These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Heaith Service

NDA 20-221 Food and Drug Administration
Rockville MD 20857

U.S. Bioscience, Inc.

One Tower Bridge

100 Front Street

West Conshohocken, PA 19428

Attention: Barbara Scheffler EC 8195
Senior Vice President for Clinical Operations
and Regulatory Affairs -

Dear Ms. Scheffler:

Please refer to your September 30, 1991 new drug application and your
resubmission dated July 12, 1994 submitted under section 505(b) of the Federal
Food, Drug, and Cosmetic Act for ETHYOL (amifostine} for Injection 500 mg.

We acknowledge receipt of your amendment dated October 27, 1995 i~ response
to our approvable letter of Qctober 6, 1995,

This new drug application provides for the use of ETHYOL® for In;ection to reduce
the cumulative renal toxicity associated with repeated administration of cisplatin in
patients with advanced ovarian cancer. In this setting, the effectiveness of the
cyclophosphamide-cisplatin chemotherapy was not altered by Ethyol. There are at
present oniy limited data on the effects of Ethyol on the efficacy of chemotherapy
in other settings. Ethyol should not be administered to patients receiving
chemotherapy for malignancies that are commonly curable (e.g. certain
malignancies of germ cell origin}, except in the context of a clinical study.

We have completed the review of this application including the submitted draft
labeling and have concluded that adequate information has been presented to
demonstrate that the drug product is safe and effective for use as recommended in
the enclosed marked-up draft labeling. Accordingly, the application is approved
effective on the date of this letter.

The final printed labeling {FPL) must be identical to the enclosed revised draft
labeling. Marketing the product with FPL that is not identical to this draft labeling
may render the product misbranded and an unapproved new drug.

Please submit fifteen 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 similar material. For agministrative purposes this
submission should be designated "FINAL PRINTED LABELING" for approved NDA
20-221. Approval of this fabeling by FDA is not required before it is used.
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Shouid additional information relating to the safety and effectiveness of the drug
bacome available, revision of that labeling may be required.

in addition, please submit threc 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. Piease send one copy to the
Division of Oncology Drug Products and two copies of both the promotional
material and the package insert directly to:

Food and Drug Administration

Division of Drug Marketing, Advertising and
Communications, HFD-240

5600 Fishers Lane

Rockville, Maryiand 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
had not been validated. Nevertheless, we expect your continued cooperation to
resolve any deficiencies that may occur.

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

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

If you have any gquestions, please contact Linda McCollum, Consumer Safety
Officer, at (301) 594-5771.

Sincerely yours,

&? :, ) ,
Robert Temple, M.D.
Director

Office of Drug Evaluation {
Center for Drug Evaluation and Research

ENCLOSURE
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One Tower Bridge
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West Conshohocken, PA 18428

Attention: Barbara Scheffier
Senior Vice President Clinical QOperations

and Regulatory Affairs

Near Ms. Scheffler:

Piease refer to your September 30, 1991 new drug application and your
resubmission dated July 12, 1994 submitted under section 505(b) of the Federal
Food, Drug, and Cosmetic Act for ETHYOL (amifostine) 500 mg for Injection.

We acknowledge receipt of your amendments dated July 21, September 21,
October 20 and 24, and November 28, 1994; and January 31, March 24,
April 28, June 6 and 29, July 10 aac 21, 1995.

We have completed the review of this application as submitted with draft labeling,
and it is epprovabie with the attached draft labeling for the indication of reducing
the cumulative nephrotoxicity of cisplatin in patients undergoing treatment with
cisplatin-based chemotherapy for advanced ovarian cancer. Before the application
may be approved, however, it will be necessary for you to submit revised draft

_labeling and to provide additiona! information {including plans for post-marketing
studies, if appropriate) to address the foliowing Agency concerns.

CLINICAL

1. Limited data are currently available regarding the preservation ot
anticancer efficacy when amifostine is administered prior to cisniatin
chemotherapy in settings other than advanced ovarian cancer.
Interference with the efficacy of cancer treatment wouid be of
greatest concern in settings whare chemotherapy can be curative.
Therefore, without implying that amifostine has shown tumer
protection, labeling should include a warning that amifostine should
not at present be used in conjunction with cisplatin in settings where
cisplatin-based chemotherapy is potentially curative (e.g., cer.ain
tumors of germ cell origin}

These and other specific comments and recommendations regarding
ETHYOL® (amifostine) labeling are incorporated in the attached copy
of ETHYOL proposed labeling (revised from proposed labeling
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submitted by U.S. Bioscience in a July 14, 1995 submission to NDA
20-221).

Although the approvable labeling provides for a limited indication
{reduction of the cumuiative nephrotoxicity of cispiatin in patients
undergoing treatment with cispiatin-based chemotherapy for advanced
ovarian cancerj, we acknowledge your submissions of additional data
regarding the use of ETHYOL in patients receiving cisplatin-based
chemotherapy for other malignancies; and the potential value of
ETHYOL in reducing the cumulative nephrotoxicity of cispiatin in
patients with other malignancies. Appropriate labeling of
chemotherapy protective agents is a complex issue that deserves
expert and public discussion. We will be pleased to bring the
additional data you have for prompt consideration at a meeting of the
Oncologic Drugs Advisory Committee.

Under 21 CFR 314.50(d){S}Hvi)(b), we also request that you update
your NDA by submitting all new safety information you now have
regarding ETHYQOL. Please provide updated information as listed
below:

a. Retabulate all safety data including resuits of trials that were
still ongoing a: the time of NDA submission. The tabulation can
take the same form as was used in table 19 ¢f the integrated
summary of safety that was included in your July 12, 1894
submission.

b. Retabulate deaths and adverse drop-outs with new deaths and
adverse drop-auts identified. Discuss, if appropriate.

c. Provide detaiis of significant changes or findings, if any.
d. Summarize worldwide experience on the safety of this drug.
e. Submit case repor: forms not previously provided for each

patient who died during a clinical study or who did not complete
a study because of an adverse event that was deemed possibly,
probably, or cefinitely related to Ethyol” amifostine,

This update should cover all studies and uses of the drug,
including:(1) those involving indications not being sought in the
present submission, (2} all dosage forms, and (3) all dose levels.
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PHARNACOKINETICS

1. There is some evidence for gender differences in the clearance of
ETHYOL. This is based on data combined from two pharmacokinetic
studies {(ETH-PK 1 & 3). On average, there appeared to be a 30%
lower clearance of amifostine in women than in men. These results
can only be considered preliminary, however, in view of the small
samnle size, and the inclusion of data from subjects who received
either the 740 or 910 mg/m? dose. As you hope to expand claims for
amifostine beyond ovarian cancer, it will be important to examine the
potential for differences in pharmacokinetics between men and
women. You shouic design a study to address this issue.

2. The possibility that ETHYQOL or its active metabolite might affect the
pharmacokinetics of co-administered chemotherapeutic agents has not
been adequately addressed. You should describe the effects of
ETHYOQL administratiorn on the pharmacokinetics of representative
chemotherapeutic agents that will be given while WR-1065 is stiil
present.

3. Plasma prctein binding of amifostine and its metabolites over the
therapeutic range has not been characterized.

4, Th< clinical trial entitled "Phase | Study of Bone Marrow Protection by
Eth, 0l (amifostine) i Patients with Solid Tumors Treated with
Carboplatin™ is apparently ongoing and will provide information on the
pharmacokinetics of the active metabolite. We would like 10 know
when the results of that study are anticipated. A report of the study
should be provided to the agency as soon as possibie. The report
should include subject demography, including any medications taken
during tnhe study periods, individuai and mean plasma concentration-
time data for amifostine and WR-1065 after single versus multipie
dasing, and assay validation for all species measured.

CHEMISTRY
The following comments concern the drug substance:

1. Specifications for the amifostine reference standard shouid include
Assay by HPLC anc Other Impurities.
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Describe how mass balance was determined in the farced degradation
studies. Were molecular weights used as for the drug product? See
deficiency # 4 for the drug product.

The specification for methano! should be set at a much lower limit. All

lots of drug substance, with the excep:- n of one _ have
methanol limits well below ppm. In fact all values are less than
ppm. A specification of NMT ppm is reasonable based on the data.

The following comments concern the drug product:

1.

The proposed release specifications for the drug product are
unacceptably broad. An appropriate (iower than previously proposed
NMT %) limit should be established for Total Related Substances.
In addition the proposed % Assay limits are also 100
broad for release specifications.

The regulatory (shelf life) specifications for the drug product alsc need
to be revised as foliows:

-3 Establish a specification for Total Related Substances.

=

b. The proposed % limit for thiol is unacceptably high. A
limit would be acceptable to the Agency.

c. Examination of the stability data provided in Attachment 4
indicates a specification for reconstitution time of "NMT
minutes” is unreasonable. While a NMT  minute specification
might have been proposed earlier in a8 meeting we now have
more complete data to analyze. The Agency would find a
reconstitution time of "NMT  minutes"” acceptable.

Please submit copies of the revised vial labels, carton labels and
package insert for review.

Please clarify in your response to deficiency #26, Agency letter dated
February 27, 19985, which tabies are reporting mass balance data by
weight percent and which tables are reporting mass balance based on
millimoles. For example, it is unclear what units are used in the data
for the mass balance in the forced degradation studies. it appears
that in the data for forced degradation {heat treatea) weight percent
was used (since there is a column for other related substances and no
molecular weight can be used to determine millimoles for unidentified
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retated substances). In this experiment good mass balance was
obtained even though there was % thiol. However, if weight
percent was used to determine mass balance (as appears to be the
case] it is not clear why good mass balance was obtained in hight of
vour claim that one needs to use molecular weights to obtain good
mass balance.

