejection episode "" 
trlllllman\ 

Europe( C...W CellCepl 
Au5tnoliia .._ 2~ 
(n=503 pedenta) (n=1T.t JA!lients) 

All t....-nl faluras . 38.2% ,__. 
Early ter1........,., 13.9% 
wilholJI prior llCul1I 
rejecmn• 

Biap5y-prown 19.7% 
Njection mpi..ode on -

Euoope5'uclf Celll"ep\ 
2 9'daY 

(-"91 ,,.alents) ,.,.,115 .,...._, 
Al - talilures 30.3% 

Early ...... Miion 11.5% 
without prior acute 

·-+-· rejection• 

Biopsy-proven 17.0% 
rejeetion ~ on I 

l~almel!! ! 
= -

CeltCept .Az.lllloprine 3....., 1-2 mgllogl'dlly 
(n=166 ........ •) (n=16& p.ilienta) 

31.3'llo 4/.6'% 

12.7% 6.0% 

. 
17.5% 38.0% 

Celie.pt Azl4hiapdM 
3 glfday 100-150 mgfUy 

(11=164 plllienta) (n=1A )Nllients) 

3411% 50.0% 

15~% 10.2% 

15.8~ .. 35.5% 

-
CellCepl Placebo 
3 gldmy 

(n=1&0 p!llient&) , .. ..,. poillents) 

39.8% 58.0% 

22.5% 7.2% 

13.11% ~6.4% 

-

283 • Dues nol "'udl> death and grail ms as rMSOll for oar1y tanninadon. 

r . .a..v~ 

284 Cumulative incidence of twelve-month graft loss and patient death are presented below. No 

285 advantage of CellCept with respect to graft loos and patient death was established. 

286 Numerically, patients receiving CellCept 2 g/day and 3 glday experienced a better outcome 
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Cl7 than contrOls in all three studies; patients receiving CellCept ;.: g/day experienced a better 

..:88 outcome than Cel!Cept 3 g/day in two of the three studies. Patients in all treatment groups 

289 who 1erminated treatment early were found to have a poor or Jtcome witll respect to graft loss 

290 and patient death at one year. 

291 Cumulative Incidence nf Cl'.»mbined Graft Loss and Patient 
292 Death at 12 Months 

293 

294 

295 
296 
297 

298 

299 

r SlUCIJ 

USA 

Europlll 
C8nadal. 
Auslraia 

Europa 

CellCept 
:! aldllY 

-·· . 

8.5"4 

11.7% 

8.5'JI. 

' 

CellCept (;onl,..I 
3 g/day (Az.athloprine 

or Pleebo) 

11.5% 12.2% 

11.0% 136% 

10.0% 11.5% 

INDICATIONS AND USAGE 

300 CellCept is indicated for the prophylallis of organ rejection in patients receiving aflogeneic 

301 rel'lDl'TransrAants. · CellCept should be used concomitantly with cyclosporine and 

302 corticosteroids. 

303 CONTRAINDICATIONS 

304 Allergic $actions to CellCept have been observed; therefore, CellCept is contraindicated in 

305 patients with a hypersensitivity to mycophenolate mofetil, mycophenolic acid or any 

306 component of ltlA drug product. 

US LABEL (~'21119'J) 



..... _,, ~ 

')7 WARNINGS 

308 (See boxed WARNING.) 

309 Patients receiving immunosuppressive regimens involving combinations of drugs, including 

310 ce!ICept, as part of an immunosuppressive regimen are at increased risk of developing 

311 ~mphomas and OUler malignandes, particularly of the skin. The risk appears to be related to 

312 the intensify and duration of immunosuppression rather than to the use of any specific agent. 

313 Oversuppression of the immune system can aloo increase susceptibility to infection. CeJICept 

314 has been administered in combination with the iollowing agents in clinical trials: antithymocyte 

315 glob'.Jiin (ATGAM9). OKT3 (Orthoclone O~ 3), cyclosporinc (Sandimmune9), and 

316 corticOstliroids. The efficacy and safety Of the use ol CellCept in combination wlih Qfher 

317 immunosuppressive agents haVe not been determined. 

318 Lymphoproliferative cflSElase 01· lymphoma delleloped in patients receiving CeUCept with other 

319 immunosuppres'3ive agents in approximately 1 % of patients in the controlled studies of 

. 320 prevention of rejection. (See ADVERSE REACTIONS.) 

321 A!t/&i'Se·6ffects .:in fetal development (111du:1ing malformations) occurred when pregnant rats 

322 and rabbits were dosed during organogenesis. These responses occurred at doses lower 

323 than those associated with 1natemal toxicity, and at doses below the recommended Clinical 

324 dose. There are no adequate and well-controlled studies in pregnant women. However, as 

325 CellCept has been shown to have teratogenic effects ill animals. it may cause fetal harm 

326 when administered to a pregnant woman. Therefore, CellCept should not be used in pregnant 

327 women unless the potential benefit justifies the potential risk to the fetus. 

328 Women of childbearing potential should have a negative serum or 11rine pregnancy test with a 

329 seositivitiy of at least 50 mlU/mL within 1 week prior to beginning therapy. it is recommended 

330 that CellGept therapy should not be initiated by the physician until a report of a negative 

331 pregnancy test has been obtained. 
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132 EffectiVe contraception must be used before beginning cellCept therapy, during therapy, and 

333 for 6 weeks following discontinuation of therapy, even where there has been a history of 

334 infertility, unle.'lS due to hystenictorw,. Two reliable fonns of contraception must be used 

335 simultaneous.ty unless abstinence ls the chosen method. II pregnancy does occur during 

336 tre.atmeot. the physician and palient should discuss the desirabili1¥ of continuing the 

337 p1e9nancy. (See PRECAUTIONS: Pregnancy and Information for Patients.) 

338 In the ihree co11trolled studies for prevention ot rejecfion, similar rates of fatal infectiontVsepsis 

339 (<2%) occurred in patients while receiving CeHCept or control therapy in combination wilh 

340 01h1~r immunosuppressive agenlS. {See AO'J!:RSE REACTIONS.) 

341 Up to 2.0% of patients receiving CellCept for prevention of rejection developeasevpro 

342 neutropenia [absolute neutrophil count (ANC) < o.s x 1 O"ij.li..}. iSee ADVERSE'nEACTIONS.) 

343 Patients receiving cellCept should be monitored for neutropenia (See f'RECAUTIONS: 

344 laboratory Tests.) The development of neutropenia may be related to CellGept itself, 

345 coni'Omitant medications, viral inM:lions, or some combination of these causes. If 

346 neutmpenia develops (ANC <1.3 x 10'/Jl.L), dosing with CeUCept should be interrupted or the 

347 dose reduced, :tppropriate Qc!gnostic tests perf011T1ed, and the patient managed appropriatel'J. 

348 (seetiOSAGE AND ADMINISTRAnON.) Neutropenia has been observed most frequently in 

349 the period from 31 to 180 days post-transplant in patients treated for prwention of rejection. 

350 PRECAUTIONS 

351 Gener.R 

352 Gastrointestinal tract hemormage has been observed in approximately 30.4 of patients treated 

353 with CellCept. Gastrointestinal tr"dct perforations have rarely been observed. Most patients 

354 receiving CellCeot were also receiving other drugs known to be associated with these 

355 complications. Patients with r ;tive peptic ulcer disease were excluded from enrollment in 

356 studies with mycophenol~te mofetil. Because CellCept has been associated with an 

357 increased incidence of digestive system adverse events, illcluding infrequent cases of 

358 g11Strointestinal tract ulceration, hemorrhage, and perforation, CeHCept should be administered 

359 with caution in patients with active serious digestive system disease. 
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Subjects wilh severe Chronic renal impaitr.ien• (GFR <25 mllminl1.73 m") w00 have received 

Single doses of CellCept showed higher plasma MPA and MPAG AUCs relative to subjects 

wilh lesser degrees of renal irnpairmenl Of normal heatttrY volunteel'S. No data are available 

on the safety of long-tenn exi;osure to these levels ot MPAG. Doses ol CellCept greater lhan 

1 g administemd twice a day SllOUld be avoided and ttiey shOuld be carefully observed. (See 

CLINICAL PHARMACOLOGY: Ptlar:na<;;Oldnetics and DOSAGE AND AOMINISIBATION.) 

In patients with delayed graft function pOSt-transplant. rnean MPA AUC,,.,. was comparable, 

but MPAG AU<;,.,. was 2-3 fold higher, compared to that seen in post-transplant patients 

without delayed graft function. In the three controlled studies of pnwention of.~· there 

were 298 of 1,483 patients (20%) With delayed graft funceion. Although palien~ wlltl delayed 

graft func!ion have a higher incidence of certain adverse events (anemia, ~ia. 

hypefkalemia) than patients without delayed graft function. these events were not m<lfe 

frequent in patients receiVing CellCept than azathioprioe or placebo. No dose adjustment is 

recommended for these patients, however, they should be carefully observed. (See CLINICAL 

PHARMACOLOGY: Phatmacokioelics and DOSAGE ANO ADMINISTRATION.) 

It is recommended lhal CellCept not be administered concomitantly with azathl<>pline because .. _,_ .......... ~ ...... . 

such concomitant administration has not been studied clinically. 

In view of the significant reduction in the AUC ot MPA by cholestyramine, caution should be 

used in the concomitant administration of CellCept with drUgs lhal interfere with enterohepatic 

rflcirculation because of Ille potential to reduce the efficacy of CellCept. (See 

PRECAUTIONS: Drug lnter&ctions.) 

Information tor Patients 

Patients shoult:I be intomu:ct of the need for repeated appropriate laboratory tests while they 

are receiving CellCept. Patients sl\Ould be given complete dosage instructions and informed 

of the increased risk l>f lymptloproliferative disease and certain other mabgnancies. Women ol 

childbearing potential should be instructed of the potential 1isks during pregnancy. and that 

lhey should use effective contra~-eptioo before beginning eer-Cept therapy. during therapy and 
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387 for 6 waeks after Celteept has been stopped. (See WARNINGS and PRECAUTIONS: 

388 Pregnancy.) 

• 389 Laboratory Tests 

390 Complete blood counts should be performed weekly during the first month, twice monthly for 

391 the second and third months of treatment. then monthly through the first year. (See 

392 WARNINGS, ADVERSE REACTIONS, and DOSAGE AND ADMINISTRATION.) 

393 Drug Interactions 

394 Drug interadiOn studies with mycophenolate mofetil have been conducted with acydovir, 

395 antacids, c:holestyramine, cyclosporine, ganciclovir, oral contraceptives, and ··-

396 trim Drug Interaction studies have not been ~ With otner 

397 drugs that may be commonly administered to renal transp!Mt pa1ienl5.. CellCept has not been 

398 administered concomltantly with azalhloprine. 

399 acyclovir: Coadministration of mycophenolate rnoletH (1 g) and acyclollir (800 mg) to twelve 

400 healthy volunteers resulted in no slgnllicant change in MPA AUC and Cmax. However, MPAG 

401 and acyclOVir plasma AUCs were Increased 10.6% and 21.9%, respectively. Because MPAG 

402 plasml"~ are inae:ised in the presence ot renal impairment, as are acyclovir 

403 concentrations, 1he potential exists for the two drugs to compete for tubular secretion further 

404 increaslug the conceritrations or both drugs. 

405 lll1taclds rrlth m•gneslum and aluminum hydtoJtides: Absorption c:A a Gingle-doce of 

406 mycophenolate mofetll (2.0 g) was decreased when administered to ten rheumatoid arthritis 

407 patients alSo taking Maa19X-TC (10 ml q.i.d.). The Cmax and AUCH< for MPA were 33% 

408 and 17% IOWer, respectively, 1han 1A.'hen mycophenolate moletil was administered alone under 

409 lasting conditions. CellCcpt may be administered to patients who are also taking anlacids 

410 containing magnesium and aluminum hydroxides; however, it is recooimended that C'.ellCept 

411 and the antar.id not be administered simultaneously. 
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cholt!stynlmine: FoHowing single-dose admiotstration of 1.5 g mycophenotate motetil to 

twelve healthy volunteers pretreated with 4 g t.i.d. of cholestyramine for 4 days, MPA AUC 

decreased approximately 40%. This dec!"ea.se is consiStent with intel'l'Uptlon al enterohepatic 

recirculation which may be due to bincfing of recirculating MPAG with cholestyrarnine in the 

intestine. CellCept iS not recommended to be given with cholestyramine or othef agents that 

may i11i&r1e.e with enterohepalic recirculation. 

cyr;losporine: Cyctosporine (SandilM'une9) phannar..okine:ics (3t doses of 275 to 415 

mgfday) were unaffected by single an.1 multiple doses of 1.5 g b.i.d. ol mycophenolate moletil 

in ten stable renal transplant patients. The mean (±SO) AUCo-~ and Cmax of cyclosporine 

after 14 days of multiple 00&.!s of mycophenolate mofetil were 3290 (±822) ~~ml and 753 

(±161) ngtmL, respectively, compared to 3245 (±1088) ngohfmL and 700 (±246~ n!>'ml, 

respectively, one week before administration of mycophenolate mofetil. The effect ol 

cyclosporlne on mymphenolate mofelll phannacokinetics could not be ev31uated in this &1111.'ly, 

however,--ttle plasma concentrations of MPA -.re similar to that for healthy volunteers. 

ganciclovir. Followi11g singllHlose administration to twelve stable renal transplant patients, 

no pharmacokinelic interaction was observed between mycophenolate mofetil (1.5 g) and IV 

ganclcl0vir(5·mglkg). Mean (±SD) ganciclovir AUC and Cmax (n=10) were 54.3 (±19.0) 

µgohlml and 11.5 (±1.8) µg/mL. respectively Hiter coadministration of the two drugs, 

compared to 51.0 (±17.0) µg-h/ml and 10.6 (±2.0) f.Ll>'ml, respectively after administration ol 

IV ganciclovir alone. The mean (±SD) AUC and Cmax of MPA (11=12) after coadministration 

were 80.9 (:!21.6) pgoh/ml and 27.8 (±13.9) 11glml. respecliVefy compared to values of 80.3 

(±16.4) ll9"hlml and 3().9 (±112) flO'mL, respectively after administration of mycophenolate 

mofetil alone. Because MPAG plasma concentrations are increased in lhe presence of renal 

impairment, as are ga.'lcidovir concentrations, the potential exists !or the two drugs to 

compete for tubular secretion and thus further inr.reases in concentrations of both drug may 

occur. 

oral contraceptives: Following single-dose administration to fifteen healthy women, no 

pharma~kinetic interaction was observed between mycophenoiate mofetil (1.0 g) and two 

tablalo; of Ortho-Nc-JUm• 1nn (1 mg norethindrone [NET] and 35 1&!1 estradiol ethinyt [EE)). 
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441 This single-dose study suggests the iack ot a glOSlS pharrnacokioelic interaction, but cannot 

442 exclude tile possibility of changes in the pllawiacokinetics of the oral contraceptive under long 

443 lenn dosing conditions with CellCept whlell mi\ Jht adversely affect tne efficacy of th1;; oral 

444 contracepti\"e. • 

446 trimethoprimlliUlfamethoxazole: Following single dose administratiOn ol mycopllenolate 

446 mofetil ( 1.5 g) to twelve healthy rr.ale volunteers on clay 8 of a 1 O day course of Bactrim• DS 

447 (trimethoprim 160 mg.lsulfamethoY.azole 800 mg> administered b.i.d., no effect on !he 

448 bioavailability of MPA was ot>served. Tile mean (±SD) AllC and Cmax of MPA after 

449 concomitMt ndministratiOn were 752 (±19.8) µrrhJmi. and 34.0 (±6.6) pg/ml, respectively 

450 compared to 71.2 (±27.9) and 34.2. (±10.7), ~ aftH administratioo ot.'!'ycopnenolate 

451 motedl alone. 

452 othB interactions: The measured value for rer.al clearanCe ol MPAG indicates removal 

453 occurs by renal tubular secretion as well as glomerular li!tralion. ConsiStent wit'1 this, 

454 coadministration of probenecicl, a known illhibitor of tubular secretion, with mycopllenolate 

455 mofedl in mookeys results in a 3-fold increase in plasma MPAG AUC and a 2-fold increase in 

~ plasma MPA A.lJC. Thus, other drugs known to undergo renal tubular secretion may compete 

457 with.Jr(E;:'tG and .thereby raise plasma concentrations of MPAG or the other drug undergoing 

458 tubular secretion. 

459 Drugs that alter the gastrointe&tinal Dora may interact with mycophenolate mofetil by diSrupting 

460 enterohepatic reQro.Jfation. lntelference of MPAG hydrolysis may l:?ad to less MPA available 

461 for absorptiGn. 

462 <:arcin09'!flesiS, Mutagenesis, Impairment of Fertility 

463 In a 104-week oral carcinogenicity study in mice, mycopheno~'" mo'etil in daily doses up to 

464 180 mg/kg was not tumurigeniC. The highest dll6B tested was 0.5 timi;.<; the recommended 

465 dinical dosu (2 g/day) when corncted tor differences in boJy surtace are.1 (BSA). In a 104-

466 week oral ca.rcinogenicity study in rats, mycophenola.te mole!~ in daily doses up to i 5 m!)lk.g 

467 was not luni.:irigenic. The highest t1ose was 0.08 times the recommended clinical dose 'When 

468 corrected tor BSA. While these animal doses were lower than ll'ose given to patients, they 
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469 were maximal in thOse specieS and were considered adeqi;ate to evaluate the potential for 

470 human risk. (See WARNINGS.) 

471 Mycophenolato molatil was not genolOltic, with or without metabolic aclivalion, in several 

472 assays: the bacterial mutation assay, the yeast mitotic qene conversion assay, the mouse 

473 micronucleus aberration assay, or the Chinese hamster a11ary cell (CHO) chromosomal 

474 aberration assay. 

475 Mycophenolate moletil had no effect on le11ilily of 1,'1ale rats at oral doses up to 20 mg/kg/day. 

476 This dose represents 0.1 times the recommended clinical dose when corrected tor BSA In a 

477 female fertility and reproduction study conducted in rats, oral doses of 4.5 ~day caused 

478 msllormatiOns (principally at the head and eyes) in the lifst generation ~ in the 

47S absence of mater11al tmcicity. This dose W<1li 0.02 timeS the racomrnended clinical dose wtwn 

480 corrected tor BSA. No effects on fertility or n:produC!M> parameters were evident in the damr 

<i81 or in the subsequent generation. 

482 Pregnancy: c.tagary C 

483 In tera!Ology studies in rats and rabbits, fetal resorptions and maHormatlons occurred in rats at 

484 6 .. mglk!)'day ana in rabbits al 90 lll!>'kg/day, m !he absence of maternal toxicity. These levels 

485 are equivalent to 0.03-0.92 times the recomrN!llded clinical dose on a BSA basis. In a female 

486 fertifrty and repmdUClion study conducted in rats. oral doses of 4.5 lllflkgfday caused 

487 malformations (principally of 1he head and eyes) in the first generation offspring in the 

488 absence of maternal toxicity. This dose was 0.02 times the recommeoo'ed clinical dose when 

489 oorrected tor BSA. 

400 There are no adequate and well-conlrolled studies in pregnant vvornP.n. CellCepl should not 

491 be used in pregnant women unless the potential benefit justifies the potential risk to the ferus. 

492 Effective contraception must be used before beginning CellCept thtsrapy, during theraP'/ and 

493 for 6 weeks alter CellCept has been stopped. (See WARNINGS. PRECAUTIONS: Information 

494 for Patients.) 
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t96 Nursing Mothers 

4tl6 Studies in rats treated wilh rnycophenolate mofetil have shown rnycophenolic acid to be 

497 excreted in milk. It is not knoWn whelher lhis drug is 81CC181ed in human milk. Because many 

• 498 dRllP are excieted in human niilk and beeause of the potential for serious adVelse reactions 

499 in nulSing infants from mycophenolate mofetil. a dt!cision should be made whelhef to 

500 discontinue nursing or to discontinue the drug, taleing into account the imPortance of Ille drug 

501 to the mother. 

502 Pecfiatric Patients 

503 5afety and effectiveness in peclatiic patients have not been established. Very limited 

504 pharmacnlcinatic data ani available in pediat!lc patients. (See CLINICAL. PHARMACOLOGY: 

506 PhannacOkinetics.) 

506 ADVERSE REACTIONS 

507 The principal adveise reactions associated with lh9 administration of GellCept include 

5\18 dian11ea. leulclopenia, sepsis and vomiting, and there is evidence of a hi9hef freqwncy of 

509 certain types of infections. 

510 The incidence of adv8fSe events for CellCapt was detennined in three randomized 

.c; 11 comparative doubl&-tllind trials In prevention ot rejec:tiOO in renal transplant patients. Because 

512 of the lower overall reporting ol -a in the European plal:lebo-<ontr, prevention of 

513 rejection s1Udy, ltlese d8la were not combl~ wi1h the ClCher two aclM controlled prevention 

514' trials, but are Instead pl8S8flted sepanrtely. 

515 Safety data are sumrnariZed below for all patients in the double-blind prevention studies while 

516 receiving treatment; approximately 53% of these patients have been treated for more than t 

517 year. Adverse events that were reported in <!:10% of patients in either CellCept treatment 

518 group are piesented below for the two active-contrOlled sluCies combined (USA and 

519 Europe/canooatAustralia) and lor the one Europuan placebo-controlled study. Opportunistic 

520 infections are summarized separately. 
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521 AclWrse Events in Prl!wntion of Renal Allognift Rejecdon 

522 USA SU.dv Combined whh 
523 Eu!opo'C!nad!IAustralia Studv 

524 CelCepl CellCepl Azathioprlne 
525 2 glday 3 glday 1-2~or 
526 100-150~ 
527 {n--336) ~130) Cn-326) 
528 B~aaaWhole 
529 Pair! 33.0% 31.2'4 32.~ 

530 AbdonVnal pain 24.7 27.S 23.0 
531 Fever 21.4 23.3 23.3 
532 Headache :21.1 16.1 21.2 
533 lnleclion 18.2 20.9 19.9 
534 Sepsis 17.6 19.7 15.6 
535 Aslh- 13.7 16.1 19.9 
536 Cl.-tpain 13.4 13.3 14.7 
537 Back pain 11.6 12.1 14.1 

538 Henic and L,.Ylnll•tir: • 
539 Anemia 25.~ 25.8 23.6 
540 i..utcopenia 23.2 34.S 24.8 
S41 Thombor.ylopeuia 10.1 8.2 13.2 
542 

Hypochlomic --
7.4 11.5 9.2 

543 Leukol:¥osis 7.1 10.9 7.4 

544 Urooenbl 
545 Urinaiy Inlet inlec:lion 37.2 37.0 33.7 
546 H11meturla 14.0 12.1 11.3 
547 Kidr.ey llbuler neaosie 6.3 io.o 5.8 

548 C',et6ovaacular 
~g Hypertension 32.4 282 :"".2 

550 M.tabolic and tftbillonlll 
551 Plf1)henll edema 28.6 27.0 28.2 
552 ~ 12.8 8.5 11.3 
553 ~ 12.5 15.8 U.7 
554 Edema 12.2 11.8 13.5 
555 Hypolc:alemia 10.1 10.0 8.3 
556 Hyperkelamia 8.9 10.3 16.9 
557 Hyperglyoemia 8.6 12.4 15.0 

558 Dtq!S!ive 
559 Dianti. 31.0 36.1 20.9 
560 Conslipation :>2.9 18.5 22.4 
set Nausea 19.9 23.6 24.5 
562 Dyspepsia 17.6 13.6 13.8 
563 \lomiling 12.5 13.6 9.2 
564 Nausea and wmiling 10.4 9.7 10.7 
565 Oral moniliosis 10.1 1?.1 11.3 
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566 USA Bl!lv ConDtned with 
587 E&a!!pWCa ... d1t.Qt .. S!Udy 

568 ~ CellCept Azalhiap!ine 
589 2glday 3gMay 1-2 mg/lq>'day or 

• 570 100-150 mgfday 
571 (n-336) fn.330) <""'326) 

572 FlwiWrlv 
573 lnfmion 22.G'll. 23.9" 19.'"'-
574 Dy11p1- 15.5 17.3 18.8 
575 Cough inaaaced 1'5.5 13.3 15.0 
576 Ph9tyngitig 9.5 11.2 3.0 

sn Skin and ~daaes 
578 kite 10.1 9.7 8.4 
579 Ruh 7.7 8.4 10.4 

680 Ne!-.Svllen\ < 
681 y,.... 11.0 11.8 .12.3 
582 1nsa .... 8.9 11.8 10.4 
583 Dlzzi: .. 5.7 11.2 11.0 

584 EunpS!Udy 

585 CellClipt CallCepl Placebo 
586 2WdaY 3glday 
587 (n:.185} (n=160} 1-166) 
588 Bodvasa~ 
589 Seprie •.•.... 21.8" 17.5% 13.!1% 
590 hiaclion 12.7 15.6 13.3 
591 AbdoP1ii .i pain 12.1 11.9 11.4 

592 ! lemic and Lvmot•tic 
593 LlllllGct*lia 11.5 16.3 4.2 

594 Vlaqenilal 
595 Urlrllly llad infacllon 45.5 44.4 37.3 
596 Urlnaiy 1red clSOfder 6.7 10.6 4.2 

597 ~1lar 
598 Hypertenaion 17.8 16.9 19.3 

699 ~live 
600 Diarrh9a 16.4 18.8 13.9 

601 Respln!to!y 
602 lnlection 15.8 13.1 9.0 
603 BroilChills 8.5 11.9 8.4 
604 Pneumonia 36 10.6 10.8 
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605 The above data demonstrate that in three controlltd trials for prevention of rejection, patients 

606 receiving 2 g per day of CeUCept had an overall better safety profile than did patients 

607 receiving 3 g per day of CeUCept Sepsis. which was generally CMV viremia. was slightly 

608 mol8 common in patients treated with CellC.tpl. with an inc:idence of 18-22%, compared to 

609 16% in patients receiving azathioprine and 14% in patients receiving placebO. In the digestive 

610 system, dianhea was most cleally increased in patients receiving CellCept, wi1h an incidena; 

611 of up 36%, compared to 21% for patients receiving azalhioprine and 14% lor patients 

ti 12 l'C<'.eiving placebo. 

613 The incidence of malignancies among the 1,483 patients enrolled in controlled trials for the 

614 prevention of rejectio">n whO were followed for 2:1 year was similar to the incidence reported in 

615 the literalum fol' renal allogfaft recipien~. Thel8 was a slight ir\clease in the ~cidei'lc:e of 

616 lymphoprdiferalive disease in lhe CellCept beatmeot groups compared to the placebo and 

617 azathioprtne groups. (See WARNINGS.) The following table summarizes the incidence of 

618 rnafignancies obsenled in the p.wentior; of rejection tnals. 

619 MllligrwiciN Ob..wd in p..,,.ntian of Renal R•i• 'iom n1a1S 

620 
621 
622 
623 

624 
625 

626 
627 

628 

.. -~- .. , .. 

L)'l1iphon-1y~ 
prolifellllill9 dis I 58 

Non-melanoma Glcin 
carci IOl1ll' 

Olher malignancy 

CellCepc 
2 g/da/ 

(n.501) 

?.6% 

4.0 

0.8 

Cel!Cer« Placebo kathioprine 
3 glday 1-2~or 

1 ()().150 lll!>'daY 
(rw490l ,,...166) (r.-32e) 

1.11" D.O'JC. 0.3% 

1.S 0.0 2.4 

1.4 1.8 1.8 

6..'>!} Up to 2.0% ol pabents receiVlng CeUCept tor prevention of rejection have developed severe 

630 neutropenia [absolute neutrophil count (ANC) < 0.5 x 10'/µL]. (See WARNINGS, 

631 PRECAUTIONS: Laboratory Tests, and DOSAGE AND ADMINISTRATION.) 

632 ·{he following tables show the ircidence ol oppOftuniStic infr.ctions that occurred in tile 

633 transplant population in the pre11611tion of r(''ection bials: 
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634 Opportunistic Infections in Prevention ot Renal Rejection Trials 

635 USA Sludl( Corroined wilh 
636 Eumpa!Canadaf Australia Sludy 

637 CeliCept CellCepl Azathioprine 
638 2 gfday 3 glday 1-2 mWkg/day or 
639 100-150 fl'9'day 
&40 (n-336) (R;330) 1tr..326) 

641 H81peS si11"4>lflX 16.7"' 20.0% 19.0% 

642 CMV 
643 viremialsyndrorne ~3.4 12.4 13.8 
644 tissue invasive disease 8.3 11 .5 6.1 
&15 
646 Herpes zoster c.o 7.6 5.8 

647 Candide" 
~ 

648 fla'lgemia/cisseminaled 0.6 0.1S 0.3 
649 tissue invasive 0.6 0.6 0.3 

650 AspergiUus/Muoor 0.3 0.(1 0.3 
·ss1 invasive <fis an se 

652 P~is carinii 0.3 0.0 1.2 -
653 .... -,- .... -.. ·-. Europe.~ 

654 CellCepl CellCepl Placebo 
655 2 glday 3 glday 
656 '""'165) (n=160l (n=166\ 

657 Herpes si11111ex 15.2% 12.5% 6.0% 

658 CMV 
659 vtremia/Syndrome 15.2 15.0 13.3 
660 tissue invasive disease 3.6 7.5 2.4 

661 Herpes zoster 6.7 6.9 2.4 

662 Candida 
663 flmgemialdisseminated 0.0 0.6 0.0 
664 tissue invasive 0.0 06 0.0 

665 Pneumoc:ys1os c:a~nii 0.0 2.4 
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J6 In the three controlled studies for prevention of rejection, similar rate· of fatal infections/sepsis 

667 ( <2%) occurred in patients while receiving CellCept or i;ontrol therapy in combination With 

668 other immunosuppressive agents. (5ee WARNINGS.) 

669 The following adverse events, not mentioned in any of the tables above, were reported with 

670 ~3% incidence in patients treated with CellCept: BODY AS A WHOLE: abdomen enlarged, 

671 accidental injuiy, chills and lever. cyst. face edema. flu syndmme, hemorrhage, hernia. 
' 

672 malaise, pelvic pain; HEMIC AND LYMPHATIC: ecchymosis, polyojlhemia; UROGENITAL: 

673 albuminuria, dysulia, hydronephrosis, impotence, pain, pyelonephritis, urinary frequency, 

674 urinaiy tract disorder; CARDIOVASCULAR: angina pectoris, atrial fibrillation. cardiovascular 

675 disorder, hypotension, palpitation, peripheral vascular cfisorder, postural hypotension, 

676 tacliycardia, thrombosis, vaso<iilatation; METABOLIC AND NUTRITIONAL: acidosis~ alkaline 

677 phosphatase increased, croatinine increa<'.ed, dehydration, gamma glotamyt transpeptidase 

678 increased, hypercalcemia. hypert1pemia. hyperuricemia, hypervolemia, hypocalcemia, 

679 hypoglycemia, hypoproteinemia, lactic dellydrogenase increased, SGOT increased. SGPT 

680 increased, weight gain; DIGESTIVE: anorexia, esophagitis, flatulence, gastritis, 

681 gastroenteritis, gastrointestinal hemorrhage, gastrointestinal monil~is. gingivitis, gum 

682 hyperplasia, hepatitis, ileus, infection, liVer function tests abnonnal, mouth ulceration, rectal 

683 d~orciei; FiESPIRATORY: asthma, lung dis1;!'de1~ lung edema, pleural effusion, rhi'1itis, 

684 sinusitis; SKIN AND APPENDAGES: alopecia, fungal demiatitis, hirsutism, pnuitis, skin benign 

685 neoplasm, skin <isomer, skin hypertrophy, skin ulcer, sweating; NERVOUS: anxiety, 

686 depression, hypertonia, paiesthefiia, somnolence; ENDOCA.INE: diabetes meUitus, parathyroid 

b87 disorder; MUSCULO-SKELETAL: arlhralgia, joint disorder, leg cramps, myalgia, myasthenia; 

688 SPECIAL SENSES: amblyopia, cataract ('lot specified), conjunctivitis. 

689 OVEROOSAGE 

690 There has be<!n no reported experience of overdosage of mycophenolate mofetil i;1 humans. 

( 91 The highest dose administered to renal transplant patients has been 4 g per oay. Jn limi!ed 

692 experience with cardiac and hepatic transplant patients, the highest doses used were 4 g or 5 

693 g per day. At doses of 4 g or s g µer day, there appears to be a higher rate, oomp;ued to the 

694 use ol 3 g P"~ day or less, of gastrointestinal intolerance (nausea, vomiting, andfor diarrhea), 

US LA>iEL (4128195) 
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and occasional hematologic abnormalities, principally neutropenia, leacfing to a need to reduce 

or discontinue dosing. 

In acute oral toxicity studies, no deaths occurred in adult mice at doses up to 4000 mg/kg or 

in adult monkeys at doses up to 1000 mglkg; these were the highest doses of mycophenolate 

mofetil IP.Sled in these species. These doses represent ·11 times the recommended clinical 

dose when corrected tor BSA. In adult rats, deaths occurred alter single oral doses of 500 

mg/kg of mycophenolate moletil. The dose represents approximately 3 times the 

recommended clinical dooe when corrected for BSA. 

M?A and MPAG am usually not removed by hemodialysis. However, at high MPAG plasma 
. ··-

concentrations (> 100 µ.gfmL). small amounts of MPAG are removed. By increasing excr~tion 

of the drug, MPA can be removed by bile acid sequestrants, such as cholestyra1nine. 

DOSAGE AND ADMINISl'RATION 

The initial dose of CellCept should be given within J2 hours following transplantation. A uose 

of 1.0 g administered twice a day (daily dose of 2 g) is recommended fur use in cc.mbination 

Wiih'c"Jrtioosteroids and cyclosporine in renal transplant patients. Although a dose of 1.5 \l 

administered twice daily (daily dose of 3 g) was used in clinical trials and was shown to he 

safe and effective, no efficacy advantage could be established. Patioots reooiving 2 g per day 

of CeUCept demonstrated an overall better s<>lety profile Ulan did patients receiving 3 g per 

day of cellCept Food had no effect on Mt>A Aue. but nas been shoWn to deerease MPA 
' 

Crriax t;y 40%. It iS recommended that CfilCePt be administered on an empty stomach. 

Dosage .'u:ljustments 

In patients with ~c· .. ere chronic renal impaim1ent (t>FR <25 mUminl1.73m") outside of the 

immediate post-transplant period, doses of CeUCept greater than 1 g administered twice a day 

should be avoided. These patients shoukl also be carefully observed. No dose adjustments 

are needed in patients experiencing delayed graft function post-operatively. (See CLIN!CAL 

PHARMACOLOGY: Pharmacokinetics and PRECAUTIONS: General.) 
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~1 rt neutropenia develops (ANC <1.3 x 10'/JJL), dosing with CellCept should be interrupted or 

722 the nose reduced, appropriate diagnostic tests performed, and the patient managed 

723 appropriately. (See WARNINGS, ADVERSE REACTIONS, and PRECAUTIONS: Laboratory 

724 Tests.) 

725 HANDLING AND DISPOSAL 

726 Beca•Jse mycophenolate mofetil has demonstrated lcratogenic elfects in rats and rabbits, 

727 Cel!Cep: .;apsules should not be opened or crushed. AvOld inhalation or direct contact with 

728 skin or mucous membnmes of the powder contained in CellCept capsules. II such contact 

72[ occurs, wash thoroughly with soap and water; rinse eyt1S with plain water. 

730 HOW SUPPLIE::D 

731 

732 

733 

CellCept capsules are blue/brown, two-piece hard gelatin capsules. printed in black with 

"CellCept 250• on the blue cap and "Roche" on: the brown body. Supplied in the following 

presentations: 

... _, __ .. ~ .. 
734 NOC Number 

735 NOC 0033-2920-42 

736 NOC 0033-2920-62 

737 NOC 0033·2920-53 

738 

739 Stor11ge 

Bottle Of 100 

Bottle of 500 ; 
; 

' ' 

.. 

Unit of dose; 1 Cl courit blister pack 

Box ol 100 (packagejof 10 packs) 

740 Store at 15 · 30"C (59 • 864F). 

741 CAUTION: I 

' 742 Feder:i: (USA) law prohibits dispensing without a p~rlptior •. 

US LABEi. ('412&'96) 
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3 Manufaclured tr;' SynteX Puerto Rico, Inc. 

744 Humacao, PuertCI Rico 00791 

.745 tot Hofmann-I.a Roche Inc., Nutley, New Jersey 07110-1199 

746 01995 SVNTEX LABORATORIES, INC. APAIL 1995 
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T=aae ~arae ~C:~e~l~IC_e_~r_t~~~~~ 

;..??lica~~ !:a::ie s.,nt~~ (P.~) 

P~-~T I rs AN EXCLUSIVI~ DE~Eru!IN~TION NEEDED? 

SU??L ~ ----

· i. An exc!usivity dete=ination will be made for all original 
applicatior,s, but cnly·!or cer~ain suppleme.~ts. Complete ?ARTS II 
ar..C. !II of -::!lis Exclusivity S\llOJ:lary ·only if you answer "yes" to one 
c= more o! t!le following question about the' submission. __ _ 

a) !s it an original NDA? 
i . . 'iES I .:i>..f NO/ __ / 

b) !s it an effectiveness supplement? 

YES/__/ NO/__/ 

I! yes, what type? (SEl, SE2, etc.) 

c) Did it reauire the review of clinical data ot.~e= than to 
support a safety claim or change i.11 labeling =.elated to 
sa!ety? (If it requi=ed review only of bioavail~bility o= 
bioequivalence data, answer "no.") · 

.P..S /__/ NO/__/ 

· lf your answer is "no" because 'fOU believe the s-::ucv is a 
bioavailability study Z!.!ld, the·:-efore, not elic;il:>ie to= 
exclusivity, EXPUIN why it is a bioavailability study, 
including your reasons .for disagreein<; with any arguments made 
by '.:he apPlicant that the · study was not simply a 
bioavailability study. 

If.~t is a supplement requiring the review of. clinical aata 
but it is not an effectiveness supplement, describe the change 
or claim that is supported by the clinical data: 

J<evisec 5-90 



d) Did the applicant request exclusivity? 

YES I 'f...1 NO /_/ 

If t!Je answe:c 1to (d) is "yes,• how many years of excll.lsivi~ 
did t.~e applicant request? 

F:i:.vB ls-) 

IF YOU HAVE' ANSWERED "NO" TO ~ OF THE ABOVE QUESTIONS, GO 
DIRECTLY TO THE SIGNATURE BLOOS ON PAGE 8 • • 

.2. Has a product with the same active ingredient(s), dosage for.a, 
strength, routa of administ=ation, and dosing schedule, previously 
been approved by FDA for the same use? 

YZ:S /_/ NO t:A_! - .-

!:: yes, NOA i ---- Drng Name -----------

I-:' TSE ANSWER TO QUESTION 2 IS •y.ES; • GO DL~CTLY TO TliE S:i:G."Q.TORE 
,,---.. BI.OC!{S ON PAGE 8. 

( ' . 
. 3. Is this d..""Ug product or indication a DESI upgrade? 

YES / __ / NO t::b./ 

IF THE ANSWER TO QUESTION 3 IS "YES,• GO DIRECTLY TO THE SIGNATURE 
BLOCltS ON PAGE 8 (even if a study was required for the upgrade). 

PllT II PIVE-YD.R BXCLUSIVr.n: FOR HEW CHEMICAL mr.rn:IES 

(Answer either #1 or #2 as appropriate) 

1. Single active ingredien~ oroduct, 

Ras FDA previously aporoved under section 505 of the Act any drug 
product containing the same· active moiety as t!1e drug under 
consideraticn? Answer •yes• if the active moiety (incl.uding other 
~sterified forms, salts, complexes, chel.ates or cl.athrates) has 
been previously approved, but this particular form of the active 
111oiety, e.g., this particul.ar ester or salt (including salts.with 
hydrogen ,or coordination bonding) or other non-covalent derivative 
(such a5 a complex, chelate, or clathrate) has not been approved. 
Answer •no" if the compound requires metabolic conversion (other 
than deesterification of an esterified foni of the drug) to produce 
an already approved active moiety. · 

- . ' 
YES/_/ NO I)( I 

2 -
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It "yes," identity the approv<?d drug product(s) containing the 
active moiety, and, it known, the NOA /(s). 

NOA# 

NOA# 

NOA# 

2. Combination product. 

If the product contains 110re than one active moiety(as defined· in 
Part II, /l.), has FDA previously approved an application under 
section 5<15 containinq miy S!ID: of the active moieties in the druq 
product? rr, for example, the combination contains .one __ r&Jlver­
before-approved active moiety and one previously approved active 
moiety, ans-,.,e:c •yes.• (Jin active ·aoiety that is marketed under an 
OTC monoqraph, bUt that was never approved under an NDA, is 
considered not previously approved.) 

YES/_/ 

If •yes," identify the approved drug product(s) 
active moiety, and, if known, the NDA l(s). 

NDA# 

NDAI 

NDA# 

NO/_/ 

containing the 

IF THE ANSW'"ER TO Q. TESTION l OR 2 UNDER PART rr rs "NO, .. GO DIRECTLY 
TO '!'HE SIGNATURE Bl-OCKS ON PAGE 8. IF "YES" GO TO PART Irr. 

PART III TBRBB-YE11R BXCLUSIVl:TY FOR NDA'S 1IHD SUPPLEMENTS 

To qualify for three years of exclusivity, an application or 
supplement must contain •reports of new clinical investigations 
(other t;han bioavailability studies) essential to the approval of 
the application and conducted or sponsored by the applicant.". This 
section should be completed only it the answer to PART II, Question 
1 or 2 was "ye-." 

- J -
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l- Does the application contz:in r·eports of clinical 
investigations? (The Aqency interprets "cli!'!ical investigations" 
to mean investigations conducted on humans other than 
bioavailabili ty i,;tudies.) If the app.l.ication contains clinical 
investi.gation.;; only by virtue of a right of reference to clinical 
investiga-:::.ons in another application, answer "yes," then ·skip to 
question :l(a). If the ~-nswer to 3(a) is "yes" for any 
investigat~on refer=ed to in another application, do not complete 
remainder of SuJ:UDaiy for that investigati~n. 

YES/_/ NO /_/ 

IF "NO, " GO DIRECTLY TO THE SIGNATURE BLO".:KS ON PAGE ~. 

2. A clinical investigation·is •essential to the approval" if the 
Agency could not have approved the applicat.ion or su~pl.eme.'lt 
without relying on that investigation. Thus, the investigation is 
not essential to t.~e appro~"al if 1) no clinical investig~tion is 
necessary to support the supplement or application in light of 
previously approved applications (i.e., information other than 
clinical trials, such as bioavailability data, would be sufficient 
to provide a basis for approval as an .illiDA or 50S(b) (2) application 
because of whai: is already known about a previously approved 
product), or 2) there·are published reports of studies (other than 
those conduct~d or sponsored by the applicant) or other publicly 
available data that ir:depr.ndently would have been sufficient to 
support approval of the application, without reference to the 
clinical investigation submitted in the application. 

(a) In light of previously approved appl.ications, is a 
clinical investigation (either conducted by the appl.icant or 
available from some other source, 'including the published 
l.iterature) necessary to support approval of the appl.ication 
or slolpplcment? · 

YES/_/ NO I I 

If "no," state the basis for your conclusion tha~ a clinical 
trial is not necessary for approval AND GO DIRECTLY TO 
SIGNATURE BLOCK ON PAGE 8: 

..... 

(b~ Did the applicant submit a list of published studies 
relevant to the safety and effectiveness of this drug product 
and a statement that thE- publicly available data woulc not 
independentl:z' support approval of the application? 

' YES I I NO /_/ 

- 4 -
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( l) If the answer to 2 (b) is "yes," d.o you pers·.:>nallv 
knov of any reason to disagree with the applicant•; 
conclusion? 

YES/_/ NO /_/ 

If yes, explain: 

(2) If the answer to 2 (b) is "no," are you aware of 
·published -studies not conducted or sponsored by the 
ap~licant or other publicly available data. that~ ~ould 
independently demonstrate the safety and effectiveness 
of this drUg product? 

YES /_/ }IQ'-' 
If yes, explain: 

(c) If the answers to (b) (1) and (b) (2) were both "no," 
identify the clinical investigations submitted in the 
application that are ess~..ntial to the approval: 

.• 

St-.idies coiapar:Lnq two products with the same ingrerlient(s) are 
considered to be bioavailability studies for the purpose of this 
section. · 

3. :&:n addition to being essential, investigations. 'llUst be "new" 
to support. exclusivity.. The aqency :'1.nterprets "new clinical 
investigation" to mean an investiqation t.hat 1) has not beei1 r~lied 
on by the aqency to demoiutr.ate the effectiveness of a previously 
approved dru9 for any indication and 2) does not duplicate the 
results of another investigation that was relied on by the agency 
to· demonstrate the effectiveness of a previously approved drug 
product, i.e., does not redemonst:cate something the agency 
considers to have been demonstrat•;,d in an already approved 
application. , 

- 5 -
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a) For each investi9ation id~ntifi,,d as "essential to the 
approval," has the inv~sti9ation been relied on by the aqency 
to demonstrate the effectiveness of a pr.eviously appro\•ed dru9 
product.? (If the investigation was rel.l.ed on only to support 
the s~fety of a previously approved drug, answer "no.'') 

Inves"tiyation 11 YES / __ / NO /._/ 

Investi9ation #2 YES / __ _! NO /_/ 

If you have answered "yes" !or one or more investigations, 
ident~fy each such investigation and the NDA in vhich each was 
relied upon: 

- --

b) For ei'lcb investigation identified as "essential ::o the 
approval", · dc,es the investiqation duplicate the resul~.s of 
another investiqation that was relied on by the agency to 
support the effectiveness of a previously approved dxug 
product? 

Investigation :1 YES/_/ NO /_/ 

Investigation #2 YES/_/ NO l I 

. If you have ansvered "yes" tor one or core investigations, 
.i.denti-t"y the NDA in -.."hich·a similar investigation was relied 
on: 

c) If the answei::s to 3 (a) and 3 (b) are no, identify each "new" 
in,•estigation in the application or supplement that is 
es!l'!ntial to the approval (i.e., the investigations listed in 
#2(c:), less any that are not "new"): 

I I 

' 
- 6 -
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4. To be eligible for exclusivity, a new investigation that is 
e.ssential to ap;:iroval must also have been conducted or sponsored 
by the applicant. An investigation was "conducted or sponsored by" 
tlie applicant if, before or during the conduct of the 
investigatiori, 1) the applicant was t:he sponsor of the IND named 
in the for:.i FDA 1571 filed with the Agency, or 2) th.e applicant (or 
its. predecessor in interest) provided substantial support for the 
stu·iy. Ordinarily, substantial support will mean providin<; 50 
percent or more of the.cost of the study. 

a) For each investigation identified in response to questi.on 
J(c): if the investigation was carried out under an IND, was 

.i:he applicant identified on the FDA l.57l. as the sponsor? 

I .. !lvestigation 11 ! 

IND I NO /_/ Explain: 

lnvustigation 12 ! 

YES /_/ NO /_/ Explain: 

(b) Fo:z:· each investiqation not carried out under an· IND or for 
Which tile applicant mls not identified as the sF0D50::-, did the 
applicant certify that it or the applicant's predecessor in 
interest provided substantial support for the stud~·? 

lnvese'igation #l. 

YES I _I .Explain NO /_/ Explain 

------------

Investigation 12 ! 

Y~9 I I Explain --- NO / __ I Explain -----

- 7 -
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• (c) Not-.;ithstandir.g an answer of "yes" to (a) or (b), are 
there other reasons to believe thut the app~icant should not 
be c=edite ... · with having "conducted or sponsored" the study? 
(Pu==hased studies mav not be used as the basis for 
excl':.!sivity. However, {:.all rights to the drug c:.re purchased 
(no~ just studies on the drug), ~~e applicant may b~ 
c=ns~de~ed to have soonsor=d or conducted the studies 
spar.sored or conducted by its predec~ssor in interest.) 

YES /_/ NO !_I 

!! y,es, explain: 

: 

Date 

Da~e 

\ . ,• 
- 8 -

•. 