5. The stability data generated at 5°C do not warrant the proposed 18
month expiration deting period for storage at 2-8°C. A 3.5% TJhiol
limit would support a 12 month expiration dating period.

Please submit revised draft labeling incorporating the attached revisions. All
proposed materials should be submitted in draft or mock-up form, not final print.
Please send one copy to the Division of Oncology Drug Praoducts anc two copies of
both the promotional material and the package insert directly to:

Food and Drug Administration

Division of Drug Marketing, Advertising
and Communications HFD-240

5600 Fishers Lane

Rockville, Maryiand 20857

Within 10 days after the date of this letter, you are required to amend the
application, notify us of your intent to file an amendment, or follow one of your
other options under 21 CFR 314.110. In the absence of such action FDA may take
action to withdraw the application. The drug may not be legally marketed until you
have been notified in writing that the appiication is approved.

Should you have any guestions, please contact Linda McColium, Consumer Safety
Officer, at i301) 594-8771.

Sincerely yours,

C‘[&;E[{« 6]

Robert Temptle, M 65
Director

QOffice of Drug Evaluation |

Center for Drug Evaluation and Research

Enclosure
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Ethyol Draft labeling
Page 1, FDA revised copy
December 7, 1995

ETHYOL ®

(amifostine) for Injection

DESCRIPTION

ETHYOL (amifostine) is an organic thiophosphate cyloprotective agent known chemically as
ethanethiol, 2-{(3-aminopropyl)amino)-, dihydrogen phosphate (ester) and has the following structural

formula:

H: N(CHz)SNH(CHz)QS'PO3H2

Amifostine is a whi‘e crystalline powder which is freely soluble in water. its empirical formula is

CH,sN;0,PS and it has a molecular weight of 214.22.

ETHYOL is supplied as a sterile lyophilized powder mixture with mannitol requiring reconstitution for
intravenous infusion. Each single-use 10 ml vial contains 500 mg of amifostine (anhydrous basis)

and 500 mg of mannitol.

CLINICAL PHARMACOLOGY

ETHYOL {amifostine) is a prodrug that is dephosphorylated by alkaline phosphatase in fissues 10 a
pnarmacologically active free thiol metabolte that can reduce the toxic effects of cisplatin. The
anility to differentially protect normal tissues i$ attributed to the higher capillary alkaline phosphatase

activity, higher pH, and be ‘ter vascularity of normal tissues relative to tumor tissue, which results in
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a more rapid generation of the active thiol metabolite as well as a higher rate constant for uptake.
The higher concentration of free thiol in normal tissues is available to bind to, and thereby detoxify,
reactive metabolites of cisplatin, and also can act as a scavenger of free radicals that may be
generated in tissues exposed to cisplatin. Several preclinical studies in mice and rats have
demonstrated that pretreatment with ETHYOL results in protection from nephrotoxicity following

administration of single and multiple doses of cisplatin. -

Pharmacokinetics: Clinical pharmacokinetic studies show that ETHYOL is rapidly cleared from the
plasma witr a distribution half-life of < | minute and an elimination half-life of approximately 8
minutes. Less than 10% of ETHYOL remains in the piasma 6 minutes after drug administration.
ETHYOL is rapidiy metabolized to an active free thiol metabolite. A disulfide metabolite i5 produced
subsequently and is less active than the free thiol. Afier a 10-second bolus dose of 150 mg/m? of
ETHYOL, renal excretion of the parent drug and its two metabolites was low during the hour
following drug administration, averaging 0. 69 %, 2.64 % and 2.22 % of the administered dose for
the parent. thiol and disulfide, respectively. Measurable levels of the free thiol metabolite have been
found in bone marrow cells 5-8 minutes after intravenous infusion of amifostine. Pretreatment with

dexamethasone or metcclopramide has no effect on ETHYOL pharmacokinetics.

Clinical Studies: A randomized controlled trial compared six cycies of cyclophosphamide 1000
mg/m? and cisplatin 100 mg/m’, with or without amifostine pretreatment at $10 mg/m?, in two
successive cohorts of 121 patients with advanced ovanan cancer. In both cohorts, after muitiple
cycles of chemotherapy, pretreatment with ETHYOL significantly reduced the cumulative renal
toxicity associated with cisplatin as assessed by the proportion of patients who had a >40%
decrease in creatinine clearance from pretreatment values, protracted elevations in serum creatinine
(> 1.5 mg/dL), or severe hypomagnesemia. Subgroup analyses suggested that the effect of

ETHYOL was pr. -«nt in patients who had received nephrotoxic antibiotics, or who had pre-existing
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diabetes or hypertension (and thus may have been at increased risk for significant nephrotoxicity),
as well as in patients who lacked these risks. Selected analyses of the effects of ETHYOL in
reducing the cumnulative renal toxicity of cisplatin in the randomized ovarian cancer study are

provided in Tables 1 and 2, below.

TABLE 1

Proportion of Patients with > 40% Reduction in Calculated Creatinine

Ciearaace®
Amifostine + CP cr p-valu{
2-sided
All Patients 16/122 (13%) 36/120 (30%) 0.001
First Cobort 10/63 20/58 0.018
Second Cohort 6/59 16/62 0.026

* Creatinine clearance values werc calculated using the Cockeroft-Gault formula

(giv= reference).

TABLE 2

NCI Toxicity Grades of Serum Magnesium Level:

for Each Patient's Last Cycle of Therapy

NCI-CTC Gradc: 0 1 2 3 4
(mEq/L) >14 <ld->11 <11.>08 <08->05 <05 p-value
All Patients 0.001
Amifostine + CP 92 13 3 0 0
Cp 73 18 7 5 1
First Cohont
Amifostine + CP 49 1 3 4] 0 0.017
CP a5 S 6 3 1
Second Cohort
Amifostine + CP 43 3 0 0 0.012

cp 38 10 1 2 0
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In the randomiz. d ovarian cancer study, ETHYOL had no detectable effect on the antitumor efficacy
of cyclophosphamide-cisplatin chemotharapy. Objective response rates (inciuding pathologicaliy-
confirmed complete remission rates), time to progression, and survival duration were all similar in

the amifostine and control study groups. The table below summarizes the principal efficacy findings

of the randomized ovarian cancer study.

Ethbyol + CP Cp

-—‘_—-‘_|_-—__‘—-_—.—"—__—-—-——

Complete pathologic tumor response rate  21.3% —» 15.8% ~> Ceuter
Time to progression (months) Fhese
Median (+ 95% CI) 158 (132, 25.1) 18.1 (125, 20.4) b
Mean (+ Std error) 198 (=1.04) 19.1 (%1.58)
Hazard ratio 98 (.64, 1.4)

(95% Confidence Interval)

Survival (months)

Median (% 95% CI) 31.3 (283, 38.2) 31.8 (263, 39.8)
Mean (= Std error) 33.7 (% 2.03) 343 (= 2.04)
Hazard ratio 97 (.69, 1.32)

(95% Confidence Interval)

F!

|
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INDICATIONS AND USAGE

ETHYOL is indicated to reduce the cumulative renal toxicity associated with repeated administration
of cisplatin in patients with advanced ovarian cancer. In this setting, the effectiveness of
cyciophosphamide-cisplatin chemotherapy was not altered by Ethyol. There are at present only
limited data on the effects of ETHYOL on the efficacy of chemotherapy in other settings. ETHYOL
should not be administered to patients receiving chemotherapy for malignancies that are commonly

curable (e.g., certain malignancies of germ cell origin}, except in the context of a clinical study.

CONTRAINDICATIONS

ETHYOL is contraindicated in patients with known sensitivity to aminothiol compourds or mannitol.

WARNINGS

1. Effectiveness of the cytotoxic regimen.

Limited data are cumrently available regarding the preservation of antitumor efficacy when amifostine
is administered prior to cisplatin chemotherapy in settings other than advanced ovanan cancer.
Although some animal data suggest interference is possible, in most tumor models the antitumor
effects of chemotherapy are not altered by amifostine. The passibility of interference with the
efficacy of cancer treatment would be of particular concem in those settings where chemotherapy
is potentially curative. ETHYOL should therefore not be used in patients receiving chemotherapy
for malignancies that are potentially curable (e.g., certain malighancies of germ cell origin), except

in the context of a clinica! study.
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2. Hypotension.
Patients who are hypotensive or in a state of dehydration should not receive ETHYOL. Patients
receiving antihypertensive therapy that cannot be stopped for 24 hours preceding ETHYOL treatment
also should niot receive ETHYOL. Patients should be adequately hydrated prior to ETHYOL infusion
and kept in a supine position during the infusion. Blocd pressure should be monitored every S
minutes during the infusion. !t is important that the duration of infusion be 15 minutes, as
administration of ETHYOL as a longer infusion is associated with a higher incidence of side effects.
If hypotension requiring interruption of therapy occurs, patients should be placed in the
Trendeienburg position and be given an infusion of normal saline using a separate i.v. line.
Guidelines for interrupting and re-starting ETHYOL infusion if a decrease in systolic bicod pressure

should occur are provided in the DOSAGE AND ADMINISTRATICN section.