/"-... {t 1 
J({ DEPARTMEl'(I' OF HEALTH & HUMAN SERVICES Public Health Servie;;o 

Date: 

To: 

From: 

Subject: 

April 20, 199:> 

David W. Feigal, M.D., M.P.H. 
Acting Deputy, Office of Drug Evaluation JI 

DoMa J. Freeman, M.~f' . 

Divilion of Anlivkal Dru& Proclucls 
Foocl 111111 Dn>a AAlminislnlion 
Rodmile MD20157 

Deputy Director, Division of Antiviral Drug Prc:!ucu 

NDAS0-722 
CellCept (Mycophenolate Mofeti! ) 

· Syntex Laboratories, Inc. 

This memorandum ICCOlllplllies the reviews and related materials for NDAs SO.. 722 for 
CellCept (Mycophenolate mofetil) 2SO •J\8 capsule I conc:ur with the 
consensus oftbi: reviewers that NDA S0-722, the e&pSule formulation, should be 11tipfoved for the 
indication of prophylaxis of organ Tfjection in patients receivina allogc.neic renal tran!iplants, to be used 
concomitantly with cyclosporine and corticosteroids. 

The IND for mycophenolate mofetil was transferred from the Oncology group, HFD-ISO,. to tl:e Division 
of Antivir.I Drug Products in February, 1992. The NDA applications were submitted November 11, 
1994, and were considered a.:ceptable for filing following a review team meeting on January 1, 199S. 
The Transplantation Subcommittee ofthtJ Antivirals Advisory Conunittee met on March 30, l99S, and 
recommended ~for the i Jicatiun noted tbove. Several iaues ~during the review of these 
applications 1o.d are llUllUll8rized below. 

For the field of ~.ntation l1k'Clicine in gr ieral, CellCept represents a notable advance id that 1 t is an 
effective inununor,.;ppressive agent that do.:s not have significant concomitant nephrotoxicity, an a. \verse 
sidt- effect t~.at complicates the use of other agents. In addition, Syntex ha.• succeeded in conductil13 
!!-.:~ double-blincl, controt:ed trials, one of them placebo-controlled, to generate the data needed to 
support this application Follow up for patient and graft survival out to I 2 rnontbs was obtained on all 
patients in these protocols. This is a notable accomplislunent in the field of transplantation and 
therapeutic immuno:suppression. Many sponsl.lrs have claimed that blinded, controUeo studies simply 
could not be oone, but Syntex has demonstrateit that such high quality studies can . be completl"d and has 
set a standard in the fidd for other sponsors to emulate. Finally, the principle that infoml&tion on 12 
month pttient and graft :survival is aitical for evaluation of imnwnosuppressive therapies has been 
supported in the review of:1'1i product and in the discussion of the Advisory Committee. While the 
primary efficacy endpoint of assessing the incidence of acute rejection in the six month period following 
tran.•.plantatio,1 was acceptable, the full 12 month datl\ was required !\$ " safety consideration . ., 

/;-4VDP/HFD·5.'10 5600 Fishers Lane lloclcv/llt/, MD 20857 (3011443.9550 FaY:: (301J «3-S292 



Paue:2 
Apnl 21, 1995 

Several issues await further resolution in proooscd phase 4 post-marketing studies. These include 
detennining whether there arc advantages. partiadarly in some populations, to initiating treatment at a 
higher dose then reducing the dose for maintcnancc therapy. Further information is also needed on use in 
pediatric populations, as well as in bblek populations. 



MEMORANDUM 

DATE:Mon, Apr 17, 1995 

TO: Donna "G'reeman MD 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 
FOOD AND DRUG ADMINISTRATION 

Center for Drug Evaluation and Research 
Division of Antiviral Drug Products 

301-443-9560 (phone) 
301-443-9292 (fax) 

FROM: Mark .J Goldberger MD MPHW l 
~o.:11:z .. 

SUBJE(,"'T: NDA _ and -: CellC~pt Capsules 

The major issues with the two NDAs submitted for CellCoept brand of 
Mycophenolate mofetil (MMF) have been well described in the pre-clinical reviews 
and the combined medical statistical review. There are a few are:..s which may 
deserve additional comment: 

Preventi(Jll of Rejection 

There is agreement that the thret> adequate and well-controlled studies submitted 
by Syntex have met the statutory requirement for safety and efficacy. Although 
Syntex has requested that their product labeling include a recommendatfon for 
both MMF doses studied we do not believe that they have identified a group who 
would benefit from the three gram dose. We believe that given the low drug levels 
observed iq the immediate post transplant an.appropriate phase IV stu.dy would 
be a treatmeut strategy approach allowing subjects to begin at three g-rams with 
subsequent dose reduction. One of the three clinical trials enrolled a meaningful 
numl>er of black patients. In that trial there was suggestive evidence that drug 
levels are lower in this patient group and failures higher. This must be explored 
in phase IV studies. 

The clinical trials for prevention of rejection used a six month tJndpoint based on 
proportion of patients who experienced a biopsy proven rejedion. Due to a lack of 
follow-up data on patients who discontinued study drug prematurely, a treatment 
failure endpoint which included AEs !Ind other events was also used. The use of 
this endpoint did not change the overall conclusions of the study but this issue 
needs to ~kept in mind in light of the lower obeerved rate of acute rejections in 



the thr<:e vs. the two gram dose of MMF, premature discontinuation rates were 
hi;;.iler in the fonner (see the combined medical-statistical review for a discussion 
of this point). The importAnc.e of the six month acute rejection endpoint derives 
from other data in which rejections within the first six months afte::: transplant 
predicted the tjsk of death and graft loss at one year and beyond. Analyses 
performed by both the FDA and the applicant confirmed such a relationship in 
theire trials although the relationship appeared weaker in the FDA analyses. This 
iss11e ·will need to be addressed by !onger term follow of patients from these trials 
as well as in future studies for this indicati<'n. 

Alternative Dosing Form 

The applicant conducted all their clinical trials with the capsule formulation. 

cc: 
HFD-530: 
Original NDA 
Division File 
Deputy Director/Freeman 
Chem/Boring 
Micro/O'H,nian 



DRUG STUDIES IN PEDIATRIC PATIENTS 
(To be completed for all NME's recommended for approval) 

NOA# Trade (generic) names CellCe.pt fmycophcno!a!e mofetill Capsules 

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

1. A proposed claim in the draft labeling is directed toward a specific pediatric illness. The 
application contains adequate and well-controlled studie.~ in pediatric patients to support 
that claim. 

_ 2. 'The draft labeling includes pediatric dosing information that is not based on adequate 
and well-controlled studies in children. The application contains a request under 21 
CFR 210.58 or 314.126(C) for waiver of the requirement at 21CFR201.57(f) for 
A/!r,WC studies in children. 

a 1be application contains data she.wing that the course of the disease and 
the effects of the drug are suffi.ci ::ntly similar in adults and children to 
permit extrapolation of the data from adults to children. The waiver 
request should be granted and a statement to that effect is included in the 
action letter. 

b. The informatiou included in the application does not adequately support 
the waiver request. The request should not be granted and a statement to 
that effect is included in the action letter. (Complete #3 or #4 below as 
appropriate). 

_x_ 3. Pediatric studies (e.g., dose-finding, phannacokinetic, adverse reaction, adeq1mte and 
well-<:ontrolled for safety and efficacy) sho1.1ld be done after approval. The drug product 
has some potential for use in children, but there is no reason to expect early widespread 
pediatric use (because, for examplt-, alternative drugs are available or the condition is 
uncommon in children. 

_x_a. 

_x_ (I) 
- (2) 
- (3) 
- (4) 

b. 

The applicant has committ ~ to doing such studies as will be required. 

""tudies are ongoing. 
Protocols have been submitt,~ and approved. 
Protocols have been submittal and are under review. 
If no protocol has been submitt,·d, on the next page explain the status of 
discussions. 

If the sponsor is not willing to do pediatric studies, attach copies of 
FDA's written request that such s1 udies be done and of the sponsor's 
written response to that request. 
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__ 4. Pediatric studies do not need to be encouraged because the drug product has little 
potential for use in children. 

_ 5. If none of the above apply, explain. 

Explain, as necessary, the foregoing items: 

Syntex, the 'sponsor, submitted protocol HD 2190, entitled ''.An Open-Label, Dose-Ranging 
Phannacokinetics, Safety, and Tolerance Study of IV Followed by Oral Mycophenolate Moietil 
in the Prevention of Rejection in Pediatric Renal and Hepatic Allograft Recipients," 011 February 
22, 1994. The ongoing study includes an I.V. and oral dosage form which can be utilized by 
pediatric patients. Preliminary data from this study is sulllJJl8rized in the Pediatric subsection of 
the Pbannacokinetics subsection of the CLINICAL PHAR.\.1ACOLOOY section of the label. 
This limited information is following multiple doses of mycophenolate mofetil (on day 21 post­
transplant). A phase IV recommendation is to conduct studies in pediatric populations. 

cc: Orig NO, 
HFD-530/Div File 
NOA Action Package 
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MA T!':RJAL REVIEWED: 
3.1 l''rophyi.:lis lndlution: 

Ovel""iew: vols 1.2, 1.3 
Protocols and amendments: vols 1.462, 1.497, I .SS2 

Efficacy Review: a) vols 

Safety l\.eview: 

b) SAS files supplied by the company whicli incluoed data related to 
the primary efficacy endpoint. 

a) vols: 1.460-1.463; 1.495-1.4\..; 1.550-1.551; J.808-1.813. 
b) I year patient and graft survival: vol I (12/15194) 
c) Deaths Summaries: reviewed for all patients. 
<.t) I year safety update: vols 7/S6-t0/S6 (2/619S) . · 
e) Pediatrie safety: vol 2156 (2/619S) 
f) e.ckgroonder/Slides for •-:!-.isory committee: vol I and 2 (3/20/9S) 
g) GI safety update: voi l (3/2119S) 
h) CAND:6. was utilized extensively in the safety review, especially 

regarding the optically scanned CRFs of the patients who died or 
discontinued treatment due to an adverse event. 

i) Biopsy results: audited 20"A. of CRFs from -ach site of thr. patients 
who were biopsied, this included requested CRF~ YOl l-2S 
(3110/95) and vol I-JO (3/14/95) in addition to the CRFs available in the 
CANDA 

3.2 Treatment ladicatioa: 
Protocols and amendmento: Study 186a: vols 1.629-1.639 

Open-label extenllion (ICM 1880): vols 1.640-1.643. 
NOA amendments (request~ infonnation): 

a) ~.Aures for review of biopsy slides: vol I (12123194); cl;u-Hic!tion 
(2113/95). 

b) Additional CRFs: vols 1-18 (1/25/95); vols 1-2 (1/25195) 
c) Safety update (2/6/95) 
d) Revised ~tudy report: TABLE 11 (2111/95) 
e) Revised analysis: vols I -2 (3//6/95) 
f) forty-five CRFs (30"A.) were reviewed in entirety; follow-up forms 
only were reviewed for an additional 8 patients. Case report forms for all 
dea~hs were reviewed. CRFs were reviewed for 28129 patients lister.l as 
reaching a primary endpoint (graft/death) and for 40/43 patients listed i:.s 

discontinuing from study prematurely ( < 183 days). Note that the above 
patients classifications are not mutually exclusive. 
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4 Chemistry, Manufuturing and Controls: 
Primary Rcvi:wer: D. Boring. Ph D. 

The NDA submission is incomplete but approvable pending satisfactory re:10lution of issues 
.-egarding specifications for the drug substance and production, and label. The Puerto Rico 
manufacturing site inspection is still pending. The Environmental Impact Review is still 
P".nding. For funher details see Chemistry and Manuhcturing primary review. 

5 Pre-Oinical Animal Pharmacology and Tosicology: 
Primary Reviewer: L Black, PhD. 

Extensive animal efficacy, toxicity, and phannacokinctic studies were undertaken with 
mycophenolate mofetil. The principal animal models were the rat and cynomolgus monkey. 
CritiCal findings from these studies indicate that mycophcnolate mofetil was not genotoxic or 
carcinogenic, and is potentially teratogenic when dosed during organogcnesis. Mya)phcnolate 
niofctil was detected in the milk of lactating nts, and may be of poter.tial concern in 1he choice 
to breast-feed. For further details see Pharmacologyffoxicology primary review. 

6 Oiniul Background ~_._,Jo-(~~. ~-iii.."'-\ 
Mycophenolate mofetil (MMF. CellCept ®).the morpholinocthyl ester of mycophcnolic acid (MPA), is 
rapidly and extensively absorbed following oral administration and is hydrolyzed to fonn free MPA, the 
active moiety. MPA is a potent and specific inhibitor of de"°"° purine biosynthesis (through inhibitiora 
of inosinc monophosphate d~ydrogcnase), and consequently blocks the proliferation of both T mJ B 
lymphocytes. Additionally, MMF inhibits antibody formation and prevents the glycosylation of certain 
adhesion molecules. This mechanism of action, coupled with the demonstrated efficacy of MMF in 
ICYefal animal models of transplantation, provides the rationale for investigating the use of MMF u an 
immunosuppressive agent in renal transplantation. 

The efficacy of MMF as ad~ unctive therapy for the prevention of acute re. ection in renal allograft 
recipients and as ad; unctive therapy for tile treatment of refractory acute re: cction in renal allograft 
recipientJ was evaluated in four clinical trials. 

6. I Rdevanc Human Experience 

Approximately 9,000 renal transplants are performed each year in Europe and a similar numher in 
Nonh America. With the currently available immunosuppressive regimens I-year allogenic grait 
survival is 80-90"/o. Long-term graft survival is lower, with 3-year graft survival of about 60-70"1.1

• 

There is no consensus as to the optimal immunosupprcssive regimen following renal transplantation. A 
variety of programs give acceptable benefit and minimiw the risks of immunosuppression. Therapy 
with cyclosporine, conicosteroids, and azathioprine in various combinations arc the most conunon 
regimens. Quadrupl~ or sequential therapy which includes monoclonal or polyclonal antibodies are also 
employed. ~o single regimen has been shown to be optimal for all patients. · 



.. · ... 

'J'he present immunosuppressive regimens can be accompanied by serious morbidity: uathioprine is 
associated with neutropenia, cyclosporine is associated with nephro-toxicity, and infections and 
malignancies are associated with all immunosuppressive programs. 

Despite the VL-:dy of immunosuppressive regime!IS used, up to 60"4 of patients still experience at le8llt 
one episode of a.:ute ~ ection in the first six months following transplantation. This necessitates 
lddilional immunosupprmion and increases the risk of usociated morbidity. Graft IU1Vival diminishea 
over time with on!-; 60-7~~ sul"'/.\'81 at 3 yesrs no matter which combination of in11m1nosuppressive 
agents is employed. 

MMF is being evaluated for use following other solid-organ transplantation and was being evaluated for 
the treatment of rheumatoid arthritis. 
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ICM 1753 was a dose-ranging pharmacokinetic study in renal allograft recipients. In ICM 175'.\, 6 
patients each (m dose groups ranging from 100 mg once per day to 1750 mg twice daily [bid]), received 
MMF along with cyclosporine and corticosteroids for 4 months. In the 2000, 3000 and 3500 mg/day 
dose groups, the incidence of acute ~ection was decreased to l '1°/e during tbe 4 months of the study, 
compared to an incidence of 6094 in the lowest 3 dose-group, (I 00 mg. 250 mg and 500 mg once daily 
(od)). MMF was stopped in 2 patients because of severe adverse events: I due to acute erosive gastriti5, 
and I due to post-operative acute tubular necrosis persisting until Day 14 of the study. 

ICM 1754is111 open study of the treatment of mild acute ~ection and the prevention of acute ~ection 
epUodes during corticosteroid withdrawal in cardiac allograft recipients. In ICM 1754, 6-9 patients each 
received MMF (m dote groups ranging from SOO mg to 3000 mg/day). along with cydo-~ and 
corticosteroids for treltment of mild, grade 3, acute cellular ~ ection for 56 days. Two patients had 
severe ldverse events: I patient in the 1000 1ng group had CMV colitis ar.d I ·patient in the SOO mg 
group had CMV retinitis. A third patient in the I 000 mg group had nausea possibly attn1>uted to the 
dru& which r!50lved when the dose was decreased to 500 mg/day. 

ICM 1812 Wl3 an open study of the treatment of renal, cardiac or hepatic allograft recipients with 
refractory, acute. cellular r~ection, unresponsive to corticosteroids and OKT, or ALG. In ICM 1812, 
patients received 2000 to 3000 mg/day of MMF. The numbe,· of solid-organ allograft recipients that are 
evaluable lo date, who have achieved complete or partial resolution of r~ ection, are as follows: 12 of 16 
renal, 9 of 13 hepatic and 4 of 4 cardiac. 

ICM 1803 is a study of the safety, tolerance and efficacy of I year therapy with MMF in solid organ 
allogRft recipients (heart, kidney and liver). Prior to enrollment patients in ICM 1803 had received 
MMF in one of the aforementioned studies. Eighty-four patients have been enrolled in ICM 1803, the I 
year follow-on study, at doses ranging from 250 mg to 3500 mg/day. Two cardiac allograft recipients 
were discontinued from the study when they developed Grade 4 re: eclion. One additional patient had a 
dose interrupr:i due to sev.::re neutropenia. Neutropenia did not recur upon rechallenge with MMF, 



and may have been related to MMF or to a concomitant medication. 

Preliminary data from the above mentioned clinical studies suggested that MMF was both safe and well 
tolerated in transplant recipients. 

Two further studies examining the etficac: of MMF in treating acute cellular r~ l'Ction in renal 
transplant patients are ongoing in the US and Europe. ICM 1912, the US study compares conventional 
triple therapy (cy-::losporine. corticosteroids and azathioprine) to cyclo~porine, corticosteroids and 
MMF in addition to IV corticosteroids :!' patients experiencing their first acute cellular re,'. ection 
episode. The European study MYC021, a placebo controlled study, compares the addition ofMMF to 
dual therapy for the same indication. 

6.2 Imp0rtane Information from related INDs and NDAs: The data presented in this NDA was 
collected under the following IND numbers: 

6.3 Foreign Esperience: This drug is not licensed or approved in any other country. 

6.4 Human Pharmacology, pharmacokinetics, pharmacodynamics: 

Myeophenclate mofetil, is rapidly absorbed following oral administration and is hydrolyzed t..:> form 
Mycophenolic acid, which is the active metabolite. MMF undergoes complete presystemic metabolism 
to MP A MMF is not measurable system.ically in plasma following oral administration. 

The mean MPA AUC following 1 g bid and 1.5 g bid dose were 33.6 and 45.0 respectively. The mean 
apparent vol1ilne of distribution of MP A is 3. 6 and 4. 0 IJKg following IV and oral administration, 
respectively. MPA, at clinically relevant concentrations, is 97% oound to plasma albumin. MPAG 
(Mycophenoltc phenolic acid glucuronide) is 82% bound to plasma albumin at MPAG concentration 
ranges that are normally seen in stable renal transplant patients; however, at higher co11centration of 
MPAG, such as those seen in patients with delayed graft function or with severe renal insufficiency, the 
bound fraction in vitro decreases to 62%. Increased plasma levels of MMF ?>1etabolites (MP A 50"/o 
increase and MPAG about 3-6 fold increase) are observed in patients with renal insufficiency. As a 
result of enterohepatic recirculation, secondary increases in plasma MP A concentrations are usually 
observed at approximately 6-12 hours post-dose. A reduction in the AUC of JI.fl' A of approximately 
400/o is associated with the co-administration of MMF and cholestyramine ( 4 g tid}, suggesting that 
there is a significant amount of enterohepatic recirculation. 

Excretion: Negligible amounts of drug are excreted as MP A (< I% of dose) in the urine. Orally­
administered rdiolabled MMF resulted in complete recovery of the administered do5e, with 93% of the 



.idministered d?se recovered in the urine and 6% recovered in the feces. Most (about 85%) of the 
administered dose is ':Xcreted in the urine as MP AG. MP A and MP AG are usually not removed by 
hemodialysis. However, at high MP AG plasma cancentrations, small amounts of MP AG are removed. 
Mean apparent half-life and plasma clearance of MPA are 17.9 hours and 193 mUmin following oral 
administration and 16.6 hours and 11 '.' mUmin following IV administration. resper,tively. 

Studies were performed in healthy volunteers and renal transplant patients. In general, the renal 
transplantation patients had a somewhat lower AUC and C.,.. than did healthy volunteers. This was 
most notable in the first 14 days post-transplant, and this has implications for the clinical dosing of 
patients. This has not been studied to date. 
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For more detailed information on the Pharmacodynamics of MMF refer to the Biopharmaceutics review. 

7 Description of Oinical Data Sources: 

The sponsor supplied data for the NDA via hard paper copy, SAS data base for the efficacy data, and a 
CANDA. In addition to the line listings provided in the hard copy, the safety data for Studies 022, 
1866, and 023 was provided in a stand-alone computer (CANDA) which included optically scanned 
CRFs for patients who died or terminated the study early due to adverse events. 

8 Oinical Studies 

In NDA 50,722 the applicant requests an indication of mycophenolate mofetil (MMF, CellCept®) for 
prophylaxis against acute r~1~ion of allogenic (cadaveric) renal grafts · · 

Three pivotal studies are provided to support the first indication (MRE 
022, ICM 1866, IlCR 023}, 

- . . 
There were no clinical efficacy studies performed ·with 

This review will focus on NDA.50,722 with an addendum regarding NDA 
Moi; details regarding · can be found in the Chemistry, Manufacturing and 

Controls and Biopharmaceutical Reviews. 

8.1 Prophylaxis of acute rejection of renal allograft (Indication #I) 

8.1. l Overview of Study Designs: The following section describes the common design 
features as well as uni·que design features of each study. All three studies used a basic regimen 
of the combination of cyclosporine and corticosteroids. Additional ad:unctive therapy was 
determined by randomization assignment. Su~ ects were randomized in a 1: 1: 1 ratio to either a 
control arm or one of two doses of MMF (1.0 g bid or 1.5 g bid). The control arm for studies 
ICM 1866 and IICR 023 consisted of A:ZA (Azathioprine). while the control arm for study MRE 
O?.! used placebo. In study ICM 1866 sub_ects received 1-2 mg/kglday of A:ZA (dosing in 
:.,·-:c.r.ia: ::e with each center's standard regimen}, while in study IICR 023 sub:ects received A:ZA 
IOC- • 1:. mg/day. Each study used a double-blind, parallel-group design. The"distinguishing 



characteristics of each study are listecl below 

MRE 012: This study was conducted exclusively in Europe. It enrolled 
I st-time or 2nd-time renal allograft recipients. Cont ml arm was Placebo 
plus steroids and cyclosporine. (volume l .462) 

ICM 1866: This study was performed in the Uniled State.~. It enrolled 1st-time 
•renal allograft recipients only. The control arm was Azathioprine l-2 mg/leg/day 
plus cyclosporine and prednisone. This was the only study to per.it A TG 
induction (volume l.497) 

llCR 023: This study was performed in Canada, Europe and Australia. It 
enrolled 1st-time or 2nd-time renal allograft recipients. The control arm was 
Azathioprine 100-150 m3fday plus cyclosporine and prednisone. (volum~ l.552). 

8.1.2 Study Amendments: 

8.1.2.1 Study MRE 022: This study was initiated in July of 1992 and has been 
amended on three occasions. February 8, 1993, July 7 1993 and December 14, 1994. 
The substance of the amer>dme,1is are as follows: 

Amendment #1 allowed for the unblinding of MRE 022 when all patients ~ 
completed the study and all data were received by Syntex; offered long-term 
follow-up into study MRE 018; inciuded Pk sampling at wt:ek 12 and at times of 
r~ ection episodes and serious events; clarifies the evaluation of lab values of 
clinical significance in renal transplant patients; rulowed informed consent either 
prior to or soon after transplantation; allowed an interim check on r~ ection rate 
in the placebo group only. 

Amendment #2 allowed for an at'ditional 40 patients to be randomized based on 
the lower than expected event rate; cancelled the interim check on r~ ection rates 
in 1he placebo group; updated the Banff schema (including the collection of 
biopsy slides for the central re,~ew); provided the standard final report section; 
included pharmacokinetic sample labelling details. 

Amendment #3 provicled for changes in the sign-off procedure for tile final 
r!port; clarified the publication strntegy. 

8.1.2.2 Study IC!'tf t866 This study was initiated in July of 1992. During the conduct 
of this study, S amendments were made on the following dates: July 8, 1992; October 2, 

l 1992; May 17, 1993; October 27, 1993; May 2, 1994. · 
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Amendment #1: This amendment required that a minimum of 800/o compliance with 
dosing of study drug be required, and that an interim analysis be made after 1/3 or 
approximately 120 patients were followed for 3 months. The stated purpose ofthis 
interim analysis would be to determine if the rate of re: ection in the azathioprine group is 
substantially less than th: anticipated 60"1. rate. Syntex might then amend the protocol 
and increase the sample size to maintain adequate statistical power. This amendment 
also provided a pharmacokinetic study would be performed on up to 60 patients enro!!<ld 
'in this study. 

Amendment #2: This amendment allowed for the use of Antithymocyte 
Glol>ulin to be administered beginning on the first post-operative day for a 
minimum of S days and for up to 14 days. This would be in accordance with the 
standard of care at each center. Some guidelines for dose ad~ usting were given. 
This amendment also stated that the analyses of primary and secondary efficacy 
variables would be prepared using the data arising from all patients enrolled on or 
after date of the amendment requiring administration of ATG for induction. 
Supplemental analysis would be prepared for two outcomes using all patients 
•egardless of date of enrollment. These two outcomes were proposed as 1.) the 
proportion of patients experiencing one or more acute re:ections and graft, and 2.) 
patient survival. Analysis on safety would be performed on all patients receiving 
study drug. 

Amendment #3: Adverse event reporting was changed to define an adverse 
event as an abnormal change in physical signs, symptoms, or laboratory test 
values occurring in a clinical trial whether or not deemed to be causally 
associated with the study medication. The Banff schema was updated. Statistical 
assumpt~ons were further clarified. The sample size was increased to 
approximately 160 p•ttients randomized to each group for a total of approximately 
480 patients. 

Amendment #4: Updated the protocol on teratogenic effects of mycophenolate mofetil 
in rats and rabbits, and provided data on the effects upon a child born during the conduct 
i:'f the trial. 

Amendment 115: Clarified proposed analysis such that 011ce the last patient hcd 
reached the primary efficacy endpoint (either six montl>s post transplant or the 
first occurrence of re ection), and data integnty had been assure<l, statistical 
analyses would lie performed. Once the last patient enrolled reached one year 
post transplant, the study drug assignment would be revealed. At that time 
patielitS would remain in their originai treatment groups, but would be able to 
receive open label medication for the remainder of the study." 

8. l.2.3 Study IICR 023 This study was initiated in August of 1992 and there were 4 
famendments to the protocol on April 9, 1992. June 30, 1992, March :i3, 1993, June 10, 



1993. 

Amendment #JI: This amendment clarified the randomization numbering, 
permitted antilymphocyte preparations to be used if there was no response to 
steroids, and provided the definition for non-compliance (less than 80% of the 
medication taken). This amendment clarified the statistical analysis (including 
provisions for the stratification by site and I st/2nd graft). Interim analysis rules 

·were specified: descriptive summaries were further specified. 

Amenrlment #2: Added appendix G (Criteria for Presumed Rt; ection), and 
further stipulated that patients should only have cadaveric renal transplants, 
additional informltion on the study medication formulation and direction~ for 
administration wef"e outlined. The dose of methylprednisolone to treat rt; ection 
was lowered to include a 250 mg dose as well as the 500 mg and 1 g doses. Power 
calculations were further clarified; pharmacoeconornic sub-studies were added, 
and an unsatisfactory therapeutic response was defined as 6 weeks of dialysis. 

Amendment #3: The Banff Schema was simplified. A recommer.Jation was 
provided for dosing of Authioprine based on patient weight ( > 76 kg would 
receive 150 mg/day Azathioprine). Routine pharm~ lcinetic sampling was added 
at week 12. The interim analysis plan was amendf letermine if the rat,e of 
re~ ection in the Azathioprine group was substanti s than the anticipated 
600/o rate; if so, the sample size would be modifi"'1. 

Amendment #4: Made provisions for Phase II (extended follow-up phase: after 
the first yeai of treatment) and defined the length of study. The protocol sample 
size was increased from 360 recipil'nts to 480 recipients. Thus the new power 
calculations were stated as a comparison at the J. 05 level of significance of a 
rt; ection rate of "15% or better versus a rate of 30% or worse", when 160 patients 

_ per treatment group are enrolled, power is 80%. 
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8. 1.3 Inclusion Criteria 

MRE002 ICM 1866 IlCR023 

First or second cadaveric renal transplant BOTH FIRST BOTH 

18 vears of a2e or older YES YF.S YES 
' 

Able to receive oral medication within J <fays YES 48 hours YES 
of transplantation. 

Cai: :hie o{ understar.ding purposes and risks of YES YES YES 
studv and willin2 to ~i!UI infonned consent 

Medical Reviewer Comment: Protocol MRE 022 states that "selected" patients not at increased risk 
for re;ection who were receiving their second graft arc. eligible, how~er, it does not define "increased 
risk". Protocol IlCR 023 does define increased risk to oe: "patients who lost their first graft to r~ ection 
within one year of transplantation and who have a peak panel reactive antibody > 50% • .. 

} 



8.1.4 Exclusion Criteria 

MRE022 ICM 1866 DCRG23 

Pre11nant women or nursinR mothers YES YES YES 

Men and women unwilling or unable to use YES YES YES 
adequate contraCl!ption during and for 3 months 
following the conclusion of treatment with the 
study druJt 

Recipients of third and subsequent renal grafts YES lst GRAFT YES 
and/or other solid o!:Ban grafts. ONLY 

Patients who require concurrent d;)sing with YES YES YES 
other investigational drugs or prob ibited (J rohibits.· (J rohibits 
immunosuppre:ISives: (J rohibits: Brequinar, allopurino~ 
OKTJ, ATG, ALG induction therapy, Azathioprine) misorostil} prophylaxis or 
FK506, Rapamycin, Desoxyspergualin, induction with 
Cyclophosphaniide, Methotrexate, vincristine, (Permits ATG,AI..Gor 
Prostaglandin (El or E2) ATG OKTJ) 

induction) 

Patients with severe diarrhea or other YES YES YES 
gastrointestinal disorders which would interfere 
with their ability to absorb oral medication. 

Patients with oentic ulcer disease YES YES( Active) 

Patients or their donors with serologic evidence YES YES YES 
of HTLV-L lilV or HB"Ao 

Patients with malignancies or history of YES YES YES 
mali~>cy. ex:cept non-m«astatic bua! or 
squamous carcinoma of the skin that has been 
treated !IU~fullv. ·-
Patients with systemic infections requiring YES ----- YES 
continued therapy at the time of entry into this 
studv. 

Patients with WBC < 2500/mm', platelet count YES YES YES 
less than 100.000/mm' or hemoolobin < 5oldl. fHob < 6) lWBC<J.000\ 

Patients with any form of substance abuse or YES ----- YES 
psychiatric disorder or condition which in the 
opinion of the invest:gator might invalidate 
oatient communication with the investi2ator. 

' 



8.1.5 Study Blinding, Stratification and Randomization Methods 

8.1.S. l Blinding: Syntex generated a randomintion code and labeled the drug 
supplies accordingly. A sealed envelope was suµplied for each patier.t number 
containing the medication assignment for that patient. Reasons for opening the 
envelope included a serious adverse event. Any investigator who opened a 
disclosure envelope was required to date and sign the envelope, ~!::ting the reason 
for opening the envelope, and noting this in the CFR (Form SM). 
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Assignment: "MRE 022 will be UNBLINDED once all patients have reached the 
primary efficacy point in the study: ie, until all patients have received 6 months of 
treatment or are treatment failures, and data from all of the study sites is received 
in-houv~ at Syntex. ICM 1866 will supply the medication in open- label fashior. 
after the last patient has reached one year of therapy. IlCR 023 in order to assure 
tlata integrity actual study drug assignment will not be reve.iled to the individual 
patient prior to 36 months post-transplantation for all patients". 

Medicatio1a: "Study medication and matching placebo will be encapsulated in 
blue/brown opaque, size I capsules containing 250 mg of Mycophenolate mofetil 
or pre-gt.. _tinized starch placebo (MRE 002)". 
"For study ICM 1866 mycophenolate will be encapsulated in blue 
capsules containing 250 mg and a matching placebo will be made. These 
capsules will be blister packed. In addition 50 mg of azathioprine \I.ill be 
placed in a white capsule and a matc!!ing placebo will be made. These 
will be placed in bottles. Patients will receive both blister packs and 
bottles. They will be instructed to take 6 capsules of mycophenolate 
mofetil (which would be either 6 capsules of rnycophenolate mofetil for 
the 1.5 mg group, or 4 capsules of mycophenolate mofetil plus 2 matching 
placebo capsules) in the AM and PM. fo addition they will take enough 
capsules from the azathioprine/placebo bottle to match a dose of l-2 
mg/kg/d". 
"IlCR J 866 fonnuli:ted the myccp'1en0late mofetil in a gray blue capsule at 250 
mg with matching placebo, the a.:.:athioprine was placed in i:n opaque red capsule 
each cor.taining SO n;~ anA a matct.ing placebo. Patient~ assigned to th1: 
mycophenolate mofetil g1 oups will receive o:ither 1000 mg MMF bid or 1500 
MMF bid and azathioprine placebo. Patients in the azathioprine group will either 
r ~ceive I 00 or 150 mg/day according to the patients weight and mycophenolate 
mofetil placebo. Mycophenolate mofetil will be blister packed as in study ICM 
1866". 

8.1.5.2 Stratification: Patients were stratified by center (20 centers for MRE 022, 14 for 
ICM 1 '66, imd 22 for llCR 023), and according to whether they were first or 5econd-time 



graft recipients (MRC 022, llCR 023). 

8.1.5.3 Randomization: In studies ICM 1866 and IICR 023, patients were to be 
randomized prior to transplantation. In MRE 022 patients were a:lowed to be randomized 
either before or after transplantation. The original protocol speci lied that sub. ects for 
study MRE 022 were to sign an informed oonsent prior to transr·lantation. The first 
protocol amendment changed this to ~ prior to or soon after transplantation. The 
original protocol specified that randomization was to 'Lake place immediately post­
transplantation. 

Syntex prepared the randomization code.~ which were balanced within each i:enter. MRE 022 
patients were tQ be randomized into this study within 72 hours of transplantation (48 hours in 
ICM 1866). Infonned consent could be obtain':d prior to or a!:ter transplantation. All study 
visits were calculated from the date of transplantation. IICR O'lJ patients were to be randomized 
prior to transplantation and all were to receive there first dose u soon as oral medication was 
pennitted (at least 12 hours post-op). 

Medical Officer Comment: The randomization appe2LTS to have be·en successful in that no imbalances 
were obseived for import~••t baseline variables among the treatment groups. 

8.1.7 Assessment of compliance with study treatment 

Patients' compliance with taking assigned study medication would be assessed by 
requesting that the patient returns all unused m1.:dication at each visit and by documenting 
the numbe: of unused capsules (MRE 022, ICM 1866, IICR 023) (pill count). 

8.1.8 Clinical and Laboratory Evaluations 

8.1.8.1 Pd11r to randomization the following evaluations were to be compieted: a 
history and physical, including age, ~x, weight, etiology of the underlying renal disease 

- leading to transplantation, date of renal transpl&ntation, infonnat:on on HLA a:1d ABO 
matching of recipients, a review of all medications taken in the 7 days prior to study 
entry, and review of ongoing infections. Laboratories were to irdude Complete Blood 
Count with differential and platelet count, Biochemistry panel, Trough cyclosporine 
le\'els arod cyclosporine dose, and oral corticosteroid dose is to be recorded if appropriate. 
Biochemistry panel includes: BUN, Creatinine, SGOT, SGPT, Calcium, Phosphorous, 
Bilirubin, Total Protein, Albumin, glucose, alkaline phosphatase, LOH, cholesterol, 
triglycerides, uric acid, chloride, bicarbonate, sodium, potassium. 

,t 

8.1.8.2 Subse11uent visits 
MRE 022 and IICR 023: Day 7, 14 and 28, Months 2, 3, 4, 5, 6, 9 and 12) 
ICM 1866: Day I, 7, 14, 28, Month 2, 3, 6, 9, 12 (Calculation of creatinine clearance an<' 
GFR were to be preformed at 6 and 12 months). The following data were collected at 
each visit: 



Assessment of renal function/r~ ec;ion episodes 
Assessment of adverse events and/or infections. 
Laboratory assessment (as per baseline). 
Trough level of cyclosporine 
t:pdate of all medication taken by the patient. 
Compliance with study medications. 
Health economics (heath care utilization information) 
Routine pharmacokim::i.: sampling at "'eek 12. 

Assessment of acute re: ection epiSNles was to occur at each visit with a 
biopsy performed, unless contraindicated, when acute rC: ection was 
suspected. Study ICM 1866 specified that a routine biopsy wculd be 
performed at 12 and 36 months or at termination from study. 

8.1.9 Withdrawal of Patients from Study: 
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Potential reasons for withdrawal or tennination from the study included: normal study 
completion; adverse event/infection/intercurrent illness/new laboratory abnormality; Lack of 
therapeutic response (graft loss or permanent, ~ 6 weeks, dialysis); inappropriate enrollment 
(patients not meeting entry criteria wou1d be withdrawn from the study); non-compliance 
(patient taking< 80"/o of study medication in a month - IICR 023; < 80"/o compliance or a 2 week 
dose interruption during first year - ICM 1866); need for medication prohibited by the protocol; 
patient loss to follow-up; other. 

Long term follow-up: An attempt would be made tc monitor the long-term outcome of all 
patients exposed to MMF whether or not continuing to receive study medication. The following 
information would be collected at yearly post-transplant visits: patient survival, graft survival, 
determination of any ma: or clinical event. 

8.2 Analysis 

8.2. l Outcome measures: Per protoccl the criteria to be evaluated in the study included: 
• Treatment failure: acute biopsy proven re: ection, death, graft loss, or lost to follow-up 

(inc:uding early termination for adverse events). 

Medical Officer comment: There were at least two slightly variant definitions of treatment failure 
within the protocols: l .) biopsy proven rr, ection or "treatmi:nt failure" (death, graft loss and any other 
reason for premature termination, OR 2) "treatment failurr/ (biopsy proven re: ection, deaths, graft loss 
and other reasons for premature termination). See additiona~ discussion in Efficacy Review section. 

• Biopsy pr'>ven acute renal allograft re.ection: this was to l>e assessed locally (at the 
patient's site) employing the Banff r;riteria (a revision was made in February I 993). 

• Presumed acute re. ection: if a biopsy was not preformed, the diagnosis was clinical and 
based upon one or more of the following criteria: Temperature> IOOF (orally), graft 

ytswelling, graft tenderness, > 0 3 mgldl rise in serum creatinine, oliguria, reduced flow in 
I 



perfusion, extraction or extraction profile on renal scan and ultraso·•'ld findings 
consistent with re: ec;tio11. 

• Chronic re: ectiori presumptive: rising se 1J1n creatinine, > I+ protein level on urinalysis, 
> 750 mgfday proteim1ria. rising blood pressure, tyclosporine level within the therapeutic 
range. 

• Patient vital status 
• Graft status 
• . Adverse Ev~t! 
• Infections or Mali.gnancies 
• Assessment of ar.ute r~ ectjon eoiso<les: A biopsy was to be preformed was suspicion of 

first re: ection, u•llless in exceptional circumstances where it was logistically impossible or 
clinically cor.trriir.dicated. Biopsies were to be performed as soon as posrible, and prior 
to the second dose of corticosteroids. U the re: ection episode did not respond to steroids 
a biopsy was i.o be performed and OKTJ/ ATG/ ALG therapy was to be initiated. In the 
presence of delayed graft function, a diagnosis of acute r~ tction required 11 confinnatory 
renal biopsy. If acute r~ ection was suspected, cyclosporine blood levels were to be done 
to rule out •.;yclosporine toxicity. 

The primary efficacy endpoint for the statistical analysis was tr.elltment failure with the 
key component of this endpoint being the proportion of patients with one or more biopsy­
proven re: ection episodes during the first 6 months of treatment. r atit:nts were 
considered to be in the 'sur.cess' category if no biopsy-proven re: ection episode had 
occurre!I within the 6 months of treatment, and the patient retained a functioning kidney. 
Death, graft loss, or lost to follow-up were treated as a 'failure'. 

Medical Reviewer Note: Patients who were lost to follow up or were terminated from study therapy 
were only followed for vital status, graft loss, and malignancy. Because of this a true intent to treat 
analysis based upon biopsy proven acute tt(ection was not preformed. The primary analysis u 
therefore a comparison of "treatment failures• as defined above. 

l' 



SIMPLIFIED BANFF SCHEMA lITILIZED FOR RENAL BIOPSIES: 

BIOPSY FINDINGS BANFF CLASSIFICATION 

Nonna!, minor changes, or infiltrates without Normal or "Other" (Non-specific Changes) 
tubular invasion 

Mild lvmohocvtic invasion of tubules (tubt•litis) Borderline Changes 

Widespread interstitial infiltrate with moderate Mild Acute Re. ection (Grade I) 
invasion of tubules 

~ Widespread interstitial infiltrate with moderately Moderate Acute R~ cction (Grade II) 
severe invasion of tubules, and/or mild or 
moderate intimal artcritis 

Se••e•e intimal artcritis and/or "transmural" S.were Acute R4< cc ti on (Grade Ill) 
artcn:is, fibrinoid change. and medial smooth 
muscle c;cll necrosis often with patchy infarction 
and interstitial hemorrhage 

Hyaline arteriolar thickening (new onset, not "Other", Cyclosporine Toxicity 
present in implantation biopsy), and/or extensive 
isometric vacuolization of tubules, smooth muscle 
deaeneration thromboiic microan11:iooathv. 

Tubular cell loss and necrosis, regenerative "OTHER", Acute Tubular Necrosis 
changes 

Interstitial fibrosis, tubular atrophy (new onset Chronic Transplant Nephropathy 
arterial fibrous intimal thickening suggests 
chronic rc'cction) 

8.2.2 Assessment of Efficacy 

For all three studies, the analysis specified in the protocol was to be based upon the comparison of the 
proportion of patients with < ie or more biopsy proven acute re. cctions in the first six months of 
treatment between the cont ml group and each of the MMF arms. A Bonferroni ad; ustment was 
specified to ad ust for two comparisons (each arm of MMF versus control). Death, graft loss, 
withdrawal due to an adverse event or loss to follow-up were to be considered failures for this analysis. 
For all three studies, graft loss was defined by t~e protocol as graft nephrectomy, retransplantation or 
permanent return to dialysis(>= 6 consecutive weeks). A patient undergoing dialysis at the time of 
termination was considered a treatment failure. A similar definition was not provided in MRE 022. A 
Cochran-Mantel-Haenucl test was to be !1sed ad. usting for stratification by center. Additionally, 
analyses were to ad.ust for the number of pevious grafts for studies MRE 022 and I1CR 023. All 

} 
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sub. ects randomized were to be included in the analysis. An overall Cochran-Mantel-Haenszel test was 
to be performed. If this was significant, pairwise comparisons were to be made. No discussion of an 
ad; ustment for multiple comparisons for the Cochran-Mantel-Haenszel procedure was made. The use of 
Fisher's least significant difference was discussed for the use of analysis of variance for continuous 
variates. 

The protocol specified analysis plans called for an analysis of patient and graft survival as secondary 
data analyses .. In these analyses, tests of significance among the treatment arms were to be performed 
for each study separately ::~i::g a ;tra::fied log-rank procedure (time to event analysis). During the pre­
NDA meeting with the applicant, FDA expressed serious reservations that the analyses planned by the 
applicant would not be adequate to address FDA' s concern that it be possible to detcnnine if a reduced 
acute re; ection rate o• er the first six months might still be associated with a decrease in patient and graft 
survival at one year. In particular, FDA requested that some fonn of formal procedure be used evaluate 
the equi"alence of MMF and the control ann for each trial. FDA suggested that a confidence interval 
procedure approach (based upon diff~ences between each ann of MMF and control with respe.;t to the 
one year patient and graft survival r.1te) would be more appropriate than a significance testing 
procedure. The applicant agreed to this ~pproach, but was concerned that the confidence intervllls so 
fonned might be too wide to rule out fairly large differences. FDA suggested that a pooling procedure 
based upon a Mantel-Haenszel approach would be acceptable if there were no substantial differences 
among the studies with respect to the treatment effect. The recommended procedure was to use a 
Mantel-Haenszel style weighted combination of the stratum specific differences for C'ach study and then 
weight the study estimates together and form a confidence interval (97.5% two-sided to irtroduce a 
Ronferroni correction) for the difference. The degree of equivalence was evaluated based upon this 
confidence interval. No precise definition of equivalence was established at the pre-NDA meeting with 
the applicant. 

The sponsor indicated that a number •Jf centers had very small sample sizes and low event rates. The 
spollSQr proposed using stratum weights equal to Wj-Djl°i2'<°ii-+tlj2). where i is the stratum and "i· is the 
sample size for the ;-th treatment in the i-th stratum. FDA wmmented that this is equivalent to the 
harmonic mean and would be an acceptable weighting scheme. FDA requested that the applicant 
stratify by all variables used at the time of stratification and that strata for which both treatments are not 
present, be excluded as is done in the standard Mantel-Haenszel analysis. 

In addition to the analysis described above, the applicant perfom1ed other analyses. These analyses were 
based upon stratification by center, but not upon first or second ~!~vgraft. In these analyses, the applicant 
replaced an estimated treatment rate of p0;0 with the following estimate: 

• .J~ • .S 
P,·--. 

n ·I 
' 

Both the FDA and applicant's preferred analyses are presented in this review. 

The applicant proposed using Zelen's exact test of homogeneity rat' . than the test described by Breslow 
and Day (p 143, Statistical Methods in Cancer Research Vol\lme Ii his procedure was suggested due· 
the relatively small sample size in a number of centers. The applicant has also suggested a formula fl •. 

,t 
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testing the homogeneity of the differences over strata rather than t1ist for homogeneity of odds-ratio 
proposed by FDA. This fonnula was accepted by the FDA and is presented below: 

where d1' 1 is the weighted difference calculated for the s-th study, ,pi is the variance for the average 
difference for·the s-th study, and d;.1 is the weighted (each study is wei;~hted inversely pcoportionate V'>) 
average difference over all three studies. The statistic Q is based upon l'airwise comparisons between the 
control group and each of the MMF doses and is evaluated using a c 1uare distribution with 2 degrees 
of freedom. Additionally, the s.ionsor presented a modified Bonferroni ad;usunent (Hochberg, Y., 
Biometrilca 1988). This approach is based upon a comparison of 95% confidence intervals for both pairwise 
comparisons. These intervals are evaluated based upon a definition of equivalence of I O"/t (chosen by the 
sponsor). If both interVals exclude a difference of I<>"/• these intervals are to be presented. Otherwbe, 
Hochberg's modified inaervals are to lie presented. FDA requested analyses also be based upon ti: • standard 
Bonferroni ad; ustment. 

8.:Z.3 Secondary Objectives 

The protocols listed a number of secondllry endpoints to be investigated in the three ;..iw•tal studies. These 
endpoints were presented in the NDA. but are only discussed in this review where particularly relevant. 

Number of patients in first 6 months who require OKD, ATG, ALG following an acute 
r~cction episode (MRE 022, ICM 1866, IICR 023 [and 12 months)). 

Number of courses of iv steroids, OKD, ATG and ALG will be summarU.cd (MRF. 022, 
ICM l 866, IICR 023). 

Number of acute re; ection episodes experienced by each patient du1 ing the study (MRE 022, IICR 
023). 

The I-year patitnt and graft survival (MRE 022, ICM 1866, llCR 023 (11nd 2 and 3 years]). 
This has been discussed in Section 8.2.2. 

Serum creatmme levels al 6 and 12 month time points (MRE 022). 

Renal function as measured by creatinine and GFR (ICM 1866, llCR 023). 

Cyclosporine dose will be assessed at the 6 and 12 month time points (MRE 022) . ., 



Incidence of adYe11C event~ (il'tcludes cancer and congenital abnormalities) (MRE 022, ICM 
1866, IICR 023). 

The incidence of infections (MRE 022, ICM 1866, IICR 023 ). 