3. Nausea and vomiting.
Antiemetic medication should be administered prior to and in conjunction with ETHYOL { see
DOSAGE and ADMINISTRATION). When ETHYOL is administered with highly emetogenic

chemotherapy, the fluid balance of the patient should be carefully monitored.

4. Hypocaicemia.
Reports of clinically relevant hypocalcemia are rare, but serum calcium levels should be monitored
in patients at risk of hypocalcemia, such as those with nephrotic syndrome. [f necessary, calcium

supplements can be administered.
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PRECAUTIONS

General

Patients should be adequately hydrated prior to the infusion and blood pressure should be monitored
during the infusion. ETHYQOL should be administered as a 15-minute infusion. (See DOSAGE AND
ADMINISTRATION)

The safety of ETHYOL administration has not been established in elderly patients, or patients with
pre-existing cardiovascular or cerebrovascular conditions such as ischemic hearl disease,
arrhythmias, congestive heart failure, or history of stroke or transient ischemic attacks. ETHYOL
should be used with particular care in these and other patients in whom the common ETHYOL
adverse effects of nausea/vomiting and hypotension may be more likely to have serious

consequences.

Drug Interactions

There are no known drug interactions with ETHYOL. Howe'er, special consideration should be
given to the administration of ETHYOL in patients receiving anti-hypertensive medications or other

drugs that could potentiate hypotension.

Carcinogenesis, Mutagenesis and impairment of Fertility

No fong tenm animal studies have been performed to evaluate the carcinogenic potential of ETHYOL.
ETHYOL was negative in the Ames test and in the mouse micronucleus test. The free thiol
metabolite, however, was positive in the Ames test with S9 microsomal fraction in the TA1535
Salmonelia typhimunum strain and at the TK locus in the mouse L5178Y cell assay. The metabolite

was negative in the mouse micronucieus test and negative for clastogenicily in human iymphocytes.
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Pregnancy

Pregnancy Category C. ETHYOL has been shown to be embryotoxic in rabbits at doses of 50 ma/kg,
approximately sixty percent of the recommended dose in humans on a body surface area basis.
There are no adequate and well-controlied studies in pregnant women. ETHYOL should be used

during pregnancy only if the potential benefit justifies the potential nsk to the fetus. -

Nursing Mothers

No information is available on the excretion of ETHYOQOL or its metakolites into human milk. Because
many drugs are excreted in human milk and because of the potential for adverse reactions in nursing

infants, it is recommended that breast feeding be discontinued if the mother is treated with ETHYOL.

ADVERSE REACTIONS

ETHYOL produced a transient reduction in blood pressure in 62% of patients treated. 7'.2 mean
time of onset was 14 minutes into the 15-minute period of ETHYOL infusion, and the mean duration
was € minutes. In some cases, the infusion had to be prematurely terminated due to a more
pronounced drop in systolic blood pressure. In general, the blood pressure returned to normal within
5-15 minutes. Fewer than 3% of patients discontinued ETHYOL due to blood pressure reductions.
Short temn, reversible loss of consciousness has been reported rarely. Blood pressure reductions
during ETHYOL administration have not been reported to cause long-term CNS, cardiovascular, or
renal sequelae, but clinical studies performed to date have not evaluated the safety of ETHYOL in

elderly patients or patients with pre-existing cardiovascular or cerebrovascular conditions.

Hypotension that requires interruption of ETHYOL. infusion should be treated with fluid infusion and

postural management of the patient (supine or Trendelenburg position). If the blood pressure returns
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to normal within 5 minutes and the patient is asymptomatic, the infusion may be restarted, so that

the full dose of ETHYOL can be administered.

Nausea and/or vomiting occur frequently after amifostine infusion and may be severe. In the ovarian
cancer randomized study, the incideice of severe nausea/vomiting on day | of cyclophosphamide-
cisplatin chemotherapy was 10% in patients who did not receive ETHYOL, and 19% in patients-who
did receive ETHYOL. Other effects which have been described during or following ETHYOL infusion
are flushing/feeling of warmth, chills/feeling of coldness, dizziness, somnolence, hiccups and

sneezing. These effects have not generally precluded the compietion of chemotherapy.

Decrease in serum calcium concentrations is a known pharmacological effect of ETHYOL. A*the

recommended doses, clinically significant hypocalcemia has occurred rarely (< 1%).

Allergic reactions, ranging from mild skin rashes to ngors, have occurred rarely (< 1%). There has

been no reported occurrence of anaphylaxis with ETHYOL.

OVERDOSAGE

In clinical tnals, the maximum single ciose of ETHYOL was 1300 mg/m”. No information is available
on single doses higher than this in adults. In the setting of a clinical trial, children have received
single ETHYOL doses of up to 2700 mg/m’ with no unexpected effects. Multiple infusions (up to
three) of 740-910 mg/m? doses of ETHYOL have been administered within a 24-hour period under
study conditions without unexpected effects. Administration of ETHYOL at 2 and 4 hours after the
initial dose has not led to increased or cumulative side effects, such as increased nausea and
vomiting or hypotension. The most likely symptom of overdosage is hypotension, which should be

managed by infusion of normal saline and other supportive measures, as clinically indicated.



198
199
200
201
202
203
204
205
206
207
208
209
210

212
213
214
215
216
217
218
219
220
221
222
223
224

Ethyol Draft labeling
Page 10, FDA revised copy
December 7, 1995

DOSAGE AND ADMINISTRATION

In adults, the recoramended starting dose of ETHYOL is 910 mg/m? administered once daily as a

15-minute i.v. infusion, starting within 30 minutes prior to chemotherapy.

The 15-minute infusion is better tolerated than more extended infusions. Further reductions in

infusion times have not been systernatically investligated.

The infusion of ETHYOL should be interrupted if the systonc blood pressure decreases significantly

from the baseline value as listed in the guideline below:

Guidcline for laterruptiog ETHYOL lnfusion Due to

Decrease in Systolic Blood 'ressure

Ttaseline Systolic Blood Pressure {(mm Hg)
<100 100-119 120-139 140-179 >180

Decrease in  systolic

blood prewsure during 20 25 30 40 50
infusion of ETHYOL
(mm Hg)
if the bicod pressure :etv -+~ rormal within 5 minutes and the palient is asymptomatic, the infusion

may be restaned so tnat the full dose of ETHYOL may be administered. If the full dose of ETHYOL

cannot be administered, the dose of ETHYOL for subsequent cycles should be 740 mg/m?®.

Only imited experience is available for the usage of ETHYOL in children or elderly patients (more

than 70 years of age).
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It is recommended that antiemetic medication, including dexamethasone 20 mg i.v. and a serotonin
5-HT, receptor antagonist, be administered prior to and in conjuaction with ETHYOL. Additional

antiemetics may be required hased on the chemotherapy drugs administered.

Reconstitution
ETHYOL (amifostine) for Injection is supplied as a sterile lyophilized powder mixture requiring
reconstitution for infravenous infusion. Each single use vial contains 500 mg of amifostine

(anhydrous basis) and 500 mg of mannitol.

Prior to intravenous injection, ETHYOL for Injection is reconstituted with 9.5 ml of sterile Sodium
Chioride Injection, USP 0.9%. The reconstituted solution (500 mg amifostine/10 ml) is chemically
stable for up to & hours at room temperature (appreximately 25°C) or up to 24 hours under

refrigeration (2°C to 8°C).

ETHYOL prepared in polyvinylchioride (PVC) bags at concentrations ranging from 5 mg/ml to 40
mag/ml is chemically stable for up to 5 hours when stored at room temperature (25°C) or up to 24

hours when stored under refrigeration (2°C to 8°C).

CAUTION: Parenteral products should be inspected visually for particulate matter and discoloration
arior to administration whenever solution and container permit. Co not use if cloudiness or

precipitate is observed.
Incompatibilities
The compatibility of amifostine with solutions other than 0.89% Sodium Chioride for Injection, or

Sodr 'm Chlonde solutions with other additives, has not been examined. The use of other solutions

is not recommended.
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HCW SUPPLIED

ETHYOL (amifostine) for Injection is supplied as a sierile lyophilized powder in 10
m! single-use vials (NDC58178-015-01). Each single-use vial contains 500 mg of amifostine
(anhydrous basis) and 500 mg of mannitol. The vials are available gackaged as 3 or 6 vials per

carton as follows:

3 pack - 3 vials per carton (NDC58178-015-03)
6 pack - 6 vials per carton (NDC58178-015-06)

Store the lyophilized dosage form in a refrigerator (2°C to 8°C).

Manufactured by: Ben Venue Laboratories, Inc.
Bedford, OH 44146
For. U.S. Bioscience, Inc.

West Conshohocken, PA 19428

US Patent No.
CAUTIDON: Federal law prohibits dispensing without prescription.






EXCLUSIVITY SUMMARY FORNDA # _20-221 =~ SUPPL#___ _N/A

Trade Name ____ETHYOL for Injection Generic Name _Amifostine
Applicant Name _US Bioscisnce, Inc. HFD # 150, DODP

Approval Date If Known Panding

PART | IS AN EXCLUSIVITY DETERMINATION NEEDED?

1. An exclusivity determination will be made tor all original applications, but only for certain supp!er-nents.
Compiete PARTS 1l and Il of this Exclusivity Summary only if you answer “yes" to one or more of the
following question about the submission.

(a) lIs it an criginat NDA?
YES 1 X_/ NO/__/
(b} Is it an effectiveness supplement?