Occurrence of chronic renal allograft re.: ection at 12 and 36 months (ICM 1866). 

8.2.4 Assessment of Safety 

The primary endpoint of the safety analysis was adverse events including death. Safi..'!)' was also assessed 
by clinically sil! llificant changes in phys;caJ signs or symptoms, laboratory values which resulted in a 
change in concomitant medications, and interruptions or withdrawal of the study medication, or at th<: 
investigator's discretion. Data including adverse events (congenital anomalies, cancer), infectior.s and 
abnonnal laboratory data will be included in the safety data. The followirg scale was utilized to grade the 
severity of adverse events: Mild (Grade 1), Moderate (Grade 2), Severe (Grade J), Life Threat:ning (Grade 
4), Fatal (Grade 5). 

The initial analysis included the entire exposur~ time on drug (for some patients this is > 6 months of 
treatment). The applicant updated the integrated safety summary during the NOA review to include follow­
up for at least 1 year (for many patients follow-up will uceed I y<".ar). 

8.3 Efficacy Results 

This section describes the study resdts for biopsy proven acuie re.:ection (as measured by treatment failure) 
and one-year patient and graft survival. The applicant's analyses for these two er1dpoints are first presented, 
followed by FDA analyses to investigate issues raised by th~ applicant's analyses. 

8.3.1 Appljcant's Analysis of Biopsy-Proven Acute Rejection (Treatment ~ailure) 

The applicant's analyses of biop!}-proven re: ectior1 ~through month 6 ) are provide<.I below for each 
individual study. 

8.3.1.1 Study MRE 022 

Ba~kground 

A total of 491 sub. ects were enrolled into ,his trial, with 166 assigned to placebo, 165 to MMF 2g a1.d I 6C 
to MMF Jg. All of these sub: eels were included in both the efficacy and safety analyses. Sub: ects were 
enrolleci between July 19, !992 ar.d August 23, 1993. Twenty centers panicipated in this study, \lith the 
largest providing 57 sub. ects and the smallest providing 4 ~ub: ects. The NOA does not provide informatio,. 
on the distribution of sub: ects b~ upon complete stratification of center by previous transplants. Overa 
43 (9"/o) of t1 sub: ects were ~econd allograft recipients. 
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The data cutoff for this repo1t was February 11, 1994. This was the date of the last ongoing patient's 
scheduled 6-month visit. The study report stated that the originally planned interim analysis was not 
conducted. It was concluded that the overall incidence of re, ection had declined and that the sample size 
should be increased by 40 patients -per treatment group to a total of 160 sub_ eels per arm. Sub: ects were 
randomized both before and after transplantation had taken place. The date of randomization was not 
incorporated into the applicant's data base. The date of enrollment was assumed to be the same as the date 
of transplant. 

The primary endpoint analyzed was the occurrence of treatment failure as defined by the presence or 
absence of a biopsy-proven r1<ectio11 in the first six months posttransplant. A Banff biopsy score of Grade 
I (mild) or more severe was used to establish the pre:ience of an event. Patients who did not have a biopsy­
proven ~ ection, but terminated prfor to six months due to graft loss, death or any other reason were treated 
as treatment failures. 

Statistical analysis was based upon the use of the Cochran-Mantel-Haenszel procedure ad:usting for 
stratification by investigator. An ad;ustment by the transplant number (stratified as either first or second) 
was not made. The applicant :udged that the number of sub:ects with a second allograft was too small to 
warrant thii. analysis. An analysis of: ust sub: ects receiving their first allograft was thought to be similar 
to the overall analysis. Confidence interval:; were prepared at the 97.5% level. 

'The applicant also presented descriptive analyses investigating the relationship between the treatmen' effect 
for the primary endpoint and the following variates: investigator, age group and gender. Information on 
race was not collected and could not be included in the analyses. 

The applicant has analy2.ed the acute re, ection events using a time to failure approach as well as a simple 
proportion. The first approach used the treatment failure definition as with the simple proportion. The 
second approach "censored" on events other than those associated with an unsatisfactory therapeutic 
response. In this approach, death and graft loss were treated as censoring events and were not considered 
an unsatisfactory therapeutic response. Since the FDA cautioned the applicant that these analyses may be 
inappropriate~· •e to problems associated with informative censoring, these analyses will not be discussed 
further in this review. 

Analyses of the secon<fary efficacy variables were also conducted. The following variables were 
investigated: presumptive re:ection, central vs. local biopsy, treatment of re:ection, maintenance 
immunosuppression, renal function, graft and patient survival, and hospitali:lltions. With !he excepti"n of 
patient and graft survival, these analyses will not be described in this review. 

No patients were excluded on the basis of protocol violations. The following table lists the protocol 
violations over all three treatment arms (note, these categories are not mutually exclusive). The NDA 
provided the individual patient IDs, but did not summarize these results by treatment arm. 

} 



PROTOCOL VIOLATIONS: 

Reason Number 

Study medication not 7 
started within 72 hours 

Received prohibited 2 
medication 

Hepatitis B 2 -
History of Malignancy 1 

Infections l 

Platdet count< 100 x l3 
I<>'IL 

-
Inadequate Contraception 2 

Blind Broken s 

Study Treatment Error 3 

Cyclosporine Interrupted I 
.. 

Source: Text· PatlClll Disposibon, p 54, V. 1.817 

The following table summarizes the length of treatment by study arm. Because suh:ects were n()t followed 
for the primary endpoint after treatment discontinuation, this table also shows the length of follow-uo with 
respect to the biopsy proven acute re: ection. Note: treatment was discontinued for clinically determined 
lack of therapeutic response. 

LENGTH OF TREATMENT: 

Treatment ~9dF MMF 
Duration Placebo 1.0gmBID 1.5 gm BID 

s 3 months 41 (25%) 22 (15%) 36 (22%) 

> 3 months 125 (75%) 143 (85%) 124 (78%) 

Total 166 165 160 

~: T•blc2. V. l.817 

The previous table does nol show the number of sub~ eels withdrawi:1g prior to six months of follow-up 
The following table ~ilow~ the number and percent of sub. ects classified as having a clinical evf 

(death, sryi loss or bil'psy proven acute re:ection) in the first six months, other"treatment failures o, 
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completing silt months without a clinical event. The sub; ects clas!'ified as other treatment failures are 
those discontinuing prior to six months without a previous biopsy proven re: ection, death or graft loss. 
The ma: ority of these premature discontinuations are made up o( withdrawals due to an adverse event 
(50% [6/12), 74% [14/19) and 81% [29/36) for placebo, MMF 1.0 and MMF 1.5, respectively as a 
percentage of all sub: ects having an "other failure"). It appears that the differential "other failure" rate 
is accounted for by the differential adverse event rate. 

EVENT RATES THROUGH MONTH 6 (Study 022): 

Status at MMF MMF 
Six Months Placebo l.OgmBID 1.5 gm BID 

clinical event 81 (49"/o) 31 (19%) 26(16%) 

other failure 12 (7%) 19 (12%) 36(23%) 

no event 73 (44%) 115 (70%) 98 (61%) 

Total 166 165 160 
Source: Table 11. V. 1.817 

The applicant compared the three treatment groups on the following variables at baselint.: age, gender, 
weight, primary cause of renal fail.ire, CMV serologic status and previous renal transplantation. The 
applicant has indicated that the three treatments are not c 1enly distributed with respect to gender. The 
overall study make-up was 62% male, ranging from 56% male for MMF 2 g to 69"/o male for MMF Jg. 
No otht".r "imbal11nces" were discovered. 

Results 

The applicant recorded 205 events (treatment taibre) for an overall event rate of 42%. The event rates 
were J°'lo, 19"/o and 56% for MMF 2g, MMF Jg and placebo, respecti"ely. The following table shows 
the events defining the occurrences of treatment failure. In this table, sub: ects are first classified as to 
whether or not a biopsy-proven re; ection was detected in the first six months of treatment. If nc such 
~ection was present, the sub:ects weri: classified into one of the: remaining categories apparently based 
upon whichever event occurred first. 

; 



TREATMENT FAILURE EVENTS: 

MMF MMF 
Placebo 1.0gmBID 1.5 gm BID 

Event n=l66 n=l65 n=l60 

biopsy-proven 77 (46%) 28 (17%) 22 (14%) 
rC:ection 

graft loss/death 4(2%) 3 (2%) 4(3%) 
(no prior acute) 

unsat. response l (lo/o) 

AE 6(4%) 14 (9"/o) 29(18%) 

non- 3 (2%) 3 (2%) 5 (3%) 
compliance 

other 3 (2%) 2(1%) 1(1%} 

Total 93 (S6%) so (30%) 62 (39"/o) 

Source· Table 11. V. 1.817 

The applicant conducted a Cochran-Mantel-Hae;lZSCI analysis of treatment failure comparing the two 
active treatment arms against placebo. This analysis stratified for center, but did not include stratification 
for the number of previous tr.msplants (0 or 1). The Bonferroni procedure was used to ad;ust for the 
multiple comparisons made (i.e. 95% significance requires 1:11 apparent p-value of 2.5% or less). 
Confidence intervals were prepared using a 97.5% critical value to insure 95% coverage for both 
intervals. The results of these tests and inter.mis are presented below. 

TREATMENTFAIJ,URECOMPARISONS: 

Placebo vs. Placebo vs. 
MMF2g MMF3g 

p-value <.001 .001 

relative risk (97.S% .53 (.40, .72) .66 (.49, 88) 
I CI) 

Source: Table 10. V. 1.817 

The applicant repeated the above analysis for the 448 first allograft sub_ ects only and concluded that the 
results are consistent with the overall analysis. The applicant stated that the small number of second 
allograit sub_ ects precludes the use of this stratification factcr i 1 the CMH analysis. Second allograf­
patients had a hig:.er rate of re_ ections and treatment failures. The overall rate for first-time allogn 
patients W1'5 4 l %, while the overall rate was 49% for second-time allograft patienis. 
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The applicant presented treatment failure rates for each CP.nte~. No formal test of homogeneity is 
presented The applicant indicatf'.s that rates at a number of the centers appear to be different from the 
overall rate. It is stated that these centers are small, making it impo~sible to conclude that these results 
are actually inr.onsistent. 

Analyses by 1ige group and gender are presented in the NOA. The following table summarizes the 
treat;wo..nt .'ailure rates for age and gender. No difference is apparent in the treatment effect with respect 
to age and gender. Tests of significnnce were not presented. These issues will be addressed again in 
Section 8.3.3 where additional FDA analyses are presented. 

TREATMENT FAILURE BY AGE GROUP AND GENDER· 

MMF MMF 
Group Placebo 1.0 gm BID I.5 gm BID 

n=166 n=l65 n=l60 

Overall 93 (56%) 50 (300/o) 62(39%) 

Age 

<40 32153 (60%) 17/48 (35%) 18/48 (38%) 

40-64 53/102 (52%) 27/102 (27%) 41/105 
(39%) 

65 and over 8/11 (73%) 6/15 (40%) Jn (43%) 

C-ender 

Fe.aiale 33/64 (52%) 2on3 (27%) 21/50(42%) 

Male 60/102 (59%) 30/92 (33%) 41/110 
(37"~) 

The study report indicates that the three treatment groups experienced different rates of 
immunosuppressive medication adoniniMered for the treatment of re~ ection (high-dose oral or IV 
corticosteroids, ATG, ALG, or OKTJ). Placebo has the highest rate (52%) and MMF 2g and MMF Jg 
have similar rat~ (29% and 24%, respectiveiy). Tests of significance were not presented for this 
comparison. 

The applicant presented tlte results of statistical analyses for maintenance corticosteroid dosin:; over the 
course of the study. An analysis of variance ad. usting for center, treatment and center by treatment 
interaction was r"aduc!ed at each of the following time points day 14, day 28, month 3 , month 4, 
month 5 ar.d month 6. The 11•1mber of sub. ects included in these analyses decreas.ed over the course of 
the study tlcause complete follow-up was not available after treatment discontinuation. These analyses 



consistently reported p-v.ilues of approximately .05 for the interaction between treat.nent and c.enter. Tim 
applicant concludes that these interai:tions are unlikely to be clinically significant. The main effects for 
the comparison among the treatments (averaging over center) were reported as ~iWJificant by the 
applicant for months 3, 4 and 5. PlaceOO su~ ects tended to have a higher maintenance dose tluut the two 
MMF groups, which were similar in average maintenance dose. 

The applic<lllt also examined the maintenance dose of cyclosporine over the course of the study using 
analysis of variance. A.s with corticosteroid use, the number of s•ib: ects included in these analyses 
decreased over time. No overall treatment effects were discovered, but the interaction p-values became 
fairly small for months 4, 5 and 6 (.15, .OS, and .12, r~spectively). N~ explanation was provided with 
the applicant concluding that the results are not likely to be clinically signifiC3nt. 

Serum creatinine was analyzed by the applicani as a measure of efficacy (renal function). As with 
tortioosteioid use, the number of sub:ects included in these analyses dee~ over time. The statistical 
analyses presented showed significant trealmt;:Jtt effects as well as interactions. The overall pattern wall 

for the placebo group to be approximately 15% higher than for lhe MMF anns, which were similar. The 
applicant concluded that the interactions are not likely to be clinically significant. 

8.3.1.2 Study ICM 1866 

Background 

The statistical analyses presented by the applicant for study 1866 are virtually identical in fonn to those :ust 
presented for study 022. The design issues discussed previously for study 022 (background section) will 
1:. t be repeated. The following summarizes foe key study findings with respe...'t to biopsy proven acute 
~ection (treatment failure). 

A total of 499 S11h: ects were enrolled into this trial, with 166 assigned to AZA, 167 to MMF 2g and 166 to 
MMF 3g. All of these sub: ccts were included in the primary efficacy llllalysis. Four 11atients were 
randomized bUt Re'm' received study mtdication. These sub: ecb were excluded from the secondary effir.acy 
and safety analyses. Su~ects were enrolled between July 21, 1992 and September 6, 1993. The data cutoff 
for the NOA was March 4, 1994. Fourteen centers prticipated in this study, with the largest providing 72 
sub:ects and the smallest providing 13 sub~ects. 

No patients were excluded on the basis of protocol violations. The foll0wing table lists the protocol 
violations over all three treatment arms (note: these categories are not mutually exclusive). The NDA 
provided the i'ldividual patient IDs, but did not summarize these results by treatment arm. 
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PROTOCOL VIOLATIONS: 

Reason Number 

Platelet count < I 00 x 4 
11>'/L 

Hemoglobin < 6 g/dL I 

Malignancy I 

Hepatitis B I 

study drug discontinued J 
>28 days 

received AZA > 2 weeks 4 

nc cyclosporine first 28 4 
days 

no study drug 5 days after J 
transplant 

pregnancy J 

blind broken 6 
.. Source: Text - Patient Disposiuon, p SS, V. l.8S2 

The applicant compared the three treatment groups on the following variables at b&.~e: age, gender, race 
a'ld weight. The applicant has indicated that there are no "statistically significantly different es" among the 
treatments for these variables. 

The following table summarizes the lengtll of treatment. BecauS<· sub: ects were not foll1;>wed for the 
primary endpoint after treatment discontinuation, this table also shows the length of follow-up with respect 
to the biopsy proven acute rC<ection. The data presented in the NDA does not allow sub:e::ts receiving 
treatment for exactly six months to be separated from those sub: eels receiving between J and six months 
of study treatment. 
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TREATMENT LENGTH: 

Treatment MMF r~ 
Duration AZA 1.0 gm BID 1.5 gm BID 

s 3 months 28(17%) 20 (12%) 25 (15%) 

> 6 months 138 (83%) 147 (88%) 141 (85%) 

I Total 166 167 166 

Source: T•ble 2, V. 1.852 plus 4 sub eccS newr RCei\·ing lherapy 

"fhe previous table does not show the number or percent of sub: ec;ts withdrawing prior to six months of 
foUow-up. The NDA presents a table containing premature withdrawals from the study, but this includes 
withdrawals after six months. The following table shows the nuni1ber and percent of sub: ects classified 
as having a clinical event (death, graft loss or biopsy proven acute re: ection) in the first six months, other 
treatment failures or completing six months without a clinical event. The sub; ects classified as other 
treatment failures can be inferred to be those discontinuing prior to six months. The most cornmon 
reason for these premature discontinuations is withdrawal due to an adverse event (60%, 44% and 76% 
for AZA, MMF 1.0 and MMF 1.5, respectively as a percentage of all sub:ects having an "othe.c failure"). 
It appears that the differential "other failure" rate is accounted for by the differential adverse event rate 
for the highest MMF dose group. 

CLINICAL EVENTS: 

Status at MMF Ml"1F 
Six Months AZA 1.0gmBID 1.5gmBID 

clinical event 69 (42%) 36(22%) 31 (19"/o) 

other failure 10(6%) 16 (10"/e) 21 (13%) 

no event 87 (52"/o) 115 (69%) 114 (69"/o) I 
Total 166 167 166 

Source: Table 12, V. 1.852 

Results 

The applicant recorded 183 events (treatment failure) for an overall event rate of 37%. The event rates 
were 30%, 39% and 56% for MMF 2g, MMF Jg and AZA. respectively. The following table shows the 
events defining the occurrences of treatment failure. In this table, sub. ects are first classified as to 
whether or not a biopsy-proven re. ection was detected in the first six months of treatment. If no such 
re. ection was present, the sub. ect was cla:;sified into one of the remaining categories apparently base 
upon whichever event occurred first. 

i 
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TREATMENT FAILURE EVENTS: 

MMF MMF 
AZA 1.0 gm BID 1.5 gm BID 

Event n=166 n~167 n=166 

biopsy-proven 63 (38%) 33 (20"/o) 29 (18%) 
r~ection 

graft lossideath 6(4%) 3 (2%) 2 (!%) 
(no prior acute) 

uosat. resronse I (1%) I(!%) 

AE 6(4%) 7(4%) 16 (10"/o) 

non- 2 (1%) 5 (3%) .; (2%) 
compliance 

other I (1%) 3 (2%) I(!%) 

Total 79 (48%) 52(31%) 52(31%) 
Soun:e: Table 12, V. l.852 

The applicant conducted a Cochran-Mantel-Haenzsel analysis of treatment failur.:. comparing the two 
active treatment arms against AZA. This analysis stratified for center. The Bonferroni procedure was 
used to ad; ust for the multiple comparisons made (i.e. 95% significance requires an apparent p-value of 
25% or less). Confidence intervals were prepared using a 97.5% critical value to insure 95% coverage 
for both intervals. The results of these tests and intervals are presented below. 

TREATMENT FAILURE COMPARISONS: 

AZAvs. AZAvs. 
MMF2g MMF3g 

9-value .002 .002 

relative risk (97.5% .65 (.48, .88) .66 (.48, 89) 
CI) 

Source: Table 11. V. 1852 

The applicant presented treatment failure rates for each center. No formal test of homogeneity is 
presented. The applicant indicates that rates at a number of the centers appear to be different from the 
overall rate. It is stated that these centers are smali and that the events associated with these differences 
are nonimmunologic ( eg technical complications of surgery). 

> 
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Analyses by age groups, gender and race are presented in the NOA. The following table summarizes the 
treatment failure rates for these subgroups. No differenc-.e i~ apparent in the treatment effect with ;;;:~ 
to gender and race. The appli~t comments that for the highest age category there is apparently less 
t1eatment effect, butthat the number of sub; ects is too small. No formal statistical analysis is presented. 
These issues will be addressed again in Section 8.3.3 where additional FDA analyses are pr~ted. 

TREATMENT FAILURE BY AGE GROUP AND GENDER: 

MMF MMF 
Group AZA 1.0 gm BID 1.5 gm BID 

n=166 n=l67 n=166 

Overall 79(48%) 52(31%) 52 (31%) 

Age 

<40 29/47 (62%) 18/62 (29"/o) 16/50 (32%) 

40-64 45/109 (41%) 28/94 (30%) 30/105 (29"/o) 

65 and over 5/10 (50%) 6111 (55%) 6/11 (55%) 

Gender 

Female 36171 (45%) 22/69(32%) 2on1 (28%) 

Male 43/95 (45%) 30/98(J1%) 32/95 (34%) 

Race 

Black 23/40(58%) 17/44 (39%) 8/33 (24%) 

Non-black 561126 35/123 441133 
(44%) (29".lo) (33%) 

Source: Tables 14, IS IJld 16, V. 1.852. 

The study report indicates that the three treatment groups experienced different rates of 
immunosuppressive medication. AZA has the highest rate (42%) and MMF 2g and MMF 3 g have 
similar rates (22% and 29%, n:spectively). Tests of significance were not presented for this comparison. 

The applicant presented the results of s1a1istical analyses for the corticosteroid maintenance dose over 
the course of the study. An analysis of variance ad. usting for center, treatment and center by treatment 
inte,action was conducted at each of the following time points: day 28, 2 months, 3 months, 4 months, 
and 6 months. The number of sut> e-;ts included in these analyses decreased over the course of the study 
because complete follow-up was not made after treatment discontinuation. The analysis at 28 days 
produced a p-value of approximately .07 for the interaction between treatment and center. The remainin 
analyses also did not similarly show interactions (all p-values > .4 ). The applicant concludes that tt. 

' 
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interaction is likely the resuh of high mean steroid duse associated with the initial inducticn therapy. The 
main effect for the comparison among the treatments (averaging over center) was rcponed as signitiC311t 
by the applicant for month 2. AZA sut>:ects tended to have a higher maintenance dose than the two MMF 
groups, which were similar in average maintenance dose. No other significant differences among the 
treatments were reported (p>.4). 

The applicant also examined t'ic maintenance Jose of cyciosporine over the course of the study using 
analysis of 'variance As with ('.orticosteroid u~e. the number of s:.ib. ci;ts included in these i.nalyses 
decreased over time. No treatment main effects or interactions were discovered. 

Serum creatinine was analyzed by the applicant as a measure of efficacy (renal function). As with 
corticosteroid use, the number of sub; ects included in these analyses decreased over time. The statistical 
anal)xs pcesented showed significant treatment effects (day 28, month 2) as well as interr...-tions (month 
2, month 4). The overall pattern demonstrated the AZA group to be somewhat higher than for the MMF 
arms, which themselves were similar. The applicant concluded that the interactions are not likely to be 
clinically significant. 

8.3.1.3 Study OCR 023 

Background 

A total of 503 sub;ects were enrolled into this trial, with 166 assigned to AZA. 173 to MMF 2g and 164 to 
MMF 3 g. All of thCS(; sub_ eels were included in the efficacy analyses. Sub; ects were enrolled between 
August 13, 1m and August 23, 1993. The data cutoff for this study was February 25, 1994. Twenty-one 
centers participated in this study, with the largest providing 63 sub. eels and the smallest providing 2 
sub: eels. The NDA does not provide information on the distribution of sub; ects basect upon complete 
stratification of center by previous transplants. Overall, 60 (12%) of the sub_ects were s..~nd allograft 
recipients. 

Statistical anaJpis was bl!Sed upon the use of the Cochran-Mantcl-HllCllSzcl procedure ad; usting for stratiflCllliaa by 
investigator. Centers with 10 or fewer patients were pooled into 2 pooled centcn (centcn 4087, 4099 and 4097 ~ 
c:ambincd and centl"l'S 41 OS and 4029 were combined). Otherwise, the statistical analyses prcsentr.d for this study are 
similar in Conn to those discussed previously for studies 022 and 1366. The following swnmatizes the key study 
findings with re.peel to biopsy proven acute re. cction (treatment failure). 

No patients were excluded on the basis of protocol violations. The foliowing table lists the protocol 
violations over all three treatment arms (note these categories are not mutually exclusive). The NDA 
provided the individual patient IDs, but did not summarize these results by treatment arm. 



PROTOCOL VIOLATIONS: 

Reason Number 

baseline platelet count 
<100,000/mm> 6 

baseline hepatitis B 2 

prior malignancy 2 

' medication not started <72 i 

houn after transplant 12 

prohibited medication 14 

open-label AZA 43 

period of wrong study 12 
drug 

cyclosporine interrupted 6 
.. 

Source: Text· P11icn1 DisposibOll. p JS, V. 1.907 

The following table shows the length of treatment. BC(;&use sub; eels were not followed for the prirna.. 
endpoint after treatment discontinuation, this table also shows the length of follow-up witll respect to 
biopsy-provm acute rC: ection. Note, treatment was discontinued for clinically determined laclc of 
thenpeutic response. 

TREATMENT LENGTH: 

Trcalmellt MMF MMF 
Dur11tion AZA 1.0 gm BID 1.5 gm BID 

~ 3 months 36 (22~1) 33 (19"/o) 27 (16%) 

>3 months 130(78%) 140 (111%) 137 (84%) 

Total 166 l'/3 164 
.. .. 

Source: T1ble 2. V. 1.907 w11h lhe add111on of SI~ sub eels never m:e1vmgdrug 

The previous table does not show the number or percent of sub, ects withdrawing prior to six months of 
follow-up. The table contained in the NDA fails to separate sub, ects receiving exactly six months of 
study treatment from those receiving less than six months of treatment. The following table shows the 
number and percent of sub. ects classified as having a clinical event (death, graft loss or biopsy proven 
acute re. ection) in the first six months, other treatment failures or completing six months withou 
clinical 71. The sub, ects classified as other treatment failures can be inferred to be those discontinu1. _ 
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prior to six 1111Jnths. The single largest reason for these premature discontinuations is withdrawal due to 
an adverse event (41%, 54% and 60"/e for AZA, MMF 1.0 and MJ\,fF 1.5, respectively as a percentage 
of all su~ects having an "other failure"). It appears that the differential "other failure• rate is accounted 
for by the differential adverse event rate. 

CLINICAL EVENTS: 

Status at MMF MMF 
Six Months AZA l.OgmBID 1.5 gm BID 
~ 

clinical event 66 (40%) 4- '""'AO/.\ 
~ \""..,,,.,, 32 (20%) ---

other failure 17 (10-/e) 24 (14%) 25 (15%) 

no event 8J (50-/e) 107(62%) 107(65%) 

Total 166 17J 164 
Source: Table 12. V. 1.907 

The appli<".ant reported no differences among the three treatment groups for the following variables at 
baseline: age, race, weigh!, primary cause of renal failure, CMV serologic status, histocompatibility 
matching, immunologic assessments, previous transplant history, postoperative graft function, donor 
characteristics, B-cell crossmatch, mean cold ischemic time, and history of blood transfusions. The 
applicant has indicated that the three treatments are not evenly distributed with respect to gender. The 
overall study make-up was 40"/e female sub;ects, which ranged from J3% for AZA to 46% for MMF 
2g. Pretransp1ant panel reactive antibody (PRA) values of more than 20-/e were reported as significandy 
different among the three treatments with values of 9"/e, 12% and 4% for AZA, MMF 2g and MMF Jg, 
respectively. This value represents the amount of pre-formed antibodies thought to be associated with 
the development of hyper-acute re; ection (GC). 

Results 

The applicant recorded 206 events (treatment failure) for an overall event rate of 41 %. The event Rtes 
were 50%, J8% and J5% for AZA. MMF 2g, MMF Jg, respectiveiy. The following table shows the 
events defining the occurrences of treatment failure. In this table, su~ ects are f:rst classified as to 
whether or not a biopsy-proven re; ection was detect<:<! in the first six months of •reatment If no such 
re; ection was present, the sub. ects was classified into one of the remaining categories apparently based 
upon which ever occurred first. 

' 



TREATMENT FAILURE EVENTS: 

MMF MMF 
AZA l.OgmBID l.5gmBID 

Event n=J66 n=l73 n=:64 

biopsy-proven 59 (36%) 34 (200/o) 76 (16°/o) 
rC:ection 

graft loss/death 7(4%) 8 (5%) 6(4%) 
(no prior acute) 

unsat. response I (1%) 

AE 7(4%) 13 (8%) 15 (9%) 

non- 6(4%) 4(2%) 5(3%) 
compliance 

other 4(2%) 6(4%) 5(3%) 

Total 83 (50%) 66 (38%) 57 (35%) 

Source: Table 12, V. 1.907 

The applicant conducted a Cochran-Mantel-Haenzsel analysis of treatment failure comparing the twv 
active treatment anns against AZA. This analysis stratified for "grouped" center, but did not include the 
number of previous transplants (0 or l). The Bonferroni procedure was used to ad:ust ::>r the multiple 
comparisons made (i.e. 9S% significance requires an ..i;ip:.rent p-value of 2.S% or less). Confidence 
intervals were prepared using a 97.5% critical value to inSllrC 9:>% coverage for both intervals. The 
results of these tests and intervals are preser.ted below. 

TREATMENT FAD..URE COMPARISONS: 

AZ.A vs. AZAvs. 
MMF2g MMF3g 

p-value <.029 .005 

relative risk (97 .S% .77 (.58, 1.0 I) .68 (.SO, 92) 
CI} 

Source: Table t. V. 1.907 

'The applicant comments that first and second allog1 afts do not appear to differ with respect to episodes 
of biopsy-proven acute re_: ection. 

The applicant presented treatmwt failure rates for each center. No formal test of homogeneit) 
presented)' The applicant indicates that a number of th<! centers appear to be different from the ove1. 
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rate. 

Analyses by age group, race and gender are presented in the NDA. The following table summarizes the 
treatment failure rates for age, race and gender. The sample size is insufficient to make any meaningful 
comparison on the basis of race. For both age and gender, the applicant notes apparent differences in the 
treatment effect. For males, there is a considerabl~· smaller difference among the treatments. For 
sub; ects 65 years old and over, the treatment difference appears larger than the overall result. Formal 
tests of hoinogenei:y are net presented by the app.icant. Thi.: applicant conducted CMH analyses 
ad: usting for gender and reported results consistent with the overall results. These issues will be 
addressed again in Section 8.3.3 where additional FDA analyses are discussed. 

TREATMENT FAILURES BY AGE GROUP AND GENDER: 

Group 

Overall 

Age 

<40 

40-64 

65 and over 

Gender 

Male 

Female 

AZA 
n=l66 

83 (50%) 

21141 (51%) 

MMF 
1.0 gm BID 

n=l73 

66(38%) 

21/55 (38%) 

MMF 
l.5 gm BID 

n=l64 

57(35%) 

16/47 (34%) 

53/111 (48%) 40/107 (37%) 38/100 
(38%) 

9/14 (64%) 5/11 (46'/:.) 3/17 (18%) 
-'----~--_._-'---! 

47/11: (42%) 34/94 (36%) 34/98 (35%) 

36i55 (66%) JZ,79 (4!~4) 23/66 (35%) ---1----
Race 

Black I/I (100%) 0/1 (0%) 
----+---

0/1 (00/o) 

82/165 (50%) 65/171 (38%) 57/1.63 J 
-~--'!~~~--.....i....(~J-So/c_o)·~­

Souroe: Tables 15, 16, .. ,d 17, V. L<J07 

The study repvrt indicates that the three treatment groups experienced differ.;nt rates of 
immunosuppressive medication used to treat acute re. ection (high dose corticosteroids, ATG, A fG, 
OKT3 ). A2A has the highest rate ( 48%) and MJl..fF 2g and MMF 3 g have similar rates (31 % and 24%, 
respectively). Tests of significance were not prese:ited for this comparison. 

,'I/ 



The applicant presented the results of statistical analyses for the corticosteroid maintenance dose over 
the course of the study. An analy~is of variance ad; usting for center, treatment and center by treatment 
interaction was conducted at P.ach of the following time points: weeks I, 2, 3, 4, 6, and 8 and months 3, 
4, and 6. The number of sub:e. •s included in tloe<>e analyses decreased over the course of the study 
because complete follow-up was not made after treatment discontinuation. The mean dose appeared 
consistent over the treatments. For we::.s 3, 4 and 6 the interaction between treatment and center was 
reported u significant. The applicant concludes that these interactions are unlikely to be clinically 
signifi.::an:. 

The applicant also examined the maintenance dose of cyclosporine over the course of the study using 
analysis of variance. As with corticosteroid use, thi: number of sub: ects included in these analyses 
decreased over time. Cyclosporine levels were reported as comparable for all time period with the 
exception of day 7, where the dose was higher for the MMF 3 g gr"up. Interaction p-values became fairly 
small for day 14, week 4 and week 16 (.O?, .06, and .8, r~pectively). No explanation was provided by 
the 'Pplicant for this result. 

Semm creatinine was &nalyzed by the applicant as a measure of efficacy (renal function). As with 
corticosteroid use. the number of sub. ects included in these analyses decre;.sed over time. The statistical 
analyses presented showed significant trea>ment effects, but no interactions. The overall pattern of serum 
creatininc was for the AZA group to be higher than for the MMF 2g group which in tum was t.igher than 
the ~AMF Jg group. 

8,3.2 Applicant's Analysis of One-year Patient and Graft Survival 

All patients in the three studies were followed for patient and graft survival through September 7, 1994. 
As of this date, all sub; ects were to have completed a minimum of one year of follow·up. The applicant 
excluded sut>:ects who failed to start study medication from all analyses; four patients in ICM 1866 and six 
patients in IlCR 023. The rei.ults for these sub: ects are included in the data listings provided. The following 
table presents_the rewlts for patient and graft survival for each study using the FDA .ruggested approach 
l"usual" Bonferroni ad:ustme11! .· . .>tification by all factors used in randomization, deleting centers without 
both treatments being cor. ;md not ad: usting cell counts away from 0) as wdl as the overall pooled 
results. 
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1-YEARPATIENT AND GRAFf SURVIV.AL FDA Su<><>ested Analvsis): 
Stratified Pairwise Differences 

Treatment <97.5% en 
MMF2g- MMF3g-

Studv Control MMF2g MMF3~ Control Control 
ICM 12.2 8.5 11.4 -3.9 -.3 
1866 (201164) {141165) (19/166) (-11.2. 3.4) (-8.6. 7.0) 

IICR 023 13.6 11.7 11.0 -1.4 -2.4 
(22/162) (20/171) 08/164' (-8 8, 6.}) {10.1, 5.2) 

MRE022 11.4 8.S 10.0 -3.2 -1.7 
(19/166) (14/165) (16/160) (-JO.I. 3.7) (-8.6, S.2) 

ICM 12.9 JO. I 11.2 -2.7 -1.6 
1866/ (-7.9, 2.5) (-7.1, 3.8) 

IICROr, - -
Overall I 12.4 9.6 10.8 -2.9 -1.7 

(-7.0. 1.3) (-S.9. 2.6) 

For each study, the applicant presented the results of Zelen's test for homogeneity. Additionally, a chi­
square test for homogeneity among the studies was conducted. Tl1e results of these tests are presented 111 

the following tabie: 

Test for Homogeneity 
P-value 

MMF2g VS MMFJg vs 
Study Control Control 
ICM .61 .76 
1866 

IICR023 1.00 .98 
MRE022 .12 .30 

Overall .85 .95 

Based upon results of the tests for homogeneity, the applicant and FDA reviewers concluded that a pooled 
analysis was appropriate for each study 11s well as overall. 

8.3.3 Comments 

8.3.3. t Efficacy 

The applicant's analyses discussed i11 the previous sections have a number of methodological problems 
which were further investigated during the review process. The following sections describe these issues and 
the analyses conducted by FDA to address these concerns. 

} 



Treatment Failure - Description of the Defining Events 
The applic'Ult's Pnalysis was based upon the use of treatment failure, which was d~fined as the occurrence 
of one of the following events: biopsy proven acute re: ection, death, graft loss or premature treatment 
termination. Descriptively, patients were classified by the applicant on the basis of the first event which 
occurred. The FDA conducted descriptive analyses based upon classifying the patient& using the most 
serious event occurring in the first six months prioritized as follows: death, graft loss, biopsy proven acute 
~ ec:tion, adverse event leading to premature discontinuation and "other" premature discontinuation. These 
analyses moved some patien:s from the acute re. ection and premature discontir.uaticm groups and int:> the 
death or graft loss groups. Since all patients were followed with respect to death and graft loss, it was 
possible to classify patients using events occurring after premature discontinuation. The results of these 
analyses are contained in the following three tables. 

TREATMENT FAILURE EVENTS (STUDY 022) 

MMF MMFI 
Placebo 2 gm/day 3 gm/day 

Event n=l66 n=165 n=l60 

Treatment 56% 30% 39% 
Failure 

acute re: ection 40 14 II 

graft loss/ death 11 7 9 

AE 2 7 15 

other 4 3 4 

TREATMENT FAILURE EVENTS (STUDY 1866) 

I MMF MMF 
Azathioprine I "gm/day 3 gm/day 

F.vent n=166 n=l67 n=l66 

Treatment 48% 3 ; 0/o 31% 
Failure 

acute re: ection 32 17 13 

graft loss/death 11 6 8 
-

AE 2 4 7 

other 2 4 3 
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TREATMENT FAILURE EVENTS (Study 023) 

MMF MMF 
Azathioprine 2 gm/day 3 gm/day 

Event n=166 n=17J h=164 

Treatment 500/o 3~% 35% 
Failure 

acute rC: ection 29 18 IS 

graft loss/death 11 8 7 

AE 4 6 7 

other 6 s 5 

The revised analyses still have " latively high proportion of sub; ects classified as either adverse events 
or other premature terminations. The proportion is generally lowest in the control anns and highest in 
the MMF Jg/day group. As mentioned previously, sub;ect:; prematurely discontinuing treatment were 
followed with respect to patient and graft loss but were not followed with respect to acute re' ection. Due 
to this the lack of follow-up, with respect to acute re: .:ction for a relativdy high proportion of sub; ects, 
the acute ~ ection rate is likely to be an underestimate. Sub; ects discontinuing early were found to have 
a worse outcome with respect to patient and graft loss at one year (this is discussed in a later section). 
Since the rate of premature discontinuation was highest for the 3 g/day group, the underestimate of the 
acute ~ ection rate is likely to be largest for the 3 g/day group. Overall, th-' FDA analyses are in basic 
agreement with the applicant's analyses. 

Statistical Anllysjs Based Upon Stratification Factors Used in Ram!omizatjon 

For studies 022 aml 023, patients were stratified by both center and 1st or 2nd allograft. The analyses 
conducted by the applicant were stratified only by center. Additionally for study 023, small centers were 
grouped for use in the Cochran-M11ntel-Haenszel analysis. Forrral tests for homogeneity were not presented 
by the npplicant. We conducted anaiyses which ad;usted tor all factors used in randomization and tested 
for homogeneity between each of the treatment arms and the ccntrol group. The results ,..,f these tests are 
contained in the following tables. 

, 
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I Study Result MMF2g/ MMFJg/ 

Control Control 

MRE-022 p-value <0.001 0.001 

relative risk 0.636 .714 
(97.5% CI) (.514,.787) '568,.899) 

ICM-1866 p-value 0.001 0.002 

relative risk 0.757 0.762 
(97.5% CI) (.622,.921) (.624,. 929} 

IICR-023 p-value 0.028 0.004 

relative risk .802 .751 
(97.S%CI) (641,1.00S) (. 602,. 936) 

It can be seen that the results of these tests show slightly smaller effecl sizes than the analyses conducted 
by the applicant. Still, these analyses lead to the same concl~sions as the analyses prepared by the applicai 

The following table shows results of the tests for homogeneity over the stratification factors used in each 
study using Zelen's test as implemented in SAS. It can be seen that for study ICM-1866 there is•potentially 
an ir.teraction with center for the 2 g versus control comparison. This inturaction may be the result of a 
treatment effect reversal for center 3735 (Ferguson). The applicant provided the explanation that this 
investigator had a number of anomalous patients which led to this treatment effect reversal. The FDA 
reviewers did not feel that this explanation completely explained the n:sult. The reviewer's ultimate 
conclusion is that there may be a real difference among the centers with respect to the treatment difference, 
but that the averall result is sufficiently strong relative to this potential inwraction. 

Study 2 g/day vs 3 glday vs 
control control 

MRE-022 0.22 0.78 

ICM-1866 0.06 0.69 

IICR-023 0.94 0.95 

Six Montl1 Acute R!i ection versus One-year Patie11t and Graft Loss 

The appliC1111 has presented a literature review and an argument suggesting tltdl the prevention of acute 
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re; ection may lead to a long-tenn improvement in patient and graft survival. The study results were used 
to describe the degree of relationship • · ween the occnrrence of an acute r«< cction in the first six months 
and the one year status with respect to patient and graft loss. This investigation took into acco'~nt the lack 
of follow-up with respect to acute re;ection for those patients discontinuing prior to six months. Patients 
reaching six months without discontinuing as well as those who died or had " graft loss within the first six 
months were considered as having complete follow-up with respect to biopsy proven acute r«< ection. 
Patients discontinuing early without a prior disease-related clin;~.al event (death, gi .,ft loss or biopsy proven 
acute r~ection)'were considered to have had only parti:d response. The following tac;cs cor.tai:i the results 
of these descriptive analyses fer each pivotal study. It can lie seen in each table that the rate of 1 year 
patient and graft loss is higher overall for !Jatients with a previously recorded acute r~ ection. This is 
supportive of the applicant's link between acute r«< ection and patient and graft survival, though the 
relationship is weaker tha'l the one presented by the applicant. It can also be seen that patients with only 
pa1tial follow-up have the highest rate of I year patient and graft survival, but that because of the lack of 
follow-up it is impossible to determine if these patients had acute r«< ections after discor.tinuation but prior 
to six months post-transplant. 

Study022 

I year patient/graft loss 
Acute 

Re.ection Follow-up N AZ.A 2g 3g 

no full 297 5% 3% 4% 

partial 67 2:'i% 26% 19"/o 

overall 364 8% 6% 8% 

yes !27 16% 21% 23% 

Study 1866 -

I year patient/graft loss 
Acute 

Rc:ection Foll;iw-up N AZ.A 2g 3g 

no full 327 9% 3% 3% 

partial 47 20% 25% 33% 

overall 374 10% 6% 8% 

yes 125 17°/o 21% 28% 

' 
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Study 023 

I year patient/graft loss 
Acute 

R~ection Follow-up N AZA 2g 1g 

no full 318 9"/o 7% 6% 

partial 66 12%. 25% 32% 

overall 384 9"/o 10% 11% 

yes 119 20% 18% 12% 

Analyses of Age, Race and Gender 

11ie applicant did not include formal statistical analyses based upon age, race or gender. FDA analyses were 
conducted to determine if meaningful treatment differentials could be ruled l'Ut based upon the pivotal 
studies. Essentially, equivalence analyses were conducted comparing the treatment differences over the 
demographic groups of interest. 

The following table conta~ns the event rate by age group. For each study, the sample size was illSUfficit 
to rule out 1elatively large differences. A pooled analysis was not conducted due to the lack of consistency 
over the studies. This lack of consistency suggest! that there may not be an age effect for the age dichotomy 
chosen. 

MMF MMF 
Study age Control 1.0 gm BID 1.5 gm BID 

022 s50 .59 .J:.t .38 

>50 .52 .29 .39 

)8(,6 s50 .50 .29 .32 
~ 

>50 .43 .34 .31 

023 s50 .51 .39 .38 

>50 .49 .37 .JO 

The following table contains the event rates by gender. There is apparently a higher event rate for 
az.athioprine in females (interaction p=.09 for study 023). There is '•v apparent numerical difference t 
the two ~MF arms by gender, but the sample size is insufficient to rule out possibly meaningh.. 



47 

differences. 

MMF MMF 
Study 1.0gm 1.5 gm 

(Conuol) gender Control BID BID 

022 (placebo) male .S9 .JJ .37 

'~male .S2 . .27 .42 
_; 

1866 (AZA) male .45 .JI .J4 

female .SI .J2 .28 

023 (AZA) male .42 .J6 .JS -
female .65 Al .J5 

Of the three studies, only study 1866 allowed for an analysis by rau (black versus all others). Study '.l22 
did not provide information on race and study 023 enrolled only J blacks. The following table contains the 
results for study 1866. This study suggested that there may be a disproportionate event rate for blacks 
receiving ,\ZA, but that the sampl,, size was insufficient to rule out meaningful differences among the 
treatments. 

MMF MMF 
Study race l.Ogm l.S gm 

(Control) Azathioprine BID BID 

1866(AZA) Black .58 .J9 .24 

Other .44 .28 .JJ 

8.3.4 Overall Summary of EITicacy 

The analyses presented by the applicant and supplemented by the analyses requested or conducted by the 
FDA il":licate that MMF reduces the rate of occurrence of b10psy proven acute r~ection in the first six 
months post-tran•'llant. Additionally, these analyses suggest that the reduction in acute re:ection is not 
associated with an increased rate of patient and graft loss at one year. The analyses were not able to 
demonstrate a rell'tive advantage for Jg/day MMF over 2 g/day MMF. On the contrary, study 022 suggests 
that there may be a negative effect (toxicity) associated with the Jg/day dose without a corresponding 
reduction in acute re: ection. 

The analysis ~acute r~ ection was complicated by both the presence of patient and &raft loss as well as a 
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relatively high proportion of patients lost to follow-up. The vresc.nce of patient and graft loss was taken into 
account by the use of a combined endpoint consisting of biopsy proven acute re; ection, de 1th or graft loss. 
A flaw in the study designs is the lack of follow-up with respect to biopsy proven acute r~ ection for those 
prematurely discontinuing (sub;ects discontinuing treatment prior to biopsy proven acute r~ection, death 
or graft loss) without an event. For the purpose of conducting the intent-to-treat analysis, an endpoint of 
treatment failure was analyzed. It was by using this endpoint that MMF was found tc be beneficial. For 
this endpoint, patients were classified as events for any of the following reasons: biopsy proven acute 
re_ ~ion, dttth, graft loss or premature discontinu11tio11 of th'!rapy. As death and graft loss were comparable 
over the study arms, the treatment failure endpoint was essentially comparing treatments on the basis of a 
combination of acute re; ection and premature termination. With MMF there were fewer observed acute 
r~ ections, but more premature discontinuatiors and so a shorter period of follow-up with respect to biopsy 
proven acute ~ ection. This suggests that the simple acute r~ ection rates would lead to biased comparisons 
between the MMF arms and control. 1be use of the treatment failure endpoint was an attempt to cope with 
this bias, but treating all premature discontinuations as events has almost certainly ov"lrestimated the 
underlying event rate. This has likely led to a conservative comparison between MMF and control due to 
the higher premature discontinuation rates for MMF. The degree of conservatism is difficult to evaluate, 
and is complicated by the higher rate of patient and graft loss for sub. eels discontinuing early. This suggests 
that sub:ects discontinuing early may have had a correspondingly high at,ute re_ection rate which was missed 
due to the lack of follow-up for acute r~ ection. 

The analysis of patient and graft loss at one year has been evaluated with I 00% follow-up at one year. ) 
such the analysis of this endpoint was relatively easy to evaluate. The primary difficulty in the analysis 
this endpoint has been the relatively low number of events within each of the studies. This necessitated th" 
use of a combined analysis which ad~usted for study and stratification within study. The combined anaiysis 
produced relatively narrow confidence intervals for the comparisons of MMf to control. As indicated 
above, these intervals indicate that MMF has not led to a worsening relative to control for patient and graft 
survival at one year. 

9 SAFETY REVIEW 

9. I Assessment of Safety: 

The total pat!ent exposure to MMF includes 3404 patients. In addition to renal transplant recipients other 
solid organ transplant •ecipients and rheumatoid arthritis patients had received MMF. At the time of the 
filing of this NDA, 1.;18 renal transplant patients received MMF. The data base used in this review is 
primarily derived from patients (n=991) treated for the pre·1ention of acute renal allograft rc_ection in the 
three ma or trials of MMf (022, 1866, 023). . . 

Syntex provided an update to the Integrated Safety Summary during the NDA review, including patients 
in the three prophylaxis s'udies (022, 1866, 023) This updatt! collected data to Sept I, 1995 (one year after 
the last patient was enrolled). The percentage of patients treated for greater than one year is 44.6%in 
placebo gro'f (study 022), 50.9"/e in the AZA group(studies 1866, 023), 57.5% In the MMF2 gro .. , 

I 
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(studies 022, 1866, 023), liOC 52.2'Voin the MMF3 group (studies 022, 1866, 023 ). An increased proportion 
of patients in the MMF 3 y. vs MMF :<. g group received less than tne protocol-mandated average daily dose 
of MMF; especially those at l year and 1.5 years (94% and 95% received a dose of >2 g to 3 grams of 
MMF), possibly suggesting a somewhat greeter intolerance of the 3 g dose than the 2 g dose. 