YES /__/ NO /_X_t

If ves, what type? (SE1, SEZ, etc.}

{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 bicequivalence data, answer "no.")

ves / X i NO /_/

It your answer is “no™ because you believe the study is a bioavailability study and, therefore. not
eligible for exclusivity, EXPLAIN why 1t is a bioavailability stL= " includirg your reasons for
disagreeing with any arguments made by the applicant that the >iuZy was not simply 8
bioavailability study,

If it is a supplement requiring the review of clinical data but it is not an effectiveness supplement,
describe the change or cla'm that 1s supported by the clinical data:

Page 1
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{d) Did the applicant request exciusivity?

YES / X_/ NO /__/

if the answaer to (d) is “yes,” how many years of exclusivity did the applicant request?

If YOU HAVE 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, previcusly been approved by FDA for the same use?

YES /__J no X/

fyes., NDA # ______ . Drug Name

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

3. Is this drug product or indication a DESI upgrade?
YES /__J NO /X

IF THE ANSWER 7O QUESTION 31S "YES," GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE u (even
it 8 study was raquired for the upgrade).

PART Il FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES

{Answaer sithar #1 or #2 as appropriate)

1. Singls active ingradianl praduct.

Has FDA previously approved under section 505 of the Act any drug product containing the same
active moiety as thae drug under consigeration? Answer "yas™ if the active moiety lincluding other
asteritied 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 othar non-covalent derivative (such as a complax, cheiate, or clathrate) has
not been approved. Answer “no" if the compound requires metabolic conversion {other than
deeste:ification of an esterified form of the drug) to produce an already approved active moiety.

YES /__ |/ NO / X /
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If “yes,” identify the approved drug product{s) containing the active moiety, and, if known, the NDA
¥(s).

NDA#

NDA#

NDA#
2. Combination product,

It the product contains more than one active moiety(as defined in Part I, #1), has FDA previously
approved an application under section 505 containing any ana of the active moieties in the drug
product? If, for axample, the combination contains one never-befora-approved active moiety dnd ocne
previously approved active moiety, answer "yes." {(An active moiety that is marketed under an OTC
moncgraph, but that was nevar approved under an NDA, is considsred not previously approved.)

YES/_ I NO/ I

If “yes,” identify the approved drug productis} containing the active moiety, and, if known, the NDA
number(s),

NDA#

NDA#¥

NDA#¥

IF THE ANSWER TO QUESTION t OR 2 UNDER PART Il IS *NO,” GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8. IF "YES™ GO TO PART Il

PART Il THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

To qualify for three years of exclusivity, an application o/ 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 saction should be completed only if the answer t¢ PART Il, Question
1 or 2 was "yes.”
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1. Does the application contain reports of clinica! i westigations? (The Agency interprats "clinical
investigations” to mean investigat:.ons conducted on humans other than bicavailability studies.) If the
appiication contains clinical investigations only by virtue of a night of reference to clinical investigations
in another applicaiion, answer “yes,"” then skip to question 3({al. f the answer to 3(a) is "yes" for any
investigation referred to in another application, do not complete remainder of summary tor that
investigation.

YES /_ _/ NO /__J

iF "NO,” GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. A chaical investigation is "essential to the approval” it 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 praviously approved applications (i.e., information othei than clinicael 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 approv::d 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 raference to the clinical investigation submitted in the application.

{a) In light of previously approved applications, is a clinical investigation {either conducted by the
applicant or availabla frem some other source, including the publishad literature} necessary to support
approval of the application or supplement?

YES /. _ NO /__/

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:

(b} Did the applicé. it submit & list of published studies relevant to the safety and effectivaness of this
drug product and a statement that the pubiicly available data would not independently support
appraval of the application?

YES /__/ NO /_/
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{1} If the answer to 2{b) is "yes,"” do you personally k ow of any reason to disagree with the
applicant's conclusion? If not applicable, answer NO.

YES /__/ NO/__/

—

If yes, explain:

{2} It the answer to 2(b} is "no." are you aware of published 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 /| NO/__/

If yas, explain:

(c} If the answers to (b)(1) and (b){2) were bath "no,” identify the clinical investigations submitted in
the application that are essential to the approval:

Studies comparing two products with the same ingredienti) are considered to be bioavailability studies
for the purpose ot this section,

3. 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 tor 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.
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(a) For each investigation identified as "essential to the approval,” has the investigation been relied
on by the agency 1o demonstrate the effectiveness of a previously approved drug product? (If the
investigation was relied on only 10 support tha safety of a previously approved drug, answer "no.”}

Investigation #1 YES /__/ NO /' _/

Investigation #2 YES /_/ NO /__ ¢/

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

NDA # —

NDA #

(b) For each investigation identified as “essential to the appraoval™, 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 YES/ _/ NO/_ _/

Investigation #2 YES /__{ NO /_ ¢

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

NDA #

NDA #

{c) If the answers to 3{a) and 3{b) are no, identify each "new"” investigation in the application or
supplement that is essential to the approval {i.e.. the investigations listed in #2(c), less any that
are not "new"):

NDA #

NDA #
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4. To be sligible for exclusivity, a new investigation that is essential to approval must also have heen
conducted or sponsored by the applicant. An investigation was “conducted or sponsored by™ the
applicant if, hafore cr during the canduct of the investigation, 1} the applicant was the sponsor of the
IND named in the form FDA 1571 filed with the Agency. or 2} the applicant (or its predecessor in
interest) p:ovided substantia; support tor the study. Ordinarily, substantial support will mean providing
850 percent or more of the cost of the study.

{a) For each investigation identified in response to question 3(c): if the invastigation was carried out
under an IND, was the applicant identified on the FDA 1571 as the sponsor?

Investigation #1 IND # ___ —_—

N in:
YES /_ _/ Explain: O /__/ Explain

Investigation #2  IND #
YES / __/ Explain: NO /__/ Explain:

{b) For aach investigation not carried out under an IND or for which the applicant was not identified
as the sponsor, did the applicant certify that it or the applicant’s predecessor in interest provided
substantial support for the study?

investigation #1 IND #
YES /__/ Explain: NO /__/ Explain:

investigation #2  IND #
YES /__/ Explain: NOC /__/ Explain:
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DRUG STUUIES IN PEULATRIL PATLIENTS
(To be completed for all NME's recommendea for approval)

NUA # 2O —aR! Trade (generic) names .&fhy&f ( Annitochne )l #1 _Z;y'icha«

Check any of the following that apply and explain, as necessary, on the next

page:

il.

‘i

2‘

R

be

w

A proposeg claim in the urat't laveling 1S girecteu towara a specific
pegiatric illness. The applicatien contains adequate and well-
controllied studies in pediatric patients to support that claim.

The oraft lapeling incluges pegdiatric dosing information that is not
baseo on acequate ana well-controtileu stugies in cnilaren. -The
application contains a request undger zl CFR 210.58 or 3l4.1z6(c) for
waiver of the requirement at 2l CFR 201.57(t) for AR&WC studies 1n

chilaren.

a. Tne application contains gata showing that the course of the
disease and the effects of the drug are sufficiently similar
in agults ang chilaren to pexmit extrapolatlon of the cata
from aqults to children. The waiver request should be
granteg ano a statement to tnat effect is incluaed in the

action. letter.

b. The information inclugeg in the application aoes not
agequately support the waiver request. Tne request should
not be grantec ano a statement to that erfect 1s inciuges in

the action letter, (Complete #3 ur #4 below as appropriate. )

Pegiatric studies (e.g., dose=rinding, pharmacoxinetic, aaverse
reaction, agequate and well-controllea for safety and efticacy) shoulc
be gone after approval. The Grug proawct has some potential for use
in chilaren, but there is no reascn to expect early widespread
peclatric use (because, for example, alternative drugs are available
or the congition is uncammon in ¢nilaren).

a. The applicant has committed to doing such studies as will be
required.

- ———

(1) Stuuies are ongoing.
(z) Protocols have been submitted anad approvea.

(») Protocols have been submitted ana are unaer

TEV1EW,
(4 1f no protocol has been submitieq, on the next

page explain tne status of giccussions.

o. If tne sponsor i1s not willing to ©O peagiatric stucaes,
atiach copies of FUA's written request that such studits be
aone anu Of the sponsor's written response to that request.

Pediatric studies Ov not need to be encouragec because the gruy
proguct has little potential for use in chiiaren.
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Medical Officer Review - NDA 20-221
Amendment Submitted October 27, 1997
Response to Approvable Letter, Including Safety Update

Reviewing Medical Officer: Robert J. DeLap, MD, PhD
Date of completion of this review: December 7, 1995

This submission represents the responses of the Applicant (US Bioscience) to clinical,
pharmacology, biopharmaceutics, and chemistry issues, that were identified in the October
6, 1995 Agency “Approvable” letter as requiring resolution prior to final approval of this New
Drug Application (NDA 20-221, ETHYOL® amifostine). In proposed abeling for ETHYOL,
US Bioscience has agreed to accept the INDICATIONS section as specified in the prior
Approvabile letter; and has proposed several additioris and changes to the CLINICAL
PHARMACOLOGY, WARNINGS, PRECAUTIONS, ADVERSE REACTIONS, and DDSAGE
AND ADMINISTRATION sections. A safety update is also included in this submission.

The biopharmaceutics and chemistry/manufacturing issues have been addressed
sufficiently to ailow approval of this New Drug Application at this time (refer to those
reviews). Labeling is acceptable with additional final changes as per the attached copy.
The safety update provided with this submission is adequate and does not reveal any
apparent substantive new concerns regarding the safety of ETHYOL, or significant changes
in frequency of adverse effects.

Summary: NDA 20-221 should be approved with the attached labeling.

Robert J. Delap, MD, PhD
Medical Officer and Acting Division Director

CC: NDA 20-221
HFD-150 / R. Justice
HFD-150 / L. McCoilum



Regulatory History

ETHYOL® amifostine (also known as WR-2721; chemically characterized as 2-{(3-
aminopropyl)aminol-ethanethiol, dihydrogen phosphate ester) has been studied
clinically for many years, as an agent that may selectively protect normal tissues from
the toxic effects of cancer chemotherapy or radiation therapy, without substantially
reducing the efficacy of treatment. A New Drug Application for ETHYOL® amifostine
was filed by U.S. Bioscience in 1991. This application has subsequently been
extensively amended to include additional data and analyses. The regulatory history of
this application may be briefly summarized as follows.

A. September 30, 1991 New Drug Application (NDA 20-221)

The original New Drug Apptication for ETHYOLR amifostine was submitted by US
Bioscience on September 30, 1991. The original application was based primarily
on the results of a single randomized trial in patients with advanced ovarian cancer.
Following debulking surgery, patients were treated with cyclophosphamide and
cisplatin (control arm), or amifostine followed by cyclophosphamide and cisplatin.
Patients were to receive 6 cycles of treatment, with treatment repeated at 3 week
intervals. After treatment of the first 121 of 200 planned patients, an interim
analysis revealed that there had been fewer episodes of neutropernia with fever
(“febrile neutropenia") among the amifostine-treated patients. Response rates
were similar on the two study arms, suggesting that amifostine had not reduced the
anticancer efficacy of this treatment. Accrual to the study was interrupted, and
these data were submitted to the FDA in the original New Drug Application.

After FDA and Oncologic Drugs Advisory Committee review, the 1991 application
was determined to be non-approvable. There were several concerns regarding the
clinical data and analyses included in the application. The protoco! for the ovarian
cancer randomized trial had specified several study endpoints, and did not provide
for the necessary statistical adjustments for multiple analyses. The protocol did not
precisely define a "febrile neutropenia” event, and did not prospectively specify that
such events would be the primary study endpoint. Also, collection of the data
needed to determine whether a patient had experienced a "febrile neutropenia”
event was inconsistent and frequently inaaequate. For example, data on patient
temperatures during periods of grade 4 neutropenia were often abseni. There was
-also concern that the size of the study (63 amifostine patients and 58 contro!
patients) was inadequate to exclude the possibility of a significant reduction in
treatment efficacy with amifostine treatment. Finally, significant deficiencies were
also identified in the chemistry and biopharmaceutical parts of tne application.

For the above reasons, the clinical data provided in the 1991 epplication were
considered to be positive, but non-definitive. A second adequate and well
controlied study was needed, to prospectively verify whether amifostine has
significant efficacy in reducing the frequency of neutroperiia-associated clinical
events in patients receiving cyclophosphamide-cisplatin chemotherapy for
advanced ovarian cancer. More data were also required to better evaluate whether
amifostine has significant tumor-proteclive effects. Subsequently, US Bioscience
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and the Agency (with the advice of the Oncologic Drugs Advisory Committee)
agreed that the advanced ovarian cancer study would be completed, with accrual of
200 patients as originally planned. The efficacy of amifostine in significantly
reducing the incidence of "grade 4 neutropenia with fever (with or without sepsis)”,
as observed in the applicant's analyses of results in the first 121 patients treated in
the study, was identified as the primary study endpoint to be replicated in patients
enrolled in the second half of this study. The anticancer efficacy of this treatment
(particularly response rate, but also time to disease progression and survival
duration) would also be examined in updated analyses of all 200 patients, to better
arsess whether amifostine has significant adverse effects on treatment efficacy.

July 12, 1994 amendment 017 to NDA 20-221

A major amendment to this New Drug Application was submitted on July 12, 1994
(NDA 20-221, amendment 017). The amended application now included data from
242 patients treated in the applicant's randomized ovarian cancer study. Separate
analyses were zrovided for the original 121 patient cohort, for the new 121 patient
cohort, anc for all 242 patients combined. As noted above, the primary efficacy
hypothesis to be tested was whether the incidence of "grade 4 neutropenia with
fever, with or without sepsis" (modified to "neutropenia-associated clinical events"
in the amended submission) would be significantly reduced in the amifostine study
arm in the new patient study cohort, to confirm the observation made in the original
121 patient cohort. Unfortunately, on FDA analyses, the incidence of neutropenia-
associated clinical events was not significantly reduced in the amitostine treatment
arm of the new 121 patient study cohort (although patients in the amifostine
treatment arm did have a slightly smaller total number of these events). Thus, the
primary efficacy hypothesis was not confirmed in the new 121 patient cohort. In
other analyses of this study performed by U.S. Bioscience, amifoctine pretreatment
was associated with a lesser frequency of grade 4 neutropenia in later treatment
cycles: and there was a trend indicating more rapid recovery from grade 4
neutropenia for patients in the amifostine arm, in later treatment cycles.

While the renal toxicity of chemotherapy was relatively mild in the randomized
ovarian cancer study, several analyses indicated that the cumulative renal toxicity
of chemotherapy was reduced in the amifostine-treated patient croup. After
repeated treatment with cisplatin-cyclophosphamide, the incidence of prolonged
elevation of serum creatinine levels (detined as a serum creatinine level of 1.5
mg/di or higher, that was still present 21 days or longer after a chemotherapy
treatment) was greater in control group patients. Similarly, at the time of initiation
of the 5th and 6th cycles of chemotherapy, patients in the control arm were noted to
have serum creatinine levels that had increased by a median of 25-31% (compared
to pre-study baseline), while serum creatinine levels in patients in the amifostine
pretreatment group had increased by only 11-12%. Howevar, in Agency analyses
of the time to first occurrence of a serum creatinine > 1.5 mg/d|, no advantage was
seen for patients in the amifostine group (in fact, in the new patient study cohort the
amifostine arm was statistically infarior to the control arm, possibly because of
increased nausea / vomiting / dehydration in the amifostine group, causing mora
prerenal azotemia). Finally, over the course of the study, t“ applicant reported
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that 6 control arm patients were taken off study because of renal toxicity, compared
to none in the amifostine arm (although medical officer review suggested a lesser
difference between the two study arms in the incidence of treatment termination
related to renal toxicity).

Analyses of the anticancer efficacy of treatment in the 242 patients in the
randomized ovarian cancer study population revealed no differences between the
amifostine and control groups. These analyses included comparisons of
pathologically-confirmed complete response rate (as documented by a negative
"second look" laparotoniy, revealing no evidence of residual cancer after
completion of chemotherapy), as well as analyses of time to disease progression
and analyses of survival duration in the amifostine and control groups. However,
this study had limited statistical power to exclude the possibility of a significantly
inferior time to progression (and/or survival duration) for patients in the amifostine
group.

The amended application also included supportive data from severa! other smaller
studies of amifostine. The FDA Medical Officer review of NDA 20-221, amendment
017, provides a detailed review of this submission.

Following review of this amended application at the December 12, 1994 meeting of
the Oncologic Drugs Advisory Committee, the Committee voted 9-0 that the
application should not be approved. The Committee was nol convinced that clinical
efficacy of amifostine had been adequately demonstrated in the applicant's studies.
The issue of possible tumor proiection was deferred by the Committee, as it was
deemed unnecessary to discuss this issue absent a finding of amifostine efficacy in
protecti~n of bone marrow or other normal tissues.

. January 31, 1995 amendment 021 to NDA 20-221

The application was subsequently amended on January 31, 1995, with additional
data and analyses to further examine the potential efficacy of amifostine in
reducing the cumulative toxicities of cisplatin-cyclophosphamide chemotherapy
(particularly, cumulative renal injury). The considerations and events that resulted
in FDA acceptance of this current submission for review were as follows.

As discussed above, the possible efficacy of amifostine in reducing the incidence of
“grade 4 neutropenia with fever, with or without sepsis” was identified as the
primary efficacy endpoint to be replicated in patients enrolled in the second half of
the randomized ovarian cancer study, because of the positive results observed in
the original 121 patient cohort. In retrospect, considering all of the data now
available regarding the clinical effects of amifostine, this may not have been an
optimal test of amifostine efficacy. In this ovarian cancer study chemotherapy was
initiated early after major abdominal surgery. Many of the study patients were
probably at high risk for infection, regardliess of any effects amifostine may have
had on the duration or severity of chemotherapy-induced neutropenia, for reasons
such as their (a) multiple recent invasive procedures (surgery, central lines,
catheters), (b} incomplete wound healing; (¢) poor nutritional status; and (d)
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disturbed bacterial flora, due to antibiotics administered around the time of surgery,
with possible colonization by pathogenic bacteria during the hospital stay for
surgery. In fact, most of the neutropenia-associated events observed in this study
occurred in the first treatment cycle. The marked apparent difference in the
incidence of these events (favoring the amifostine treatment group) that was
observed in the initial 121 patient cohort in the randomized ovarian cancer study
could have been largely a chance occurrence. This possibility is supported by the
absence of data indicating significant differences in the incidence or duration of
grade 4 neutropenia in the two treatment groups, in the first treatment cycle.