Medical Officer Note: Note that when a patient permanently discontinued drug they were not followed 
for adverse events. They were only followed for graft status, vital status or malignancy. The cut point for 
the initial ~fety repo::t was 6 months after the last patient was enrolled. The initial analysis includes the 
entire exposure time on drug (for some patients this is> 6 months of treatment). Because event ratei. were 
only sl_ightly increased, the applicant did not undertake to re-perform the analyses in the special 
populations, thus that data reviewed here for these populaiions wiii be based soieiy on the original 6 month 
report. 

Medical Officer Comment: We agree with the sponsor that the updated safety profile was essentially 
similar to the original safety profile, howev.er some of the rates have increased slightly. 

Medical Officer Comment: From our overall review of the integrated safety summary, we agree with the 
applicant thEt the safety profile of the other types of patients (rheumatoid arthritis, other solid organ 
transplant recipients) exposed to MMF apoear~ to be similar to that seen in the renal transplant population 
reported in the three ml\. or trials presented het e. 

9.2 Safely Analysis 

The primary endpoint of the safety a:1alysis was adverse events including death. Safely was also assessed 
by ciinically-s:gnifir.ant changes in physical signs or symptoms, laboratory values which resulted in a 
change in concomitant medications, and interruption or withdrawal of study medication. Adverse events 
including oongenital anomalies and cancers, infections and abnormal labonatory test results were included 
in the safety database. 

-The following scale was utilized to grade the severity of adverse events: 
Mild (Grade I): Awareness of sign or symptom, but easily tolerated; of minor irritant type; no loss oftime 
from normal activities; symptoms did not require medication or a medical evaluation; signs and symptoms 
were transient. 
Moderate (Grade 2): Discomfort enough to cause interference with usual activities; symptoms persisted for 
prolonged periods of time (days); the study drug was interrupted or stopped briefly. 
Seyere (Grade 3): Inability to do work or usual activities; signs and symptoms were systemic ill nature an 
required medical evaluation; they persisted for long periods of time; the drug was stopped, antl treatment 
for the action may have been required. 
Life Threatening (Grade 4): An adverse event for which there was risk oi loss ,,f life. 
fiti! (Grade 5). 

A post-hoc decision was made to use the National In~titute of Allergy a;id Infeclious Disease (NIAID) 
toxicity scal~.(where applicable) for severity grading of adverse events. While Recommendations for 
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grading of acute and wbaC'ute toxic effects were given for most protocols using a that superseded the above 
severity grading system if the type of even: was given on the NIAID toxicity scale. However this was a 
post-hoc decision, applied to the data prior to the analysis. 

Medical Offir.u Comment: The NIAID scale is most applicable to laboratory abnonnalities. Insufficient 
data was collected to adequately qu111ititate many clinical events (eg dia•rt.ea) as required in the NIAID 
scale; for these, the sponsor's original classification scheme is applied. 

Medical Officer Comment: Event rates for Adverse events are calculated as the number(%) of patients 
experiencing one or more event. For selected events, the I year rates were analyzed by the Kaplr n-Mcier 
Estimate. The three prophylaxis studies have been summarized in this review, combining results across 
comparable arms. The "three pooled" study results thus include Placebo (n==166), AZA (n=326), MMF2 
(n=SOI) and MMF3 (n=490). SurJi pooling allows for more patients to be compared in the MMF arms. 
However, the overall adverse event rates in the MRE 022 (European Study) were lo~er "than those in the 
AZA controUed ·stlidies. This tends to lower the overall MMF event rate in the "three" -study pooled 
analysis. Relative to the "two"-study pooled analysis, these differences will be notrd for the reader's 
attention. 

9.3 SAFETY DATA RESULTS: 

9.3.1 CAUSESOFDEATH 

The analysis reported here combines all three prophylaxis studies in order to increase the size of the data 
base. 

} 
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CAUSES OF DE..\.TH WHILE ON STIIDY DRUG 

PLACEBO AZA MMF2 MMF3 
(n= 166) (n=J26) (n=501) (11"'490) 

TOTAL DEA TBS S (3.0"/e) 10 (3.l"le) 12 (l.49/e) 14 (l.9%) 

' CARDIOVASCULAR EVENT 0 5 (!.~%) 3 (0.6%) 2 (<0.1%) 

CANCER 0 I (<0.1%) I (<0.1%) 1 (<0.1%) 

INFECTION/SEPSIS J (1.8%) 1 (<0.1%) 2 (<0.1%) s (1.0-19) 

PULMONARY EMBOLISM 0 2 (0.6%) 2 (<0.1%)' I J<0.1%) 

SUICID:2 0 0 0 0 

CEREBROVASCULAR EVENT 0 0 0 1 (<0.1%) 

AI.LOGRAFT REJECTION 0 0 0 0 

OTimR 2 (1.2%) 1 (<0.1%) 4 (0.8%) 4 (0.8%) 

(Source: Vol 9/56; Table 27) 

CAUSES OF DEATII OCCURRING ANY TIME POST TRANSPLANT . 
PLACEBO AZA MMF2 MMF3 
(n= 16t>) (n=326) (n=SOl) (n=490) -

TOTALDEATIIS 10 (6.0"/o) 17 (S.l9/o) 22 (4.4%) 28 (5.7'%) 

w\RDIOVASCULAR EVENT 3 (1.S-/o) {i (1.8'?~) 6 (l.:Z-.4) s (l.0%) 

CANCER 0 I (<O. lo/o) I (-~0.1%) 1 (<0.1%) 

INFECTION/SEPSIS 5 (3.0"/e) 3 (0.9".1.) 6 (1.2%) 10 (2.0-/o) 

PULMONARY E~ffiOL!SM 0 J (0.9"/oi J (0.6%) 2 (<0.1%) 
-

SUICIDE 0 0 0 0 
-· 

CEREBROVASCULAR EVE~·iT 0 0 1 (<0.1%) 2 (<0.1%) 

AI.LOGRAFT REJECTION 0 0 0 R (1.6%) 

OTIIER 2 (l.2%) 4 (12"/e) 5 (1.0"/o) _J 
(Source: Vol 9/56; Table 28) , 
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Medical Officer Comment: In analyses of data, both on-study medication and post-termination, the death 
rat.es as well as the causes of death, either on study or post termination, are similar among the various 
treatment groups (see ahove tables) .. 

9.3.2 GRAFT LOSS: 

:'IBASONS FOR GRAFT LOSS OCCURRING ON S1UDY DRUG . 

PLACEBO AZA MMF2 MMF3 
(n= 166) (n=326) (n=501) (n=490) 

TOTAL PATIENTS WITH GRAFT 14 (8.4%) 19 (S.8%) 16 (3.2%) 18 (3.1°/o) 
LOSS ··-

TYPE OF GRAFT LOSS: " 
Transplant Nephrectomy 8 (4.8%) 16 (4.9"/o) 14 (2.8%) 14 (2.9".I.) 

Six Consecutive Weeks of Dialysis 5 (3.0"/o/ 3 (0.9"/o) 2 (<0.1%) 4 (0.8%) 
Dependency 

Other I (0.6%) 0 0 0 

PRIMARY REASON FOR GRAFT 
LOSS ... _._ .. , ,. ·--

Graft R~ ection 7 (4.2%) 11 (3.4%) 6 (J ~~) 4 (0.8%/ 

Recurrence of Unde.rlying Disease o. 0 0 ! (<U.1%) -
Technical Complications I (0.6%) I (<0.1%) 2 (<0.1%) 2 (<O.i%) 

Other 6 (3.6%) 7 (2.1%) !I (1.6%) 10 (2.0%) 

(Source: Vof1J/56; Table 26) 

Medi~al Officer Comment: The rates for graft loss were lower in the MMF arms as reported in the 
"on-study" analysis above. Reasons for graft loss appear to be similar; h<'wever, higher graft loss due to 
r~ectiun was seen in .~control arms. Because there were many more withdrawals due to adverse 
events in the MMf arm, the true rate of graft loss due to re: ection can not accurately be assessed. As 
noted in the efficaq review, patients who withdrew ter.ded to do worse in terms of patient and graft 
loss on the Mlv'.:F arms (the rates are similar in the table below: graft loss any time after transplant). 

The catego1 "l\her" includes a variety of reasons, such as stopping immunosuppression because of 
noncomplian, . development of infection or other medically significant event, or thrnmbotic events in 
the graft that do not strictly fall under technical complications. 

I 
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REASONS FOR GRAFT LOSS OCCURRING ANY TIME POST-TRANSPLANT 

PLACEBCJ AZA MMF2 MMF3 
(n= 166) (n=326} (n=501) (n=490) 

TOT AL PATIENTS WIT9: GRAFT 18 (10.8) 39 (12.0"lo:i 38 (7.6%) 42 (8.6%) 
LOSS 

TYPE OF GRAFT LOSS . 
-

Transplant Nephrectomy 9 (5.4%) 26 (8.U"/o) 2v (4.0%) 22 (4.5%) 

Si"t Consecutive Weeks of Dialysis 8 (4.8%) 13 (4.0%) 18 (3.6%) 20 (4.1%) 
~ency -- -. 
Other 1 (0.6%) 0 0 < 0 

PRIMARY REASON FOR GRAFT 
LOSS 

Graft RC.: ection 10 (6.0%) 28 (8.6%) 20 (4.0"/o) 17 (3.5%) -
Recurrence of ' '~derlying Disease 0 0 0 1 (<0.1%) 

Technical Complicaticms I (0.6%) 2 (0.6%) 4 (0.8%) 2 (<0.1%) -
l~~n~-

. ~.··., .. 6 (3.6%) 9 (2.!J%) 13 (2.6%) 21 (4.3%) 

1 (0.6) 0 I (<0.1%) I (<0.1%). 

(Sou~: Vol 9/S6; Table 25) 

9.4 OVERVIEW OF SPECIFIC EVENTS: 

9.4. l Q.•erall Adverse Event Rates: 

Comparing the safety update to tire original Integrated Safety Summary, the overall proportions of 
Adverse Events has inCTeastd slightly but the rank ordering of body system by frequency remained the 
same. Overall, the most commonly reported adverse events overall in the active treatment groups 
(AZA, MMF 2 g, and MMF 3 g) were related to body as a whole, digestive system , urogenital system 
metabolic and nutritional disorders, cardiovascular system, and hemic and lymphatic system. Adverse 
events in these systems were reported by mor.; than 50"/o of the patients in at least one of the active 
treatment groups. For the placebo group, \he most e<>mmonly reported adverse events were in the body 
as a whole, digestive system, urogenital system, cardiovascular system, and respiratory ·system . 
Adverse events in these systems were rep')rted by 30''!0 or more of patients in the placebo group (see 
below). 



ALL ADVERSE EVENTS SEVERE AD'VERSE EVENTS 

Active Treatment. Placebo Active Treatment Placebo 
Groups Groups 
(AZ.A, MMF2, (AZ.A, MMF2, 
MMF3) MMF3) 

Body As whole 74-80"/., 59"/o 23-29% 12% • 

Di11:estive Svstem 66-70'Vo 44% 12-15% 4% 

Uro11:enital Svstem 64-66% 55% 17-18% 4% 

Metabolic/Nutrition 55·-09"/o 3001. 9-21% 3%- -
Cardiovascular 4~..(i()"/o 42% 11-200/o 1°/o" 

Heme/Lymphatic 47--0-% 11°/o 15-23% 2% 

(Source: Vol 8/56; Tables 8&9) 

In the active treatment groups (AZ.A, MMF 2 g, and MMF 3 g), events class:fied by the investigators as 
severe we;e reported most often for the body as a whole, hemic and lymphatic system, urogenital 
system, cardiovascular syst•mi, metabolic and nutritional disorders, and the digestive system (see 
belowf For 'iliC.pfacebo group, the most commonly reporte.d severe adverse events were as follows 
(ranked in descending order): body as a whole, digestive system, uroge.lital system, cardiovascular 
system, respiratory system, and heme-lymph. Thus, events related to the hemic and lymphatic, and 
urogenital systems were represented relatively more commonly among severe events compared with 
overall events, and severe digestive system events were represented relatively less frequently compared 
with overall events. 

The adverse events in the remaining body systems were reported with a frequency of less than 500/o. 
Adverse events classified by the investigators as possibly or probably related to study drug ("drug­
related"), or lacking causal it), were reported by 81-86% of patients in the 4 dosage groups. By body 
system, drug-related adverse events for events reported in more than 20% of patients in any treatment 
group, were (in descending C)rder of frequency): digestive system, body as a whole and the urogenital, 
skin and appendages, he mic and lymphatic, llld respiratory systems. Based on their relative frequency 
of reporting, dmg-relat.:d ad verse events were more likely to have been classified under the digestive 
and urogenital. systtms than '~verall events (see below). 
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....., 
ADVERSE EVENTS PROBABLY OR POSSIBLY 

RELATED TO STUDY URUG 

Event Active Treatment Groups Placebo Group 
lAZA MMF 2. MMF 3) 

Dice.~:ve Svstem 45-49% 34% -
Bodv as Whole 34-J8% 36% 

Uroaenital Svstem 19··30% 42% 

skin!· . 
2;i-300/o 16% -·- . 

Hernic/Lvmnhatic 25-33% 7% • 
R---iratorv Svu ... n 9-19"/e 34% 

Metabolic/Nutrition 15-17"/o 7% 

Cardiovascular 5-8% 4% 

= 
(Source: Vol 8/56; Table JO) 

--~-····~.·1. 

Severe adverse events wr.:.-e more likely to involve the heroic and lymphatic system . The following 
severe events were reported in more th:111 I 00/e of patients in any treatment group (m descending ord« of 
frequency): hemic and l.ymphatic, urog1enital, cardiovasadar metabolic and nutritional, digestive, and 
respiratory systems. 

Medical Officer Co·mmeat: Overall adverse events associated most frequently associated with MMF 
are those related to •die Gastrointestiml and Hemc/Lymphatic Systems. The following section will 
review selected events by body system for any severity, seve.-e events, events poSSt"bly or probably 
related to study dmg, and events cam>ing a study drug dosage ad: ustment or discontinuation. Special 
focus will be directed toward GI and heme/lymphatic system events. 

9.4.2 BODY SYSTEM AS WHOLE: 

Among overall ev1:nts classified under body as a whole, pain, abdominal pain, sepsis, infection, and 
fever were most frequently reponed in all treatment groups (see below). Except for pain (which was 
more common in 1;he AZA group compared with the MMF 2 g group, the MMF 3 g group, and the 
placebo group) and sepsis (which was slightly more common in the MMF 2 g and 3 g groups}, the other 
events were evenly distributed in the active treatment groups and lowest for placebo. About 500/o of the 
events classified as sepsis were viremia. 



BODY SYSTEM AS WH' LE: Anv Adverse Event 

PLACEBO AZA MMF2 MMF3 
(n=l66) (n"-'326) (n=SOI) (n=490) 

Abdominal pain ll.4% 23.00!. 20.6% 22.4% 
' 

Infection 13.3% 19.9% 16.4% 19.2~• 

Sen sis 13.9"/0 IS.6% 19.00/o 19.00/e 

Asthenia 1.2% 19.9% 9.8% 10.8% 
(Source: Vol. 8/56; 'fable 8) 

For body system as a whole, sepsis, infection, abdominal pain, and fever were also th°"e most conunon 
adverse events rated severe, along with cyst (most ofter, lymphocele, a common postoperative · 
complication). Abdominal pain and sepsis are further reviewed below. 

ABDOMINAL PAIN 

PLACEBO AZA MMF2 MMF3 
··-·- ........ ..,. (n=l66} (n=326) (n=SOI) (n=490) 

Severe 1.2% 3.4% 3.2% 2.2% 

Possibly/Probably 7.2% 9.2% 11.2% 10.0"/o 

Related to dn111: 

Decrease or Intemipt 0 1.8% 2.2% 3.7% 

dosa11.e 

Discontinue due to 2.4% 0.3% 1.4% !.4% 

AE 
(Source; Vol &i56; T~bles 9, 10, Vol 9/56; Tables 18,19) 

5 

Medical Office.- Comment: Patients were more likP.ly to have severe abdominal pain in the active 

treatment gro1>ps. Drug dosage ad. us1 •nent at!ributed to al;domi:ial pain was more common in the active 

treatment anns (especially MMF3 arm); however, drug disGor.tinuation due to study drug was more 

·' 
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frequent in the placebo arm. 

SEPSIS 

I PLACEBO AZA MMF2 MMF3 

(n=l66) (n=326) (n=YH) (n=490) 

-
Severe 2.4% 4.6% 6.fi% 7.1% -
POSS11>ly~bably 13.3% I !..,.A 15.6% 14.3%-

-
Related to dru2 • 
Decrease or lntl':Tnlpt 0.6o/e 5.5% 5.0"A 4.5% 

do..,.oe 

Discontinue due to 0 1.8% 0.6% 1.6% 

AE 
(Source; Vol 8/56; Tables 9, IO, Vol 9/56; Tables 18, 19) 

Medical Ofracer Comment: Sepsis was more fr«1uently reported in the MMF arms for each of the 

1"fversc event categories: severe, drug-related, dose lld; ustment and discontinuation. 

Drug related infection is more frequently a drug-related a.uociation in the placebo group (12. 7%) than 

the MMF or AZA treatment arms (6-9%). 

Among events rated severe, first occurrences of sepsis, infect.ion, fever, and cyst were reported more 

frequently during the time period 31-180 days than in the initial 30 Jays on treatment in all four 

treatment groups. Abdominal pain, in the two MMF treatment groups, was more fr<.quently reported 

during the interval 31-180 days post-transplant than in the initial 30 days oil treatment. 

• 9.4.3 DIGESTIVE SYSTEM: 

Overall .• diai rhea, nausea, constipation, dyspepsia, oral moniliasis. vomiting, and nai.sea and vomiting 

were the most f>mmonly reported adverse events in the digestive system (see below).· Patients in the 

57 



MMF 2 g group and particularly the MMF 3 g group were mori: likely to experience diarrhea and 

vomiting than patients in the control groups. 

The most common adverse events reported in the digestive system are listed below. 

-. fiIGESTtVE SYSTEM --
PLACEBO AZA MMF2 MMF3 

(n=l66) (n=326) (n=501} (N=490) 

Dianhea 13.99.t. 20.99/o 26.1% 30.4% 
-

Nausea 3.0"/o 24.5% .5.2"/o 18.4% 

Constipation 3.0"/o 22.4% 18.0"/o 14.3% 

Vomitina 1.8% 9.2% 9.2% 10.6% 
(Sourct-: Vol 8156; Table 8) 

Medical Officer Note: Diarrhea was the most frequently reported event in the following categories: 
severe event, drug related event, and event requiring discontinuation of study drug .. _ .. _ ...... '"· 

DIARRHEA EVENTS 

PLACEBO AZA MMF2 MMF3 
(n-166) (n=326) (n=501) (N=490) 

Severe 0 0.6% 2.6% 2.9% 

Possibly/Probably 9.6% 12.6% 15.0"1' 20.0"/o 
Related to dru2 

Decrease or Interrupt 2.4% 1.2% I 4.4% 4.5% 
dosa2e 

Discontinue due to 0.6% 0 0.4% 2.2% 
AE 

(Source; Vol 8/56; Tables 9, 10, Vol 9/56; Tables 1 8, 19) 

Severt> diarrhea was also more frequ.!ntly reported in the two MMF groups compared with AZA (~ee 
above). No placebo patients reported se'·-ire diarrhea. Severe vomit!ng. nausea, colitis, and hepatitis 
(placebo=O, ij.A=0.6%; MMF2=0.4%,~v!MF3=1.2%) were all more common in the two MMF groups 

5· 
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com1181'ed with the control groups. Diarrhea was also the most commonly reponcd drug-related 
digestive system event and was more frequent in the two MMF groups than in the control groups (see 
above:). 
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Medic~I Officer Note: The increased frequency of diarrhea in the MMF3 group compared to the 
others was accentuated in the two-pool summary of drug-related adverse events (AZA, 20.99/o MMF 2 g, 
31.0'.4,. MMF 3 g, 36.1%; see Table 19; vol 8/56). 

Severe nausea was mofe likely to occur in the MMF arms, wa5 more likely to be related to study drug 
and was most likely to require a dosage change in the MMF arm. Discontinuation of study drug due to 
nausea was most frequent in the PlaceOo arm. 

- -
NAUSEA EVENTS -

PLACEBO AZA MMF2 MMF3 
(n=lM\ (n=326) ln=SOI) (n=490) 

~e 0.6% 0 0.4% 1.0'.4 

PoSStl>ly/Probably 2.4% 10.7"/o 7.2% 9.6% 
Related to drug 

Decrease or Interrupt 0.6% 0.6% 1.6% 1.2% 
dosa""' 

Discontinue due to I.So/. 0 0.2% 1.2% 
AE 

(Source; Vol 8/S6; Tables 9, 10, Vol 9/56; Tables 18,19) 

Medical Offiter Commeat: There was an increased incidence of digestive system infection and 
gastroentaitla among patients receiving MMF 3 g (3. 7"/o), and gastritis among both MMF groups, 
cornpa_'"td with control (see Table 9, vol 8156). Patients with the vmatim term C& Y ~ astrilis are 
summarized under the preferred term~astritis in the COST ART 3 thesaurus. 

For the two MMF treatment groups, the first occurrc11ce of severe diarrhea, infection, and 
gastroint•~inal hemorrhage was most likely to be reported in the period from 31 to ! 80 days -por.t­
transplant than in the initial JO tlays on treatment. 

Medica'I Officer Note: Gastrointestinal hemorrhage was reported by about 10% of tbe patients, and 
because of it's significance as a severe event we review it here (see below). Overall the· Pla.cebo group 
had onf: event that was not :udged to be severe, thus having NO gastrointestinal hemoffhage events. 
For the MMF groups there were overall more gastrointestinal bleeding events (MMF2= 29, S.8%; 
MMB=J2, 6.5%); these numbers were reduced when the inve5tigators designated severe events: 
MJl.fF2:21, '2%; MMF3=24, 5%. . 



Thus in general the MMF arms had higher proportioN of gastrointei.1inal bleeding than the AZA and 
Placebo arms. Both the overtil rate and the rate. of severe events were similar among the MMF grou111. 

GASTROINTESTINAL HEMORRHAGIC EVENTS: Percent <Number) 

PLACEBO AZA MMF2 MMF3 
(n=l66) (n-~326) ln=SOI) 

Gastrointestinal 0 ~.6 (2) 1.4 (7) 2.5 (12) 
hemonha2e 

Melena 0.6 (I) 1.5 (5) 1.4 (1) 1.4 (1) 

Rectal 0 0.9 (3) 1.2 (6) ""1>.4 !2) 
Hemonha2e ~ 

Hematemesis 0 0 0.6 (3) 0.6 (3) 

Hemorrhagic 0 0 0 0.4 (2) 
srastritis 

Duodenal ulcer 0 0 0.4 (2) 0.2 (1) 
hemorrhsoe 

Peptic ulcer 0 0.3 (l) 0 0 

hemordia2e • •·· • · 

Stomach ulcer 0 0.3 (1) 0 0 . . 
e 

Hemorrhage of 0 0 0.2 (1) 0 
colon 

Bloody - 0 0 0 0.2 (1) 
Diarrhea 

Large intestinal 0 0.3(1) 0.4 (2) 1.0 (5) 
perforation 

Gl oedoration 0 0 0.2 (I) 0 

Erosive 0.6 (l) 0 0 0 
Duodenltis 

TOTAL I 13 29 32 

(Source: Vol 8/56; Table 8) 

, 



Upon further reflection, the applicant cho!IC to include ulcers in the overall grouping with GI 
hemorrhage. Eventhough these may not have been bleeding (see below). 
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Medical Officer Comment: The overall pattern of events (more events in the MMF anns) is still 
apparent when one adds alcern into tfle tabulation below, hoWC'1er. the degree of difference between the 
two patterns is somewhat diminished (see 3 bottom rows below) . 

• 
GASTROINTESTINAL EVENTS: Percent (Number) 

< oatients are exclusive) 

PLACEBO AZA MMF2 MMF3 
(n==l66)_ (n=326) (n=SOI) 

Melena/ Rectal 0.6 (l) 2.:S (8) 2.6 (13) , I.A (9) 
Hemorrhasre -
GI bleed/ 0 1.2 (4) 3.2 (16) 4.9 (24) 
Perforations 

Ulcers 3.0 (S) l.S (S) 2.0 (12) 2.S (12) 

TOTAL(AJI) 3.6 (6) S.2 (17) 8.2 (41) 9.2 (45) 

TOT AL: Melena 0.6 (l) 3.7 (12) S.& (29) 6.7 (33) 
RectaHlemorrhage/ 
Bleedino/Perforations 

TOTAL: 0 2.8 (9) S.6 (2&) 7.4 (36) 
GI bleeding/ 
Perforations/Ulcers 

Combined &om above tables with ulcer events added. 

9.4.4 UROGENITAL SYSTEM 

Urinary Tract Infection was the most commor: ;:Jverse e-1ent reported in the urogenital system {placebo, 
3.,..4; AZA, 34%; MFG, 400/o; MMF3 g, 39%). Aroong les.~ common events, lcidney tubular necrosis 
was reported more frequently in the MMFJ g group (7.1%) than in the MMF 2 g (4.25), AZA (5.8%), or 
placebo (1.2%) groups. The increased proportion of patients Vlith kidney tubular necrosis in the MMF 3 
group was seen even more prominently in the "2 pool" analysis (AZA, S.8%; MMF 2 g, 6.3%; MMF Jg, 
100/o). 

Severe urinary tract infection was also the most common severe ac;verse event in this body systel'\ and 
was slightly more frequent in the 2 MMF groups than !he 2 control groups. Urinary tract infection (UTI) 
was also the)mst common drug-related adverse event in this body system. UTI attributf'd to treatment 
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was most common in the placebo group {37%), compared \l\ith the MMF3 (22%), MMF2 (24%) and 
AZA ( 11 % ) group5. Results from the safety update are nearly identical to those presented in the original 
ISS (Integrated Safety Summary). 

Medical Off"ic:er Comment: Over all Urinary Tract Infection was the most frequent Urogenital System 
adverse event but it was similar in frequency across all anns. 

9.4.S METABOLIC AND NUTRITIONAi, SYSTEM 

Peripheral edema was the most common event reported and was most frequent in the AZA 
group(28.2%). Among severe events in. this body system, hyperglycemia and hyperkalemia were more 
common in the AZA group (3.4o/e and 3.7% respectively). Severe hypokalemia was more common in 
the MMF 3 gi:oup (1.4%); however, these differences were very small. 

Medical Offacer Comment: No apparent, significant differences were seen between groups in this 
body system. 

9.4.6 CARDIOVASCULAR SYSTEM 

Hypertension was the most common adverse <.vmt reported in this body system and was slightly less 
common in the MMF 3 group (25%) compared with MMF 2 (28%), AZA (32%), and placebo (1~/o) 
groups. This slightly lower incidence of hypertension in the MMF 3 group was also observed in the "2 
pool". There were no other clinically liignificant differences among the treatment groups for events in 
this bOclfsiSieiii. · · 

s~ carOlvYllSCl.dar system events were more &equent in the AZA (19.9%) group than in the MMF2 
all'l MMF3 (11.2% and 13.1% respectively), and placebo (7.2%)groups. There WU"e no individual 
pi-eferred terms thet accounted for this difference. 

Medlcal ~Comment: No 1pparent, signi.~t differences were seen between groups in this 
body system. 

9.4.7 HEME AND LYMPHATIC SYSTEMS 

Overall leukoper.ia a!!d anemia were the most commonly reported events. Leukopenia was more 
frequently observed in tlie MMF 3 arm. 

Medical Off"icer Comm1:nt: Leukopcnia required a clinical: udgement by the investigator of the 
measured WBC. There was not strict cutoff specified per protocol. Absolute Neutrophil Count is 
reviewed in the Laboratory Ser.tion below. Ra.es for this event generally parallel the trend seen for 
!eukopenia: both were more frequent in the MMF J arm 

' 
---- -~ 
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HEMIC AND LYMPHATIC SYSTEM f Anv Event) 

PLACEBO AZA MMF2 MMF3 
(n-166) (11"'326) (n"'S01) 

Leuko.....,ia 4.:29/o 25% 19.4% 29".4. 

Anemia 2.4% 24% 19"/o 20'/o ·-
Thrombocvtopenia 4.8% 13.2% 8.6% 6.9"/0 

(Source; Vol 8/56; Table 8) 

Medical Omcer Comment: In the 'l study pool" analysis the differences in the incidence of 
leulcnpenia were more prominent (35% in the MMF 3 group, 23% in the MMF2 gioup,.and 25% for the 
AZA group). ' 

LEUKOPENIA EVENTS 

PLACEBO AZA MMf2 MMF3 
(n=l66l (n-326) (rF50ll 

Severe 1.2 3."79/o 2.4% 5.3% 

Po°Sm)ly/Ptobably 3.0"/o 22.1% 16.0".4 24.9"A 
Related to drua 

Decrease or Interrupt l.S-1' 19.001' 15.2-A 21.S-A 
dosaire 

Discontinue due to 0.6% 1.8% 1.6% 2."79.4 
AB -

(Source; Vol 8156; Tables 9, 10, Vol 9/56; Tables 18,19) 

Medical Officer Comment: The MMF 3 arm had the highest frequency of Leukopcnic events that 
were severe, probably or possibly rela1ed to study drug, required dosage ad: ustment, and/or required 
study drug di!cc.ntinuation. Mo,;t leukopenic episodes resolved; however. a small proportion of the 
events were not followed to their resolution beca•Jse the patient went off study drug and AE follow-up 
was not collected. 
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ANEMIA EVENTS 

PLACEBO AZA MMF2 MMF3 
(11"'166) (n=-326) (n=SOI) 

Severe 0 16.0"A 10.4% 12.4% 

Possi"bly/Probably 0.6% 3.4%. 4.4% 4.1% 
Related to drua 

Decrease or lntenupt 0.6% 0.6% l.O"A 0.8% 
dosaire 

. -
Discontinue due to 0 0.3% 0.6% 0.6"A 
AB 

~ 

(Source; Vol 8156; Tlbles 9, JO, Vol 9/56; Tables 18,19) 

Medical Oflker Comment: Severe anemia was most c:ommon adverse event in this system and was 
most often reponed in the AZA group. In the •2 pool" analysis, however, severe anemia was slightly 
more common in the MMF 3 group (18%) than in the AZA (16%) or the MMF 2 (15%) group. Severe 
Jeulcopenia was more common in the MMF 3 group compared with the MMF2, AZA or pW:ebo groups. 
In the MMF 3 group there was a slight increase in the cumulative incidence of first ocaurence of severe 
anemia and severe leukopenia over the time intervals end:ng at I year and 18 months on treatment 
respcCtrvay:·Tliis Was not noted in the MMF2 arm. · 

11irombocytopenia was more common for AZA. 

9.4.8 SKIN AND APPENDAGF.S 

Herpes simpleis_ wa., the most c:ommon ldvene event in this body syMem and is considered in the 01 
section. Acne was slightly more common ir. the MMF treatment groups (MMFl and MMF3 r..ch 9.0%) 
compared with control patients (plac:eOO, 6.0; AZA, 6 4%). 

9.4.9 Adverse evenll resulting in reduced dose or interruption or study mediu~aon. 
Eve11ts in the hemic and lymphatic system, digestive system, and body u 3 whole v;ere the most 
common events resulting in study drug disct>ntinuation or intenuption. 

Medical Officer Comment: Leukopenia wa:; most common in the MMF3 :.nd AZA groups. A higher 
proponion of patients in the AZA group experienced thrombocytopenir. resulting in reduced dose or 
interruption of study drug. 

A higher proportion of patients in the MMF 3 ;;nd MMF2 gr0t•t>s cxpe11enced Gastrointestinal adverse 
events resulting in reduced dose or interruption of study dro6. Diarrhea, nausea, vomiting and 
gastrointestina~emorrhage accounted for most of this iw:rcascd incidence, but many either events were 



also more common in the MMF groups, including those associated with ulceration or infection 'lf the 
gastrointestinal tract {see above tables). 

Abdominal pain was increased in the MMF 3 group. 

9.4.10 Advene events resulting in discontinuation of study medication. 
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Medic:al Officer Comment: A higher proportion of patients in th<'. MMF 3 group experienced lldvene 
events resulting in study drug discontinuation (see above tables). Events in the Gastrointestinal, body as 
a whole and heme/lymphatic categories accounted for most of the increase in the MMF3 group. For the 
other body systems, there was lk> substantial difference across treatment groups for events resulting in 
study drug discontinu:ition. 

~ 

Diarrhea was most likely to be lb.~ cause 1>f discontinuation in the MMF3 group than:the other grc.ups. 
However, a somewhat higher ~·:entl!ge of patients in the MMF3 group alto terminated the study duf: to 
leulcopenia. 

9.5 OPPORTUNIS11C INFECTIONS 

The updated safety summary indicates 43 additional opportunistic events occurring since the initial 
NDA safety filing. The most significant increases were in the candida and herpes zoster categories. 
Seven adt!itional patients each were ranked as having candida episodes in the AZA and MMF2 anns, 
while;. ~.~<!it!<!i:ial patients were noted to have herpes zoster in the MMF3 groups. Overall there has 
beer. a slight increase in the numben of patients with herpes zoster infections since the original ISS in 
all four treatment groups (Placebo, l.8% [original ISS] to 2.4%[update]; AZA, 5.2% [original ISS) to 
5.8% [update]; MMF 2 g. 5.8% [original ISS] t•.J 6.2% [<•pdate]; MMF3, 5.'19!. [original ISS] to 7.3% 
(updateD. 

A higher proportion of patients in the active ueatment groups (AZA, %%; MMF2 44%; MMFJ, 45%) 
experienced enc or more opportunistic infections compared with patients receiving placebo (28%). 

9.5.l CMV 

Medical Officer Comment: A higher proportion of patients in the active treatment groups (AZA, 46%; 
M.i\ff2 44~1,; MMFJ. 45%) experienced one or m•l1·e opport11nistic infections compa•ed with patients 
receiving placebo (28%). CMV viremia syndrome was the: most commor. diagnostic category of CMV 
disease; the incidence was similar i~ all four treatment groups (13-14%) 

Tissue-invasive CMV disease was more common in the active treatment group (AZA, 6.1%; MMF2, 
6.8°1.; MMFJ, 10.2o/o) than in the placebo group (2.4%). The incidence of CMV tissue-invasive disease 
was higher in MMF-treated patients. This difference was also prominent in the •2 pool" (AZA, 6.1%; 
MMF 2, 8.3°/o; MMFJ, 12%). The most frequent syst.:•ns involved with CMV were the gastrointestinal . 
tract and respiratory tract. 

' 
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The cumulative proportion of patients with CMV disease at Month 6 was slightly highe.- among patients 
in the active treatment groups (AZA, 20"/o; MMF2. 20"/o; MMF 3, 22%) compared with placebo (1'79/o). 
A higher cumulative incidence of CMV tissue-invasive disease observed among pztients receiving 
MMF 3 began to appear at 3 months and continued to increase through 18 months (Kaplan-Meier Rates, 
see tllble below). 

-===---
First Episode ~-Tissue Invasive Disease 

---=-=-- = -
PLACEBO AZA W.ITT MMF3 

J months IA 5.9 l.O 8.7 

6months 3.l 6.3 6.9 11.2 

12months 3.1 7.l 7.7 : 11.5 

18 months 3.1 7.1 7.7 12.3 

The proportion of patients with CMV infection, virtually all of which was CMV urinary tract shedding 
an thus not clinically important, was sitllilar in the three active treatment grot!pS (4.6-6.1%j.and was 
higher in these groups compared with the placebo gr.:iup (0.6%). 

9.5.2 Herpes Simplex 
... __ , __ ... p •• _.,_ 

Medical Officer Comment: Although herpes simplex was the most frequent 01 there was no 
substantial difference in the incidence of herpes simplex virus infection ( 16-19"/o) among the treatment 
groups. Incidence of herpes in patients receiving placebo was lower ( 6. 9°/o ). 

9.5.3 Candida 

Both initial and updated safety summaries reported that five out of six fungemia/diso;e.l'jnated and 5 
out of 6 tissue-invasive events occurred in the MMF IUllls; no such events occurred in the placebo. The 
updated safety summary reports one additional "serious" candida infection during the follow-up period. 

9.5.4 Herpes Zoster 

The proportion of patients with herpes zoster infections, nearly all of which represented cutaneous 
disease, wr'> similar in the three active treatment group (S.8%-7 .3%) and somewhat lower in the placebo 
group (2.4%). For visceral disease, 4 of S patients were receiving MMFJ, while the fifth patients was 
receiving AZA. 

9.5.5 Pnenmocystis Carinii 

Among the ni~ patients with Pneumocystis infection \all !>Ulmonary disease) 8 were rCceiving either 



AZA or placebo. One patient was in the MMF 2 group. One patient in the AA group was initially 
classified as hl'ving Pneumocystis infection but was reclassified as having Candida infection based upon 
updated information. 

9.5.6 Aspergillus/Mucor 
Among the 5 patients with invasive Aspergillus/Mucor infections, 3 (0.5%) were in the MMF J group 
and 1 each were in the AZA (0.3%) and MMl'2 groups (0.2%) 

9.6 LABO RA TORY ABNORMALITIES 

Medical Officer Comment: Laboratory data related to the hemic and lymphatic system are diSCllssed 
below; malignaru:ies of the hemic and lymphatic system are discussed in a section 9.8 of this summary. 
Sele;;ted labo1J1tory data for hematologic, kidney, and hepatic function are reviewed below. 
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9.6.1 Minimum Absolute Neutrophil Count (ANC). Nearly all patients in all four treatment groups 
had a normal ANC (;t. 2 x 1<>3/µL [;t. 2 x 109/L]) during the first 30 days poS(-tnmsplant (see Vol 9i56; 
table 29). In the AZA group, 2 patients (0.6%) had minimum ANC vlllues below this level, compared 
with 2 (1.2o/o), 2 (0.4%) and 3 (0.6%) patients in the placebo, MMF 2 g, and MMF 3 g groups, 
respectively. A breakdown by time on study is provided below: 

During the period 31-180 days on treatment (see below), a higher proportion of patients in the active 
treatment groups had Jecreased minimum ANC values. The highest rates were in the MMF groups, 
especially MMF3. 

During the period 181-365 days on treatment (see below), a lower proportion of patients had minimum 
ANC values less than 2 x 1<>3/µL (2 x 10'/L), compared with the earlier time interval. However, a 
higher proportion of patients in the MMF 3 g group had micimum ANC values less than 2 x lcY/ µL 
(2 x 11>9/L), compared with the other 3 groups. 

- ABSOLUTE NEUTROPHIL COTJNT < 2.0 xW'/L 

Time since Placebo AZA MMF2 MMF3 
Transplant --
<30davs 21140 il.2%) 21293(0.7%) 2/43 7 (0. 5%) 3/430 (0.7%) 

31-180 davs 1/133 (0.8%) 16/262 (6.1%) 39/426 {9.2%) 50/4411 (12.4%) 

181-365 days 0/102 (00.lc.) 9/227 (4.00.lc.) 231241(9.5%) 20/314(8.0%) 

over 365 days 0/62 (00.lc.) 21100<2.00/o) 51192 (2.6%) 10/186 (S.4%) 

(Source: Vol 9/56;Table 29) 

There were few patients with minimum ANC values less than 2 x 101/µL (2 x 10'/L), most of these are 
in the MMF yms. Note that less than 400/o of the 01 iginal patient population have ft\NC data beyond 
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di.y 365. 

ABSOLUTE NEUTROPHD.. COUNT 0.5 - <1.5 xlo'/L 

Time since Placebo AZA MMF2 MMF3 
Transplant 

~ 30 days • 0/140 (O"/o) 1/2\13(0.3%) 0/437 (O'!lo) 0/430 (O"/o~ 

31-180 days 0/133 (O"/o) 21262 (0.8o/o) 1/426 (0.2%) 6/448 (1.5%) 

1S1-365 d.ays 0/102 (0%) 01227 (00/e) 3/241(0.9%) 0/314(00.le) 

over 365 days 0/62 (001') 0/100(0'/o) 0/192 (O'lt) 0/186 (O'/o) 

(Source:Vol 9/56;Table 29) 

As noted in tables for severe ANC between 0.5 and 7.5 xl09/L or less than 0.5xlo'/L most of the events 
occurred in the time period of 31-180 days post transplantation. and were more frequent in the MMF 3 
arm. 

The frequency of severe neutropenia was low: 

ABSOLUTE NEUTROPHD.. COUNT< 0.5 xlo'/L 

Tune since Placebo AZA MMF2 MMF3 
Tranmlant-

<30davs 0/140 (001') 0/293(0%) 0/437 (001') l/430 (0.2%) 

31-180davs 0/133 (0%) 21262 (0.8%) 2/426 (0.S'Vo) 8/448 (l.S%) 

181-365 days 0/10~ (()',lg) 0/227 (0%) 0/241(0'1') 1/314(0.3%) 

over 365 davs 0/62 (0%) 0/100(0'/o) 01192 (<>"1•> 1/186 (0.5%) 

(Source: Vol 9/56;Table 29) 

Medical Officer Comment: Severe absolute neutrophil count events occurred in small numbers, but 
most significantly in the MMF arms and wen~ most likely to occur between 31-180 days. This trend 
parallels the leukopenia events discussed above . ., 
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9.6.2 Minimum Platelet Count: 

Only I patient each, in the placebo group, AZ.A group and MMF3 had a minimum platelet count of less 
than 25xle>l/uL (between days J 1-180). Ninety-eight percent-100°/o of patientf in all four treatment 
groups had minimum pbrtelet counts greater than I OOx I e>l /uL (I OOx I 09 /uL) during the intervals 181-
365, 366-545, and > 545 days on treatment. 

Medic.al Officer Comment: From a r~view of the data, overall the AZA group was more likely to have 
thrombocytopenia listed as an adverse event C'lmpared to the placebo and MMF groups. 

9.&.3 Minimum Hemoglobin: 

The greatest proportion of anemia was seen during the early post-transplantation period (<JO days) and 
it wu similar for all 4 study groups. Patients with hemoglobin levels of >11 gldL (110 g/L) were seen 
in i 0% of patients on Placebo, 9".19 on AZ.A. an.:I 8% for both MMF groups. The anemia improved 
remarkably in the sub5'lql•ent time periods. 

A higher proportion of patients in the active treatment groups (AZA, 14%; MMF2, 15%; MMFJ, 17%) 
haiJ hemoglobin concentrations less than 1 1 g/dL (110 gtL) during the interval 181-365 days on 
t•eatment compared to placebo (6.0'/o). The pattern was similar i11 the interval 366-545 days on 
treatment. 

9.6.4 Maximum Serum Creatinine: 

During the initial 3 days post-transplant placebo patients were more likely to have serum creatinine 
levels 2:: 2.5 mg/di ( 2:: 221 umoVL) compared to the active treatment groups (61% vs 47-51%, 
respectively). Improvements in these values were seen in later time periods as noted below. 

During the interval 181-365 days on treatment a higher proportion of patients in the MMF2 and MMF3 
groups (17%, 19% respectively) had creatinine values less than 1.2 mg/dL (106 umol/L), compared with 
AZA 9.4%) and placebo (18%). Conversely, a lower proportion of patients in the MMF 3 group (9.3%) 
had creatinine values2:: 2.5 mgldl (?: 221 umol/L) compared with MMF 2 (13%), AZA (13%) or 
placebo (15%). 

Medical om~er Comment: These results parallel the graft loss results. 

9.6.5 Maximum Serum Bilirubin: 

Elevated serum bilirubin greater than 1.2 mg/dL (20 umol/L) was seen rarely. those patients (2) were 
seen in the AZA group, in both the intervals 181-365 and 366-545 days on treatment. Mild elevati01;s of 
serum bilirubin between 1.2-6.0 mg/dL (20 umol/L) were seen in all groups, being more likely to occur 
in the AZA g1up. The overall range of rates for mild elevations was between 6-2001.. 



Medical Officer Comment: No apparent toxicity was demonstrated by the MMF groups as measured 
by serum bilirubin was demonstrated. 

9.6.6 Maximum Alkaline Phosphatase: 

During the initial 30 days on treatment, more than 112 of the patients in eac.h of the four treatment 
groups had a maximum alkaline phosphatase value above normal (2: 90 U/L). 
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During the interval 31-180 days on treatmem a higher proportion of patients in all four treatment groups 
(placebo, 58.3%; AZA, 48%; MMF2, 58%; MMF3, 58%) had a mildly eJievated maximum alkaline 
phosphatase value of 90-<400U/L. A similar proportion of patients in all groups ( 2-3%) had maximum 
ai~·:.-l:r,e phosphatase values of 400-1 OOOU/L during this period. One patients each in AZA and MMF 3 
reported a value of 2: I 000 U/L. The subsequent time periods ha~ ~imilar findings. 

Medical Officer Comment: The proportion of patients with abnoonal values, and the proportion in the 
more extreme maximum values, were similar across the four treatl!lel'1t groups. Thus, no apparent 
toxicity was demonstrated by the MMF groups as measured by serum alkaline phosphatase was 
demonstrated. 

9.6.7 Maximum SCOT: 

During the initia! 30 days on treatment, most patients (90-93%) had maximum SGOT in the normal 
range. Mildly elevated maximum SGOT values of 60-<200 U/L occurred in 7.4% cf Placebo, 7.9 % of 
AZA, 9.3% of MMF2 and 7.2 % of MMF3 patients. 

During the intervals slightly higher proportion of patients receiving MMF3 had elevated maximum 
SGVT, compared with the other treatment groups. For maximum SGOT values or 60-< 200 U/L, 7.0% 
of MMF3 patients, compared with 5% of MMF 2 patients, 3.0 % of AZA patients and 2.3 % of 
plac~ patients had values in this range in the 31-180 day interval. In the 181-365 day interval 4.0"/o of 
MMF3 compared with 2% ofMMF 2 patients, 3.3 o/.of AZA patients and 1.3 % of placebo patients 
had maximum SGOT values in this range. 

Medical Officer Comment: simiiar low rates of SGOT elevation were seen across all arms, thus no 
apparent toxicity was demonstrated regarding SGOT. 

9.6.8 Maximum SGPT: 

During the initial 30 days on treatment 59-62% of patients in each treatment group had maximum 
SGOT values less than 50 U/L, while 32-36% had maximum SGOT values of 50 - < 200 U/L. 

During the interval 31-180 days on treatmt:nt, compared to the initial 30 days on trealment, a higher 
proportion of patients in each group (80-88%) had maximum SGPT values in the normal range. During 
the intervals 181-365 days and greater than 365 days, a similar proportion of patients in each treatment 
group (92-9,..) had maximum SGPT values in the normal r:1nge (50 U/L). · 
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Medial Officer Comment: similar rates of SGPT elevation were seen across all amu, thus no 
apparent toxicity was demonstrated regarding SGPT. Overall, there was no evidence of hepatotoxicity 
as measured by Alkaline phosphatase, SOOT and SGPT for MMF compared to the other control group•. 

9. 7 SPECIAL POPULATIONS: 

Medical Officer Comment: The following analysis are based upon the Initial Integrated Safety 
Summary They were not updated in the I year safety update because there was little change in overall 
events. 

9.7.1 Adv!ne Events in Patients with Dela:yed Graft Function 

Delayed graft function (DGF), defined in these studies as a requirement for dialysis in the first week 
post-transplant, is generally considered a consequence of presenration in; ury to the kidney prior to 
transplantation and ischemic in; ury at the time of transplantation. Delayed graft function may occur in 
up to I 0% to 40% of renlll allograft recipients. Plwmacok:inetic studiei.; have shown that 41110ng patients 
with DEF, plasma MP A concentrations are similar but MP AG conct":!ltrations may be markedly higher 
during IM period of impaired renal function than among patients wit11 good post-transplant function (see 
the Integrated Summary of Human Phannacokinetics and Bioavailability). 