Based on current understanding of the mechanism of action of amifostine, this
agent might be expected to act primarily to reduce the cumulative toxic effects of
treatment with certain chemotherapy drugs (notably, cisplatin and certain alkylating
agents). Clinically, this could be manifested by reduced cumulative injury to the
bone marrow and potentiaily other organ systems. As noted above, consistent with
this concept, amifostine pretreatment was associated with a lesser frequency of
grade 4 neutropenia in iater treatment cycles in the ovarian cancer randomized
study; and there was a trend indicating more rapid recovery from grade 4
neutropenia for patiants in the amifostine arm, in later treatment cycles. Similarly,
in exploratory medical officer analyses of the occurrence of neutropenia-associated
clinical events in the 2nd through 6th treatment cycles, the amifostine-pretreated
patient groups experienced fewer such avents in both halves of this study (although
the total number of neutropenia-associated clinical events that occurred after the
first treatment cycle was quite small). Similarly, as noted above, there was
evidence of decreased cumulative renal toxicity in amifostine-pretreated patients
(manifested by changes in serum creatinine levels), a finding that was reproduced
in both halves of the ovarian cancer randomized study.

After the December 12, 1994 Advisory Committee action, a meeting was held
between representatives of US Bioscience and the FDA on December 21, 1994,
Based on the above considerations, it was agreed that the FDA would consider a
resubmission with additional analyses of the applicant's clinical data. This
resubmission would focus on the effects of amifostine in reducing the cumulative
toxic effects of cisplatin-cyclophosphamide chemotherapy (particularly, the
cumulative renal toxicity of cisplatin); would include a rationale for possible early
amifostine approval under the accelerated approval mechanism; and would
describe follow-up studies that the applicant could perform, to confirm the clinicai
efficacy of amifostine. Subsequent U.S. Bioscience submissions have included
amendment 021 to NDA 20-221, and additional submissions of data and anaiyses
from the randomized ovarian cancer study and other smaller studies, examining the
effects of amifgstine on the cumulative toxicities of cisplatin-based chemotherapy.
Amendment 021 and several subsequent submissions to NDA 20-221 are the
subject of this medical officer review.
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2. Scope of Review

Matarials reviewed included:

(a) Amendment 021 {submitted January 31, 1995) to NDA 20-221

(b) Corraspondence and minor inedical amendment submissions from U.S. Bioscience

L

dated April 20, 1995, April 28, 1995; May 22, 1995; June 30, 1995; July 14, 1995;
and July 21, 1995.

(c) The U.S. Bioscience submission overview, provided for the June 9, 1995 meeting
of the Oncologic Drugs Advisory Committee regarding this amended submission

NOTE:

The above submissions suppiement the extensive medical and statistical data
and analyses that were previously submitted to NDA 20-221 in amendment
017, and provide additional and revised data and analyses that (a) focus on
the possible efficacy of amifostine in reducing the cumulative toxic effects of
cisplatin-cyclophosphamide chemotherapy (particularly, the cumulative renat
toxicity of cisplatin) and (b) provide some further evidence that amifostine
does not signific~ntly reduce the anticancer efficacy of cisplatin-based
chemotherapy (included are data from phase ! clinical studies in patients with
non-small cell lung cancer, and data from an ongoing randomized trial in
patients with head and neck cancers).

This review specifically addresses the additional and revised data and
analyses provided in Amendment 021 and subsequent submissions, and
should be considered as a supplement or addendum to the more extensive
medical officer review of NDA 20-221, amendment 017. Parts of the medical
officer review of amendment 017 are duplicated in this review, as needed for
purposes of clarity.

(also refer to the Statistical review of NDA 20-221, amendment 021,
completed by Dr. Clare Gnecco).

3. Amifostine effects on cisplatin-associated cumuiz..ve renal toxicity

One of the study endpoints listed in the original protocol for the ovarian cancer
randomized study was "incidence of nephrotoxicity defined by the need to detay or
reduce the dose of cisplatin”. Sevaral analyses have been performed to evaluate the
effects of amifostine on the occurrence and severity of cisplatin-associated renal
toxicity in this study. In general, study patients did not experience severe cumulative
renal toxicity, prcbably because the study protocol specified that cisplatin treatment
wouid be interrupted if a patient's serum creatinine remainad above 1.5 mg/d| at the
time of scheduled re-treatment; and protocol treatment was to be terminated if a
patient's serum creatinine remained > 1.5 mg/d! for more than 35 days following a
chemotherapy treatment. However, evidence of cumulative renal toxicity was observed
in study patients, and cumulative renal tox:city was reduced in patients who received
amifostine in this study. Selected Amendment 021 analysas, that examined the effects
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of amifostine on cisplatin-assaciated cumulative renal toxicity in the ovarian cancer
randomized study, are discussed below.

A. Proportion of patients who required a delay or discontinuation of cispiatin therapy
due to nephrotoxicity

The US Bioscience analysis of the proportion of ovarian cancer study patients
whose cisplatin treatment was delayed or discontinued due to nephrotoxicity is
summarized in Tabie 1 of amendment 021 to NDA 20-221 {duplicated as Table 2 in
the US Bioscience ODAC meeting presentation package):

TABLE 2

Proportion of Patients With Elevations in Serum Creatinine
2L.5 mg/dL Requiring a Delay or Discontinuation of Cisplatin®

M

Amifostine 4+ CP Cp p-valoe*
Original Cohort
Cycle 4 2/36 3/33 0.190
Cycle 5 2/32 9/35 G.033
Cycle 6 4127 11/23 0.012
Last Cycle 4/61 11/53 0.026
Last Cycle® 3/48 9/40 0.028
New Cohort
Cycle 4 0/33 1/45 0.392
Cycle 5 0/29 5/40 0.050
Cycle 6 015 5121 0.045
Last Cycle* 2/55 6/61 0.190
Last Cycle! 0/39 6/50 0.026
Entire Study
Cycle 4 2/69 6/78 0.203
Cycle 5 - 2/61 14/75 0.006
- Cycle 6 4/42 16/44 0.003
Last Cycle* 6/116 (5%) 17/114 (15%)  0.014
Last Cycle* 3/87 (3%) 15/90 (17%) 0.004

Cd y
cisplatin was to be discontinued if serum creatinine >1.5 mg/dL at Day 35.
* Based on Pearson’s Chi Square Test (2-sided).
¢ All patients
¢ Patieats who had at least four cycles of therapy.
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creatinine levels, those levels that were Obtained closest tn day 22 after each
treatment (within g window of day22+7 days:; selecting the later teve! if two
“Closest" levels were obtained an equal number of days prior to ang after day 22

Amifostine + Cp CP
Original cohort '
Cycle 4 2/43 3/38
Cycle 5 2/39 6/35
Cycle 6 3/30 5/24
Last cycle” 4147 9/39
New cohort
Cycle 4 0/38 1/49
Cycle 5 1/33 4/42
Cycle 6 0/20 2121
. Last cycle’ 0/39 6/50
All patients
Cycle 4 2/81 " 4/87
Cycle 5 372 10777
Cycle 6 3/50 7/45
Last cycle’ 4/86 15/83

‘Last cycle for patients who had at least 4 Cycles of therapy.
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This reviewer analysis supports the US Bioscience analysis, in that it shows that
fewer patients on the amifostine treatment arm had a serum creatinine of > 1.5
mg/d| at 22 days post-treatment in the last 3 treatment cycles (thus, fewer delays
due to this sign of renal toxicity would have been indicated). The numbers in
reviewer table 1 are smaller than in the US Bioscience table, predictably due to
differences in the analyses performed.

Cumulative incidence of treatment-limiting cisplatin-related nephrotoxicity
US Bioscience reported an analysis of the cumulative incidence of treatment-

limiting cisplatin nephrotoxicity in Table 4 of amendment 021 to NDA 20-221 (table
3A in the US Bioscience ODAC meeting presentation package):

TABLE 3A
Cumulative Incidence of Treatment-Limiting Cisplatin-Related Nephrotoxicity™:
(All Patients)
%
Amifostine + CP Cp p-value (2-sided)

Original Cohort® . 2/63 11/58 0.005

New Cohort 0/59 4/62 0.047

Entire Study’ 2/122 15/120 0.001

* Protracted elevations in serum creatinine at d
hypomagnesemia.