In the 3 study pooled summary, 298 <Jf 1483 patients (20%) had DGF. The proportion of patients in 
each treatment group with DGF was 25% in plaubo (41of166 patients), 14% in AZA(47 of 326), 23% 
in MMF 2 g (113 of 501), and 20"/o in MMF 3 g (97 of 490). Only minimal differences in the profile of 
adverse events were reported in patients with DGF compared with the population without delayed 
functlon for each of the treatment groups (see below). However, ' higher proportion of patients with 
DGF reported anemia and thrombocytopenia 

Hematolo it Eventic in Patients with Dela Graft Function • 

Leuko nia 

Anemia 

Throm 
(Source: Vol 

0 a 

PLACEBO 
(DGF n=41) 

on n=J25 

9.8~'o 2.4% 

2.4% 1.6% 

14.6% 1.6% 
; Tables 21, 22) 

25.5% 24% 

23.4% 23% 

17% 11.8% 

MMF2 
(DGF n=l 13) 

on n=388 

19.5% 17% 

25.7"/o 15% 

12.4% 7% 

MMF3 
(DGFn=97) 

on n= 393 

27.8% 

28.9% 16% 

16.5% 3.8% 

Similarly, a higher proportion of DGF patients reported hyperkalemia compared with non-DGF patients. 
There was no disproportionate increase in hyperkalemia in the two MMF groups CO!l)pared with the 
control grou!J'. As expected, a substantially higher proportion of patients in the DGF group had kidney 
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tubular ne<.:rosis compared with the non-DGF group, but again. similar differences in DGF versus non­
DGF patients were observed in each of the treatment groups. Thus, although patients with DGF have an 
increased incidence of certain adverse events, differences were proportional across each of the treatment 
groups. 

Medical Officer Comment: In general, there was 110 evidence for a worse safety profile among DGF 
patients treated with MMF, compared 10 DGF patients treated with control therapies, however there may 
have been some excess hematologic abno.-m•ilities. 

9.7.2 Summary of Adven.e Evc1i:~ Oassified by Gender 

Medical Officer Comment: Overall, more females than males reported urinary tract infections in all 
four treat1114!!1t groups. Among the three active treatment groups in the three.study pool, anemia, 
diarrhea, r 1.1sea, and herpes simplex infection were reported more frequently in female patients. In the 
two MMF treatment groups, leukopenia was reported more frequently by female patients (particularly in 
the MMF 3 g group), while in the AZA group, more males reported leukopenia (see below). 

The analysis for anemia may not have been corrected for the hemoglobin levels that are normal for a 
women. 

Although a 5r'18ll number, women ternied to have more acidosis than men in the two MMF treatment 
arms. This may be do to dehydration since women were more likely than men to have diarrhea and 
nausea. Also !here was a slight trend for increase in alkaline phosphatase and SGOT increases in 
women compar..'CI to men. This occurred more in the AZA arm and the levels were almost comparable 
in the MMF 3 arm. 

Gender Comoarisons of Anv Adverse Event (% of Patients with one or more event) 

PLACEBO AZA MMF2 MMF3 --· F .. M= F= M= F= M= F= M= 
64 102 123 203 220 281 187 303 

Urinary Tract 48.4% 27.5% 39.8% 21.2% 50.5% 28.5% 43.3% 32% 
Infection 

Anemia 3.1% 1% 31.7% 17.2% 21.8'!-o 13.9".lo 22.5% 15.8% 

Leukonenia 3.1% 4.9% 19.5% 27.1% 19. lo/o 16.7"/o 30.5% 23.8% 

Diarrhea 9.4o/o 14.7% 23.6% 16.7% 25.5% 20.6% 32.1% 23.8% 

Nausea 1.6% 2.9"/o 28.5% 17.2% 16.4% 11% 20.3% 12.9"/o 

Herpes 4.7°/o 5.9% 23.6% 14.8% 18.6% 12.1% 19.8% 12.5% 
Silnolex 



AlkPhoslnc xx "" 6.5% 3.4% 6.8% 3.9"A. 4.8% 4.3% 

Acidosis xx xx 4.9"A. 6.4% 5J)"A. 1.1% 3.2% 2.3'Y. -
~r.tYi· In" - - A 10/.. I <;I/.. "l ?•/.. "l ?0/.. A 'iO~ I 79h. 

(Source: Vol ; Tables 23 A-D adapted) 

,.7.3 Summary of Advent Events Classified by Race 

The proportions of blaclc patients in the three treatment groups were AZA, 411326, 13%; MMF 2 g. 
451336, 13%; and MMF 3 g, 341330, 10"/o. Because of the relatively low numbers of black patients in 
each treatment group, only tentative conclusions can be made regarding racial predisposition to adverse 
events (see Vol ;Tables 24 A-D). 

Sepsis was more frequendy reported in black V«SUS non-black patients in all three treatment groups. In 
patients receiving MMF, kidney tubular necrosis, anemia, hype:tl'nsion, and rash were reported more 
frequently among blaclc patients. In the AZ.A group, these events were either evenly distn"buted or 
rep>rted more frequently among non-black patients. In the MMF 2 g group, nausea (2'79/o vs. l '79/o ), 
vomiting (16% vs. I OC/e), and drug level increased ( 16% vs. 7%) were more frequent among black 
patients. In the MMF 3 ~group, fever (29"A. vs. 21%}, constipation (27% vs. 17%), and nausea and 
vomiting (18% vs. 7.88/o) were reported more frequendy among black patients. 

Medical Officer Comment: Thus, only nausea and vomiting appear increased in MMF-treated black 
patients, compared to MMF-treated non-black patients. 

9.7.4 Summary of Adverse Events Oassifled by Age 

Medical Officer Comment: By prvtocol requirement, all patients were 18 years of age or older, and 
consequently-no pediattic patients were enrolled in theSe studies. This age distribution is atypical of the 
general transplant population, where 5% to I 0% of renal transplant patients are less than 18 years of 
age. 

Overall, among the three active treatment groups, leukopenia was rnore common, and reporte<I with 
approximately the same incidence, among patients 65 years old or olatr, in comparison with patients 
less than 65 years old, as was ·creatinine increased (see below). Cardiac ar:tl respiratory system adverse 
e••ents were generally more common in the older age group. 

In the MMF 2 g treatment group, events that were more frequent among patients aged 65 years or more, 
in compari;on with patiCllls aged I 8 to 64 years, included infection constipation, gastrointestinal 
hflmorrhage, hypercholesterolemia. cre1tinine increased, leukopenia, anemia, thrombocylopenia, 
myocardial infarction, heart arrest, dyspnea and lung disorder. Diarrhea and nausea were somewhat le5.' 
in the age group ?. 65 years. 

} 
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In t.'1e MMF 3 g treatment group, events that were more frequcmt among patients aged 65 years 'I" more, 
in comparison with patients aged between 18 to 64 years. Y.'ere chest pain nausea diarrhea, MOreY.ia, 
gastrointestinal hemorrhage, liver damage, oliguria, peripheral edema, hyperglycerria, creatiniM 
increased l.JUkopenia, hypotension dyspnea and con:unctivitis (11ee below). There appears to be a dose 
relationship with gastrointestinal hemorrhage in the population of ? 65 years. Thrombocytopenia and 
anemia are similar in frequency between the two age groups . 

• 8e Kted Auvenc E vents a "fied b A ass1 1 >v ,2e in MMF 311: G rouo 

Event ~ 65 years(%) l~years(%) 
ln=3S) ln=4SS) 

chest oain 17 7.9 

nausea 23 15 

diarrhea 29 27 

anorexia II 2.6 

nstrointcstinal hcmonha~e II 1.8 

liver dam:igc 5.7 0.4 

oliwria 8.6 I. I 

neripheral edema 23 I '.7 

h· - 14 1.1 a 

creatinine increased II S.7 

leukooenia 37 26 -- -
anemia 23 26 -thro . ---o~ia 6 6 --
hvootcl'lsion II 4.2 --

L!!Y~2IY'.a 20 10 

con' unctivitis II I l.S 
= 

(Source: Vol ;Table 25) 

Medical Officer Comment: Except for leulcopenia . .:reatinine increased. and dyspm:a, and 
gastrointestina! hemorrhage 1here was li1tle consi~tency in the MMF-treated patients for events more 
common in elderly patients. 

9.8 MALIGNANCY 

' 



9.8.I Summary of Malignancies In Patients Treated witl.1 Myi:ophenolate Mofetil 

Solid Organ Transplant Patients The popu.lation assessed wit'n regard to occurrence of malignancy 
comprises 2389 patients treated with MMF plus 688 «:::>ntrol group patients (total, 3077). Malignancies 
were reponed to occur in a total of 131 (4.3%) of patients at risk: lymphoproliferative 
disorder/lymphoma occurred in 26 (0.85%), other malignall'~ies in 37 (1.2%) and skin cancer in 68 
(2.2%). 

9.8.2 Phase ill Trials for Pn.'Vention 11f Acute Rejectfon (MRE 022, ICR 023, and ICM 1866) 
One thousand four hundred ninety-three patients have been enrollee in three Phase ill t<"ials (ICM 1866, 
IICR 023, and MRE 022) of MMF versus either placebo or azathioprine for prevention cf rCl!lll allograft 
re;ection. Ten patients enrolled in these studies did not rectlive study medication, and ar~ excluded from 
the safety analysis. 

Sixty-Seven patients (4.5%) have developed 71 rnalignanck:s as of the data cut-off date. Ten (0.7"e) 
have developed post-transplant lymphoproliL1lltive disorders (PTLD), 20 (1.3%) ~c reponr J to have 
"other" malignancies, and 28 (1.9".4) patients have developed 41 nonmelanoma skin cancers. 

-
MMF3 =l Malignancies in Prophylaxis Trials in Renal Transplant Patients - -

Placebo AZA MMF2 
(n=166) (n=•326) (n=SOJ) (n=490) 

Lymphoma/LPD 0 I (0.3) 4 (0.8) 5 (1.09.4) 

Nonmelenorna skin malignancies i) 10 (3%) 23 (4.6%) 8 (1.6%) 

Other ma1i 
. 

3 0.80/e) 6 (l.So/e) 4 (0.3%) 8 {1.6%) 

(Based on updated I year !afety report) 

Medical Ol'fjcer Comment: The rate of Ly:nphoma/LPD is low and similar to the literature. Overall 
other malignancies, and nonmelenoma skin malignancies were similar among the tret.tment arms. 

9. 9 Ou lcome.• of Pregnancy: 
Only one woman became pregnant while taking MMF Jg/day. The pregnancy was voluntarily 
tenninated. To date th~re have been roo infants born to female patients receiving MMF. There have 
been 3 pregnancies fathered by males taking MMF. The outcomes were normal in 713. One ..!nded in a 
spontaneous miscarriage. During clinical tria!s one child was bom with !le'Vere congenit'I anomalies, 
including cardiac abnormalities. after the father received mycophen,l!ate mofetil at and before the time 
of conception; the child subsequently died in th<! perinatal period. The exact role 'lf mycophenolate 
mofetil in this event is not known. 

9.10 Pediatric Safety Review: 

' 



The only data regarding the safety of pediatric patients treated with mofetil comes from study 
MYC2190, a pharmacokinetic study. The foll.Jwing is a brief outline of the study design and a review 
of the ~afety data for these sub; ects. 

TI11.E OF STUDY: An Oper.-Label, dose-Rangjng Phamw:okinetic, Safety and Tolerance Study of 
Oral Mycophenolate Mofetil in the Prevention of R'< ection in Pediatric Rerial and Hepatic Aliograft 
Recipients. 

The primary oh; ective of the study was to assess in pediatric renat and hepatic allograft recipients the 
phamw:okinetics of oral mycophenolate mofetil (MMF) during the first year oaf treatmt'l1t and tiie 
safety throughout treatment for up to 3 years for ea.;h of three dose levels in each of three age groups. 

DIAGNOSIS AND CRJTERIA FOR INCLUSION: 
Inclusion criteria required that patients be between 3 months '1lld 18 years of age and weigh at least S.4 
kg; be recipients of a single-organ first, second or third (kidney only) cadaveric or living-related kidney 
or liver allograft; and be ABO-eompatib•e with the allograft. 

DEMOGRAPJilCS: 
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14 renal allograft recipients have been enrolled in this ongoir1g study. One patient is less than 3 years of 
age; 3 are between 6-12 years, 10 are between 12-18 years c1f age. All of the patients were dosed at 
MMF IS mg/kg except for S of the patients in the 12-18 year group who received the MMF 23 mg/kg 
dose. Two of the patients (2- and 8-year-old males) assigned to the 15 mgllcg bid dose group also 
received an initial single IV dose of MMF. 
As of this report dated January 30, 1995 no premature terminations wert< documented and treatment with 
MMF was onr,oing in all patients. Th., 14 patients have been enrolled in the study for 7-rno days, with 
the cumulativo number of days on treatment rani;ing from 6-166 days. Eight patients were male and 6 
were female. 

DEATHS AfiP MALIGNANCIES: no patient who enrolled in this study has died or developed a 
malignancy a.'> of the data cutoff date. 

SAFETY: The sponsor state.!' that to date, MMF has been well tolerated. Severe adverse ever.ts have 
been reported for 4 p~tients, a:I of whom were 12 to 18 years of age. Two of these were recc:iving MMF 
15 mg/kg bid and 2 were recei<iog MMF 23 mg/kg hid. All of the adverse events classified as severe or 
life threatening were considered by the investigators to be probably not related to MMF. No patient 
enrolled in this study has died, developed a malignancy, or prematurely discontinued treatment with 
MMF as of the data cutoff date. 

A summary of the overall adverse events reveals that I 00% of the patients entered into this study 
experienced at least one adverse event. The following is a listing by body syste:n. 

Number of Patients wjth one or more Adverse Event 



Body System: 
Body u a Whole 
Metabolic and Nutritional 
Cardiovasc:ul• System 
Disestive System 
Relpiratory System 
Skin and Appendages 
Urogenital 
Hemic and Lymphatic System 
Special Senses 
Nen."OUS System 
MUICUloslcelet&I 

Number(%) 
14 (100-/.) 
1 1 (78.6, .. ) 
10 (71.48.4) 
10(71.4%) 
9 (63.4%) 
9 (63.4%) 
8 (57.1%) 
6 (42.98/.) 
4 (28.6%) 
3 (21.4%) 
I (7. IYa) 

The most frequent events ior "Body u a Whole" were pain (78.6%). fever (50.0%) and abdominal pain 
(21.4%). Metabolic wu-e c:reatinine inc:tease (21.4%) and hypophosphatemia (21.4%). The 
Cardiovuc:ul1r System event most &equently reported WIS hypertension (64.3%). The following were 
frequent events in the Digestive S~em: consti!)Vion (35. "78/.), diarrhea (35. "78.4), nausea (35. 7"/.) and 
vomiting (14.3%). Urogenital events were urinary tl"ICl infection (21.4%). Leukopenia occurred in 
7. I% of patients with anemia occurring 21. 4% lllkl thromboc:ytopenia was C1re occurring in only one 
patient (7.1%). 

Three of the 14 patients (21.4%) in this study have experienc:e<l ad'.•c,se events that necessitated either a 
reduction in the dose of MMF or an intenuption of doalng. At the time of the development of the 
ld>.terae event that necessitated the change in dosing, I patient (in the group 13ed 12-18 years) wu 
receiving MMF I 5 ms'Jcg. The other 2 patient were receiving MMF 23 ., bid; I was in the group 
qed 6 to <12 years, and l was in the group aged 12 co 18 years. The adverse events that necessitated a 
reduction in the dose of MMF or an intenuption of dosina were u follows: (I) nausea, vomitins, and 
lbdomina pain secondary to herniated bowel ~ '\fF interrupted); (2) CMV gastric ulcer (MMF dose 
reduc:ed); (3l)eukopenia (MMF interrupted); and (4) VJricella (MMF intenupted). Because of the 
limited number of ~tients who have been studioo to date, it is not possible at this time to dnw any 
conclusfons about tM relative safety and tolerability of MMF 15 mg/kg bid dose to that of the MMF 23 
mg/kg bid dose. 

Opportunistic infections occurred in 4 (28.6'}'.) of the patients: l mucocutaneous candida, I CMV viral 
shedding in the urine, I CMV gastritis ind I CMV of the kidney, I varicella zoster. 

Medical Omctr Comment: The laboratory abnormalities were similar of a similar nature when 
compared to the prophylaxis studies described above. Overall the profile for adverse events and 
opportunist infections appear similar to ~h'! prophylaxis studies. Studies including larger number of 
pediatric patients will be necessal)' to confirm the pattern seen here. 

;' 
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11.0 Safety Analysis 

Safety analyses were petfunned as intent-to-treat. However, two patients nndumizcd to the IV steroid 
11111 never received study medication and wen: ccluded &on• both the applicant's and FDA's llfety 
analyles. Safety analyses tJw incluck! J 48 patients (7? CellCept; 71 IV steroid). 

Prior to Sprin.s. 1993, adverse events which were mild or moderate in M'Verity and not lttributed to die 
ltUdy drug were not collected. This susgests the potential for u11der-repor1ing of non-IOYel'O advene 
events. 

Comistent with the study population, the overall incidence of adverse events wu high in study 1868: 
74.6% (SJnl patients) in the IV steroid cohort and 93,5% (72117 patients) in the CellCept cohort 
experienced at least one adverse event. Althcugh adverse events were higher in tho CedCept arm for 
virtually all body systems examined, the differential between study arms wu greatest for digative and 
hematologic systems (see below), paralleling results observed in the prophylaxis trials. The IDl{ority of 
gastrointestinal advem events lllllliftsted as diarrhea, nausea, or vomiting; however, a small .-imber of 
GI bleeding events were reairded ln both study .inns (higher in the CellCept cohort). 

' 

, 



PA l'IENTS EXPERIENCING 
GASTRCINTESTINAL OR HEMATOLOGIC ADVERSE EVENTS 

IV STER0ID MMF3 
(N':71) (N=77) 

DIGESl'I\'E SYSTEM 24 lJl.8%) 54 (70.1 %) 

Diarrhea 3 (4.2%) 36 (46.8%) 

Nausea 4 (5.6%) 18 (23.4%) 

Nau8Ca and Vomiting 3 (4.2%) 10 (13.0"/o) 

Vomiting 2 (2.8%) 4 (5.2%) -
GI Hemorrhage 0 2 (2.6%) --
Hematemesis 0 1 (1.3%) 

Melena " (2.8%) 0 ~ 

Intestinal Obstruction 0 2 (2.6%) 

Paricreatitis 0 2 (2.6%) 
;.----

Stomach Ulcer 2 (2.8%) 0 

HEl.\'lATOWGIC SYSTEM 18 (2.'5.4~.) 39 (50.6%) 

Leulr.openia 12 (16.(%) 30 (39.0"/o) 
f--· 

Anemia 8 (11.3%) 18 (23.4%) 

Thrombocytopenia - 4 (5.6%) J (3.9%) 
-

~ooenia 0 I (J.3%) 

Twelve Cel!Cept patients(! 5.6%) and three IV Steroid patients (4.2%) experience<l IJoth anemia and 
leukopenia during the six monih :tudy period. 

The following table examines adverse . nts characteristically associated with steroid administ>ation. 
Whii'e such events were numerically increased in the JV steroid arm. differences between treatm,nt 
groups were small (likely reflecting concomitant use of oral steroids in both study arms as well as the 
limit1~ reporting of non-serious adverse events as noted above). 

I ADVERSE EVENTS CHARACTERISTIC OF STEROID ADMINISTRATION] , . 
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MALE 33/44 (77.3%) 42/43 (97.7%) 

FEMALE 19/27 (70.4%) 30/34 (88.2%) 

TOTAL 53/71 (74.6%) 12111 (93.5%) 

Opportunistic infections occurred with approximately equal frequency between the two study anns; 
however, Herpes Simplex and tissue invasive CMV were more frequent in the CellCept cohort (see 
below). 

F PATIENTS EXPERIENCING OPPORTUNISTIC INFECTIONS 

IVSTEROIDS CELLCEPT 
(n=71) (n=77) 

ANY OPPORTUNISTIC JNFECTION 25 (35.2%) 2·7 (35.1%) 

CMVviremia 2511 (!5.5%) II (14.3%) 

CMV tissue invasive disease I (1.4%) 7 (9.1%) 

Hemes Simolex I 3 (4.2%) 9 (1 J. 7%) 

( 

Given the relatively short duration of follow-up in this study, neoplasms were rare. In the Cel!Cept arm, 
two patients developed neoplasms on or post-study: a lymphoproliferative disorrler (at day 65) and a 
CNS lymphoma (at day I 9P). One additional CellCept patient entered the study with a 
lymphoproliferative renal disorder. In the IV steroid arm, a single patient developed a neoplasm on or 
post-study (izrebral lymphoma at day 198). 

Two deaths were recorded on ea~h of the study arms during the six month sti.dy period: causes of death 
in the CellCept arm were listed as infection/sepsis and a cerebrovascular event respectively; rauses of 
death in the IV steroid arm were cardiopulmonary arrest and end stage renal disellSe respectively. While 
no additional deatns were reported in the CellCept cohort on subsequent, but variabl~ post-treatment 
follow-up, 7 aifditiona! deaths were reported on follow-up for the IV steroid coh!lrt. 

12 LABEL: s~ final label for further information. 

13 CONfLUSIONS: 
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13.1 PROPHYLAXIS OF ACUTE RENAL ALLOGRAFT REJECTION: 

13.1.1 Biopsy prov.in acute rC:ection was investigated in three pivotal studies ( ). The primary efficacy 
analysis in each of these studies demonstrated that CellCept reduces the rate of biopsy proven 
re.: ection as measured by treatment failure (biopsy proven re: ection, death, graft loss or 
premature withdrawal). Tests of significance were based upon comparisons ot the treatrr.ent 
failure rate at six months with ad; uotments made for multiple comparisons. 

I J .1.2 Though both doses of CellCept were found to be efficacious, there was no advantage of the 
CellCept 3 gram/day dose compared to the 2 gram/day dose frr treatment failure. The biopsy 
proven acute re: ection rates were comparable. 

13.1.3 The traditional approach to :he evaluation of anti-re,:ection drugs has been based upon one year 
patient and graft survival. It was of interest insure that the morbidity reduction brought about by 
a decrease in acute re: ection is not being made at the expense of graft and patient loss. 
Combined analyses of the three pivotal trials demonstrated that CellCept was not worse than 
placebo or azathioprine with respect to one year patient and graft survival. 

13.1.4 CellCept 3 gram/day dose had a somewhat more frequent adverse events compared to the 2 
gram/ day dose, especially for leukopenia and diarrhea. This was true for severe events, and 
events requiring discontinuation. The profile of CellCept was similar to that of Azathioprine, 
however, tl:rombocytopenia was not seen to the extent it was related to Azathioprine. 

13.1.S CellCept groups had similar rates of malignancies to the control groups in at least I year of 
follow up. 

, 



14 RECOMMENDATIONS: 

14.1 Prohpylaxis of Acute Renal Allograft R~ ection: 

The three controlled studies (Study 022, 1866, 023) submitted in support of CellCept for the 
prevention of acute renal allograft r~ ection meets regulatory requirements for approval of this 
indication. Pursuant to 21CFR314.105 (a) the studies performed were adequate and well­
controUed investigations and establishing that the 2 ff day dose of CellCept is effective for the 
treatment of refractory acute renal allograft r~ ection. The proposed dose of 3 ff day CellCept 
although shown to be effective was not more effective than the 2 glday dose and had some what 
more toxicity than the 2 ff day dose of CellCept. 

Approval should be granted for the CellCept 2 f/day dose, however, approval should 1121 be 
granted for the 3 ff day dose for this indication. Reference to the 3 gram/day dose may be made 
in the label regarding the clinical studies, however, should not be included in the 
recommendations for use. 

15 PHASE FOUR STUDY RECOMMENDATIONS AND REQUIREMENTS: 

l) IU,.COMMENDATIONS 
a) Additional studies in pediatric populations. 
b) Treatment strategy type studies :e starting with 3 grams/day and decreasing the 

1 dost' lll 2 grams/day. · 
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a) The sponsor must provide additional efficacy/safety data in the "black" 
population. '-/I.Le.., 

.......... ~c:(_ 

16. ADDENDUM NDA 

16.1 CONCli.USIONS: 

16.2 RECOMMENDATIONS: 

It is recommended that formulation nm be approved at this time, pursuant to 21 CFR 
314.125 (b)(9). However, when additional data is provided (Ste biopharmaceutical reveiw section) 
further consideration will be given to tnis formulation. 

Concurrence: 

Director/ HFD-530: Feigal. D. 
Supervisory Medical Officer: Goldberger. M. 
Medieal Officer: Korvick. J. 
Medical Officer. Lapey. D. 
Biometrics Supervisor: Kammerman.L. 
Biometrics: Flyer.P. 

; 
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SAFETY UPDATE REVIEW 

The safety update review is incorporated into the joint 
medical/statistical review. 
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STATISTICAL REVIEW 

The statistical review is incorporated into the joint medical/statistical 
review . 
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Biopharrnaceutics/Pharmacokinetic Review of an NDA 

Mycophenolate Mofatil ICeUCept., 
NDA 
Submission Dates: 11/9/94, •••• 

f ••••# OY···· .•.... 

Syntax. California 
Reviewers: Chandrahas Sahajwalla, Ph.D. 

Kofi A. Kuml, Ph.D. 
Review Date: 4/10/95 

----·--------------- ---- ·---
SYNOPSIS 

Mycophenolate mofetil !CellCept•, MMF), the morpholino~athyl eGter of 
mycophenolic acid IMPA), in being evaluated as an immunosuppressant for the use 
following renal transplantation for the prevention and treatment of graft rejection. 
Mycophenolate mofetil is hydrolyzed to MPA, whi!:h i~ a potent and specific 
inhibitor of de novo purine synthe11is and which blocks the proliferation of both T 
and B lymphocytes. 

The phamiacokinetics of MMF has been studied in healthy volunteers following 
single doses end following multiple doses in renal transplant patients. Although, 
pharmacokinetics has been studied in liver transplant, cardiac transplant and 
rheumatoid arthritis patients, these were not reviewed, because the present 
submission seeks approval for use in treatment and prevention of rejection in renal 
transplant patients. Clinical trials used a 250 mg capsule formulation, and 

Absorption 
The mean absolute bioavailability of oral MMF relative to IV MMF (based on MPA 
AUC) was 94% 

Immediately post transplant 1<42 days), mean AUC and Cmax is about 50% lower 
in renal transp!11r.~ 'atients th11n that observed in the healthy volunteers or in stable 
renal transplant pta. llts. 

Three studies evaluating dose proportionality have been submitted. 111 In healthy 
volunteers (i.v administration 1.5 mg/kg to 22.5 mg/kg). 121 In Japanese patients 
doses ranging from 1 G to 4 G d&ily dose. (3) Oral doses of 100 mg to 3.5 G per 
day. These studies indicate that, the mean values of MPA C,... and AUC appeared 
to increase approximately proportionally. MPA and MPAG half-life values did not 
change with the change in MMF dose administered. The propo11ionality for 
MPAG was lucking. It should however be noted that studies were parallel design 
as opposed to a cross-over design, ~nd in very few volunteers; hence. dose 
proportion!Jllty data should be considered preliminary. 
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Dlstrib\>"tion 
The mean (SDI apparent volume of distrib11tion of MPA is approximately 3.6 
(:I: 1.5) and 4.0 I :I: 1.21 UKg following IV and oral administration, respe.:tively. 
MPA, at clinically relevant concentrations, is 97% bound to plasma albumin. 
MPAG is 82% bound to plasma albumin at MPAG concentration ranges which are 
normally seen in stable renal transplant patients. Mean blood to plasma ratio of 
radioactivity concentrations were approximately 0.6 indicating that MPA and 
MPAG do not extensively distribute into the cellular fractions of blood. 

Metabolism 
The sponsor carried out two studies in healttoy volunteers (oral single dose) to 
investigate metabolism of MMF, one to study the fate of MPA t1 4C-MPAJ moiety 
and other for N-12-hydroxyethyl)-morpholine (HEM) i"C-Morpholine). 

MPA was metabolized principally by glucuronyl transferase to form 
pharmacologically inactive, glucuronide of MPA (MPAG). Ninety three percent of 
the dose was recovered in urine and 5.5% in the feces. MPAG accounted for 
96.3% of the radioactivity recovered. 

Fol!owing aral administration of HEM-(14CJ-Morpholine, the following was recovered 
in the urine; N-12-carboxymethyl)-ITICirpholine, N-(2-hydroxyethyl)-morpholine, and 
the N-oxide of N-12-hydroxyethyl)-morpholine. 

MPA undergoes enteruhepatic recycling. This finding is based on observation of a 
second peak at 6-12 hours post administ~ation and 40% reduction'" the MPA 
AUC when MMF is coadministered witli cholestyramine. 

Excretion 
A negligibill amount of drug is excreted as MPA ( < 1 % of dose) in the urine. Orally 
administered radiolabeled mycophenolate mofetil resulted in complete rocovery of 
the administered do>se (93% in the urine and 6% in feces). Most (abou,t 87%) of 
the administered dose is excreted in the urine as MPAG. MPA and MPAG were 
usually not removed by hemodialysis. However. at high MPAG plasma 
concentrations { > 100 µg/ml), srnail amounts of MPAG are removed. 

Mean (SD) apparent hal1-lif'!I and plasma clearance of MPA aro 17 .9 (:I: 6.5) hours 
and 1931±48) mUmin following oral administration and 16.61±5.13) hours and 
177 I± 31) mUmin following I; V. administration, respectively. 

, 
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Phenna1.:oklnetlca in heahhy volunteers and renal transplant patimts 
Healthy• VoluntHrs 
Foll1Jwing oral administration of 1 g capsule, the mean MPA c_ was 24.5 1-9!~1. 
in 129 volunteers with Tmax of 0.80 h following the oral dose. Mesn app11rent t 112 
and AUC from 117 healthy subjects given 1 g MMF were 16.0 h and 63.9 
µg .. h/mL. v 

, . . . The 90% Cl 
fo1· log transformed Cmax was between 6 l. 1 '6 to 79.4%, which Is below the 
acceptable range. 

"· 
Renal Transplant Patient8 
The pharmacokinetics of patients Immediately following tranaplant ( <42 days) ere 
different compared to healthy volunteers or compared to stable transplant patients 
(> 3 months). Immediately post-transplant, mean AUC_. is about 50% lower and 
Cmax about 65% lower. The low AUC immediately post-transplant may be 
considered partly due to an altered metabolic status and partly due to lower 
bioavailability. Fo!lowing table compares the PK: 

MEAMlaDI Hoollhr .,., 1 Poot· SeoedyS- $ .......... 
1.10 Dau T ......... t.IG l'ac:I· Tr .. .,i- T'"""""'4 
S.-021. Dau t.&GDoM 1.SGO-
051,2294 111• 118811 ICP 02111 ... ,. 51.S 20.1 35.1 12.1 

AUC 111. 11 112.111 11t' .IJ 111.11 

llllPA CM4Y. 32.1 1.09 11.7 29.7 
11.111 11.471 11.92) 114.21 

MPMIAUC - 2:14 221 llO. 421 
111.71 11421 1:1411 11311 

Ml'AGCMAX 44.a 29.0 •••• 19.I 
113. 11 111.111 141.41 119.7) 

In a pivotal clinical trial conducted in the USA, pharmacoltirietic data were 
available frorn a subgroup of patients. !n early post transplant patents, mfian ($0) 
AUC was 213.$ I ±9.6) and 35.9 I± 16.5) and Cmax was 9.6 ( ± 6.3) and 11. 7 
(±5.91 for 'the 2 g (N=19) and 3 g (N•201 daily dose groups, res~~tively. Data 
available fro•m the two European trials only had Cmin concentrations at 12. woeks 
of trestnwlnt. 

Special Population 
ReMI Insufficiency 
Studies w'9 conducted in patients with chronic stable renal failure 2nd in thft 
transplant patients with delayed graft function (DGF, dialysis support sometimes 
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necessary). 

Volunteers with severe chronic renal impairment (GFR < 25 mUmin/1. 73 m2) had 
abcut 75% higher MPA AUC, relative to that observed in healthy volunteers (GFR 
>80 mUmin/1.73 m2

). Similarly, that group had five fold increase in MPAG AUC 
compared to healthy volunteers group. 

In patients with delayed graft function, mean MPA AUC~12 was higher (about 
50%1 than seen in post-tram1plant patients without delayed graft function. Mean 
plasma MPAG AUC~12 wai; b-8 fold higher than in post-transplant patients without 
delayed graft function. 

MPA and MPAG were usually not remov1td by hemodialysis. However, at high 
MPAG plasma concentrations ( > 100 µ£/mU, small amounts o~ MPAG are 
removed. 

Hepatic lnaufflclency 
In volunte..,rs with Plcoholic cirrhosis, hepatic MPA glucuronidation processes were 
relatively unaffected by hepatic parenchymal di.ease. However, hepatic disease 
with predominantly biliary dam11ge, such Bl! primary biliary cirrhosis, may show a 
different effect. 

Pediatric 
An interim report (N"' 14) on a dose ranging pharmacoldnetic study in pediatric 
patients, has recently been submitted. Very limited data following edm!.listration 
of 15 and 23 mg/kg bid dose has been presented in the r!lview. 

Food 
Food (high.fat) had no effect on MPA.AUC when administered at doses of 1.5 g 
BID to renal transplant patients. However, MPA Cmax was decreased by 40% in 
the presence of food. 

Drug lnteralltiona 
Following single dose concomitant administration of MMF and acyclovir (ACV}, 
MPA concentrations were not different than MMF administerdd alone. However, 
MPAG and ACV plasma AUCs were increased. Since both MPAG and ACV undergo 
t•Jbular secretion, there is a potential for further increases in conc&ntrations of both 
drugs because of competition .for tubular secretion. 

The Cmax and AUC (0-241 of MPA were decreased by 33% and 17%, respectively 
when MMF was administered with antacids containing magnesium and aluminum 
hydroxides (eg. Maalox TC). MMF is not recommended to be taken simultan~ously 
with anta1ds containing magnosium and aluminum hydroxides. 
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Cholestyramina dec1·eased MP.'\ AUC by approximately 40%; therefore, MMF is not 
recommended to be uiven with cholestyramine or other agents that may interfere 
with enterohep11tic recirculation. 

Cyclosporine concentrations were not significantly altered by coadministration with 
MMF. 

Ganciclovir concentrations were not affected b•( ci>administration with MMF; 
however, since both drugs undergo renal tubular secretion, there is a possibility of 
increases in both drug concentrations. 

Following single dose administration of MMF with Ortho-Novum 11711. no 
pharmacokinetic interaction was observed • However, ihe p0iliiiiJility isldits for 
changes in the phannacokinetics of the oral contraceptive under long term dosing 
conditiom• with MMF. 

Trimethoprim/sulfamethox.uole (Bactrim) had no effect on the bioavailability; 
however, the possibility exists other drugs that alter the gastrointestinal flora may 
have an affect on the bioavailability of MMF, 

Population analysla 
The population analysis using m11ltivariate analysis was performed to study 
associations between demographic (e.g., age, reciprocal weight) or laboratory data 
(e.g., creatinine clearance, white blood cell count) with pharmacokinetic 
parameters cc_, AUc_). 

The analysis confirmed a relationship between renal function (correlation with BUN 
and creatinine clearance) and MPA end MPAG AUCo,12; MPA and MPAG AUC was 
inversely proportional to creetlnine clearance. ·There does not appear to be gender 
differsnces In renal transplant patients with respect to the pharmacokinetlcs of 
MMF. In healthy volunteers, multivariate analy3is indicates that age and weight 
!particularly age) are important factors for MPA AUC. MPAG AUC was poorly 
correlated with any variable. In patients weight relatiQnship did not appear to be 
important, possibly it was obscured by other factors such as pathophysiologic 
•status and use of concomita1jt medication. It should be noted that pediatric date 
available from the interim report (N • 14) was not part of this population analysis. 

Summaries of MPA pharmacokinetlc parameters (cJescrlptive statistics) by race 
revealed that black males (N • 4 each in healthy end patient population) had 50% 
lower AUC and Cmex 1:omi-ared to black females or com.,an,d to caucasians. 
Based on clinical data in limited number of blacks, it appears that giving a 3 G daily 
dose reduced the rejection rate to 24% compared to 39% in 2 G daily dose group. 
Whereas, f, caucasians rejection rates in 2 &nd 3 G dose were 30 and 32%, 
respectively. However, possibly, due to the !imited sample size, these differences 
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in blacks were not statistically significant. 

Concentration Effect Relatlonahlp 
Logistic regression was used to obtain a relationship between MPA AUC and 
probability of rejection. logistic regression parametr·s obtained from Japanese 
patients trial (NSK 24/100) were applied to data fro .. 1 study 1866 (pivotal clinical 
trial), to praoict rejections. Thero are !"everal limitations !enumerated in the 
review) of the application of Japar.use data to patients in the USA. Based on 
frequency distribution (by AUCI of rejections, it also appea;s that patients in the 
lower AUC were at a greater risk of rejection. Hence existence of a relationship 
between AUC and outcome should be further explored. 

In the clinical trial (study MYCc 1866) rejection rates of 19.8% and 17.5% for •he 
2 G and 3 G dose, respectively. This was further substantiated, based on the 
number of rejections in each dose level rf the subpopulation for which PK data are 
available in study ~.~YCc 186G; a higher dose is not indicativ& of 11 lower ;ejection 
rate (4/15 and 4/1~ rejections for 2 and 3 G dose, respectively). 

Relationships betweer: adverse events and MPA or MPAG concentrations were 
evaluated by plotting plasma concentrations taken at the time of a serious adverse 
events during these trials. Analysis revealed weal< association between elevated 
MPAG concent.ations and c~rtain adverse events (leukopenia, nausea and 
vomiting, diarrhea and events classified as others). However, MPA concentrations 
were not elevated. 

ft 
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RECOMMENDATION 
The sponsor'• NDA 20513 is acceptable for meeting the Blopharmaceutica 
requlrementa. I aupport ~,proval of 2 G dose of MMF for the prevention of 
rejection of renal allograft transplant . 
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Mycophenol•t• Mofetil 

BACKGROUND 
Mycophenolate mofetil (CellCepti, the morpholino-ethyl ester of mycophenolic acid 
(MPA), is being evaluated as an immunosuppressant for the use following solid 
organ transplantation for the prevention and treatment of graft rejection. 
Mycophenolate mofetil is hydrolyzed to MPA, the active immunosuppressive agent. 
MPA is a potent and specific inhibitor of de novo purine synthesis, which blocks 
the pr.:iliferation of both T and B lymphocytes. MPA is further metabolized to form 
a glucuronide conjugate (MPAG). MPAG is considered pharmacologically inactive, 
but appears to be hydrolyzed to form free MPA. In this NOA, CellCept is indicated 
for the prophylaxis of organ rejection and for the treatmen1 _ 
in patients receiving allogeneic renal transplant. Hence the studies conducted in 
rheumatoid arthritis patients and in Cardiac and Liver transplant patients were not 
reviewed. 

This NOA submission is concerned with orai formulations of MMF. The MMF 
clinical trials were performed using the 250- mg capsule formulation. 

METABOLISM (ADMEI 

RADIOlABEL DISPOSITION 

Mycophenolate mofetil (MMFI is a 2-morphoethyl ester of mycophenolic acid that 
undergoes conversion to the active MPA (Figure 1 ) . Tile sponsor carried out two 
studies in healthy volunteers (oral single dose) to investigate metabolism of MMF, 
one to study the fate of MPA [14C-MPA] moiety and other for N-(2-hydroxyethyl)­
mo;pho!ine (HEM) [14C-Morpholine) (Fi11ure 21. 

-
Study No.: ICM/MYC1884/USA: 
This was an open-label, single-dose studv. Volunteers (4 males) received a single 
1000-mg oral dose of (14C-MPAJ-MMF so~ution containing approximately 74µCi of 
radiolabct. Blood, urine, and fecal samples 1t!ere collected for analysis. 

_Blood samples were drawn up to 96 hours after the dose; urine and feces were 
collected up to 168 hours. Two major metabolites of MMF, MPA and MPAG, were 
determined in plasma and urine by two sepa\·ate assays: a radiometric assay and a 
high-performance liquid chromatography (HPLC·UV) assay. 

Results are as follows: 
Radioactivity was rapidly absorbed. MMF was not detected in any plasma samples, 
MPA end MPAG were the major metabolites in plasma. 

} 
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Summary of Mean Pharmacokinetic Parameters ( ± SD) 

Computed A-.. tric MHY HPlC-WAsNy ...,_t« 
I I "C MPA MPAG MPA 

r-""' 0. 75 '"' 0.291" 0.50 '"' 0.001 1.25 ("' 0.291 0.50 '"' 0.00) 

c_• 60.1 .,. 3.7) 32.9 '"' 2.8) 34.9 '"' 2.11 32.3 '"' 2.9) 

r. aw1 17.8 '"' 5.0I NC" NC - 16.0("' 3.11 

~UC 10--24 hrl' 332 '"' 20) 58.31"' 2.6) 252("' 6) 64.9 I± 2.61 

"AUC 10--24 hrl' 100 17.0 I± 0.51 76.1 '"' 2.71 NC 

AUC (0-98 hrl' 460("' 421 NC NC 89.1 C± 4.61 

'OIUI ,.,., ..... mun I"' SOI of 4 ailljoct9. 
'Units far C.... Ind AUC- .. pgeq MPA/ml lndµgEq MPA-twlml. rupecdwly. 
'NC - not.,...._ 

I MPAG 

1-25 '"' 0.291 

31.0("' 2.91 

17.1 '"' 5.1) 

2241± 141 

NC 

303 lo: 311 

Mean blood-to-plasma radioactivity concentration ratios rem?.<ined relatively 
constant (0.557-0.618) indicating that MPA and MPAG did not extensively 
distribute irito the cellular fractions of the blood. 

Ninety th.-ee percent of the dose was recovered in urine and 5.5% in the feces. 
MPAG was the major metabolite in urine, accounting for 96.3% of the radioactivity 
recovered during tile first 72 hours after dosing. Small ;o;nnunts of MPA (0.6% of 
the dose) and an acyl glucuronide conjugate of MPA 10.3% of the dose) were also 
detected as minor metabolites in urine. 

To determine the mataboliam and excretion of a !'Ingle oral dose of [14C­
morpholine)-mycophenolate mofetll IMMF) in healthy volunteers (Study No.: 
MYCS2392 l 
The design-Was similar to the previous study; the only difference was that 
radiolabel was in the morpholine part (Figure 2). 

In plasma, Cmax of radioactivity (27.4 µg equivalents of MMF per milliliter), 
occurred at 0.88 hour CT,....). The mean T112 was 4.34 hours. HPLC analysis of 
samples of plasma ~ollected between 0.25 and 6 hours indicated the presence of 
four metabolites ;,, plasma. One of the four metabolites, designated M 1, 
represented an average of 2.7% of the total radioactivity (based upon AUC0-e1w) in 
plasma. The remaining three metabolites in plasma were identified as 
N-12-carboxymethyl)-morpholine (CMM), N-(2-hydroxyethvii-morpholine (HEM), and 
an N-o:dde of HEM (HEMNO). CMM, HEM, and HEMNO accounted for an average 
of 76%, 2.9%, and 10% of the total radioactivity in plasma, respectively. 
~\bout 94% of radioactivity was recovered in urine 92.1 % of the dose was 
excreted dl(ing the first 24 hours after dosing. Urine contained one major and four 
minor radiaflctive metabolites. The major metabolite was identified as CMM and 
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accounted for a total of 80.8% of tho total dose. The remaining metabolites and 
their percentage of the total dose were: HEM, 2.92%; HEMNO, 4.66%; Metabolite 
M 1, 0.127%; and a second unidentified metabolite, designated Metabolite M4, 
0.388%. (The structural identity of these minor metabolites, M1 and M4, was not 
determined). 

Analysis of ·urine samples by HPLC indicated that 0.436% and 57.1 % of the total 
administered dose were recovered <IS MPA and MPAG, respectively. 

In summary, the hydroxyethyl-morpholine moiety of MMF was rapidly and 
extensively metabo'ized to form CMM and, to a lesser extent, HEMNO. 

Comparison of Human and Animal Metabolism (al~o see table 1, Appendix 1 l 

11.i l)Og Monkey ~ 

HEM 34% 221' 221' 3% 

CMM 3111' ~21' 53" 76" 

l'EMNO !5"' 151' 21" 10" 

IAUCRATIO 0.22 1.03 1.34 4.48 
MPAG/ 
MPA 

Cmox RATIO ~.23 1.16 0.58 1.06 
MPAG/ 
MPA 

SUMMARY OF BIOAVAILABIUTY, PHARMACOKINETICS AND 
PHARMACODYNAMICS 

BIOAVAlt.ABIUTY AND BIOEQUIVALENCE 
Absolute Bloavailability 

An Evaluation of the Pharmacoklnetics and Bioavailabirrty of Mycophenolate Mofetil 
Following a 1.5 g Intravenous and Oral Dose in Healthy Volunteers 
(CPP/MYC2294) 

The primary objective was to evaluate the absolute bioavailability of 1.5 g of MMF 
capsule. The secondary purpose was to quantitate th$ urinary metabolites of MMF 
(MP.'\ and MPAGI following these IV and oral doses of MMF. 

An open-label, randomized, two-period, single-dose crossover study in 12 healthy 
subjects (6 men and 6 women mean age of 31.4 yea ~. mean weight of 71.1 kg). 
On Day 1 'if the first study period, blood ::iample tubes broke in the centrifuge 
during prot'essing; consequently, the dosing regimen for the first study period wi-s 
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repeated as a third study period. For oral and IV dose, blood and urine samples 
were collected up to 48 hours. Each subject received three doses separated by a 
7-10 day washout period. 

Results: MMF was measurable in plasma 20 minutes after i'litiation of the infusion 
and not detected in plasma samples following oral administration. Results are 
summarized in the following Table: 

M!'AG IMl'A E~1) 

IV Oral IV Orel 

e mean 1oavo1 a 1 1ty o ora re attve to ase on tote 
was · indicating almost ::omplete absorption of MMF. The major metabolite in 
the urine was MPAG and accounted fo1 of the IV and oral MMF 
doses, resper.tively. Data showed a trend towards women ht.;;irig larger AUC and 
c_ values than men. However, the differences in average body weights in men 
and women may account for these observed differences. 

In conclusion, MMF had an absolute bioavailability of abou. and most of the 
drug was recovered in urine as MPAG. 

PIVOTAL BIOEQUIVALENCE 
Bloequlvalence of a Single Dose of hllycophenolate Mofetil Given In Either 250 Mg 
x 4 Capsules _ . 
To evaluate the bioequivalence of oral formulation (four 250-mg capsules and 

of mycophenolate mofetil (MMF), a single·center, randomized, 
open-labe17two-period (one week wash out), single-dose, croasover study was 
conduc~ed. Blood 11a• .pies were drawn up to 48 hours after dosing. Fifty-one 
health•/ male subjects with a mean age of 24.6 years (range, 18-49) were enrolled 
and 1J,7 received both the capsule and tablet formulations and complet·ad the study. 

R It M esu s: ean (SD) h p arrnaco met1c parameters are rd' hFll 1ste 1n t e o owing T bl a e: 

MPA MPAG 
IMPA Ecr.Mvolent1I 

Corn;Mad p ... - .. ~ ! Tablet ~ I T1blot 

• • 
T IM . 
c..__ "'911 nlJ . 
'· llwl 
AU~ (µg·IY/mU 

___. ·" 
I T.otal AUC f141•hr/mU 
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Mycophonolllto Mofotil 

The mean MPA C,... value for the IQwer than th.11t for the capsule, 
and the mean MPA total AUC value fo· lower than that for the 
capsule. The 90%-confidence-interval analysis showed (Table 2) that capsules and 

were bioequivalent with respect to MPA AUC.... and total AUC. However, 
the c ..... confidence interval was not within the (80%, 120%) interval for 
untransformed parameters or the (80%, 125%) for In-transformed parameters, and 
the capsules l · were not bioequivalent with respect to MPA C.,... 

were bioequivalent with respect to MPAG AUC1 .. , and tota! 
AUC but not bioequivalont with respect to MPA<i c;,_. 

formulations were not bioequivalent to clinical capsules, the 
sponsor has presented a justification for Cmax not bt1ing important. Discussion of 
this justification is addressed later in the review. 

. . 
The Relative BioavaDability of Mycophenolate Mofetil Capsular. 
(Study#: ICM 1888) 

In this single dose study, the relative bioavailability of mycophenolate mofetil 
capsules 14 X 250 mg) was evaluated with mycophenolate mofetil _ 

· ls reference. Twelve healthy male volunteers participated in this study. 
The mean MPA pharmacokinetic parameters and the computed parameter 
confidence interval are contained in tables below. 