* Three of the patients in the original cohort (2 amifostine + CP: 301 and 320
and 1 CP: 305) who had protracted elevations in serum creatinine also had
severe pausea and vomiting and clinical dehydration which resulted in
withdrawal from the study. These three patients were treated prior to the
allowance of high dose dexamethasone as an antiemetic. These patients were
included in the analyses. Excluding them would reduce the p-values for the
original cobort and the entire study to <0.001

While 15 patients reportedly exoerienced treatment-limiting cisplatin-related
nephrotoxicity in the control arm of this study, versus 2 patients in the amifostine
arm, it should be noted that far fewer patients actually had their treatment
discontinued due to the nepirotoxicity of treatment. Several of these "treatment-
limiting" nephrotoxicity events occurred after patients had already completed their
pianned course of 6 cycles of treatment. For example, persistence of a serum
creatinine of > 1.5 mg/d| for more than 35 days after treatment cycle 6 would count
as "treatment-limiting nephrotoxicity", but could not result in premature treatment
termination.

ay 35 and/or complications

The current submissions do not include details regarding actual premature
treatment terminations due to nephrotoxicity, but such details were provided by US
Bioscience in the prior amendment 017 to NDA 20-221, and were considered in the
FDA medical officer review of that amendment. To reiterate pertinent sections from
the medical officer review of amendment 017:
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US Bicscience reported that a total of 6 contiol arm patients were taken off study
due to renal toxicity over the course of the ovanan cancer randomized study,
compared to none in the amifostine arm. On Agency review, 4 of these 6 patients
(numbers , had serum creatinine elevations that had
not resoived to a level of s 1.5 mg/dl by day 35 after a chemotherapy treatment (a
protocol crtenion for treatment termination); one patient (number _had
seizures and was found to be hypomagnesemic after 1 cycle of cyclophosphamide-
cisplatin treatment (se:..r:? creatinine level was unchanged); and the last patient
(number ~ had a reduced creatinine clearance of 42 mi/min after her second
protocol chemotherapy treatment (although her serum creatinine level of 1.3 mqg/d/,
documented on days 9, 23, and 28 of cycle 2, was actually lower than her baseline
day 1, cycle 1 serum creatinine level of 1.5 mg/di).

Among patients in the amifostine study groups, patients went off
study due tn nausea and vomiting with renal dysfunction (and may have had serum
creatinine levels that were above 1.5 mg/dil as of day 35 of their last cycle, but day
36 values we. ~ not obtained). Amifostine patient received a second cycle of
chemotherapy (cyclophosphamide alone, no cisplatin or amifostine) on day 28 after
cycle 1 treatment, with a serum creatinine level of 2.6 mg/dl on that day. Her serum
creatinine level was still elevated (1.7 mg/dl) on day 14 of cycle 2 (42 days after
cycle 1 treatment), and finally fell to 1.2 mg/dl by day 23 of treatment cycle 2.
Amifostine patient went off study after treatment cycle 1 with an elevated
serum creatinine that probably persisted beyond day 35, but this patient's day 35
renal dysfunction appeared to be due to G-CSF-induced leukocytosis and
hyperuricemia (rather than chemotherapy). Finally, two patients experienced acute
clinical deterioration in treatment cycle 1 (including deterioration in renal function),
and died (amifostine patient and control patient , Although the immediate
cause of death of these patients was not clearly determinable from the case
records, they should probably be considered for inclusion in analyses of patients
who went off study for reasons related to renal toxicity. In summary, one of the six
patients stated by the applicant to have discontinued treatment due to renal toxicity
probably had minimal or no renal toxicity; and 3 or 4 amifostine patients (and
possibly one additional control patient) should probably have been inciuded as
having discontinued treatment with renal toxicity.

It should be noted that amifostine patients are now incluced as
patients who experienced treatment-limiting cisplatin-related nephrotoxicity, in the
above Amendment 021 US Bioscience analysis. To reiterate, whiie this analysis
demonstrates a difference between the two treatment groups in the occurrence of
treatment-limiting cisplatin-related nephrotoxicity, anly a small number of patients
actually had their treatment terminated prematurely due to cisplatin nephrotoxicity.

. Change in serum creatinine levels over the course of treatment

Analyses of changes in serum creatinine levels over the course of treatment, in
patients who participated in the randomized ovarian cancer study, currently provide
the clearest and most consistent evidence supportive of amifostine erficacy in
reducing cisplatin-associated cumulative renal injury. Figure 3C in the US
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Bioscience ODAC meeting presentation package is a scatter plot of post-treatment
versus baseline serum creatinine levels (for patients who received at least 4 cycles
of treatment), and is reproduced below:

FIGURE 3C

Seruru Creatinige: > = 4 Cycles Only
Entire Study

a0
2.8 ::cp ver ‘

Post — Treatment

Baseline

Most of the points on this scatter plot fall above the line of equivatence, indicating
an increase in serum creatinine (deterioration in ranal function). It can also be
appreciated that the data points that show the largest deterioration in renal function
are generally from patients on the study control arm.

The reviewer table on the following page was generated by extracting, from the full
database of patient serum creatinine levels, (i) baseline (pretreatment) serum
creatinine levels and (ii) those levels that were obtained closest to day 22 after
treatment cycles 4, 5, and 6 {within a window of day 22 1 7 days, selecting the later
level if the two "closest" levels were obtained an equal number of days prior to and
after day 22; and selecting the highest level if multiple levels were obtained on a
single day). All values from patients who had both baseline and post-treatment
cycle 4 values were averaged to obtain mean baseline and post-treatment cycle 4
serum creatinine levels. Baseline versus post-treatment mean serum creatinine
vaiues were similarly determined for treatment cycles 5 and 6, and for patients' last
treatment cycles (for patients who received at least 4 cycles of treatment).
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The above data demonstrate a progressive rise in mean serum creatinine with
continued cisplatin chemotherapy; and indicate that amifostine can reduce this
progressive loss of renal function.

Change in patients’ calculated creatinine clearance over the course of treatment

While cumulative renal toxicity (as manifested by rising serum creatinine levels)
was reduced in the amifostine treatment group in this study, the overall level of
renal toxicity did not appear to be very striking, even in patients who did not receive
amifostine. Also, there were concemns that some of the effects observed on renal
function could have been due to confounding factors (e.g., differences in the use of
nephrctoxic antibiotics in the two study groups). Of course, the study protocol
included appropriate safeguards to minimize the possibility of severe renal injury,
including provisions to delay or discontinue cisplatin for persistent elevation of
serum creatinine to > 1.5 mg/dl. US Bioscience has now provided comparisons of
calculated creatinine clearances in the two study groups over the course of
treatment (using the formula to derive calculated creatinine
clearances from serum creatinine values), US Bioscience has also provided
analvses of changes in calculated creatinine clearance in the two study arms that
are stratified for baseline creatinine clearance, exposure to nephrotoxic antibiotics,
and preexisting hypertension or diabetes.

In brief, these analyses show that patients in the control arm of the ovarian cancer
randomized study were significantly more likely to experience a 40% or greater
decline in calculated creatinine clearance following cisplatin-cyclophosphamide
chemotherapy (Table 7 of amendment 021 to NDA 20-221, appearing with slight
corrections . s table 4B in the US Bioscience ODAC meeting presentation
package). Treatment arm was the only statistically significant factor predictive of a
40% or greater decrease in creatinine clearance in treated patients (ANOVA,
including nephrotoxic antibiotic exposure, hypertension, diabetes, and treatment
arm in the anaiytic model). Reproduced below are selected, pertinent tables and
figures from the US Bioscience ODAC meeting presentation package.
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TABLE 4B

Proportijon of Patients With >40% Reduction fn Creatinine Clearance

-_M

Amifostine + CP cP £L(2-sided)
Original Cohort
Cycle 4 4/48 10/40 0.034
Cycle 5 4/42 8/35 0.111
Cycle 6 3/35 11729 0.031
Last Cycle* 10/63 20/58 0.018
Last Cycle* 6/48 17/41 0.002
New Cohort
Cycle 4 0/40 7/49 0.013
Cycle 5 2/34 7/44 0.172
Cycle 6 2/25 6/28 0.177
Last Cycie* 6/59 16/62 0.026
Last Cycle* 3/40 13/50 0.023
Entire study
Cycle 4 4/88 17/89 0.003
Cycle 5 6/76 1579 0.044
Cycle 6 7/60 17/57 0.015

Last Cycle* 16122 (13%)  36/120 (30%)  0.001
Last Cycle® /88 (10%) 3091 (33%)  <0.001

* All patients .
* Patients who had at least four cycles of therapy
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TABLE §

Proportion of Patients With Creatinine Clearance <60 c¢/min
Following the Last Cycle of Chemotherapy
Stratified by Pretreatment Creatinine Clearance

(All Patients)
p-value

Clearance Amifostine + CP CP 1 oa (2-sided)
'Original Cohort

<60 8/13 6/6

60-79 10/18 11/16

80-99 3/15 6/14

2100 3/17 420 3.504 0.061
New Cohort

<60 11/11 14/15

60-79 9/22 10714

80-59 2/13 6/13

>100 2/11 4/19  3.828 0.050
Entire Study

<60 19/24 20/21

60-79 19/40 p=0.062* 21/30

80-99 5/28 p=0.035* 1227

2100 5/28 839 8509 0.004

TABLE 6

Proportion of Patients With Creatinine Clearance <60 ce/min Following the
Last Cycle of Chemotherapy Stratified on Pretreatment Creatinine Clearance
(Patients Who Received at Least 4 Cycles of Chemotherapy )

Creatinine : p-value

Clearance Amifostine cp L o (2-sided)
inal

<60 6/9 3/5

- 6079 8/11 7/8

80-99 3/14 6/11

2100 2/14 4/17 4.936 0.026

New QO!'_lgrt

<60 8/8 12/13

60-79 715 910

80-99 0/10 4/8

2100 17 4/19 6.913 0.009
ire Stud

<60 14/17 1718

60-79 15726  p=0.027 16/18

80-99 324 p=0.005* 10/19

2100 321 836 12.389 <(.001
*2.sided p-valucs based on Pearson Chy Square statistic
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TABLE 10A

Number of Patients Who Received Nephrotoxic Antibiotics

(All Patients)
Amifostine + CP Ccp p-Velue
Original Cohort 7/63 12/58 0.150
New Cohort 8/59 8/62 0.916
Entire Study 15/122

20/120 0335

TABLE 11A

Incidence of >40% Reduction in Creatinine Clearance Following the
Last Cycle of Chemotherapy Stratified in Use of Nephrotoxic Antibiotics
(All Patients)

Amifostine + CP CP Yo (2-side?)