Mean Pharmacokinetic Parameters for MPA after Administration of Capsules and 
Solution. 

~ MPA~ I MPA Solullon: I P..Voluo from ANOVA ,..,_ 
Me_.., "' SO 1%CVI Moan ± SD 1%r.vl 

AUC (0-•l lli!J•hlmll 

AUC (o-481 ti.t•hlmlJ 

emu (pg/ml) 

-Tmu(hl 

Computed Parameter Confidence Interval Summary: 
Comparison of MMF 14 X 250 mg) capsules IA) vs MMF 

log Transformed Data 
90% Confidence Intervals 

CCllllpUl9d Par 1meter1 Ratio (IVlll lower Limit Upper limit 

AUC (().481 

AUC (~·Infinity) -
em... I -= 

conctusic>r/. Following the administration of MMF capsiJle and solution, the relative 
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ltapMnt '' ........ 

bioavallobili\y of MMF capsule with respect to the . The Cmax 
for MPA capsule was significantly lower than that for The extent of 
absorption (as determined by AUCI wiu: equivalent for the two formulations tested. 
However, the c_ for the two fonnulatlons were not equivalent. 

•• Dr ..... ..,,, •• 6 
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GENERAL PHARMACOKINETICS AND DOSAGE FORM PROPORTIONALITY 
Single and Muhlple Dose Phennacoldnetlca end DOM Proportklnellty 

A i'herrnacoldnedc and Safety S1udy of l!\travenoua Myc:opMnol11te Mofetll 
Admlnlatered In Aacendlng Do9u Separated by Wuhout Periods In Normal 
Volunteer Subjects (Study No.: ICM/MYCx19001USA) 

, 

A randomized, double-blind, five-period, ascending single-dose study. Six hfialthy 
mete subjects (mean age of 32.0 years and a mean weight of 87.2 kg) enrolled and 
completed t• st11dy. There were no premature terminations. Each aubject 
received a Close of placebo (Pl and four a~cending doses of MMF (A, 8, C, and Ci) 
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in one of five dosing sequences (1 week wash out): PABCD, APBCD, ABPCD, 
ABCPD, or ABCDP. 

Results: MMF, MPA, and MPAG were all detected in plasma at 5 minutes, the first 
sampling point following start of infusion. By one-half hour after the end of the 
infusion, MMF was no longer quantifiable in the plasma. The following table 
summarizel!I mean pharmacokinetic parameters: 

Mean I :1: SDI Phermacoklnetlc Parameters IN • 61 for MMF, MPA, MPAG 

MMF Dose Level lrnlllklll. 

'MF Pmmtttn" -'"'' c_ (µg/mU 
AUc_ (µg·lv/mU 

MPAPmmttm 
T- llvl f..uv(µg/mU 
~'\J~ (µg·lv/mU 
TotalAUC (µg·lv/mU 

MPAGP.......c .. 
IMPA Equtvalentsl 
T-lhrl 
C... (µg/mU 
t,. Chrl 
AUC- (µg·lv/mU 
TotafAUC (µg·lv, 11U 
........ _,._.AUC ..... llMllle ......... .._11.._.. _____ ..,. ____ _ 
.. .._................... 1M1lllM _., ....... 

Approximate dose proportionality was observed for mean AUc_ (MPA, and 
MPAG), total AUC (MPA, MPAG), and c_ (MMF, MPA, MPAGf: MPA and MPAG 
half-lives "1ere similar at all dose levels (except MPA half-life could not be 
calculated for the 1.5 mg/kg dose level). 

Following the administration of the 1.5, 7 .5, 15.0, and 22.5 mglltQ dose levels, 
respectively; 15.8%, 68.2%, 61.8%, and 60.8% of the MMF administered was 
excreted in urine 1s MPAG. 

Although mean values of MPA AUC..,.134.1, 70.8, and 121 µg•h/ml) and C 
( 15.8, 35.3, and 60.2 pg/ml) seemed to increase in a proportional fashion, formal 
dose proportionality was not demonstrated statistically (C..,.., p < 0.001; AUC"", 
p = 0.0021 (Table 3 and 4). . 

In conclusion, MPA was formed rapidly after the start of IV administration of MMF. 
The mean values of C.,.. and total AUC of MPA and MPAG appeared to increase 
approximately proportionally. MPA and MPAG half-life values did not change with 
the MMF dose administered. 

' 
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Myc..,..._Mofetl 

Open-LaU.I, Dose-Ranging Study of the Safety and Pharrnacoklnedca of 
Intravenous foUowed by Oral Mycophenoi.'e Mofetl In the Prevendon of Acute 
:-.ejecdon In Primary Cadaverlc Renal Allograft Recipients (Study No. : 
llD/MYC2176UUSA) 

In an open label study, patients (primary recipients of a single cedaveric renal 
transplant) received 2.0 g IV MMF per day (1.0 g twice daily (bidJi for 7 days, 
followed by. oral MMF 3.0 g per day (1. 5 g bid} thereafter. This is an interim report 
on the first 1 0 patients (5 males, 5 female·s; age range, 27-70 yearsi enrolled into 
the study. 

Plasma concentrations of MMF, MPA and MPAG were obtained on Days 1 and 7 
(IV) and 8 CP.0) (full pharmacokinetic profiles) and on Days 2, 3, 5, 9, 10, 14, and 
21 (fJ'ough samples). · 

Results: Nine of the 10 patients completed at least 7 days of therapy with IV 
MMF; 3 patients terminated the study prematurely because of adverse events that 
occurred whila they were receiving IV MMF li"cluding 1 oatient who developed 
markedly elevated liver function tests). 

Computed ~•n pharmacokinetic parameters for MPA and MPAG are summariz•d 
in the followin table: 

MPA p ....... 

Me...CS.DJ 1 G bid Lv. 1 G bid Lv. 
~~~!-:""~--1 Oay 1. N•" ~ • 7. N• 8 11.=;::i,.=: 

Cmax for MPA were similar or. Days 1 and 7 whereas, AUC was about 35% 
higher, suggesting a moderate amount of accumulation on multiple dosing. MPA 
AUC and c ... were similar (1 G bid i.v. vs. 1.5 G bid oral) on Days 7 and 8. 
Pl.isma concentrations and computed parameters for MPAG were quite differi;nt on 
Days 1 and 7, indicating significant accumulation upon multiple dosing IAUC was 
4.3 times higher on Day 7). It ·appears that giving 1.5 g MMF oral dose did not 
increuse Cave concentrations compared to 1.0 g i.v. dose. 

In concl ·- on, MPA appeared to reach steady state levels 3 days after initiation of 
IV dosi· .based on trough concentrations). The MPA AUCo.12 ,.. at steady state 
(i.v .) Wtn. ]''*' higher than that following the initial dose. 

0r.r1-. 4111191. 9 



It should be noted that steady state MPA Cmin concentrations following oral dose 
were about 50% higher than those obtained after i.v. dose. Similarly, steady 
state MPAG Cmin concentrations following oral dose were about 20% higher than 
those noted after i.v. dose. 

In order to compute biavailabiliiy in patients, it would have been advant119eous to 
collect a full profile following steady-state of oral 1.5 G bid regimen . 

• 
Pilot Study of Mycophenolate Mofetil In Patients FoRowlng RenaJ Transplantation 
Study Nos.: NSK/MYCc 24/JPN (NSK 24) and NSK/MYCc100/JPN (NSK 100) 

The primary objective of these studies was to evaluate the safety and efficacy of 
mycophenolate mofetll (MMF) in patients following renal transplantation, at dose& 
of 1.0, 2.0, and 3.0 g/day in NSK 24 and 4.0 g/day in NSK 100(N•10). 

The two protocols (NSK 24 and NSK 100) were identical with the exception of 
dosage levels. Therefore, results from these 2 studies were presented together in 
a single roport. Both studies were open-label, multicenter studies. In NSK 24, renal 
transplant recipients were aequentially enrolled into dosage groups( I, II, and Ill n = 
12, 10 and 10, respectively) receiving 0.5, 1.0 and 1.5 g MMF bid. 

Thirty-two patients provided full plasma profiles on Week 1, 19 patients on Week 
2, and 30 patients on Week 3, across all 4 dose groups. 

Reaulta: Acute reject:ion was diagnosed in 9 o~ the 12 patients in Group I, 4 of 9 
in Group II, 2 of 10 in Group Ill, and in 0 of 7 in Group IV. 

Decreased tolerability was observed in the 4.0 g per day group in the post 
transplant period, and resulted in discontinuation of dosing in 1 patient (who had a 
high SGPn and a decrease in dose for longer than two weeks in 2 other patients in 
this group. A dose-related decreua in tho Incidence of clinically diagnosed acute 
rejection of LRD or cadaveric renal transplants was obt>~rved, with the 4.0-g group 
not reporting any rejection epi$odes. Pharmacoldnetic parameters are summarized 
in Tables (5 and 6). MPAG to MPA AUC ratios ranged from 25.6 to 44. 7 on Week 
1. Plot of dose adjusted MPA AUC and Cmax are provided in Figures 3 and 4. 

Proportionality was tested using dose-adjusted parameters (to 1 G dose} in a 
nested analysis of variance (ANOVAI model which included terms for dose and 
subject within dose the following p -values were obtained. 

Pharmacokinetic 
Parameter 
AUC 0-12 
Cmax 
Cmin 
ln(AUC 0-12) 
ln(Cmaxl 
ln!C"1inl 

Or.,. ... 4"'11191. 

p-values 
MPA MPAG 
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Although, dose proportionality is sh.lwn by no significant differences, the mean 
dose corrected AUC for MPA obtained with 4 g dose is about 20% lower than that 
of 2 G dose. MPAG AUC does not appear to be dose proportional, 1.5 g and 2 g 
dose (;.·!e~k 3) are similar. It should be noted that due to small sample size and 
parallel l.'lesign, dose proportionality data indicates lack of evidence against dose 
proportionality. 

An open label, multiple don, safety and dose-finding study of mycophenolate 
mofetll In patients following renal transplantation (CL 68171 

Fifty two (32 males 18 females) patiants (receiving a single cadaveric renal 
allograft) were enrolled at two centers into eight sequential dosage groups. 
Treatment groups were OD administratior. of 100 mg, 250 mg, 500 mg, 1 g and 
1.5 g or BID administration of 1g, 1.5 g and 1. 75 g (total per clay dosing of 2, 3 
and 3.5 grams). Each treatment group had 6 to 7 subjects enrolled and 44 
patients completed the study. Plasma samples were collected on Days 1, 7, 14 
and 20 of dosing; full PK profiles were obtained on Days 1 and 20. 

Pharmacokinetic parameters for MPA and MPAG obtained are summarized in the 
followin Table: 

100 me 2&0 me 500 mo 111 Oil ~ .s 11 ao 1 a bid 
1----+...;oo=---· an _ __.._co=--__ .__ __ _ 

09¥20 
Tmu 

09¥20 
AUC• 

··0oee 
coneciMI 
AUC 

Doy20 
Cmax 

Doy 20 

T""'• 

Doy 20 
C•vu 

r os ng a "" or osmg. 

Ugbld 1.76g 
hid 

J 
• • AUC normalized to 1.0 g OD dosing (i.e 1 g bid is considered 2 g and AUC is multiplied by 21 
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Mycophenoloto Mofolil 

Statistical comparisons of dose normalized AUC showed p values of greater than 
0.05 indicating no significant differences, plot of AUC versus dose for Day 20 also 
suggest dose linear kinetics of myl' 'Phenolate mofetil. However, due to small 
sample size, high variability and r- fallel design results of dose proportionality 
should be considered preliminary It should also be noted that D&y 1 dnta were 
highly variable with mean Tmax being at 10 hours for MPA and 16.4 hours for 
MPGA. 

It was also noted that patients ~rterial and venous plasma samples obtained from 
patients undergoing dialysis suggest minimal dialysis clearance of MPA. 

An lnterstudy Evaluation of the Steady-State Pharmacokinetics of Mycophenolate 
Mofetll In Stable Renal Transplant Recipients: Study RS-61443-000, 
Amendment! tc Study Nos. ICM 1803, ICM/MYC1880/USA, ICM/MYC1912/USA, 
and llD/MYCl2176/U3A. 

Objectives: To determine ( 1) the steady-state pharmacokinetics of orally 
administered mycophenolate mofetil (MMF) in renal transplant recipients; (2) effect 
of a standardized breakfast on the steady-state pharmacokinetics of orally 
administered MMF; (3) diurnal variations in the steady-state pharmacokinetics of 
orally edministered MMF; and (4) intra- and interpatient variability of MMF steady­
state pharmacokinetics. 

Multicenter, multiple-dose, open-label, randomized, two-period crossover study. 
During one period (Regimen A), the morning dose of MMF was administered 30 
minutes before a high-fat breakfast on Study Day 1 and 30 minutes after breakfast 
on Stucly Day 2. During the ot'ler study period (Regimen 8), the morning d1.1se of 
MMF was administered 30 minutes after breakfast on Study Day 1 and 30 minutes 
before breakfast on Study Day 2. In both periods the PM dose of MMF was 
administered 12 hours after the AM dose and 2 hours after "ltart of dinner. 
Following dosing on Study Day 2, blood samples for MPA amt MPAG 
measurem11nts were drawn only at 30, 45, 6~. 75, and 90 minutes after dosing 
(for determination of Cmax and Tmax). 

Fifteen stable renal transplant recipients (7 males and 8 females), having a mean 
age of 45.6 years (range, 30-731 and a mean weight of 75.5 kg (range, 
45.7-129.3), participated and 13 completed both study periods. The two study 
periods were separated by 7-28 days. 
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Results: Data obtained from the full 12-hour profile are summarized below. 

Mean (SDI Pharmacokinetic Parameters (N = 131: 
'"--~--'-~~~~~~~~ 

Patllfll(.!!m. 
MPA 
c_ (µgtmll 
T- (hrl 
AUCo-12 ,. (µg·lir/mll 

MPAG IMPA Eq.! 

Fed !AMI 

23 .2 ( 11.91 13.9 (5.4 7)" 
0.!137 i0.236) 1.88 (1.28)" 
61.3 (28. 7) 56.8 (20.91 

c_ (µgtmU 111 126.51 117 133.4) 
T_ lhrl 2.97 (1.20) 3.19 (1.531 

~~~k!.2.0:1 .. ':!I l!IMl12J: 12621 
lfalillk:olly 19 .... .., dillnnl tom led (llM) -

Fed IPMI 
!Bl 
12.3 (6.40)" 
2.25 (2.061" 
55.0126.5) 

39.a 122.m• 
4. 19 12.631 
890 (2421" 

f_ed IPMI 
CAI 
12.8 (7.01) 
2.22 ,, .37) 
53.5 (24.9) 

97.5 120. 71 
4.46 (2.711 
873 (2091 

The mean C,_ of MPA was significantly lower (about 40%) after administration of 
MMF follawing breakfast as compared with the fasting condition. Under fed 
conditions, Tmax of MPA was also delayed and was significantly different 
compared with fasting. The AUCo-12 " was similar and not significantly different. 
The MPAG pharmacokin&tics were not affected by food. No significant diurnal 
effect on the pharmacokinetics of MPA was observed. However, statistically 
significant reduction in MPAG c_ and AUC was observed \'lo:th PM dosing as 
compared with AM dosing. The intrapatient variability (ANOVA) for MPA AUC and 
C"""' was 17% and 47% compared with interpatient variability of 43% and 41 %, 
respectively . Intra- and interpatient variability for MPAG pharmacokinetics was 
significantly less (13% and 22% for c_ and 11 % and 24% for AUC, 
respectively). However, intra-subject variability is confounded by effect cf food. 
Intra-subject variability was computed by this reviewer, MPA Cmax had about 
15% variability under fasting condition and about 30% variability when MMF is 
administered under fed condition. 

In conclusion, no significant diurnal effect on the pharmav>kinetics of MPA was 
observed. MPAG C,... and AUC were lower after the PM dose. ~:ignificantly higher 
intra- and interpatie 1t variability was observed for MPA pharmacokinetir.s 
compared _with MPAG pharmacokinetics following administration of MMF. 

SPECIAL POPULATIONS 

Pharmacokinetics Safety/Tolerance in Renally-lmpaired Patients 

A Single-Dose Pharmacokinetic Study of Mycophenolate Mofetil in Subjects with 
Normal Renal Function and In Patients with Varying Degrees of Renal Function, 
including Dialysis Patientl! (Study No.: CPP/MYCc2118/USAl 

Study Design: A single-center, open-label, single-dose, parallel design study in 
healthy volunteers and patients with varying degrees of renal impairment (five 
Groups 1-V, see table on the next page), including patients undergoing dialysis. 
For patients undergoing dialysis, samples were collected during the dialysis period 
t•.· 1Jio1~;1vte dialysis clearance. Patients in Group V received a second orc.i dose of 
MMF ,1 .• r a 2- to 3- week washout interval. Patients in Group IV received a 
secot.:. i-, IV dose of MMF after a 2- to 3- week washout interval. 
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Six patients/subjects were assigned to each of the five study groups, except that 
Group IV had 7 patients. Only 4 of the 7 patients in Group IV received the IV dose 
of MMF. The mean weight of the subjects/patient:; was 82.6 kg (range 50-159 
kg). 

Results: Mean MPA and MPAG parameters are presented in the following table. 
MPA C...,. was statistically significantly different among the different renal function 
groups. MPA C...,. in Group IVB was significantly lower than in Groups I and II. A 
trend toward an increase in MPA AUC1.., was observed with increasing renal 
impairment; with 75% higher mean MPA AUC for group with GFR < 25 
mUmin/1. 73 m2 versus voluntee;s with GFR > 80 l'!lUmin/1. 73 1~2 • 

A signiiicant amount of MPAG accumulation was obser,,.ed in the severe renal 
impairment groups (Groups IV and VI as compared with the healthy volunteers 
group. All the MPAG pharmacokinetic parameters except T.,.. and C.,.. were 
,;tatistically significantly different. The A-squared values from the linear regression 
of GFR and AUClast tor MPA and MPAG were about 0.11 and 0.63, rnspectively. 

Dialysis did not affect MPA and MPAG pharmacokinetics, and the timing of dialysis 
relative to dose administration had no effect on the pharmacokinetics of MPA and 
MPAG. Administration of MMF with and without cyclosporine in Groups IVA and 
IVB did not alter the pharmacokinetics of MPA or MPAG. Administration of IV and 
oral MMF to Groups IVA and IVB resulted in similar plasma profiles except for MPA 
C...,.. Other pharmacokinetic parameters were not statistically different suggestjng 
that MMF bioavailability was not affected in these patients. 

In conclusion, MPA C.,.., was significantly different and considerable accumulation 
of MPAG was observed with increased renal impairment. Wean MPA AUC for 
patients with GFR <25 mUmin/1.73 m2 was 75% higher compared to volunteers 
with GFR > 80 mUmin/1.73 m2 • MPA and MPAG pharmacokinetics were not 
altered by dialysis. 
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...... 
Paremeter IMnn :t SOI 
MPA 

SUMMARY TABLE 

Group I Group II Group Ill Group IV (PO) Group VA Group V8 
IN • 61 IN • 61 IN • 61 IN • 71 IN • 81 IN • 81 

T.,,. lhrl 0.75010.2741 0.760 (0.274) 0.760 (0.274) 1.00 (0.408) 0.76010.2741 2.33 (3.78) 
c,... (µgtmu• 
AUC,... (µg·hr/mU 
CLr°'" IL/hi 

25.3 (7.99) 26.013.821 19.0 (13.21 1.6.3 (10.81 18.117.261 7.0712.78) 
45.0 122.81 59.9 (12.91 52.9 125.51 78.8 148.41 78.9 125.4) 80.5 (38.1) 
0.0457(0.334) 0.0393(0.048) 0.801(0.814) 0.12(0.224) 0.0183(0.0321 0.037(0.0821 

RS Excreted (%) 0.287 i0.334) 0.039 (0.049) 0.801 (0.814) 0.120 (0.224) 0.133 (0.251) 0.203 (0.441) 

MPAG (MPA EO.) 
T._ lhrl 
C....,.(µg/mL) 
AUC,.. (µg·hr/mLJ• 
Clte-11 
RS Excreted I 'Iii)" 

Group IV (IV) 
!N • 4) 

1.42 (0.2081 
27.9 16.01) 
287 (47.01 
1.8!i!0.204l 
72.0 (14.51 

MMF 

1.58 (0.2041 
30.5 (8.79) 
428 (21.4! 
1.25(0.092) 
71.8 16.82) 

T- (hr) 0.550 10.196) 
c .... <µgtmLI 6.1011.601 
AUC,... (µg·hr/mU 3.12 (0.8111 
GrOUll 1 • OFR > 80 mUmln/1, 73 m' 
o,_ II • OFR 10-80 ml.lmln/1. 73 rr.' 
Group Ill • OFR 25-49 ml.lmln/1. 73 m' 
Group IV • GFR < 21 ml.lmln/1. 73 m' 
Group VA • GFR < 2& ml/mln/1. 73 m', dlalyala pt.or to -

4.0015.89) 
27.3 (8.93) 
796 !228) 
0.809(0.271) 
69.1 (18.5) 

MPA 

0.717 10.031) 
28.5 i7.?0l 
62.4 (19.3) 

Group VB • GFR < 25 m!Jmln/1.73 m', di.lyaia 1trMd 3 hotn 1ftor doll 

• p < 0.05 

Otlft .. 411 t "'· 

2.43 11.69) 
32.0 (10.61 
1411 18081 
0.257(0.199) 
42.8 (23.3) 

3.0012.611 
37.8113.9) 
1830 17181 
.0376(0.047) 
10.2 (18.21 

MPAG IMPA Eq.) 
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2.06 (1.46) 
33.419.261 
1327 1372) 

2.17 (0.518) 
32.6 (11.2) 
1548 (6591 
0.0222(0.05) 
5.20 18.43) 



THE PHARMACOK!f4ETICS OF ORAL MYCOPHENOLATE MOFETIL CRS614431 
AFTER SINGLE AND MULTIPLE DOSING (3.0g/DAYI IN RENAL TRANSPLANT 
PATIENTS WITH PRIMARY NON-FUNCTION (Study No.: CPP/MYCc024/EURI 

Study Design: This was an open-label, non-comparative study in patients IN= 81 
with primary renal allograft non-function who were enrolled 24-96 hours post­
transplant and on the day after their first dialysis session. Patients were on 
niycophenolate mofetil, 3g/day (6*250 mg capsules bid) for 28 days. 

Pharmacokinetic profiles of MPA and MPAG were determined for study days 1, 7, 
14, 21 and 28. 

Results: 

Porometer/Units MPA 

Dey I Oay7 Dey 14 Dey21 Dey28 ANOVAp -
Mean AUC,.,,lmc:g'hlml 28.0 37.8 54.2 31.3 52."7 0.050 
(SDI no.21 (15.61 (30.2f (0.651 C16.71 

Meen c...Jmc:glml 7.71 6.15 8.2 7.86 13.1 <0.001 
(SDI (2.841 (2.661 (3.451 I 41) (2.661 

- c:_tmc:g/ml NC 2.58 4.25 I 2.85 0.389 
CSDI (1.241 (3.521 81 Cl.131 

c 

Mean c_/mcg/mL NC 3.14 4.52 2.81 4.39 0.387 
(SDI (1.301 (2.511 (.0541 Cl.391 

P.,_te</Units MPAG 

Dey 1 Dey 7 Dey 14 0ey21 Day 2a AHOVAp -,___ 
Mean AUC,.,,lmca'hlml 448 3414 2245 211"4 18'13 <0.001 
(SDI (1431 C14011 C10001 (86.31 i5001 

-~ml 54.2 381 278 279 181 <0.001 
ISDI (17.11 (1251 11241 (5.791 (55.71 

MeWI c...Jmcg/ml NC 293 200 254 123 0.008 
(SDI 11101 !1151 135.81 (33.41 

Mean C..Jmc:g/ml NC 2~~ 187 237 137 0.028 
(SOI I f11?J (03.31 15.441 142.11 

The resulti> :T;:;t;;., above) indicate that plasma concentrations of MPAG 
acco;;-,u:ared in patients with primary non-function of their renal grafts but the 
accumulation ot MPA was smaller. The accumulation of plasma MPAG seemed to 
reach a maximum between 7 and 21 days following the onset of treatment. In 
most patients the plasma MPAG concentrations had begun to diminish by Day 28, 
probably due to regaining of renal function. 

Results alsp indir.ated tha! .1emodialysis removed MPAG from the blood of patients 
with MPA6 plasma concentrations greater than 100 mcg/ml. 

Dfeh ... 4111195, 16 
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Pharmacokinetics in Hepatic:ally-lmpaired Patients 
Two studies (CPP 026 and CPP 0301 were conducted with 1-g single doses of 
MMF given orally or IV, respectively, to patients with alcoholic cirrhosis of the 
liver. The oral study used groups of cirrhotic patients with varying degrees of 
hepatic impairment and included a group of healthy volunteers. The IV study used 
patients with severe hepatic impairment. 

INVESTIGATION OF MYCOPHEHOLATE MOFETIL PHARMACOKINETICS 
FOLLOWING A SINGLE ORAL DOSE OF 1 GRAM TO VOLUNTEERS WITH 
VARYING DEGREES OF HEPATIC IMPAIRMENT !Study No.: CPP/MYCc026) 
Cpen label, parallel group, single dose study in 24 subjects (aged 40-59 years) in 

hepatic impairment patients as assessed by the aminopyrine breath test (APBT). 
Six each were assigned to the following 4 groups: no impairment, mild impairment 
(APBT 0.4-0.6% DOSE), moderate impairment (APBT 0.2-0.39% DOSE), :;evere 
impairment (APBT <0.2% DOSE). 

Results: Results are presented in the t<..llowing Table: 

Param9ter MPA 

pvalue 
A 8 c D from 

ANOVA 

AllC._. (mcg"hhnl) 29.0 21.8 36.6 31.0 0.053 

c (~ 24.3 15.1 30.8 ~1.3 0.015 

T-lh> 0.625 1.08 0.708 ~.750 0.445 

RSEx..-(%) 0.645 0.253 1.01 1.66 0.143 

CIJ0.96 (I.Al) 0.156 0.073 0.199 0.435 0.079 

.,..., .• i1PAG 

pVlllue 
A 8 c D from - ANOVA 

Alic,.. (mcg'Mnl) 231 202 387 207 0.001 

c_ (mcg/ml) 31.4 24.8 43 ;co.a 0.013 

T-lh> 1.33 2.38 1.75 1.67 0.131 

RS Exoeted (1') 46.7 45.1 70.9 76.7 <0.001 

~(I.Al) 1.48 1.67 1.49 3.01 0.013 j --"""'9: A• nu .,...,..,r-... ti•_, ... = u•-a 

No consistent trend on the AllC of MPA compared to heal\hy volur.teers was 
noted (Table above), although the moderately impaired group showad si\}nificantly 
higher AUC than those observed in mildly impaired grollp. The C....,. of MPA was 
significantly different between severely impaired vs moderately impaired 
(p = 0.0411, moderately impaired vs mildly impaired (p = 0.002) and mildly impaired 
vs healthy .itubjects Ip= 0.048). 
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Hepatic impairment significantly affected the C,... lp=0.013), AUC (p<0.001) and 
renal clearance of MPAG (p = 0.013). ABPT is a measure of oxidative phase I 
metabolism and MPA is primarily cleared by glucuronicJe. Thus a hepatic measure 
other than APBT may be more usefi..l!, however, in absence of any validated 
measure for glucuronyl transferase activity ABPT has been used. 

INVESTIGATION OF MYCOPHENOLATE MOFETIL PHARMACOKINETICS 
FOLLOWING AN INTRA VENOUS INFUSION OF A 1 GRAM DOSE TO VOLUNTEERS 
WITH SEVERE HEPATIC IMPAIRMENT (Study No.: CPP/MYC030/GER) 

Hepatically impaired volunteers (N = 6) with aminopyrine breath test results less 
than 0.2% of dose, aged between 18-65 years enrolled and completed this open 
label, single dose study. All subjects had a diagnosis of hepatic impairment 
resulting from alcoholic cirrhosis ar,d had previously participated in study 
CPP/MYC02S. Single intravenous dose of 1 gram given as a 40 minute infusion (6 
mg/ml in 5% dextrose solution). 

Results: Results are summarized in the following Tabie: 

Parameter MMF MPA MPAG 

AUC,... (mcg"h/ml:!:.SD) 1.64:!:.0.642 44.1;!:15.5 185:!:.45.6 

Clearance (Umin;tSD) NC NC 0.0655:!:.0.0215 

c_ (rncglml:!:.SD) 3.25:!:.1.24 39.0:!:.10.6 28.1;!:6.89 

Half-life (h,:tSD) NC NC 5.49:!:3. 73 

% RS Excreted (%:!:.SD) NC 1.J5:!:.1.35 64.7,:t61.1 

Cl,0-96 (IJh.:tSO) NC 0.254:!:.0.303 2.45,:t1.69 

"""·"°'dE&ed 

In general, hepatic glucuronidation processes appear to be unaffected by hepat'-: 
parenchymal di$E!ase (alcoholic cirrhosis). However. h!!patic disease with 
predominantly biliary damage, such as primary biliary cirrhosis, may show a different 
effect. 
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Comparing the oral data and i.v. data: 

Parameter MPA MPA MPAG (l.v.) MPA'3 
(i.v) (Or.'81) (oral) 

AUC1oot 44.1±15.5 31.0 185~_45.6 207 
(mcg*h/mL:tSD) 

c_ (mcglmL.:tSD) 39.0±10.6 21.3. 28.1.:tS.89 26.8 

Half-life (h:!:SD) NC NC 5.49±3.73 NC -
% RS Excreted 1.~5±1.35 1.66 64.7±61.1 76.7 
(%+SD). 

Ct,0-96 (llh:!:SD) 0.254:!:0.303 0.435 2.45,!1.69 3.01 

Diminished hepatic extraction of MPA may be responsible for the relatively high MPA 
AUC following IV admin;stration in the severely hepatically impaired group. However, 
following oral administration to these patients, an increase in the MPA AUC may be 
counteracted by a corresponding reduction in the amount of extracted drug to 
undergo ent,erohepatic circulation. 

MMF Pharmacoklnetics and Plasma Levels In Patients 

Investigation of the tlnKi f'CK!Ulred, post survery, to achieve stable bloavallablllty 
following single oral doses of mycophenolate mofetil In renal transplant 
patients (Study No.: CPPIMYCc027/GB) 

Study Design: Open label sequential design. Subjects (N=11 M::7, F=4) received a 
single 1.5g_oral dose on Day 2 and Day 5 following renal transplantation and again 
on a third day between 2 and 6 weeks post-tr&nsp18nt when the patient was In a 
stable medical state (Day n). Objectives were to identify the post-operative day on 
which the pharrnacokinetic (PK) profile, following single oral do.."'tls of mycophenolate 
mofetil (MMF} becomes stable in renal transplant patients receiving cyclosporin A 
monotherapy or cyck>sporin plus cm' .xisteroids. 

Six subjects terminated from the study prematurely. It is planned that a minimum of 
10 evaluable subjects with PK assessments cm Day 2 and Day n will eventually 
complete the study. 
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Results: The PK parameters from the interim report are summarized below: 

Me.Vl 1'1arameters MPA ANOVA MPAG ANOVA 

Ooy2 Doy 5 Davn PYMA o.., 2 o.., 6 Doyn p v.iu. 

C...Cmcg/mU 9.28 13.9 19.0 0.458 42.5 64.9 73,8 0.020 
.,t.8.90 +10.0 _t.2.34 .t.10.7 +14.4 +18.5 

AUC Cmcg"h/mll 36.6 70.2 47.7 0.691 ~3 228G 1030 0.186 
_t.15.8 .t.101 .t.13.7 _t.1056 .±.210& .t.74.0 

AUC,,.. lmcg"hlmll 26.0 28.1 40.8 0.473 888 1208 928 0.199 
+11.7 _t.9.37 .t.16.3 +320 +821 +19.8 

'•(hi 40.8 120 17.7 0.648 28.0 33.7 10.3 0.408 
_t.37.4 ,;!:.263 ,;1:.6.69 .t.25.1 .±.31.9 .:1,.2.47 

r_Chl 1.68 1.18 0.833 0.410 7.48 3.99 3.68 0.1123 
.±.1.19 ;!_1.09 +0.2119 ,;!:.10.2 .±.3.96 .±.0.573 

V.._ ore shown.±. SD 

The MPA plasma concentrations were highly variable between subjects in the 
period immediately after renal transplantation. 

For MPA, mean Cmax and Aue_ tendecl to increase and T112 teuded to decrease. 
For MPAG T112 decreased and Cmax tended to increase whereas, AUC1nt was 
similar o;: three occasions PK was studied. Incomplete absorption does not seem 
to be the reason for lower MPA Cmax and AUC in the initial period after 
transplantation (since MPAG AUC,. for Days 2,5 and n were similar}. 

One subject had a severe urine leak which rosulted in further surgery and death. 
This event was not ettributed to study drug. 

PHARMACOKINETICS IN PATIENTS (SUB-STUDIES OF CLINICAL TRIALS) 
In four pivotal cl:nical trials blood samples were collected to study 
pharmacokinetics of the drug. Samples for full profiles were collected in study 
MyCc1 ~66 wherees, in the other three studies only trough level samples were 
collected. 

Randomized, Double-Blind Comparative Study of Two Dolies of Mycophenolate 
Mofetil or Azathloprine Each in Combination with Cyclosporine and Corticosteroids 
for the Prevention of Rejection in Recipients of Their First Cadaveric Renal Allograft 
Study No.: ICM MYCc1866/USA: July 1992-4 March 1994 (interim cutoff date) 

Study Design: This was a multicenter, double-blind, randomized, comparative, 
parallel-group study conducted at 14 centers. All patients were to receive. standard 
immunosuiPressive treatment including cyclosporine and corticosteroids, as well 
as antilymf)hocyte induction thtirapy. Patients were randomized to receive MMF 
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1.0 g bid lllllMF 2 g), MMF 1.5 g bid IMMF 3 g) or AZA 1-2 mg/kg per day, 
starting within 4C hours posttransplant. 

Four hundred ninety-nine patients (288 males and 211 females) 18-76 years -:>f 
age were enrolled in the study (166 AZA, 167 MMF 2 g, and 166 MMF 3 g). One 
hundred fifteen patients withdrew from the study prematurely (37 AZA, 35 MMF 2 
g, and 43 MMF 3 g). 

At selected study centers, routine blood samples ware collected at specified times 
(Day 1, 5 and last day before discharge from the hospital) for determination of 
mycophenolic acid (MPAI and mycophenolic acid glucuronide (MPAG) 
cont.entrations, and pharmacokinetic parameters. Additionally, blood samples were 
to be collected in the event of a serious adverse event or a rejt. :tion episode. 

Results: 
The pharmacokinetic parameters obtained al'e summarized in the following table: 

MPA 11 G bldl MPA 11.li Gbldl 
M.111\IS.D.I o.., 1 0.., Ii 0.., I.Mt . 0.., 1 o.., Ii o.., i..t 

IN•3.21 IN•211 (N• 191 IN•291 IN•201 IN• 20! 

11max lllrl 4.24 1.33 1.28 3.22 1.311 1.86 
14.081 10.7831 10.7241 13.78) 10.958) 12.461 

c._ (pg/mlJ 4.72 7.02 9.61 8.09 11.9 11.7 
14.!IOI (3.43) 18.331 l!i.47) 18.821 lf.92) 

•UC... (/Jg·hrhnU 13.3 21i.O ( 28.3 20.8 39.7 35.9 
18.111 12.81 19.lilil 112.81 121.21 118.61 

:r- AIJC (jig·hr/ml) 13.3 25.0 28.3 20.8 39.7 35.9 
18.111 112.8) 19.551 112.111 121.21 1111.51 p·- MPAG 11 G bldl MPAG 11.5 Gbldl 

-1s.o.1 0.., 1 Dey Ii 0.., i..t 0.., 1 Inv Ii 0.., i..t 
IN•311 !N•211 IN•191 !N•291 !N•20I IN• 20I 

max lhrl 7.53 2.56 3.59 7.1 2.44 2.60 
13.891 11.1191 12.1141 14.33) 11.211 11.231 

- ll'Dfml.J 23.1 e::.o 97.1 29.0 95.1 99.8 
110.61 125.41 187.31 118.91 142.7) 146.41 

Aue_ (jig·lv/ml) 180 824 912 229 1114 890 
193.91 12741 18881 11421 14451 13411 

Mii AIJC llig·lwlmll 180 824 912 229 914 890 
193.91 12741 18881 (1421 14461 13411 

The C.,.. and AUC of MPA appeared to be dr-se proportional and ach!eved steady 
state by Day 5 of dosing, while MPAG C.,.. end AUC were similar for the 1.0 g bid 
and 1.5 g bid dose g;oups on multiple dosing (last day before discharge}. 
ln conclusion, as noted in other studies MPA AUC and Cmax are about one half 
compared to those observed In healthy volunteers. Additionally, it is noted that 
mean AUC for MPAG was similar for 1 and 1.5 G doses. It should also be nott1d 
that for a same given dose, MPA AUC were about one half of that observed in 
Japanese population (study NSK 2411001. 
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A Randomized. Double-Blind, Multicentre, Placebo-Controlled Study of the Addition 
of Mycophenolate Mofetil CRS-61443) to Cyclosporine anJ Oral Corticosteroids for 
the Prevention of AC'Jte Rena! Allograft ~ejection Episodes (Study No.: 
MRE/MYCcOZVEURI 

Study Design: This was a double-blind, randomized, multicentre, placebo­
controlled study with three treatment arms. A total of 491 patients 1304 male, 
137 female; age range, 18-73; 166 placebo, 165 MMF 2 g, and 160 MMF 3 g) 
were enrolled. More than half of the patients in each treatment group had been 
treated in the study for over 6 months. Pharmacokinetic trough samples were 
cbtained from 126 patients. 

It should however be noted, that according to the sponsor, PK data was not 
collected· under strict supervision and is not considered reliable in this stu::ly. 

Routine trough blood samples were collected at Week 12. Samples were also to 
be collected in the event of a serious adver2e event or rejection episode. Dr. 
Pichlmayr's center collected samples at 1,2,4 and 12 hours at his discretion. 
These data were not included in this interim report however, the sponsor plans to 
include that data in the final report. 

Results: The mean trough concentrations of MPA and MPAG at Week 12, were 
2.853 pg/ml and 59.59 J.19/n1l, respectively for the 2 g group and 5.474 pg/ml 
and 82.97 µg/ml, respectively for the MMF 3 g group. Data are indicative of 
increase in Cmin concentrations with increase in dose. However, it should be 
noted that according to the sponsor, PK data was not collected under strict 
supervision and is not reliable. 

The serum creatinine and calculated creatinine clearance reported for the three 
groups of patients are: Placebo 1.6 mg/dl and 56. 1 mUmin; MMF 2 g group 1.43 
mg/dl and 59.9 mUmin; and MMF 3 g group 1.48 mg/dl and 62.8 mUmin. 

A Handorriized, Double-Blind, Multlcenter Comparative Study of the Addition of 
Mycophenolate Mofetll (RS-61443) vs. Azathloprine to Cyclosporine and Oral 
Steroids for Management of Renal Allograft Recipients Immediately Posttransplant 
for Prevention of Rejection (Phase O and long-Term Management after Year One of 
Transplantation CPhase II) (Study No.: llCR/MYC023nNT ) 

A multicenter, double-blind, randomized, comparative, parallel-group study, 
stratified by center and first and second renal allograft. Five hundred three 
patients (303 males and 200 females, 161 patients AZA, 171 MMF 2 g, and 164 
MMF 3 g). One hundred thirty-eight patients had terminated prematurely by the 
time the interim report was submitted. 

Routine blood samples were collected at Week 12. Blood samples for the analysis 
of MPA and MPAG concentrations were also collected in the event of an adverse 
event resulting in withdrawal, or in the event of a serious adverse event or a 
rejection EJPisode. 
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Results: Pharmacokinetic blood trough sampling was introduced in March 1993 
(amendment 3 to protocol) and 32 samples were obtained from 30 patients in 2 G 
group and 21 samples from 19 patients in 3 g MMF group. 

At week 12, the mean MPA and MPAG concentrations in patients taking MMF 2 g 
were 3.00±4.44µg/ml and 53.6±25.7 µg/ml, respectively. In patients taking 
MMF 3 g, these concentrations were 5.40±6.25µg/ml and 76.7±32.Sµg/ml, 
respecti-,,ely: Due to wide interpatient variability observed for trough MPA and 
MPAG concentrations at given MMF doses, meaningful conclusions could not be 
drawn from pharmacokinetic data. However, these results seem to bo comparable 
to those observed in study #022. 

The mean serum creatinine and calculated creatinine clearance (at week 12) 
reported for the three groups of patients are: AZA 1.67 mg/dl (n == 13d) and 57 .6 
mUmin; MMF 2 g ~•oup 1.6 mg/dl (n = 146) and 59.0 ml/min; and MMF 3 g 
Group 1.49 mg/dl ln=142) and 61.7 ml/min. 

Pediatric Renal Transplant Patients 

An open-Label, Dose-Ranging Pharmacokln9tic, Safety, and Tolerance Study of 
Oral Mycophenolate Mofetil in the Prevention of Rejection in Pediatric Renal and 
Hepeti.; Allograft Recipients !Study No.: (llD/MYCc2190/USA)) 

Ongoing, nonranJomized, ascending-dose, multicantar, 3-year, open-label study. 
Patients were assigned to one of thre\'.l age groups (3 months to < 6 years; 6 
years to < 12 years; and 12-18 years/ and received one of three dose levels of 
oral MMF (15 mg/kg bid, 23 mg/kg bid, or 30 mg/kg bid). 

Objsctives were to assess in pediatric renal and hepatic allograft recipients the 
pharmacokinetics of oral mycophenolate mofetil (MMF) during tile first year of 
treatment and the safety throughout treatment for up to 3 years for each of the 
three dosejevels in each of three aga groups. 

Fourteen renal allograft recipients 18 male, 6 female; aged 2-18 years) w;!h a 
cumulative time on treatm~nt ranging from 6 to 166 days had enrolled by cutoff 
date. 

MMF for oral dosint was provided in 250-mg capsules. MMF for IV administration 
was supplied in a sterile vial contairiing 542 mg of lyophilized MMF hydrochloride 
(equivalent to 500 mg of MMF). 

Results: IV Pharmacokinetics. Limited pharmacokinetic data (Table 7i for MMF at 
doses of 15 and 23 mg/kg bid in a pediatric population have been p1esented. No 
patient has died, developed a malignancy, or discontinued treatment with MMF as 
of the cutoff date . 

The sponsor plans to dose escal:!lte MMF up to 30 mg/kg bid !not to exceed 1.75 
G bid). 30 /hg/kg in children is equivalent to about 2 G bid in adults. Based on 
data in adults, 1.0 G bid is adequate and safer compared to 1.5 G bid. Therefore, 
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it i• recommended that in pediatric petiftnta dose should not be exceeded beyond 
15 mg/kg bid, unleu e rationale for higher dose• I• provided by the sponsor • 
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DRUG INTERACTIONS 
Acyclovir (Study# CPP/MYCc2188/l!SA): 
Following single dose concomitant adminbnration of mycophenolate mofetil (1.0 g) 
and acyclovir (Zovlr:ix9, 800 mg) to twelve healthy volunteers, mean ± SD MPA 
AUC and Cmax were 62.0 :t 24. 7 pg*h/ml and 21.9 :t 8. 74 pg/ml, respectively 
compared to 57.0 :t 15.7 pg*h/ml and 21.1 :t 9.3S pg/ml, respectively when 
mycophenolate mofetil was administered alone. The mean :t SD AUC and Cmax of 
MPAG were 314 :t 60.1 pg•h/ml and 28.9 :t 8.12 pg/ml, respectively compared 
to 289 ± J'l.O pg•h/ml and 27.30 :t 7.99 pg/ml, respectively when 
mycophenolate mofetil was administered alon•'· The mean :1: SD AUC and Cmax af 
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acyclovir after co-admin:t•.cation wero 6577 ± 2245 ng *h/ml and 1126 ± 458 
ng/ml, respectively compared to values of 520~ ± 1797 ng *h/ml and 957 ± 
330 ng/ml, respectively after administration ol acyclovir alone. 
MPAG and Acyclovir plasma AUCs were increased 10.5% and 33.S%, 
respectively. Because MPAG and acyclovir plasma concentrations <1re increased in 
the presence of renal impairment, the potential exists for the two drugs to compete 
for tubular secretion resulting in further incr1:1ases in concentrations of acyclovir 
and MPAG: 

Antacids containing magnesium and aluminum hydroxides (Study #: ICM 1725): 
Ten rheumatoid arthritis pat!ents who were administered Maalox TC !10 ml QID) 
received 1.! single dose of mycophenolate mofetil (2.0 g). The mean ± SD MPA 
AUC(0-241 and Cmax !lfter concomitant administration were 66.5 ± 24.6 
µg*hfml and 14.8 ± 6.74 µg/ml, respectively compared to 79.9 ± 23.0 µg*hfml 
and 23.8 ± 11.6 µgfml, respectively after administration of mycophenolate 
mofetil alone. The Cmax and AUC(0-241 were 33% and 17% lower, respectively 
when mycopholate mofetil was administered with Maalox TC compared to when 
mycophenolate mofetil was administered under fosting conditions. MMF is not 
recommended to be taken simultaneously with antacids containing magnesium and 
aluminum hydroxides. 

Cholestyramlne (Study #: CPP/MYCc059/GB): 
Following single dose administration of 1.5 g mycophenolate mofetil to 12 healthy 
volunteers pretre3ted with 4 g TIO of cholestyramine (Ouestran• Al for 4 days, 
the mean ± SD MPA AUC and Cmax afi.Ar concomitant administration were 44, 10 
± 6.48 µg*h/ml and 28.3 ± 12.0 µg/ml, respectively compared to 72.5 ± 18.8 
µg*h/ml and 30.1 ± 5.90 µgfml, respectively after administration of 
mycophenola•. m.:>fetil i..•one. The mean ± SD MPAG AUC and (;max after 
concomitant administration were 337 ± 125 µg *h/ml and 46.0 ± 12.8 µgfmL, 
respectively compared to 513 ± 210 µg*h/mL and 44.5 ± 19.5 µg/ml, 
respectively after administration of mycophenolate mofetil alone. 
MPA AUC decraased approximately 40%; this decrease is consistent with 
interruption of enterohepatic recirculati'ln which may be due to binding of 
recirculating MPAG from the intestine t.y cho!estyramine. MMF is not 
recommended to be given with cholestvramine or other agents that mi.1y interfere 
with enterohepatic recirculatio,1. 

Cyclosporine A (Study #: MYCS2308) 
Single and multiple doses of MMF ( 1 . 5 g BID) were administered tu 10 stable (at 
least 3 months post transplant) renal transplant patients who were stabilized on 
cyclosporine A (Sandimmune•) (at doses of 275 to 415 mg/day in divided doses). 
The mean ± SD cyclosporine A AUC(0-1 21 and Cmax after single dose of MMr 
were 3512 ± 987 ng *h/ml and 699 ± 224 ng/mL, wspectively compared to 
values of 3245 ± 1088 ng*h/ml and 700 ± 246 ng/ml, respectively one weC'k 
before administration of mycophenolate mofetil. The mean ± SD AUC(0-121 and 
Cmax of cyclosporine A after 14 d;iys of n ,ultiple doses of mycophenolate mofetil 
were 3290 ± 822 ng "h/ml and 7~;3 ± 161 ng/ml, respectively compared to 
3245 ± 1~88 ng*himl and 700 ± 246 ngfml, respectively one week before 
administraliion of mycophenolate mofetil. The effect of cyclosporine. A on MMF 
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concentrat!ons could not be evaluated in this study. However, the concentrations 
of mycophenolic acid in this study were similar to that observed for healthy 
volunteers. 

Ganciclovir (Study #: llD/MYCc2180/USA): 
Following single dose administration of mycophenolate mofetil (1.5 g) and IV 
ganciclovir ( Cytovene•, 5 mg/kg) to 12 stable renal transplant patients, the mean 
± SD AIJC and Cmax of ganciclovir (n= 101 after co-admi11istration were 54.3 ± 
19.0 µg *h/mL and 11.5 ± 1. 75 µg/ml, respectively compared to values of 51.0 
± 17.0µg*h/ml and 10.6 ± 1.97 µg/ml, respectively after adm!nistration of IV 
ganciclovir alone. The mean ± SD AUC and Cmax of MPA (n = 121 after co­
administration were 80.9 ± 21 .6 µg*h/ml and 27.8 ± 13.9 µg/ml, respectiV'ely 
compared to 80.3 ± 16.4 µg*h/ml and 30.9 ± 11 .2 µg/ml, respectively after 
administration of MMF alone. In renally impaired patients, MPAG and MPA plasma 
concentrations are increased so are ganciclovir concentrations; therefore, the 
potential exists for the two drugs to compete for tubular secretion and thus 
increases in the concentrations of both drugs may occur. 

Oral contraceptives (Study#: MYCS23081: 
Following single dose administration of mycophenolate mofetil ( 1.0 g) and two 
tablets of Ortho-Novum• 11717 (1 mg norethindrone (NET] and 35 µg estradiol 
ethinyl (EE]) tc healthy women, no pharmacokinetic interaction was observed 
between mycophenolate mofetil (1.0 g) and two tablets of Ortho-Novum• 7/7/7. 
The mean ± SD AUC and Cmax of norethindrone (n = 14) after co-administration 
were 90564 ± 44420 pg*h/ml and 14985 ± 5459 pg/ml, respectively 
compared to values of 83887 ± 47078 pg*h/ml and 13094 ± 2861 pg/ml, 
respectively after administration of Ortho-Novum• 11717 alone. The mean ± SD 
AUC and. Cmax of ethinyl estradiol (n = 15) after co-administration were 4455 ± 
1460 pg *h/ml and 494 ± 193 pg/ml, respectively compared to values of 4357 
± 1189 pg• html and 449 ± 1 16 pg/ml, respectively after administration of 
Ortho-Novum• 71717 alone. The mean± SD AUC and Cmax of MPA (n= 14) after 
co-admi' !<;tration were 65.9 ± 20.4 µg *h/ml and 23.9 ± 8.0 µg/mL, respectively 
compared to values of 69.9 :t.: 15.3 µg *h/ml and 16.2 ± 13.0 µglml, 
respectively after administration of MMF alone. 

The study desigr. did not allow the evaluation of the effect of long term MMF use 
on the pharmacokinetics of oral contraceptives. Therefore. even though this single 
dose study demonstrated no gross pharmacokinetic interaction, the possibility of 
changes in the pharmacokinetics of the oral contraceptive under long term dosing 
conditions with MMF which might adversely affect the eff;cacy 0f the oral 
contraceptive cannot be ruled out. 

Trimethoprim/sulfamethoxazole (Study #: CPP/MYCe028/GB): 
Following single dose administration of mycophenoiate mofetil (1.5 g) to twelve 
healthy male volunteers on day 8 of a 10 day course of Bactrim• DS (trimethoprim 
160 mg/sulfamethoxazole 800 mg) admini~tered BID, no effect on the 
bioavailability of MPA was observed. The mean ± Sl:l MPA AUC and Cmax after 
concomita~ administn.tion were 75.2 ± 19.8 µg*h!ml and 34.0 ± 6.5ti µg/mL, 
respectivelif compared to values of 7!'.l.Z 1 27.9 µg*h/ml and 34.2 ± 10.7 
µg/ml, respectively after administrncion of MMf ;:!;:;;oe. 
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Trimethoprim/Sulfamethoxazole may not be a good representative of drugs that 
may alt~c the gastrointestinal flora. The.refore, although no significi:int effect was 
obsarved on MMF bioavailability when co-administered witti Bactrim, ,.·»her drugs 
that alter the gastrointestinal flora may alter the biovailability of MMF by disrupting 
the enterohepatic recirculation of MPAG. Interference of MPAG hydrolysis may 
lead to less MPA available for absorption. 

POPULATION ANALYSIS 
Summaries of pharmacokinetic parameters o 'I\ arid MPAG (AUC and Cmax) 
were prepared by race and gender. Descripti, . . '.'ltistici> obtained are presented in 
Table 8 for healthy volunteers and in Table ~for renal transplant patients. For 
these analytoes, the pharmacol.inetic variables AUCi.., and C_. for dosos other than 
1 g were adjusted to a 1-g MMF dose. Also, patients with delayed gr1:1ft function 
were excluded. 

Age. There were only 4 patie11ts aged over 65 years, which are insufficient to 
allow SufJ-group analys;s. Da•.a for these patients are provided in Appendix 2 
(retained in the Division of 8iopharmaceutics). 

Gender: In healthy volunteers, for both MPA and MPAG (Table 81, females had 
slightly higher values of AUc;.., and c_ than males. Significant differences 
(p < 0.05, t-test comparison) between males and females were found for 
observed MPA AUc ..... MPAG AUC..., and MPAG c_ but none of the body-weight 
adjusted parameters ( body weight adjusted to 70 kg) were significant. 

In patients, mean (SDI MPA AUC0 _ 12 for males was 32.0 (14.5) and for females 
was 36.5 (10.6) µg•h/ml while mean (SDI MPA C..,.. was 9.96 (6.191 in the males 
and 10.6 (5.64) µg/ml in the females. There does not appear to be difference 
between male and female renal transplant patients with respect to the 
pharmacokinetics of MMF. 

Body Weig_ht: Steady state observed paramet~rs were not s ~nificantly different 
between males and females for either MPA or MPAG AUCo-12 and C.,... However, 
weight adjusted MPAG AUCo-12 and C,,... (1.5 G bid dose only) were different 
(p < 0.05). Weight-adjusted MPA AUC012 and c_ showed no statistically 
signific'ilnt differences indicating that the body weight and gender effects in renal 
transplant patients may be very small. In contrast, in healthy subjects body weight 
dirl seem to account for gender-related differences in MPA AUC. 

Thus a correlation existed between weight and MPA pharmacokinetic parameters 
for healthy volunteers but not in renal transplant patients. A weight relationship in 
patients may be obscured by other factors such as pathophysiologic status and use 
of concomitant medication. 

Race: The majcrity ( 1551186, 83%\ of the healthy volunteers were Caucasian. 
Pharmacokinetic parameters were tabulated by race. These data were not 
subjected to a formal statistical analysis (Tables 8 and 9). 
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In renal transplant patients, thare were 69 Caucasians, 9 blacks. 41 Asians, O 
Hispanics, and 1 other) allowed the Asian and Caucadian $Ubgroups to be 
:ompared. The Asian subgroup had high AUC0 _ 12 and C,... values relative to the 
Caucasian group. However, the Asians weighed substantially less. the mean (50) 
weight of the Asians was 54.6112.7) kg, while that of the Caucasians was '12.8 
(16.01 kg. so that any racial difference was confounded by weight. 

However, although there were very few blacks in healthy volunteers or patient,;, 
black males appear to have a 50% reduction in AUC and Cmax compared to black 
females or caucasians (Tables 8 and 9). It should aiso be noted that based on 
clinical data in a limited number of blacks, it appears thst giving a 3 G daily dose 
reduced the rejection rate to 24% compared to 39% in 2 G daily dose group. 
However, .Probably due to the very few subjects, Chi-squared test (performed by 
Dr:. Flyer, Biometrics) comparing 3 G and 2 G rejections for caucasians and blacks, 
was not significantly different. 

Multivariate Analysis of AUC (Age, Weight. Albumin, anu Other Variables, in 
healthy subjects): 
The relationship between age, other variables, and the pharrnacokinetics of MMF 
was also explored by a multi-variate analysis . 

Figures ti and 6 are scatterplot matrix presentations for the relationships discussed. 

For MPA, both age and 70/Body Weight were highly significantly correlated with 
MPA AUC (r2 = 0.485, n = 1651 although a greater part of the observed variation 
was still not .explained by these factors. 

Albumin and creatinine clearance were added to a multiple regression model (see 
Tables 12 and 13. For MPA AUC, age accounted for the major part of the 
variance, with creatinine clearance accounting for the majority of the remaining 
explainable variance (r2 = 0.46, n = 111). 

Step-wise regression analysis indicated that the addition of the liver enzyme SGPT 
and total calcium to the original variables, age, creatinint.' clearance and albumin 
yielded an r2 of 0.53 (n = 981. A major proportion of the variance ii: accounted for 
by age. The same analysis of the MPAG data included 7 terms but provided an r2 

of only 0.29 (n = 981 (see Tables 14 and 151 . 

In conclusion, for healthy subjects, multivariate analysis indicates that age and 
weight (particularly age) are important factors for MPA AUC. MPAG AUC was 
poorly correlated with an'.' var:_ble. 

Multivariate Analysis of AUG (Age. Weight. Albumin, and Other Variables, in renal 
transplant patients): 
Figures 7 and 8 -·e scatterplct matrix presentations for the relationships discussed. 

Age and B?dy W>:. ... nt wne both correlated with MPA AUC0-12• although a 
substantiaf part of the observed variation was not explained by these factors 
(r2 = 0. 11, n = 223). 
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Albumin and 70/Body Weight (for MPA) were significantly correlated with AUCo.12, 

but the r2 value of 0. 19 (n = 107). 

Using a Step-wise regression mixed approach an r2 of 0.54 In = 81) was 
achieved; however, this model was not a simple model. (Tables HI and 19). 

A model with 5 terms (albumin, BUN, alkaline phosphatase, crerJtinine clearance, 
and triglycerides) provided a more plausible description of the rJata (r2 = 0.4 7, n = 
81, see Table 20 and 21. Dropping any one of these terms (including triglvcerides) 
caused the mrdel not to fit. 

In conclusion the data provided a confirmation of the relatlonship between renal 
function, (positive correlation with BUN and creatinine clfiarance) for both MPA and 
MPAG AUC0-u· Black males (N=41 had 50% lower AUC and Cmax compared to 
black females or compared to caucasians and should be further explored. Dose 
adjustment on the basis of body weight is not supported in adults. 

Concentration Effect Relationt.hip 
Logistic regression modelling was done using data from study NSK 24/100 (dose 
range of 1 g/day to 4 g/day), a fit between plasma MPA AUCo.12 and the 
probability of rejection was obtained. The parameters obtained from logistic 
regression modelling (NSK 24/100) fit were applied to data obtained in study 1866 
(pivotal clinical trial). Predicted rejections (summation of probabilities for all 
patients in 1 G and 1.5 G dose) were obtained and compared to observed 
rejections. The analysis presented in the NOA showed that the observed number 
of n'ljections was simila~ to what was predicted based on NSK 24/100 data. This is 
disc.ussed in detail in Appendix 2 (report by Raymond Miller, Ph. D.). 

No similar roletionships have been obtained for safety events. However, plots of 
plasma concentrations taken at the time of serious adverse events during these 
~rials revealed a weak association between elevated MPAG concentrations and 
certain ad1tPrse events (leukopenia and CMV infections); this is further discussed in 
Appendix 3. 

Logistic regression modelling of : 866 data (performed by this reviewer) did not 
result in a good correlation between AUC and rejections. It should also be noted 
that in the final PK report of MYCc 1866, 18 patients were excluded from the 
analysis because AUC val..ies were in question due to reliability of recording time 
for sample collection. .:or logistic regression purposes the sponsor included these 
18 additional subjects. Reliability of such AUC data is unknown; hence our 
analysis only included the data that were submitted in the NOA. 

Because the USA study used 2 and 3 G doses, this reviewer performed logistic 
regression on Japanese data for 2 and 3 G doi;es only, and was able to get similar 
results as obtained from the full data set. Further, lo~istic regression was applied 
to the 1866 de.·~. a reasonable fit was not obtained. This could possibly be dlle to 
smaller AUC range in the US study as compored to the Japanese study (Box plot 
Figure 9 a~ 10). 
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There are other possible limitations of applying log;stic regression from the 
Japanese patients to the USA patients: cultural and health care differences, eleven 
of the 14 patients (Japanese data 1 to 4 G dose) had rejections prior to sampling 
for AUC, 5f6 patients (Japanese 2 & 3 GI had rejections in first 12 Days. In the 
USA study, there were no rejections in the first 12 Days. Observation period was 
3 months ;or Japanese study and 6 months for the USA Study. Fewer patients 
disconf'nuf!d at the higher dose in the Japanese study. 

Analysis did not consider other factors such as, albumin, creatinine clearance, age 
etc. Japanese patieats have almost twice the AUC compared to USA patients as 
noted in !he following table: 

,\Jll'foo•-., _ l:t Sid Devi Pliwm I ll•dc9 Md Response: 

STUDY AUC ••ft1t1c&lona In.,...... with ful 
s.....,s_ PK pr-
......... /nol 

NSK 24/100 2 G Dose 43.7 (20.0l 4/11 
1a6"I 

MYC.: tiff 2 G DoM 28.019.01 4116 
(27"1 

NSK 241100 3 G Dose 61.8 C29.91 2/11 
118%1 . 

MyCc 11H 3 G DoM 36. 1 111.lil 4/16 
126"' . Wnn UDNIY"" gr•n 

Since the application of logistic regression was questionable, another approach 
was taken to evaluate the data. The following table gives a frequency distribution 
of rejection in a partic:ular AUC range. Based on this frequency distribution, it 
appears that patients in the lower AUC were at a greater risk of rejection. 
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Al•C Jopan Japan us 
mcg•tw/ml 1 to 4 G °"5< 21!o3GOose 2r.3Gl>ose 

10-20 6/8 (7~"'1 1/1 (100"'1 3/6 (60%1 

20-30 4/6 (87"'1 3/4 176%1 219 (22"'1 - 1n 114"'1 015 (0%1 1/9 111 "'I 

4().60 1/6 117%1 1 /S 120%1 1/4 (25%1 

&o-80 1/6117"'1 1 /5 (20%1 1/3 133%1 

>60 on 10%1 0/2 10%1 nio 

However, these data are In a limited number of patients and the results should be 
cautiously ·interpreted. It should also be noted that the AUCs for 2 and 3 gram 
doses are interspersed with no difference in the number of rejectors. However, it 
is unknown how an individual would respond if the dose is increased from 2 G to 3 
Ga day. 

Based on the number of rejections in each dose level in study MYCc 1866, a 
higher dose is not indicative: of a lower rejection rate since the number of rejections 
in each dose level was approximately the same i.e. 4/15 and 4/16. This is further 
substantiated in the clinical trial rejection rates of 19.P.% and 17.5% for the 2 G 
and 3 G dose, respectively. 

In conclusion, although the application of logistic regression was questionable, the 
data are suggestive of relationship between low AUC and rej~ct.ions in both the 
populations. Existence of relatio1.ship between AUC and outcome should be 
further explored to find a threshold of AUC beyorod which probability of rejection 
may not be different, even if dose is increased. 

The AUC and Cmax immediately post transplant are about 50% lower compared to 
stable transplant patients. It is also known that the major portion of rejections 
occur in thiJ initial post-transplant period. If the relationship between AUC and 
outcome is substantiated, a additional reo;:ommendation will be to exploro 
usefulness of using a dosing regimen in which a higher dose is given in the 
immediate post transplant period and the a lower maintenance dose is given 
thereafter. 
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Chandrahas G. Sa:1ajwalla, Ph.D. 
Pharmacoklnetlcs Evaluation Branch I, Division of Biopharmaceutics 

Kofi A. Kumi, Ph.D. 
Pharmacoklnetlcs Evaluation Branch I, Division of Biopharrnaceutlcs 

Concurrence: 
John Lazor, Pharm. D. 
Acting Supervisor, 
Pharmacokinetics Eval:.iation Branch I 
Division of Biopharmaceutics 
cc: 
/NOA 
/HFD 530/Div File 
/HFD 530/CSO/MTarosky 
/HFD 530/MO/JKorvick 
/HFD 530/Biopharm/Sahajwalla (X21 
/HFD 530/Biopharm/Kumi 
/HFD 530/Supervisor Biopharm/Lazor 
/HFD 426/Branch Chief, Pharmacokinetics Evaluation Branch I/Fleischer 
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MICROBIOLOGY REVIEW 

A mlcrobloiogy review of the application was not requested. A 
microbiology review was requested of the antibiotic status of the 
application . 



PHARMACOLOGIST'S REVIEW 

NOA: 
DATES ARRIVED, 
RECEIVED. end ASSIGNED: 
DATE COMPLETED: 

11/10194, 11/14/94, 11115194 
4!13196 

SPONSOR: 

DRUG: 

ROUTE ADMINISTERED: 
AElA TEO INDe: 

AElATED NOA: 

lffOICATION: 

Symex (U.S.A.), Inc 
415-364-7453 
Myoophenolate Mofetll, 
M.W. 433.6, pKe 5.6 

«fllflv. ~·""" 

(Mycophenollc Acid) 

lmmunosuppresunt 
prophylexla for renal 
greft rejection 

DEFINITIONS: RS-61443 • MM • 
Mycophenolate Mofetll 
IMP-DH • inoalne monophosphete dehyclrogen.e 
GMP • guanc>llne rnonopholphete 
MPA • Mycophenolete, Mycopheoolic Acid, RS-5797 
MPAG • mycophenolete gluc:uronlde 

INTIODUCTION 
Mycophenolauo IMPA) ls e product of PrJnlcllilJm atolon/ferum po111-ing .mlblodc, lmmuno­
IUPl)r8Sllve, enti-prolif•lltiVe, end oncotttJc ectivlties. MM, a morphoUno ester pro-drug of MPA, 
lnhiblt9 de OOVo purine synt'-ls tiy ,_libly blocldng lmslne mcnophosphete dehydrogenw 
(IMP-DH). IMP-OH ls en emyme which COllVWta lnollne monophosphete to icenthlnoelne 
~' •.,,.__.of~ monophoephate. Phoapla"lbos1'b•ISf- ec:dvlty 
C"Nlvege pathwey") mey c:1rcumwnt bloc:lcede by MPA. end rw:ue cella from GMP deprivation 
IC- Res. 32:1803, 1972). Lymphocyte9, pouibl'( due to• shortage of thil letter enzyme, 
depend more on de DOVo purlno ayntheala then the Nlvege pathwey. Thia dependency COftfera • 
degree of Mlecdvlty to the •oti-prolKeredve effects of nvn, dlubllng lymphocytea from responding 
to signal• tram cytoldnea suc:h a ll-~. 

CONCLUSIONS: 
The NOA. la eppionble from • phenMoology end toxlcology perapectlve. 
The releYMt nonc'lnlc:el comment• I._ of tumorlgllnk: or u-toxic properties; evidence of 
teretogenlc/fetotoxlc potentlel 111 well as excretion of drug In mUkl tor the label are eppended lsee 
Appendix 11 to this reYlew. end ere ellb'ec:ted from the primary reviews of the pharmacology 
atudies conducted meinly under IND The reviews - attached for - of reference, and 
are Hated In time atemp order. 

Concurrences: 
HFD-630/AOep/OFr.-n1111 
HFD-630/SPharm/JFarrelly 
Disk: 
HFD-530/JF-.}elly 

~ Lauren E. ~. Ph.D. 
Reviewing1>harmacologiat 



NOA 

cc: 
HF0-530/IND 
HF0-530/Divialon File 
HF0-340 
HF0-530ll.Bleck 
HFD-630IDKllll'Jr­
HFD-530/JKorvick 
HF0-530/Chem 
HFD-530/Mk:ro 
HF0-345/GJ-

' 
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NOA PHARMACOLOGIST'S REVIEW 

Appendix 1 . 

Based on review of submitted pharmacology and toxicology data, the suggeste<l deletions 
(struckoutl and additicns (redlinedl to the label lollow. 

512 other /nter.K·tions; The measured vPlue for renal cJearance ot 
513 MPAG indicates removal ooan by renal tubular secretion as well as 
514 glomefular filtration. Consistent with this. CXHldministration of 
:;15 probeoecici, a known inhibitor ot tubuia: secretion, with 
516 myaipllenOlate mofetil in mcnkeys raises plasma AUC ot MPAG by 
517 3-fokl. Thus, other drugs knoWn to undet go renal lubUlar secretion 
518 may compete with MPAG and thereby raise plasma c:oncentralions 
519 of MPAG or the~ drug undergoing tubular secretion. 

!;20 CarclnogetMSls, llublgenesls, Impairment of Fertility 
f':C1 In a 104 week oral C81j:ii1oge11lclly study In mice, rnycophe!10late 
522. mofetil in daily doseS" up to 180 mglkg £183 IR~ llMtll M llDlly 
523 sulfa; 1 111ea (9$~ - nol lumorigeolc. f4ll' a 14 kg Plll5DA (1,13 
6:.14 ~ llSJI) pie highest dose 'iii!' II pr11elll8 s.a lilMs the recommended 
525. c:llnlcal dose fl ~GA a rAgllcg llasls a11d O &8 li1r1M IRt dncal!i!l!L~ 
~ lllD§ll 

526 GA a llSA llasi• In a 104 WMk onil carcl11ogeolcity study in rats, 
527 ~~e moletil in daily doSeS up to 15 mg/kg (Q:I ~ 
528 - not lumo1igeulc. The highest dose Piprn&All 0 51 ~ the 
529 reoonr:nended clinical dose af 2 9fda!.· OA a SR9'1<g bari& aAd 0 01 . 

.. . 531 Mycophenolatemoletil,-'LJliiil!FW I 5* 61 Nhi 
RtQ:1;91":=~-~assay~ 

$33 pNl8RQ8 °' 1tieaRGe of MMabeli~ aG&iYatign, MyGrapt11AGl.at1 mofetil 
634 ·va1 Aol MutagaRI; ill \M at oRll 4osa1 wp '8 3000 ~N Cl 'IJ1110US& • 
535 miaonudeus aberration assay} or ffR w#.o '.rtlh ar "' ilhea& daetabeliG 
53G - a;llvalloA al ;oAc:er>llaliGA5 i., lo 5 "9/ml ( ilfli!Jehinese Mmster ovari• 
537 cell {CHO) c:hromosomal abenation assay), Cllran QEOIRI 
'31-- ab1SA&iOA& ea·are pr:e&aAI 'oi'i'i&ho'lit "'alaboli; a;tP·atiQA iA an iAitial 
53g . CMO ~ l&&ay, i:H.11 8Rfy at QQRl98R&raCioRs ~4'1 lo JOO MgifRLJ UlaC 
$40 ;aa1sad Acetci··e q4:otoxic:ity. 

541 Mycophcnolale moletil had no effects oo fertility of male 1-ats at 0'1ll 
542 d<>Ses up lo 20 mglkglday (1:.13 "'~· This dose represents ~o.t• 
543 limes lhe recommended clinical dolle 111 :.I g/day llR a Alglkg ll~'li& '·" 
544 aAd o 11 li"'es ll>t dace OR a 115• basis)i~i!!i~i~'(~~- In a female fertility and 
545 repl"oduclion sludy c.Jnducted in rats dosed oraRy al up lo 4.5 
546 mglkg/day (:18 "'Siw.1. JAii ~ .5 mgl' jclay '106& &a~Eed 
54 7 malfonnalions (principally of Uie head and eyes) occurred in lhe firsl 
548 generation (F1) offspring in lhe ab~.:e of maternal tCJxicity. This 
549 do~e •epres9fll6 0.1& '.wa&·o.02times the recommended dinical dose of :a 

3 

550 gl\13y llR a Alglkg-036i6 aRCI O~e6 the cl11H OR a ~~A, l;iaE!~-~~~ed .Wf El~· 
551 No effects on fert1hty Cl!( r•~ ~~ -we<e ~j}'.-~J>•a&eRt If\ the llealall 
~ 

55:1 } le..,ales), or in the subsequenl~-mated fi<Gt generatioo-01f11<6'fp1<>liflll!t9-f(P:.I~------------
55J female& or 122 mates). 



54 
555 
556 
557 
558 
65Q 
5GO 

dose on a BSA 
561 
5G;;J 

563 
564 
565 

566 
567 

568 
569 
570 
571 
572 
573 
574 
575 

Pregnancy: Categoiy C 
In teratology studies in rats and rahbits, fetal leSOfptions and 
malformations oc:curred In rats at 6 mg/kg/day !J7 Alg/fQ) and In 
rabbits at 90 rnglkg/day ~ In the at~ of maternal 
toxicity. Mr a 70 kg paNaA (1.73 "'3 laedy sur:fa&e area), lhsse dgsa 
1a·•al1 FIPAHi8At 0 21 J ~& tiMI& ~· rec QfRff'&Rda'il c:-tiRi~ ~Q&I g( ;t 
glda11 OR a Alg'kg lla1ia aAcl ll:M · I !ii• ~~.O:Hl.92 times the recommended dinicai 

basis. ~a Aa ale.ti 11r·111 fer taf:MagaAi; ~a,;9a1 in Alts ~ 
Fabbi1s "-are :i and JO M~ay, Mfipeaa·a&y. 

There are no adequate and well coubolled studies in pregnant 
women. CellCept should be used during pregnancy only if the 
potential benefit justifies the potential risk to the fetus. Gff I ftli!m!!!:lS 
Effective COi llraceptive ll18llSlln!S are required with the use of 
CellCepl (See INFORJ,~#tTION FOR PATIENTS) 

Nursing Ml>Chers 
Sludies In rats haw lhown lllyct'_, ·-'lenolate mo(etil kl be exaeted In 
milk. It Is not known whelher this drug Is excnsted In tunan milk. 
8eclll ise many drugs - exaeted In human milt and becatJl5e of 
the potential for serious adwne reactions In IU'Sing Infants from 
mycophenolate mofetil, a decision should be made whether to 
discontinue nursing or kl dsconlinue the drug, taking into account 
~ impoltance of the drug to the molher. 

., 
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DIVISION OF ANTIVIRAL DRUG PRODUCTS 
Review of Chemisµy, Manufacturing and Controls Section 

NOA#: . 
CUEMISTRY REVIE\V_j!: DATE REYIEWED: 1211194 

SIIHMISSION TYPE DOCUMENT DATE CDEB DATE ASSIGNED DATE 

Original 11/10/94 

NAME/ADDRFSS OF APPLICANT: 

DdUG PRODUCT NAME 
l'roJlrieta!y: 
NonpmprW•iy 
COde Name/#: 

PHARMACOLOGICAL CATEGORY: 

INDICATION: 

DOSAGE FORM/STRENGTH: 

ROUTE OF ADMINISTRATION: 

11110/94 

Syntex (USA), Inc. 
3401 Hillview Ave. 
·Palo Alto, CA 94304 

CellCept™ 
Mycophenolatc Mofctil 
RS-61433 

Jmmunosupprcssar.t 

Capsule/250 mg 

Ornl 

11/10/94 

...... CffEMICAL NAMF/STRUC'fURAL FORMULA: 

0 011 

SUPPORTING DOCUMENTS: 

2-morpholinoc!hyl(E)-6-
( I ,3-dihydro-4-hydroxy-6-mcthoxy-7-
mcthyl-3-oxo-5-isobcnzofuranyl)-
4-mcthyl-4-hcxenoate 
C23H:i1N07HCI 

· M.W.= 433.51 .... 



NDA: Chem.;sts Review 

RELATED DOCUMENTS: 
Chemists Review 11, IND 
Deficiency Letter dated 3/6/90 
Cllemists Review of DMF 

.CQNSULT RE\TIE\VS: 
~ rme-d by CDER Lat>eling and Nomenclature Commitee 

BEMARJCSICOMMENIS 

J • With regard to mycopbenolale more.ii drug substance: 
a. "The drug substance is synthesittd , "The sponsor should submit 

anv control proccduRs for determination of imDuritv cany-over 

b. "The cunent spc:cllicaticin foi· mciting range is too t.olerant E~ on the batch analyses 
provided foe the the proposec.I commercial syr.thcsis (Direct esterification/ Anlll>ioticos 
supplier). a dlli · no mare than 2.5· C range is more !q)ICSCntative. 

c. "The cumnt ICH draft Guideline on Impurities in New D&ug S01bstances divides organic 
impurities (related substances) into "specified" and "unspccifJCd" impurities with respect to 
spccificalion limits. All specified impurities in the dru~ sub<tance should be qualified; 
however, they may be identified or unidentified. All specified impurities should be listed 
with speciflC8tions and limits. Any unspecified impurity is to be limited to NMT 0.1 'li.·. A 
limit on total organic impurities should be c:stablished. The impwities section oi the DS 
specific:ations should lY- . . :Nlded to teftcct these recommendations. In addition, a 
specification with r ~" ' 2-hydtoxyethylmorpholine should be inoorporated 

d. Individual limits she; .• : established fo 
• The specification for ~ should be removed 

from the specification sir.cc the proposed commercial synthesis d<.leS not utilize 

e. The limit of quantitalion for Regulatory melhoo (Determination of Purity and 
Related Substance Content of Myco,?f!enolate Mofetil b. 
and Research methoc. (Determination of Purity and Related Substance Content of 

~ . • . . shoul.d be provided. 
f. The batch analyses for the DS using Regularory Mc:Jio< list two impurities i.e. the 

· · : : from the impurities listed for Research Method 
The sponsor should provide a suitable explanation to this discre?8Dcy. 

g. Titc rr.ost cunent stability information available to support the 24 month re-analysis time for 
mycrphenolare mofctil should be provided 

.. ~. 
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2. With regard to mycophenolate niofetil capsules, 250 mg: 
a. The drug product specifications and methods should be revised as following i) 

1hould be performed at product release as well as during stability studies. A 
specification with limit for . should be added lo the regulatory specifications 
ii) It is generally recommended that a spectroscopic metl-.od augmented witli a 
chromatographic melhod be employed for product ider .fication. Since .. is being used as 
one regulatory method, . would be preferr~d as the ether method. 

b. Currently, full batch analyses and stability information is available only on registration 
batches pri:pared at the ~ite with ,...oduction equipment similar to the proposed 
commercial equipment. However, validation runs have ~n prepared on the commercial 
equipment. The certificates of analysis and stability data o~ all available validation batches 
prepared with the commercial production equipment sliould be provided. 

c. The claange in supplier o can be made, without a pre· 
approved protocol, in an annual repc.11 as long as the equivalency between the sources is 
established according to the USP monographs. On the other hand, the protocol for 
changes ·m other packaging materials can not be approved as proposed without •.he 
submissi01 • .,f suitability and compatibility test methods, specifications and data to 
demonstrate the aL!cquacy of the protocol. In the amence of such data, the packaging 
change protocol and the list of alternate resin suppliers and fabricators for closure, innerseal 
and blister materials must be withdrawn from the NDA. This does not preclude, however, 
any future supplemental application when data become available. 

d. The current post-approval stability commitment refers to DMF for the stability 
protocol, which is too general. Syntex should provide a detailed post-approval stability 

--· protocol specific for mycophenolate mofetil capsules. Syntex was advised by DA VDP 
(facsimile of 4fl/95) lb.at the extension of expiration dating period of the product, packaged 
in PVC blisters, based on primary stability lots require~ a supplemental approHI and 
cannot be made through an annual report. 

e. Syntex should provide updated stability data for all commercial packaging at the 30"C 
storage condition to support their proposed expiration dating of 36 months. 

f. <;yntex should provide information on any proposed physician samples packaging. 

With regard to labeling: 
a The dosage form descriptor should be included in the established name, according to the 

~riunc:ndations of the CDER Labeling and Nomenclature Committee, as shown on !he 
DA VDP .facsimile dated April 5, 1995. 

b. The Description St'.Clion of the package insert should be revised to more accurately describe 
mycophenolate mofetil as shown on the DA VDP facsimile dated April 5, 1995. 

c. The drug product storage recommendation in both the package insert and the container label 
should be changed to read "Store at controlled room temperature 15-30"C (59-86"f)". 

d. The dispensing recommendatiou in the proposed package inseat, i.e., "Dispel ·se in light­
resistant containers, such as the manufacturer's original containers," avpears to be an over 
precaution unsupported by the light stability data presented in the NDA. The sponsor 
should consider removing it from the labeling. 

SUMMARY: 
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At least one.batch from 
the facility has been used in clinical trials dnd has ~and long-term 
stability information available. The drug substance is an off-white powder · 

There have been no polymorpbic forms detected 
IJS iS relatively stable with respect to heat, humidtiy and high intensity illumination. 
Svntex is proposing a two-year re-usay period wllen ston:d at the normal conditions. 

The 

Mycopbeoolate mofelil, 2SO mg capsules will be manufactured by Syntex Puerto Rico, · --.. 
Inc., in Humacao, Puerto Rico. The anticipated commercial-scale baich si7.e is expected to 
range Cron : comprises the bulk of 
the capsi.de fmnulation and . are compendial items with adequate 
test methods and specifications. The formulation consists of MMF 
pregelatinW:d starch · as a binder/disintegrant. croscarmallose sodium ; ) as a 
disintegrant, povidonc K-90 · as a binder and rnagJ!Mium stearate as a 
fabricant In process controls for the the drug pnxtuct include moisture content by 
. . capsule fill weight 

Spccific:atio.lS for the 2SO mg capsules include appearance, assay, identity. uniformity-of 
dosage uniJs. dissolution, myc:opbcnolic acid content and microbial quality. The ptoposed 
spccifacatiorw arc IC(lC)ltable cxc:iept for the worfing in the ideutity section ad addition of a 
loss on drying spccifation. The dissolution specifiailion is adequate based on lot release 
batch analysis and subsequent stability studies. 

. The current registration 
batches have been prepared at Syntex, Puerto Rico on prOOuction scale equipment No 
information is available conccming validation batches prcp."JCd on the actual comen:ial 
equipment 

Mycophenolate mofctil capsuk..'. 250 mg will be packaged into HOPE bottles (100 
count/I SO cc and 500 count/SOO ~) as the proposed trade presentation and blister packs of 
10 capsules per card for hospital use. Based on the current stability data, Syntex is 
extrapolating 1 · dating for all container/closure configura1ions. The 
current post-approval stability commibnent refers to DMF for the stability protocol. 
This DMF reference is for a general protocol and isn't specific for mycophenolate capsules 
A stability protocol specific for mycophenolate mofctil must be submitted. The current 
protocol f' container-closure changes is unacceptable as well as the list of alternate 
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suppliers and fabricators, and must be withdrawn. 

An abbreviated Environmental Assessment report was submitted based on the criteria for 
rare diseases under21QlR2531a(b)3. The review has not been completed at this time. 

The Method Validation is being conducted by the Seattle District Laboratory. The results of 
the validati,on have not been completed at this time. 

The CGMP stattlS of Synte; 
are acceptab!e 

CONCWSIQNS & BECQMMENQATION8 

The chemistry section of the NDA is · lete at this time. H<>Wever, it will be 
approvable when the issues outlined ::facsimiles of 415195 and 4fl/95 are re.wive!' 
with Synte'l and the cone· 'lOlting documents amended. The outstanding items to be 
addressed are I) labeling :.C, Jrug substance and drug product methods and specifications 
and 3) expiration dating. Furthermore, satisfactol}' pre-approval inspection and 

.-- environmental assessment are pending as of 4fl/95. 

Concunence: 
HFD-53M>Feigal A.l?k.­
HFD-53<VC<lten ~ •qr/'" 
cc: 
Orig.NDA 
HFD-53M>iv. Fde 
HFD-53M>Feigal 
HFD-53<VC<lten 

., 

HID-53M>Boring 
HfD.S»'MO 
HID-53<VPhann 
HID-S»'Micro 

(jJ 

File:NDA 
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DIVISION COPY 

DIVISION COPY 

***SENSITIVE*** 

REVIEW· 

OF 

ENVIRONMENTAL ASSESSMENT 

FOR 

NOA 

MYCOPBENOLATE MOFETIL 250 mg CAPSULES 

REVIEW DIVISION: HFD-530 

CENTER FOR DRUG EVALUATION AND aESEARCH 

HFD-102 

DATE CQ!(pLETEO: March 17,Jq95 

C: \ltl'FILES\EARJiEWI 1£01. i?GV 



EA Review 11, NOA Page .2 

ENVIRc~~MENTAL ASSESSMENT 

NOTE: All page numbers refer to those found at the bottom right-h11nd comer. 

1. Date: 

EA dated: July 1994 . 
Consult 
toHFD-102: November 28, 1994 

Assigned: February 23, 199S 

CSO: Dan Boring 

2. Name of Applicant/Petidoner: 

Syntex Laboratories, Inc. 

Adequate. 

3. Address: 

3401 Hillview Ave. 
Palo Alto, California 94304 

Adequate. 

-4. Descrietton of the proposed action: 

a. Requested Approval: 

Syntex Laboratories has submitted an abbreviated EA in support of an NOA for 
production and packaging cf myoopbenolate mofetil 250 mg capsules. The 
starting material for the drug substance, mycopheno!il: acid, will be mal!ufactured 
forSyntex . 

DEFICIENT. 

The NOA number should be included in the approval request. 

&01.Pb"V 

-
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The description of the requested approv.!i should include the applicant's name, 
drug product application number (if available), drug product name, dosage fonn, 
strength, ajbrief description of the drug product paclcaging, whether an EA or 
abbr.Mated EA is provided and, if applicable, the basis for the abbreviated Ea, 
SYNfEX has filed an NDA pursuant to Section 505(b) of the Food, Drug, and 
Co~metic Act for TRADENAME® (generic nam3) dosage fonn packaged in?. 
An EA has been submitted in accordance with 21CFR§25.3la(bX3)"). 

b. Need for Action: 

Mycophenolate mofetil is an immunosupprcssive drug indicated for the prevention 
of acute ftiioc:tion in renal allograft patients. Projec:ed number of renal allograft 
patients who could potentially use mycophenolate mofetil by the year 2000 in the 
USA is . Assuming that this product achieves 100% marlcet share, dais is 
significantly less than patients. Therefore, the prevention of acute 
rqection in renal allograft patients is 
considered as a treatment for a rare disease. 

By copy of meeting minutes between FDA and Syntex, April 20, 1994, FDA 
permits the finn to submit an abbreviated EA as a are disease, e.g •o 

patients for this indication. 

c. \>roduction Locations: 

i. Proprietflry lntennediate(s): 

None identified. 

ii. Drug Substance: 

iii. 

C:\WPFIL£S\EARJ,£N' 

Drug substance will be manufactured at Syntex Ireland Limited, 
Clarecasde. County Clare, Ireland, and Syntex Cheinic..-.Js, Inc., 2075 No1th 
55th Street, Boulder, Colorado, 8030 I. The manufacture of the starting 
material, mycophenolic acid, will occur at . 

. The environment 
surrounding each facility is briefly described. 

Adequate. 

Finished Dosage Form: 

£01. PGV 
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The manufacture of the drug product capsules will occur at Syntex Puerto 
Rico, Inc., Bo. Mariana Road 909, Km. I. I, Humacao, Puerto Rico 
00791. Packaging of the dr.1g product capsules will occur at Syntex 
Puerto Rico, Inc. (see previous), 

The environment 
surrounding each facility is briefly described. 

Adequate. 

cl. ELpected I.ocatiol!S of Use (Drug Product): 

The drug product will be used by individuals throughout the United States and -
. thus the us ' will not be concentrated in any apccific geographical location. 

DEFICIEN· r. 

The description should specify whether th< 
and/or homes. 

will be used di hospitals. clinics, 

e. Disposal Locations: 

Use of the drug product would result in the discharge of mycophcnolate mofctil 
and its metabolites to POTW$, and consequently to the aquatic environment. The 
proposed action is cxpectcC. to increase the amount ofmycopbenolate mofctil and 
its metabolites entering the cnvirorunent through product use. 

Returned drug produl:t goods in the U.S. will be sent to a Syntex distn"bution 
facility in Grove City, Ohio, where they will be pac:bgcd and shipped for 
incineration as nonhazardous material at an approved incincntor. Currcntl:, 

.\provides 
transportation o two incineration facilities approved by Syntex 
to dispose of phannaccutiClll waste: 

). 

DEFICIENT. 

C: \NPFIL£S\EARlIEW" £01.PGV 



EA Review 11, NOA Page S 

The complete address should be provided for the Syntex distribution faci•ity in 
Grove City, Oiiio; information regarding any required permits for this facility 
should be provided. 

S. Identification of chemical substances that are the subject of the proposed action: 

Drug Substance: 
Chemical Name: 

Mycophenolate mofotil 
2-( 4-morpholinyl) eihyl (E)-6-( l ,3-dihydro-4-hydroxy-6-
methoxy-7..methyl-3-oxo-S-isobenzofuranyl)-4-methyl-4-
hexenoate. 

CAS#: 128794-94-S 
Molecular Weight: 433.SO 
Molecular Formula: ~1NO, 
Structural Formula: See page 7 of the EA 
Physical Descrip.: White to off-white~ powder melting at approximately 

Additives: 

Impurities: 

DEFJCIENT. 

96-C 
A list cf eia:ipients is provided in Section S( d), page 8; the 
ingredients CJf the gelatin capsule nr.d gelatin capsule ink are 
provided in Confidential Appendix B, page 90. 
None identified. 

Any significant intpurities should be identified or their absencle noted in the use.ument. 

Hazardous waste dtemicals should be listed, if used. 

6. lntroductioa or substances iJ!to tb.e environment: For the slte(s) or production: 

L Potential Emitted Substances: 

The EA includes general references to orgaitics that may be emitted during 
manufacturing and the regulatory or permitted levels under which these emissions 
must remain. 

DEFIC1ENT. 

A quantitlltive estimate of the emissions expected from the manufacturing of the 
drug substance and drug product, and from the packaging of the drug product, has 
not been made. A quantitative estimate slv.>uld be provided, based on the :?umber 
of batches predicted to be produced per year (five-year marketing plan), the raw 
materials to be used, the process desaiption, the production times, etc;,.. 

C:\NPF11.£S\E>lt£~EN\ tot. PGV 
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Calculations should estimate the quantity of each chemical and intermediate 
product used or generated in the various steps of the process. The wastes 
generated in various steps of the process should be identified by wastestream and 
disposition route. 

All raw materials and excipie11ts used in proouction of the drug substance, 
proprietary drug substance intermediates, or drug product, or used in the primary 
paclcaging operations, should be provided. The list(s) should include the CAS 
registration number for each and the mannec in which they are expected to be 
emitted (e.g., organic solvent waste stream). Synthesis Oow clwts and production 
flow diagrams (with emission points identified) should be provided. The drug 
product composition (as included in the drug product labeling) should be included 
in the non-confidential section (sec scctioa Ill.F~ regarding treatment of 
confidential and non-confidential information). Reference in the EA document to a 
confidential appendix which provides all other infonnation is adcciuatc. 

b. Controls (Air, Liquid Effluent, Solid): 

Pennit limitations were generally not provided. 

DEFICIENT. 

The EA should contain a brief description of the controls associated with the air, 
liquid, and solid emissions identified in EA fonnat item 6.a. Control efficiencies or 
treatment prior to emission should be inclµded, if applicable. Disposition of 
inanutacturing aids or emission controls which may contain drug subsbmcc should 
be discussed. 

The EA should contain a brief description of the controls associated with the air, 
liquid, and solid emissions identified ir EA format item 6.a. Control efficiencies 
(e.g., emission of airborne particulate material is controlled by HEPA filtration 
with a 99.9% operating efficiency) or treatment prior to emission (e.g., 
neutralization of aqueous waste streams) should be included, if applicab~e. 

} 
C:\NPFILES\EAAEVIL ll.PGV 
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Disposition of manufacturing aids or emission controls which may contain drug 
substance (e.g., filters, resins) should be discussed. 

c. Compliance with Federal, State and Local Emission Requirement.': 

For all facilities, general statClllCllts were provided that permit limits would be met. 

DEFlC:IEN1.". 

Emissions, discharges, and wastestrearns should be identified, co•icentrations of 
compone;its should be estimated, and a comparison of these anticipated 
concentnltions to permitted concentnltions should demonstrate that approval of 
the NDA will not result in violation of emission requirements. 

d. Effect of Approval on Compliance with Current Emissions Re(r1i.remeats: 

Syntex: states that actions resulting from the approval of the NDA will not result in 
violatiou of current emission requirements. However, because: the anticipated 
emissions resulting from approval of the NDA have not been provided, this 
assertion cannot be validated. 

D.l!:FIOENT. 

e. Estimated Expected Emitted Concentration/Quantities: 

No estimates were provided. The maximum expected environmental concentration 
(MEEC) was not calculated for the production and use of the drug product. 

pEFIOENT. 

The MEEC should be calculated for the production and use of the drug product. 
Estimates should be made based on total fifth year production estimates and should 
be reported as the concentration of active ingredient. The specific calculations and 
fifth year production estimate may !>e included in a confidential appendix. Based 
on the identification of and literature about the other emilted substances, FDA can 
determine whether it needs more infonnation about the potential environmental 
impacts of other emissions. Such additional infonnation generally will not be 
needed. 

, 
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The maximum expected environmental concentration (MEEC) is the predicted 
environmental concentration from patient use. The MEEC does not account for 
any depletion medianisms. 

MEEC(ppn) •~ •4.83 xAxB 

"1993 U.S. papilotica is 2Slxl0',Soun>c: U.S. BulauoClbeC-...C"'"""/'oplllalkwt&port6, 
P2S-104S ud PlS-1112. 

ii. Maximum Expected EnviroameaW 
Conctntratioa (MEEC) - Production and/or 
Disposal 

Concentrations of drug substances and proprietaiy drug substance intennediates in 
wastestreams of mamdiu:turing f'acilities or fiom disposal of pharmaceutical wastes 
are fitquently orders of magnitude greater than the MEEC for use. These 
emissions are not normaDy covered by pemlits. The maximun expect~ 
concentration of drug substance and/or proi.•rietaiy drug subsance intennediates 
exiting into the environment fiom" the last tiatment facility/emission control 
should be estimated. The calculatic>ns used depend on the emission/treatment 
process and should not accou'lt for any depletion 1nechanisms. 

:;01. PGV 
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iii. Expected Environmental Concentration (EEC) -
Use, Producti'on or Disposal 

The expected environmental concentration is the maximum expected 
environmental concentration from use, production, or disposal minus any 
applicable losse:; ::ue to e11vironmental depletion mechanisms or metabolism. This 
should be calculated iftht compound is ioxk based on the maximum 
expected environmt.ntal conuntration(s) (see EA fonnat item 8 for definition 

of toJ<ic) 

The expected enviro11mental co11centrations of the chemical compounds, otl?;:;r than 
the parent compound. which may exist or enter the environment (e.g, metabolites) 
may be included if deemed useful to the discussion. 

List of preparers, & their qualifications (expertise, experience, professional 
disciplines) an.d consultants: 

Lori Bocchino, B.S . 
Environmental ~ .. ig Specialist 
Environment!! Health and Safety 

. S;mex U.S.A. 

Kathryn Chellman, MS. 
Environmental Engineering Administrator 
Environmental Health and Safety 
Syntex U.S.A. 

Marjorie"'S. Samples, Ph.D. 
Staff Researcher I 
Institute of Analytical Research 
Syntex Discovery Research 

Curriculum vitae or all prerarers were provided. 

Adequate. 

13. Certification: 

Provided. 

C:\MPFILES\EARE~t 01. PGV 
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Adequate. 

14. Rererences: 

None provided. Federd. State, and local regulations applicable t 
. are cited in non-c.onfidential Attachment A; those applicable to each Syntex: facility 

are be cited in the nol'H:Oll.!idential Attachment C. 
/.dequate. 

IS. Appeqdices: 

The DOll-COl1fident section induded u attachments u 
a letter of compliance for _ citations for laws and 

regulations applicable to Syntex &c:ilities, compliance statements for Syntex facilities, 
_ for mycopbeaolat" mofetil and 

mycopbenolic: acid, oc:aipational health exposure information, and c:uniculum vitae of 
dC>Wll1Mt preparers. The~~ section included as attachments a confidential 
synthetic schematic for mycophenolate mofetil, confidential ingredients of the gelatin 
capsule ar. • Ir-. confidentia _ confidential estimate of the 
market vo' ~ .nycophenolate mofetil; and a confidential report SUIJlliiary of the 

Adequare_ 

General Issues: All pages l!l'e identified at the bottom u •syntex Confidential.• Although 
this may be ap~ for the confidential sections of the EA, the sections that must be 
a'Ylilablb thr0l1gh FOIA are not confidential. The non-confidential sections of the EA 
should have tlds footer removed. 

",01.PGV 
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• 
MITRB:RDMavis 

HFD-102/PGVmc:ent 

CC: 

File: EOO.RJB 
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DRAFT DEFICIENCY LETI'ER 

I. Gc-neral Issues: 

All pages are identilied at the bottom u "Synte:x Confidential.• Although this may be · 
appropriate for the confidential sections of the EA, the sections that must be available 
through FOIA are oot confidential. The non-confidential sections of the EA should have 
this footer removed. • 

2. Regarding Sec:tion 4, the de.ocription of the proposed action: 

'Che NDA number should be included in the approval request. 

• • 
The description of the RqUeltcd ay,proval should indudo tbO applicant'a lllllDO, drug 
product appfution mnnber (If available). drug product name, dosage Com, screogili, a 
brief description of the drug p~oduc:t pac:Jcagjng, whether an EA or abbn:viated EA is 
provided and. if applicable, the basis for the abbreviated Ea. 1YNIEX bu filed anNDA 
pursuant to Sec:tion S05(b) of t.'le Food, Diu& and Cosmetic Ad. for TRAD11NAMBe 
(generic name) doSlgc form paebgcd in 7. An F.A bas been submitted in accordance with 
21 CFR § 2S.3 la(b)(3)"). 

The CX(Hictcd 1oeations of drug product use should specify wbel her the capsules will be 
used in hospitals, clinics, and/or homes. 

The complete addres.'I of the Syntex distnl>ution facility, and any infonnation regarding 
permits for this ficility, should be included in the disposal loc:ation section of the 
USC:S.'ll'Mllt. Complete permit information and identification should be provided for ''° 
incineration sites and landfills. 

3. Regarding Section S, the identification of chemical substances that are subjf;<.1 to the 
proposed action: 

Any significant impurities shoul<l be identified, or their absmce noted, in the assessment. 

Hazardous waste chemicals should be listed, if used. 

4. Regarding Section 6, the introduction of substances into the environment: 

C:\KPFILES\F.Jt..R~l~W Page 11 
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Concerning potential emitted substances, a quantitative estimate of the emissions expected 
from rlie manufiu:turing of the dnag substance and drug product, and from ihe packaging 
ofilie drug product, has not been made. A quantitative estimate should be provid~ 
based or. the number of batches predicted to be produced per year (five-year marketing 
plan). the raw materials to be used, the process description, the production times, etc: 
Calcub1tions should estimate the quantity of each chemical and interme.iiate product used 
or generated in the various steps oftJie process. The wastes generated in various steps of 
t.lie process should be identified by wastestream Md disposition roote. 

Concerning controls of emitted substances, the assessment shocld co11tain a brief 
description of the controls associated with the air, liquid, aud solid eo.missions identified in 
format item 6.L Control efficiencies or treatment prior to emissio•1 &hould be included, if 
applicable. Disposition of manufiu:turing aids or emission controls which may contain 
drug substance should be discussed. Complete permit information and identification 
should be provided for all incineration sites and IMdfills. 

Concerning compliance with Federal, State, and local emission requirements, emissions, 
discharges, and WllStestreams should be identified, concentrations of components should 
be estimated, and a comparison of these anticipated concentrations to permitted 
concentrations should demonstrate that approval of the NDA will not result in violation of 
emissivn requirements. 

~ncerning the effect of 11pproval on compliance with current emissions requirements, 
Syntcx: states that actiom resulting from tl1e approval of the NDA will not result in 
violations of current emi.ssion requirements. Ht-wever, the ionticipated emissions resulting 
from approval of the NDA have not been provi 1ed, preventing this assertion from being 
validated. 

Concerning the estira.•ted expected emitted concentration/ quantities, the MEEC should be 
calculated for the pro<luction and use of drug p•oduct. Estimates should be made based 
on total fifth year j>roduction estimates and shoutu be reported 3S the concentration of 
active ingredient. Tho: specific calculations and fifth year production estimate may be 
included in a confidertti&l appendix. Based on the identification of and literature about the 
other emitted substMces, FDA can determine whether it needs more infonnation about the 
potential envirorunental impact~ of other emisi;ions. Such additional infonnation generally 
will not be needed. 

All raw materials an<I excipients used in production of the drug ~bstance, proprietary 
drug suhstance intennediates, or drug product, or used in the primary packaging 
operations, should be provided. Tht> list(s) should include the CAS registration number 
for each and the mauner in which they are expected to i>e emitted (e.g., organic solvent 
waste stream). Synthesis flow charts and production flow diagrams (witli emission points 

}t 
c:\wrF11.Es\<AREVIE" .PGv Page 12 
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identified) should be provided. The drug product composition (as included in the drug 
product labeling) .mould be included in the non-confidential section (see section III.E. 
regarding treatment of confidential and non-confidential infonnation). Reference in the 
EA document to a confidential appendix which provides all other infonnntion is adequate. 

The EA should contain a brief description of the controls associated with the air, liquid, 
and solid emissions identified in EA fonnat item 6.i. Control efficiencies (e.g., emission 
of aitbome p•utiadatc material is controlled by Hr~ A filtration with a 99.9"/o operating 
efficiency) or treatment prior to emission (e.g., neutralization of aqueous waste streams) 
should be included, if applicable. Disposition of manufacturing aids or emission controls 
which may U>ntain drug substance (e.g., filters, resins) should be discussed. 

n1e maximum expc<:ted environmentai !"Oncentration (MEEC) is the predicted 
~i.ronmcntal concentration from patien~ use. The MEEC does not account for any 
depletio1~ mec.hanisrns. . . 

MEEC (ppm)•• ,.,xB~., 4.83 x Ax B 

where 

•1993 U.S. populatioo is 258 xlO', Soumo: U.S. i)umou oflbeCensus, C:•rnml PoJ1fllation hpo1U, 
P2S-104S 11111 PlS-1112. 

ii. Maximum Eipec:ted Environmental 
Concentration (MEEC) - Production and/or 
Disposal 

Concentrations of drug substances and proprietary drug substance intennediates in 
wastestreams of manufacturing facilities or from disposal of pharmaceutical wastes are 
frequently orders of magnitude greater than the MEEC for use. These emissions !Ire not 
normally covered by permits. The maximum expected concentration of drug substance 
and/or proprietary drug substance intcnnediates exiting into the environment from the last 
treatment facility/emission control shculd be estimated. The calculations used depend on 
the emission/treatment process and should not account for any depletion mechanisms. 

r.:\WPFILES\EARE,;?'Eh :ll. PGV Page 13 
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iii. Expected Enviroomt.ntal Concentration (EEq -
Use, Production or Disposal 

The expected environmental concentration is the maximum expected environmental 
concentration from use, production, or disposal minus any applicable losses due to 
environmental depletion mechanisms or metabolism. This should be calculated if the 
Compound is toxic based OU the ma:i:imum e:s.pcCted environmental toncentration(s) 
(see EA format item 8 for definition of toxic) . 

The expected environmental concentrations of the chemic;1l compounds, other than the 
parent compound, which may exist or ent-..r the environment (e.g., metabolites) may be 
include4 if deemed useful to the discussion. 

' C: \WPFI LES\ EAREVI £\ PGV Page 14 
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DIVISION OF ANTIVIRAL DRUG PH.ODUCTS 
Review of Chemistry, Manufacturing and Controls Section 

NDA #: 

CHEMISTRY REYIEW #: 2 DATE REVIEWED: 4'28195 

SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED. DATE 

Amendment 4'25195 

NAMFIAUIIBESS OF APPLICANT: 

DRUG PRQDUCT NAME 
Propielary: 
Nngprqprir!l[y'. 
Code Namel#: 

PHARMACOLOGICAL CATEQQRY: 

INQICATION: 

DOSAGE FORM/STRENGTH: 

4128195 

Syntex (USA). Inc. 
3401 Hillview Ave. 
Pa10 Alto, CA 94304 

CellCept™ 
Mycophenolate Mofetil 
RS-61433 

Jmmunosuppressant 

Capsulefl.50 mg 

4n.PJ95 

ROUTE OF ADMINISTRATION: Oral 

CBEMJCAL NAME/STRUCTURAL FORMULA: 

} 

~Nl 
l_,o 

2-moq>holinocthyl(E)-6-( l ,3-dihydro-4-
hydroxy-6-methoxy-'1-methyl-3-oxo-S­
isobenv>furanyl)-4-methyl-4-hexenoate 
C:nlf31NO,HCI . 
M.W.= 433.51 



NOA Chemistry Review 

REMARKS/COMMENTS 

The Amendment of 4/281')5 conlllins the applicant's responses to outstanding CMC issues 
related to labeling, specifications for drug substance and drug product and analytical 
methods. Information provided and agreements reached ~ summariud as follows: 

l . The specifications fot have been updated to add 
a limit of . maximum for lhe level of Additionally, the 
applicant has c.,mmitled to d~veloping analytical methodology for evaluating recovered 
solvents for tlle presence of 'llte aralytical results will be 
submitted t~ the annual report. 

2. The DA VOP ru:oounendation for tightening the melting point range of the OS will not be 
implemented at this time. The applicant has discovered a discrepancy between melting 
pomts obfained at the Syntex, Ireland and Syntex, Palo Alto sites which canqot be 
attnllutcd to instrument calibration. Syntex will continue to inveatigarc the cause and will 
submit melting points from both analytical fac!Jitics for all lots produoed for a period of J11C 

year in the annual report. 

3. The related substances specification has been amended to reflect the language of the IOI 
Guideline on Impurities in New Drug Substances as agtced upon by FDA and Syntex. A 
draft copy of the specification was provided (Attachment I). Additionally, Syntex has 
committed to exploring the development of a more sensitive analytical method for · 

to support a specification for this impurity. 

4. The specification for residual solvents hu been reworded to incorporate limits for 
individual and total solvents. A draft copy of the specification was provided (attachment 
2). Additionl.lly, the current specification for will zllow a 
daily intake cl microgrmls/day of the A consultation with the Phannltox 
reviewer iodated ttll1 this is an eo.:qAable daily intake. 

S. The limit Df quantitation for Regulatory method 

w1.s satisficturily established at Research method was stated as having a 
c:ompanbkl'limlt of quantitatioo. Additionallv, the discrepancy repding the listina o! the 

exp!ainea by the unavailability -of pure standards of the two impurities during the 
development of method 

6. Additional stability data including ~ix monrhs at 40'C..n.591.RH, twelve months at 
30'C/60'lbRH and re-analysis dala over a two year period on eight lots of drug substance 
were provided. The data supports the proposed rc-1.111alysis time of 24 months. 

7. The drug product specifications have been amended to incorporate _ as the two 
regulat;ny methods for product 1dentification as agreed upon by FDA and Syntex 
(Allachmcnt 3). At!ditiooally. Syntex has committed to conducting _ 
for the three val!Jation batches a'ld for ten comrner:ial batches and to report the results in 
the Annual Report. 

8. The applicant has supplied release data on the three production scale validation·batchcs 
manufactu~ at the Puerto Rico facility. The release values arc all within agreed upon 

.-~. 
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proposed regulatory specifications and acceptable. The applicant ha~ committed to 
submitting stability data for these lots in the Annual Report. 

9. Syntex has committed to providing updated stability dara in support of their pro;iosed 36 
month expiratior, dating in the first Annual Report. Additionally, Syntcx has provided the 
commercial stability protocol specific for mycophcnolate mofctil capsules (Attachment 4). 

ICl.Syntcx has agreed to withdraw the protocol for changes in 
Additionafly, Syr.tex has agreed to rcmo·>'e the list of alternate suppliers and fabricatofli. 
An u1::1ated protocol for HOPE bottle and ciosurc compcinents was provided (Attachment 
S). Changes in HDPE components will be submitted via the Annual Report. The applicant 
has indicated that no physician samples will be available for this product. 

11.Syntex has agtced to the following IW>ml1lClldations from FDA regarding labelling: 
a. The product name will be expressed as: 

CellCept@ 
(mycophcnolate mofctil capsules) 

b. The introductory lines of the Description Section of the-. package insert will read: 

CellCept (mycophenolate mofetil) is the 2-morpholinoethyl ester of mycophenolic add 
(MPA), an immunosuppressive agent. 

c. The storage statement will be modified to read 

Store at l 5-30"C(59-86"F) 

d. The dispensing recommendation "Dispense in ligt-t-~aistant l.>ntaincrs, su-;h as the 
manufacturu' s origi;181 con!aincrs" will be removed form the paclcage insert. 

12. The amcodment also contained revisions to the Regulatory methods -
The revisions prinwily provided for editorial changes and additional inslluctions 

and details. None of the revisions impact on sample preparation or conditions. 
Additionally, Syntcx has identified 21 data points in the drug product stability report that 
were in error. The data revision is minor and will have no impact on data interpretation or 
conclusions. 

13. The CGMP ~tatus of the Syntex Colorado, Ireland, Palo Alto, and Puerto Rico sites and 
the The EER for NDA was 
released from HFD-320 on Sll.YJJ95 (see Attachment 6). 

14. Minor deficiencies we11: noted by HFD-004 for the abbreviated environmental assessment 
which were forwarded to Syntex.by fax on 4124195. Symex responded 011 S/119S and the 
responses were forwarded to HFD-004. On 513195 HFD-004 issued a Finding Of No 
Significant Impact (FONSI) for lhe NDA. 

RECOMMENDATION: 

The Chenystry section of the NOA is approvable, as amended. , 



._ND=--A..__ ___________ c::::~he=mistrv Review 

~5';00~~1~1< 
HFD-53<K:Chen QGIZ? ~¥..> 
oc: 
Orig. NDA HFD-53M>Boring 
HFD-53M>iv. FUe HFD-5'.n'MO 
HFD-53M>Feipl HFD-53M'hann 
HFD-530C0ien HFD-.'i»'Micro 
File: NDA CMC Response 

' 

D.L.Iioring, R.Ph., .D. 
Review Olemist 

HFD-S30ICSO 
• 



---- --------

AUDIT OF PIVOTAL CLINICAL STLDIES 

In a memorandum (sec attachment) of January 20, 1995, Dr. David Fcigal, Director, Division of 
Antiviral Drug Products, reqllCStCd clinical site inspections of six clinical sites in support of NDA 

The six sites (three domestic, three foreign) were study site locations for studies 

Rcprcscntativcs from the Division of Sci.cntific Investigations ~ five of the six clinical sites 
(Birmingham. AL; Tampa. FL; Leeds, England; Nantes, ~ranee; and Columbus, OH). Thctc were 
no significant.findings that would impact the approvability of the application. The Fonn FDA 483 
of each site inspection is attached. . 

MD., Medical Officer 

d--: __ 
Paul Flyer, Ph.D., Statistickm 



MEMOR~NDUM 
DEPARTMENT OF HEALTH AND HUMAN SERVICES 

PUBLIC HEAL TH SERVICE 
FOOD AND DRUG ADMIN1STRATION 

CENTER FOR DRUG EVALUATION AND RESEARCH 

DATE: JAN 2 0 !900 

FROM: Director, DiVislo,, ol Antr.riral Drug Products, l-!F0-530 

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

SUBJECT: Request for Clinical Site Inspection of NOA 

Syntax Laboratores, Irr.. has submitted an NOA for the use of~ (mycophenolate rnofetll) for 
prophylaxis of organ rejeclion In patients receMng ellogeneic 
renal llBnSplanls. Three pivotal clinical studies (ICM 1866, llCR 023, MAE 022) have been submitted to 
SUDDOrt the proposed Indication of pievenlion of rejection in l'M8I allograft recipients. 
--- "' ~ 

We have prevloUl.ly provided Dr. Antoine El-Hage with information on these four dinical studies. 

We have Identified six !Illes to have !l result which is different than the overaH outcome. We have fisted the 
sites and would like to have the following clinical sites Inspected. 

We have previously discussed with Dr. El-Hage which domestic sites roost be Inspected. The 
Investigators with corresponding site locations for study ICM 1866 are as follows: 

Mark Deielhoi, MO Ronald Fdl'QUSOO, MD, PhD Sam Weinstein, MD 
Unlva!slty of Alabama Ohio State University Tampa GeneraH lospital 
Department of Nephrology & D.ipartment of Surgeiy 3000 E. Fletcher Ave, SUite 380 
Surgery DivlWn of Transplantation Tampa. FL ~13 
UAB Station - College l)f Medicine Phone: (813) 971-3260 
756 Lyon& Harrison Research 259 Means Hal 
Blnnlngham, AL 35294 1654 Upham Drive 
Phone: (205) 934-2i31 Columbus, OH 43210 

Phone: (614)293-8545 

Study MAE 022 wouki require overseas travel. The loilowing investigators and sites pertain to study MAE 
022: 

Dr. F.W. Eigler Mr. SA Sa!19k Prof JP Soulillou 
Universitatsklinikum Essen Clinical Sciences Building Nephrologie-lmmunolngy Clinique 
M9d. Klini:C, Abt Fur Nieren Academic Unit of Surgery, Centre Hospilalier Regional et 
unt! Hochdruckkrankheiten LevelB Universilaire de Nantes 
Hufelandstrasse 55 St. James University Hospital Hotel Dieu, BP 1005 
D-45122 Essen LEEDS F-44035 NANTES (Cedex 01), France 
Germany · LS9 7TF, England Phone: +33 4008 4715 
Phone: +49 2J 723 3393 Phone: +44 532 433144 



We have disc'.issed with Or. El-Hage which ol the foreign sites must be inspected; the two sites Which 
have the highest priority are England (Mr. 8adek) and France (Prolr..sor Soulillou). Becai ise of the limited 
amount of lime, the German site does not have to be lilviewed unless deficiencies are Identified with the 
other two sites. 

We reque&i that an Inspection be performed and that arrangements proceed in a timely fashion according 
to yoor inspoc:tlqn proceduras. Since we intend to make a 1egulalory decision on this application by May 
a. 1995, it is imiiortant to have the resuhs of the inspection as soon as possible. 

distribution: 
HF0-530/NDA 
!-IFD-53Q./Dlvlslon File 
HFD-~-OIMO/Korvick 

lif!).;.~SO/DeCicco 
HFD-530/CSO/larosky 

, 

Sincerely, 

~d/ 
David W. Feigal'l""ll..M_, 
Director 
Division of Antiviral Drug Products 
Office of Drug Evaluation II 
Center for Drug Evaluation and Research 
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~- 2/7-22~ ... TVPll 58"AaUU.8111T 1-!CTllO . . r:l.:l n:I cal . lnwsttaat.or 
Pl- .._a OP ••-a11-. Oii UNIY , ...... CTIO 

1l1IB n.pt: ~/Div '1'nn11Plant:atton -........... "'°"" ... ••ll•tlT ADVRua,,.. P"sM•• '-ICftD 
701 s. l!H;h ... Ill 7'6 I.~llQIJ 
~ITY .... 0 STATa fZll>"-; CITY ANDITAft (%1,CllWJ 

l!1nl1nQt-. AL 294-0007 • 
Btl!illl4 ,.;, ININMllll 6' Youii •••w iwa1 OioaeRVao. 
f8Ul\•!'' mr t866 

24 of '7i. mlbj-=t C889 tepc&t f~/mdical tec:mda - i:ariewed. ,,., rr--• -
deriattcm ._. obwl:Mch •. 

• 
~· '- a.t iwt. 6 of tt. 72 mtemd llUbJecte putialpillted in a 9ECC1!'11Cf~. DID 

2. Per protocol, - ct ddl.d-1:IMr1ng pot.entlbl. vno aro 1101: pncu~ -
~-wie ..ttm Of bllt1l ~ (1'1'"11 ~ &ar:r1& vttb lllfuddOll Jilly 1 
or ltlD) are to bft acl~i yet neither -'lcal 1~ nor air•• doc: _ _ ;Md the 
we of llCClll¢ab1a birth CO\ti:'ol/_..> acw:ivtty tor ra111e sub1£Cts or ddl.d-
baer1ng potential. Pbr &~. - . . - . . 
l'\Jrt:hBtlaat', per pmtcni.L, - or child-besrtn!i IJC*.ential llrBt haw a Mgative 
earum I a ...,..,. tMt at the thm or •tudy aitryr 1-r, mt.enl! the 
study 1/ll/ltJI f'I\: t:!i9 pAgmllC)' temt: WU not: condllcted uat:il 1/'12m. -3 •. Par protQcoJ., patients vitl\ a platelet ooant 1- than 100,000,fam? -~ to be 

.eicJ.\Jdedr ret 
• . 

4. Fm. piot;.x:Ql, .,atiente vitl't 1111.lignandllf!I are to J» ai::llld8dr yet: 
.. __ J 

-. - . 
reported mlanoma 12/22192~ ,~ of' the report wu noted - to be ect to sub-
1-tigator Di9thalla). . . . · · ·· 

.. -----· .. · 

5. 1ba toll.Owtftg ildftrM -.ta/poaaibla aide ef'f'~ wt-a not repott9d in the 
cue reportaa 
_.10216, per clinic ?lrJte dtd 7/6/'13, .t. we~ probmbl.a tine& ldest:1!-
t1cn. N'&an.J. cream 1flUI tl.'llil~t to be triedr J9t the canditi~~,,.. 
not rflPLdec! in e1111e zupor t. . .. 
4102115 aiqJeri91x:ad fairly ..vera hyperpllra~dilm. aa:x>rdill!1 to ~ 
oenc:o dat:Ald 12/13/93 regarding Clini~ visi• 12/13193 (al.so noted in c:l.inic: notA!8 
fO!: !!/12/93 visit); yet va& m>f: nport:ed in cue npor.t. 

·t REVBlU l1fl1U07t'S:~~ . ~!~~· --..a-aD 

~ ~tACB 2/22195 
Po•PDA-- .... vrou• l!DlTtaN ... ., •• u:ia. - 1 •-• ._ OP·.L ·-
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Ot8T"'•C.T .a.O'OA5 .. ANO P'HON• NU!lof•8ft 

OEPAll-i!NT OP HILU TN 'lHO - •llVICl!S Pl». 
~iiiLIC H8Al. TH 81E:"VICI!. · m:.&i"fta~ ~~7 POOD AND DRUQ ADMINlllT,.ATIOH 

615/781-5385 . 
_.' 

. 
N4Mli 0, tNOlVIDUAL. TOWttOM ft•fltO"T lllMl•D Pl!RtOD OP l ...... CTIOM rF.NU ... lllil't 

...,, Kl11c R. ~iextui 1 1!·12· _ 2n-----
Tl"rL5 QI' INDtVIDUAI.. l'YHi b1'ASU6NM•NT l .... •CTeD 

Prillclpal Invaat~tor c:lillical 1-t:inator 
FININAM• llt.Mil• OP ........... ANCH Oft UNIT IN8HCTeo 

""" rw.... ~ 
. . -8T"HT l\QO .. RM JTHIT lDOllD OJ "llLlllU ii.Pscn;n 

'JOi S. 19th St;, RM 756 L ·-~ • 
CITY AND8TATS AaMI CITY -Q .,.,. Te {%,,. C••I 
~AL~ • -DUAttfQ AH l ..... li:C'r'JON M YOVN Pl~ CW•• 0,_.ftV"Dt 

.&. 'nm 1aat par-.yR(h or t.119 int'OEWI • • ant (DB~ date 6/1Q192) QJl94 
~ t1w nmr crntatM bJ ....... fCJr ,.... to caat:8Ct ~ing llabj«:l:ll• 
rights and 'Illich dClctrlr d1M'1 ! th.- c 1 rmJLt:. ftllE' mn.r sabjec:ts, .t:Jw M"""" 
wee ~ fllled ill (-. ~ •:t.t1Ul, - ~ 10/2/92 t1w PLut&ic:Dl 1IU 

4M to de'-. NA and lldd ltlU. 'ftd.11 oa:a.rnd prlox- t.o entry or tbr f~ 
aabj~ (11/13/92). 'l1J9 • I SKlt - not 'le(I, lZUSUS'r aa it Qtas tJ19 patten 
-U.1 ncet._ 1114 at tht• inftit:oticln. 

' 7, 'llle nlmDa t8 'll'-t '6a. dab.cl il)m (DB """'cued 12/3/93) - DC& al-711 
•ic;iqed in • t1-17 - ""• 11114 far wu•a1 .at>jC!.Ct:ll, no a:tga.d addo!ndlm -
-11JIJ:ll.9,u the d>jll!ICt: dlcl 110t. rct:.'U11 it after lt80l!i'Vin; it 1n tha •U. 
F'4" -ample, - ~ w"'z '1Pl - lllllail.ahla for' vtlO entered thll atady 
'.7/15193 a1ld - - 1n t:lle cU.nie 11'1~. She - twmtnat«f naa tM atady 

. 

5/11/94. 
-RI aigned ad"""°'9 tt fbl> eQter9d the ftUdy 7/1/93 and""" foU-vad ill tl I 
etuOy t)''T"'Mjjh 3.1111,. 1995-

signed tlle • u t ft 9/2219« (llM er.t.m:ed 6/5/93) I yet dJlll - - i.e. the 
ct.inic for lllUltipl• '1'1.dta Jan. 1994 • 

PRO'JO UI IOI 1868 

ElAM!ll Of 17 cue ~lal 1Mlll111 WC1t rav1W BM U. loUow!no d.ria-
*:1ais \1111'1! otmenada . 
1. lb .... ps:egma..y t.at - ~acted (~ pa:otocu1) <n i a -.zrlad 
r-18 C. wo eatend t:.lW ,.t:uity 7/U/93. 

2. Ml "?c ~ 1wttcri Of _, ac:t::lvit:y/lldeqaate birth eeatroi rcir r-ie aabj~ 

' '°""' mt:encf t:ha et:aOy 2/7/92 ·• 

!I. PJ:'Ot;.aa:Jl. inc.1.'Dlltm c::rltaria llirta amaa c::-t:tniJm ab the td..- C4 biopsy -.t 
be 1- t:haD or eqnaJ. to 5 ~dl.t yg 4 r4 17 90bjec:U ~ ~ vith YU-
greater than -. .. 

, . ~ [jii~~OG~"~ ~}'%"m8:'"tt."%iW~!-·- DAT•IA9Ue.D 

SBI! RBVJIRS1l 'Z/22/9"5 OPTIUSPACR ~tal: 

PORMl'OA-r-"· P111t1V•OU• •vmDH ... A.., 1Je uee.u.. INIPliCTIONAL C>eaRVA.TIONS ,_.. '" 0 • ~ ""' 
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I 
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Much lO, l99S 

Shari 1. Hromyat 
FeUe:al bivtsliptor 

TAMPA GENERAL HEALTHCARE 
~-•!JSIC...o/-

Food llld Drq AdmiDisuation 

.>·-.: ·~ ~.~so1~~~~--~~~~·-~~;,;'~"''~"~i·~,,,~,IJ~Jf,l!PJI 
Dear Ms. Hromyat: 

Plcuc find below the ICsp!A'CS 10 the oblervatiom left with me followiRE the ~ impection 
of the Syntcx ICM Study 1866. Please lllblCh a copyofdrit le.tterto your- inspection ccpcxt and 
include it with Ill)' FOi Services request. The number! helow co11espoml to the item 111J111hcn on 
FDA form 483. I have enclosed a copy of the 483 fonn. 

I. FoJ/we to rqJOl'I _.,_, """'• .,.,.,. of this Mltet'~ ~ subjecu to the revltwlllg 
IRB's (USF aad Tcmrpa G-m) as •ipfl/««l 111 tlw /RB pldelina. CJ polk:y wear t0 r1port 
only odwru nents that wmt set'lolo, dntg relal&J and rmtlltlicipaled prob/t!WU. No /RB 
upptaval of mndifloatioa to rwporling nqvin...U was ol>taiMJ. 

Respoaw. 
In llJ'f cstimAtion, l was in eomptilD&:o with the IRB required policy Oil reportina of ld\'CISC 
nait1 u delcribed ia the IRB hladboob. Tampa Ckmlftl's IRB 1111ta that •cacb ilweslipuw is 
ccspomlblc tor ..,,Ung ID)' new or :daaifica111 Id.,,,. offcctr.. hljuries to subjects or any 
·~problems wbic:h ilwo1vt1 risks to the"sdJjcc:ts, to the IRB within ten YiVlkiul clays.• 
It is my beliefthat wc oomplval ~th t."-tobliptioa by 1cpo11iq all safely rq1011S llldany 
Ullllllicipm:d llMJ/or sciious clrvs rdatc.d eveub. Tho current IRB's (Uaiwniiy of Souda Florida) 
is men ambipious. °"'' lnformldon ~~ftbook simply s1ate1 "Reselrcb invatipton are 
1""1JOftSll>lc for raponing ).vom~ to the appropriate IRB Cbairpcnon, the DSR. and their 
DeparUnent Cbair(s) any ~'verse efl'~ or i.'1jurics to humu subjects. any propscd c:hanga in 
the mcirch, or any unanticip.'\led problems wbieh involw risk to Ibo human reaemrch ~ or 
olhers. • i hive requested funhe: clarificalion of the reporting policy of the USF mB and I am 
awaiting a~ I will ~!his issue to resolution and will continue in tllc fiit1R, u in 
the past. to en&111e that the IRB is inf1;'111Cd of all pertiricnt study and patient related issues 

2. Fallvre to utaOIUft Olld matrttain doclaMntatlon of llf101U0' nolificaJion of senom 
udver•<i even/8 as itlentiflt!d In the :sponsOI' protocol. 

Rapo..l: 
Information concerning the timing of sponsor notification is rccordeci on the serious advr:nc 



~. J:' u J 

_,- . :· ·~ :·:·:;~:~~-:~·: '. '; 

~ (SAE) fonn. The SAE form was considered the pnnuuy documentation of event 
notification. Additionally, as required by the protocol, Synrcx was CO!IW:tcd by phone for all 
grnde 3 advmc c:vcnb tb.'11.lght to be drug t'Clatcd which required dNg adjllltmcnts. Although 
numerous calls ~ docaimmdcd on the site phone call log there wore occasions when~ 
calls 'WCft, not fonnally 1~'F In tho Mure. M: will wor'.c to ..sun: complete doc\anentatioo 
oi our spomor tlOliftcatiot1. 

3. Cun-ml conun1 formt fatl 10 Include all pn:viova &lpdata. FM uample, the Ian tltn• 
C0111•lllfomt1(rsvi&f!d51/719J, 6123193. and 8120/93) incon"rlf:t/y illtJtll/ijl antl-/ymphocyt• 
(AW) as pan of svbject thenzpy. .Al.G wcuformally d1la•d wills S)mtu .'Protocol Aintlldt#Grt II .. . . . . . 

4i~;~ .. · .. ·, . 
. . ~.~-- ... , ... 

lllapow: 
[t 'WIS ID cM:nigbt that revisiam MK made to • prcviOUI YCtlioe 0 ftbe consent form. thUI 
~ omittilll IOlftC uUnor }ll'e\iously appioved coment ..... hi Oii! filtun:, COCllOldS 
will be c:areftllly l'llYiewed to ensure the coment comaim all previously approved changes. 

4. Study filu foll to kkllltf.; oil nvulOM mad4 to conunt forms. 

~ 
Tho Imtitlltional Rc:vicw Board wu provided with a copy of tbc c:onsc:nt which identified. 
cleariy. the revisions made using highlighted colow-. I feel thal koeping a copy of the n:vilod 
docume>it w.• ada{uale for our files. I will, howewr, grant you chat a second highlighted copy 
for our tiles would have made it easier for l'llYiew. 

Ml Htomyak, tho inspc:c;uOil wu 1IU)' thorouab ud edocatiMs! The disa1uioo a1 the 
ooi:.tlusion of tho inapc:ction wss 1IU)' beneficial to mo for complying with mt. rcgulationa for 
CWIClil and ftmn trials. f IPl)l'edate your acknowledgement ht, overall, tho study WU woll 
docwncntcd and~ 

lf you have any furthc:r qllCltiom do llOl hesitate to contlCt me at : 
· 3000 Eut Fletcher Avenue 

Suito3IO 
TllJ\pe, Florid& 33613 
(813) 971-3260 

I • 
Sam~I S. \\4instein, MD 
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~OP HllALTH -HUMAN •11viue 
-LIC NIAL n1 elRYICI 

roaa AND D .. uo ..... ,.,.,. ... .,.,ON 

I GMa"YeDt 
Tb• d•viat.iona fro• t.b atudy prot.oool •• wall •• daaor•panei•• 
b•t.we•n ::tiar.t ••4:1.oal r•oorda and atudy Ca•• R•port ror••IC~r) 
not.e4 ar• d•acribed •• follo••• 

Rtf.itn\ 

l· Ur1oa1yae• re11Uirad at th• 7 and 1• day viait• were not 
ptir!or••d. 

2. The Trough Cfaloaporine L•••l r•quir•d at th• 4aY 1• viait 
••• not obtained. 

rat.t•pt, 

1. Tb• Trouoh Cyoloapor:l.ne t.•v•l. requ:l.~•4 at. t.l\e 6••onth v:l.a:l.t 
wa• not obt.ain•d· 

1. Uriaalv••c req~ir•d at th• day 7 and 6-•onth viait• ••r• not 
performed. 

2. Th• Gloaerular r:t.ltretion Rat•(GrR1 r•quired at the 12-aontb 
v:l.ait ••• not. ob-tained. 

3, Tb• L&11oratory •valuation roni LE tor th• t-aont.Jl via:l.t. 
1nd:l.oatea, under Jlood ChQa:l.otr:l.ea, Dir•ct B:l.lirub1n •• ·-· 
The laboratQry report oor~aapond:l.n9 To thi• v1a1t, howev•r, 
1ndioata• that• Dir•ot Bilirub:l.n value of 8.3 waa obtained. 

Utient. 

1. R•dioloov report.a for oheat x-raya perforaed oh &115/93 and 
i/~~/93 1nd1oate t1nd1n9• of pleural effuaion/pl•ural fluid 
aoouaulattona. Tb••• tindinv• ••r• not caport•d 1n th• 
Adv•r•• •vent car ae required et th• 2-aonth vtaitt6/l9/93). 

~. Tb• urin•1v•1• requlr•d at tb• 3-•ontb viait and rt:l.tteront:l.al 
required at th~ •-month vi•1t wtr• not pertoraad. 

aMPLDY•••') Ill a At.ID T•TL& t.r 
.~-u. ,,.,. m~IU'e':m-· 
. • A 

J 
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OUAllTllllN1' Of' NIAL '1'11 ANG llUIMN •llYICll 

1'1111.IC HIAL TH llRYICE 
~DDD ANO D1'UO ADMIN,.,.MTION 

W'1'1'1DT ~DDlt U AHO "'D"f8 HUMel 

FOOD & DRUG ADMINISTRATION 
1141 C~NTRAl. P/IWo.WAY 

l----::7=-:::::-:::-==~=-=~~==.:-:::;:~~+- ~~191--~~~~~-' 

3, !b• coap1a:l.nt•IPro01••• ob10• 1:1.•t lor tb• S•aoatb 
vi•:Lt(1131/96) indioat1• tb• ~at:L1nt 1irp1r11noed a:l.14 
·.l:l.zc:l.ne•• •iaoe tb• pre•:L•U• v:L•it. 'l'bi• oeaplaiat voa not 
reported in the AdYerll IYent CRJ for tbe S•aonth Vlllt, 

•· Tb• 26 hour Vr:l.n1-0uantit•tiv1 Prot•in required at the 6-
•ontb vi•lt va• not obt11a1d. 

r•t1•ot 
l. Blood Ch••i•tri•• r1qu:l.r1d at t!l• ba11lin1 vialt ino1u41Df 

Total rrottin, ll~\11!!, ll6~u11n, Sboi1•t•ro1, and 
tr19lyo1ridea were not performed. L1k1wi••· Blood Ch••iltrl•• 
required at th• day 16 v1•1t :1.noludin9 Total rrotein, 
Albuain, Globulin, Cboleaterol, ~ri9lyo1ridea, Calciua, 
Phoaphorun, Urio Acid, Total 811:1.rubin, D:l.reot.Bilirub:Ln, 
Indireot 811:1.rub:l.n, Alkalin• PhO•Phat•••• BGOT/AaT, BGPT/ALT, 
and t.l>H var• not p.s:foraect. · 

i. Th• Kur•1•9 and Allied H•elua Prof•••lon •ot•• dated '116/93 
1nd1Gat• tbe pati•n~ 1sper1need dfapnea. Thi• ••• not 
&•ported in tb• A4Y•r•• lvent Cal' coverina thi• period(day 7 
v1•1t, 6121/93). the MUr•inf '~d Alli•d Healtll Prote••ion 
'llOt••-d&ted 6121/93 al10 rero&-t To~~ l'tt.~tRi •9(8 dlllr?hll 
•ilool•. Tbia ooaplaint waa not reported in the A4••r11• •vent 
car tor tb• 1-d•Y vial~. 

J. 'I'll• Urinaly•i• and 'frouvii Cyolo•porine Level requirecl et th• 
day 1• vi•it were not pertoraed. 

pag.t int; 

l. Portion• ot the 1n-pat11~t ••diaal raoord 1no1udinf •ur•inv 
•ot•• and Druv Ad•lnl•tret1on roraa coverinv a &/21/93-
7128/93 ho•pltaizat:1.on aould not b• iooated. Yh• •tUdf vl•it• 
pertora•d durint tht• period 1nelu4e aontb• l and 6. 

IUQV!Ul5B 
OPTHISPAOS 

l~L 0 ... RYATION8 PACll OJ, OP 
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DUAllTMlllT DP HIAt. TH MD - AllVICU 
-UC HEAi.TH -ICI 

'OOD AND DRUO AOMIN..,.,.,..TIOfrf 

ADD .. 

FOOD & DRt:IG ADMINISTRATION 
1141 CENTRAi. PARKWAY 
CINCINNATI, OHIO 46202 

2. Ti•optio -d •d!llOPll:'ed were adaini•t•r•d during i;t,e period 
2116•23/,3. ~b••• .. dioation• w•r• not reported in th• 
Concoa1tant Hedioation• 1ora (CH3) for th• day 7 
Y1a1t(2/22/93). 

3. 'h• Trougb Cycloaporine Level required at the day 14 v1•1t 
vaa not obtained. 

fai.itDlj 

1. tb• Initial Ia•unosuppre•e1ve Tberapy Loq ao•pleted et th• 28 
day visit ind1aat•• th•~ the total daily do•e of Pr•dniaolone 
ad•in1•t•r•d on 7121/13 va• 9tl •• IV. Ho••ver, aoaardinv to 
the Dru9 Ada1n1etration Porms for th1• day, tb• patient 
r•o•ived • total daily do•• of iee •o IV( ,. •• tv at 1838 
and 98 ••%Vat 1635). 

2. The ou~-patient phone 109 dated ie11193 1nd1oate• ~at tb• 
patient took Clon1d1ne until 18/2193. Th• conco•1tant 
~od1oat1on• rora(CH3l for tho l aonth v1•1t(18/2t/t3l doe• 
not report Clonidina a• baving been taken eince the la•t 
Ylll~li IVI~~. llii/fj), 

3, tn a eorreeponden:e dated 2121/96 reaardinv an outpatient 
vi•it on 2/19/94, tb• patient reported to the pbJ•1a1an that 
be waa •Ufferinv fro• iapatence. Thi• Vieit onourred betw•o~ 
the 6 aontb and 9 aonth •~udy vieita, but the patient'• 
aoaplaint w•• not reported in the Adveree svent car at the ~ 
aonth vi•it. 

&. ln a correspondenae dated tl/8/9& re9ardin9 an outpatient 
vi•it on 111111&, tbe patient 1• said ta be e•pariancing • 
~ungal •kin eruption tor wh1ah ~- 1• ~nder tn• oar• of a 
deraatologi•t. Tbi• outpatient vi•it occurred b•tVeen tbe 12 
•onth and 18 •onth study viaita. The tunoal eruption i• not 
reported 1n th• Adv1r11 Jvent c1r !Bf th• 1s 1onth vl1lt. 

,., QATI 1 .. UIO 



TO• 

-AllTMllNT OI' HIALTH ANlll -N ll!llVICl!a 
l'lllLIC HEAL TH ftRYK:ll 

ll'OUD AND D .. UO A,,MtNteT .. ATIGN 

DIST .. ICT ADD"ale Altll HONe NVMe•" 

FOOD Ii DRUG ADMINISTRATIOiu 
11'1 CltNTRAL PARKWAY '"­
CINCIN"i'TI, OHIO 4520a, 

s. Tbe Kaiatenano• l .. unoauppr••aiV• Hodicat1on• rora NIH for 
tbe 11 aoafJI vialt in4ioat•• tbat th• Cyoloaporin A dose 
tlv11 an tn1 day ot th• v111t ind the Jro&a~int t1y w11 •s• 
•v qd. Th• Coaplaint/Probl••• oheck li•t for tbia via1t. 
bow1ver, 1ndtaat•• that th• cyaloaporine do•• on th• date of 
viatt v11 see •914. 

r1si1pt , 

1. Th• patient undervont kn•• aurv•rY between tb1 11 aonth and 
26 aonth atudy vieit1. A• part of t.h• an••th••i• perfora1d 
for thi• procedure. th• patient w•• edainiat•r•d Iaoflurana. 
•1trou1 Oxide, Norphin• lultate, ~tc. L14ooa1ne. rentanyl. 
Propofol. and Suooinylchol1ne. Th••• ag1nta were not reported 
in th• conooaitant N1dioation1 rora (CN3) for th• 2• aonth 
1tudy viait. 

z. Vancoayoin and A•o•ioillin w1r• adain1etered b1tv11n th• 3 
aonth and • aonth v111t1 but v•r• not reported in th• 
Concoaitant K•dic•t1on1 ~ora ICH3) tor tha ' aonth vialt. 

3, Th• D1ttorent.1•1 and U:r:inaly•i• r•q,,:Lred at. th• day 7 vi•1t 
were no~ p1rfora1d. Lik•viae, the Urtn•lY•i• r1qulr•d at tbe 
day 1B vi1it ••• not perforaed. 

UEREVBRIE 
OP THUi PAC 

D'6f l'A8H 



DEPARTMENT Oi' HEALTH SL HUMAN SERVICES 

Samuel S. Weinstein, M.D. 
Tampa General Healthcare 
3000 East Fletcher Avenue, 
Tampa, Florida 33613 

Dear Dr. Weinstein: 

Affi 2 I 1995 

Suite 380 

Food ...i Drug Administration 
Rocl<Ville MO 20867 

Between February 21 and 28, 1995, Ms. Shari J. Hromyak, 
representing the Food and Drug Administration(FDA), conducted an 
inspection of your conduct, as Principal In'"~stigator. of a 
clinical study (protocol ICM1866l of the-investigational drug 
mycophenolate mofetil(RS-61443), performed for Syntex. This 
inspection is a part of FDA's Bioresearch Monitoring Program, 
which includes inspections designed to validate clinical studies 
on which drug approval may be based and to assure that the rights 
and welfare of the human subjects of those studies have been 
protected. 

we have evaluatP.d the inspection report by Ms. Hromyak, the 
documents collected during the inspection and your written 
response to Ms. Hromyak dated March 10, 1995 regarding the items 
listed in the Form FDA-483. Your letter has become pa1:t of the 
FDA offi<:"ial record. We are aware that Ms. Hromyak discussed 
with you the non-reporting of adverse events to your IRB, the 

......._ lack of written documentation of IRB approval for modification of 
reporting requirements; the lack of documentation as to when the 
sponsor was notified of adverse events and your failure to 
include certain revisions made to the consent forms. We note 
your general agreement with her findings and your intent to 
assure future documentation of events and notification of the 
sponsor and the IRB of all pertinent informatiorv·related to the 
study. · 

We appreciate the cooperation shown Investigator H~omyak during 
the inspection. 

; 

Sincerely yours, 

A~ 
Alan B. Lisook, M.D. 
Chief 
Clinical Investigations Branch 
Division of Scientific 

Investigations - HFD-344 
Office of Compliance 
Center for Drug Evaluation 
· anCI Research 



Page 2 - Samuel S. Weinstein, M.D. 

CFN:1058799 
Pield classification: A 
Headquarters classification: 

llNAI 
x-·-2)VAI-no response required 
- 3)VAI-response requested 

If Headquarters classification is different classification, 
explain w~y: 

Deficiencies noted: 
_x_inadequate consent form - updated version 
_inadequate ch'Ug accou."ltabllity 

failure to adhere to protocol 
-inadequate records 
xfailure to report ADRS to IRB 
- other(specify) 

cc: 
HFA-224 
HFD-344 
HFD-340 r/f 
HPD-340 Kelsey/Richardson 
HPD-342 
HPR-SE200 
HPR-SE250 
HFD-530 Review Division Div.Dir./Doc.Rm: NDAf. 

Dr. Korvac/CSO Tarosky IND 
HFC-132 
HFC-230 
r/d:A. El-Hage 4/17/95 
d/t:slk:4/18/95 
finaled:slk:4/20/95 

, 

;' .. 

-- --



The Antiviral Drugs Advisory C~mmittee Subcommittee on Immunosuppressant Drugs met on 
Thursday, March 30, and Friday, March 31, 1995. On Thursday, the topic was NOA: 
(250 mg capsules) for mycopheno!ate mofetil (CellC..ept®, Syntex 
Laboratories, Inc.) for use in the prophylaxis of organ :ejection 

in patients receiving allogeneic renal lran.~plants. 

Approximlllely JOO people 1vere present, including the sponsor and the FDA. There were no 
speakc.r$ ai lhe open public hearing. 

After a welcome from the Dr. Fcigal, Supervisory Medical Officer Dr. Mark Goldberger 
introduced the topic. The sponsor L'ld FDA presentations were interrligitated according to topic. 
First, several speakers ti'om Syn!ex presented three studies sub!Ilitted in support of the efficacy of 
CellC.ept9 for the first indication, pre1;ention of acute rejection in renal transplant recipients. All 
were randomiud and double blinded multi-c.enter trials. The EuropePn trial was placebo 
controlled, with the U.S. and tricontinental trials use azathioprine as the control. They 11rgue that 
since escaping an acute n<iection is associated with a better prognos~. this drug may have long 
term benefits.as well as prophylaxis in the 6 month study period. Dr. Paul Ayer of the Division of 
Biometrics provided FDA statistical commcnt:1 and Dr. Owidra Sahajw&lla ol DA VDP commented 
on biophannace:.'tic and phannacokinetic aspc:cts of the submission. The next series of 
presentations focused on safety. Syntex presc:nters noted that GI-related complaints were the 
largest category of adverse events, but some t:ematologic abnormalities were noted, as well as the 
effects of immunosuppression. Dr. Joyce Korvick of DA VDP presented the FDA analysis. The 
company was asked the following questions: 

I. Questions Regarding the Prevention of Acute Rejection in Renal Transplant Recipients 

I . Has Ce11Cept9 been 3hown to be safe and effective :n preventing acute rejection in patients 
who have undergone renal transplnntati~•n? If so, what treatment regimen, including dose 
(or doses) and duration, should be recommended? 

THERE WERE 11 VOTING MEMBERS. Ali, VOTED YES. 

2. If the committee rr.:colJlllX'nds approval for this indication, does the committee also have 
specific recouuv.c:idacions for future trials witl1 CellCep:® for prevention of rejection 
associated with renal transplantation? 

Many members were concerned about the lack of ;lata en the optimal duration of dose, and 
called for data past the one year that had been presemed. 

3. The studies for acute rejection compared the proportio1J of patients who experienced either 
an acute rejection or a "1re21ment failure" within the first six months of treatment. This was 
~upplemer.ted by the one year results of graft and pntien\ ~·1rvival. Docs the committee 
have recommendations regarding endpoints and or overall Mudy design for future trials of 
.11her products? 

Regarding future studies, members' suggestions included doing pharmacokinetic studies 
earlier in the devclopm::nt process, requiring a biopsy as confinnalion of every rejection, 
longer follow up, and interaction studies with other drugs likely to be used by the 
population including antibiotics. 



1 •. 

! 
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The aftemooe ..cssion adJressed 1 • 
. The format Wl.'l similar to the mqnWig. with Drs. 

Flyec and Korvick providing FDA comments For this indicalioo, ooe multi-a:nter Clpen­
labcl trial was submitted. Cell~ was compaml to IV stM>ids (methylpredaisolonc). 
The group of patiencs eligible for such a study is relatively small, so the stoo, .,,,, smill. 
The appropriate sratistic:al approach was disc\lssed, as diftemit approaches iii~ t ·.~ire 
dilfereat p values. The committee was asked the following qr.atjoas: 
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