Original Cohort

Nephrotoxic antibiotics 177 SN2

No nephrotoxic antibiotics 9/s6 15/46 5.184 0.023
New Cohort

Nephrotoxic antibiotics 18 58

No pephrotoxic antibiotics 5/51 11/54 5.150 0.023
Entire Study

Nephrotoxic antibiotics 215 (13%) p=0.026' 1020 (50%)

No nephrotoxic antibiotics ~ 14/107 (13%) p=0.019* 26/100 (26%) 9.560 0.002
* 2-sided p-values based on Pearson’s Chi Square statistic
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TABLE 12A

Incidence of >40% Reduction ir Creatinine Clearance Following the Last
Cycle of Chemotherapy Stratified on Whether or Not the Patient Had Diabetes

(All Patieats)
Amifostine + CP Ccp Loa p-value
(2-sided)
Original Caohort
Diabetes 0/2 3/4
No Diabetes 10/61 17/54 5.065 0.024
New Caohort
Diabetes 073 2/4
No Diabetes 6/56 14/58 4.800 0.028
Eptire Study
Diabetes 0/5 p=0030 58
No Diabetes 16/117 p=0.009* 31/112 9.714 0.002

2-sided on Pearson's Chi Square statistic

TABLE 13A

Proportion of Patients With >d40% Reduction in Creatinine Clearance Following
the Last Cycle of Chemotherapy - Stratified by Hypertensica

(All Patients)
pvalue
Amifostine + CP Cp Yoa (2-sided)

Original Cobtort

Hypertcasion 13 1/5

No Hypertension 9/60 19/53 5542  0.019

" New Cohort

Hypertension 1/6 an

No Hypertension 5/53 13/55 4835  0.028
Entire Study

Hypertension 29 (2%) p=0.586" 4/12 (33%)

No Hypertension  14/113 (12%) p=0.002" 32108 (30%) 9941  0.002
* 2-sided p-value based on Pearson’s Chi Square statistic
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TABLE 14

Multi-Factoral Analysis of »>40% Red:iction in Creatinine Clearance
© p-Values (2-sided Chi Square)

Factor Original Cohort  New Cohort Entire Study
Nephrotoxic antibiotics 0.656 0.067 0.099
Hypertension 0.906 0.484 0.737
Diabetes 0.234 0.474 0.172
Treatment arm 0.031 0.031 0.003

Examination of U.S. Bioscience figure 5C (reproduced above on page 16) shows
that some patients had post-treatment caiculated creatinine clearances in the range
of  ml/min, with control arm patients comprising the majority of patients with

those lower post-treatment creatinine clearances. Conversely, amifostine arm
patients predominate at and above the solid line of identity in this figure, indicating
that patients who had little or no deterioration in calculated creatinine clearance
tended to be members of the amifostine treatment group.

Interestingly, U.S. Bioscience tables 11A, 12A, 13A, and 14 (also reproduced
above) also show that study treatment was an important determinant of whether a
patient would experience cisplatin-associated cumulative nephrotoxicity, whereas
nephrotoxic antibiotic exposure, preexisting diabetes, or preexisting hypertension
were not significant predictors of nephrotoxicity in study patients, in a multi-factorial
analysis of variance. However, control group patients with nephrotoxic drug
exposures or preexisting diabetes appeared to be particularly likely to experience
cumulative cisplatin-associated nephrotoxicity, whereas amifostine group patients
with similar histories did not appear to have an increased risk of nephrotoxicity
(tables 11A and 12A).

it should be noted that the above analyses of calculated creatinine clearance were
not prospectively specified in the original siudy protocol. However, performance of
analyses ot calculated creatinine clearance were suggested to U.S. Bioscience by
this reviewar as a way to further evaluate the possible renal-protective effects of
amifostine. Similarly, analyses of treatment toxicities that focused on patients who
had completed at least 4 cycles of chemotherapy were not prospectively specitied
in the study protocol, but such analyses were suggested by this reviewer as a way
to better evaluate whether amifostine protects against cumulative treatment
toxicities.

U.S. Bioscience staff independently decided to specify a deterioration in calculated
creatinine clearance of 2 40% (or in some analyses, a deterioration of calculated
creatinine clearance to below 60 ml/min) as the cutoffs for defining serious renal
injury in the above analyses. These cutoffs were raportedly determined prior to
examination of the study data; and they are considered by this reviewer to be
reasonable cutoffs. It is clear that if different cutoffs had been selected, the
quantitative results of these analyses would have been different. For example,
specification of a 50% or 60% deterioration in greatinine clearance as the value
that would define serious renal injury (or a requirement that calculated creatinine
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clearance had to fall beiow 50 or 40 ml/min to be considered serious) would have
resulted ‘n identification of a much smaller number of cases of serious deterioration
in creatinine clearance in both treatment groups. However, examination of the raw
study data indicates that the primary qualitative conclusion of these analyses (i.¢.,
lesser nephrotoxicity in the amifostine treatment groups) would not be &' 2red by
selection of different cutoff values to identify significant nephrotoxicity.

Chanyge in serum magnesium levels over the course of treatment

Hypomagnesemia is a recognized complication of cisplatin chemotherapy.
Cisplatin appears to produce a renal tubular defect that results in magnesium
wasting in urine, which can worsen with continued cisplatin treatmant and may
persist for months to years after cisplatin treatment is terminated. Renal
magnesium wasting can also be caused by aggressive hydration and diuresis.
Patients receiving cisplatin chemotherapy are commonly treated with aggressive
hydration and diuretics, to protect the kidneys from cisplatin-associated
nephrotoxicity. Thus, hypomagnesemia may be multifactorial in patients
ungdergoing cisplatin chemotherapy.

The current submission includes analyses indicating that amifostine may reduce
the severity of hypomagnesemia following cispiatin treatment, summarized in tables
8A and 17 of the U.S. Bioscience ODAC meeting presentation package:

TABLE 8A NCI Toxicity Grades of Serum Magnesium Levels
for Each Patient's Last Cycle of Therapy

NCI-CTC Grade: 0 1 2 3 4 p-value*
(mEq/L) >14 | <14->11] <1.1.>08 | <0.8->05; <05
Original Cohort i
Amifostine+ CP 49 10 3 0 0 0.017
CP 35 8 6 3 1
New Cobort
_ Amifostine + CP 43 3 0 0 0 0.012
Cp 38 10 1 2 0
Entire Study
Amifostine + CP 92 i 13 3 0 0 0.001
Cp 73 i 18 7 5 1

* Based on 2.sided Mantel-Haenszel Chi-Square statistic.

TABLE 17 EORTC Triak

NCI Toxicity Grades of Serum Magnesium Levels in Patients With Head and Neck Cancer
Treated With Cisplatin, 70 mg/m' * Amifostine Weekly x 6

m

>14 214->L1 <11.>08 <08.505 <05 p-vaiue'
Amifostine + Cisplatin 6 2 11 9 0

| 0.011
Cisplatin 0 0 6 12 3



The above analyses indicate that patients treated with amifostine in the U.S.
Bioscience ovarian cancer randomized study, and also patients who received
amifostine in an EORTC randomized study of weekly cisplatin £ amifostine in head
and neck cancer, had a reduced incidence of severe hypomagnesemia following
treatment. However, it should be noted that magnesium levels were determined
irregularly in the ovarian cancer randomized study. A pre-treatment baseline
magnesium level was not reported for cne-third of the patients enrolled in this
study. Fewer than one-half of the study patients had bott. a baseline magnesium
value and at least one follow-up value in treatment cycle 4, 5, or 6. It is also of
concern that on reviewer evaluation of the serum magnesium test results, there
secemed to be minimal evidence of cumulative hypomagnesemia in study subjects,
or of a beneficial effect of amifostine on mean serum magnesium levels. This
evaluation is summarized in reviewer table 3 on the following page. This table was
generated by extracting, from the full study database of patient serum magnesium
values, (i) baseline serum magnesium levels and (ii) follow-up levels that were
obtained in treatment cycles 4, 5, and 6 (selecting the level closest to day 22 of the
treatment cycle, if multiple values were obtained). All values from patients who had
both baseline and post-treatment cycle 4 values were averaged to obtain mean
baseline and post-treatment cycle 4 serum magnesium levels. Mean baseline and
post-treatment serum magnesium values were similarly determined for treatment
cycles § and 6, and for patients' last treatment cycles (for patients who received at
least 4 cycles of treatment).
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In summary, the effects of amifostine on cisplatin-associated renal magnesium wasting
and hypomagnesemia lend additional support for the proposed renal-protective effects
of amifostine in patients undergoing cisplatin chemotherapy. However, additional
studies are needed to confirm and further evaluate the significance of effects of
amifostine on cisplatin-associated renal magnesium wasting and hypomagnesemia.

Amifostine effects on other cumulative non-hematologic toxicities of cisplatin

Analyses of the cumulative incidence of neurotoxicity (defined as a decrease in
neurological function on exam, or neurologic toxicities reported as an adverse event)
were included in the applicant's study report. These analyses, summarized in table 10
i amendment 021 to NDA 20-221 (reproduced below), indicate a trend to lesser
neurotoxicity in the amifostine group by the end of treatment, in both the original and
new patient cohorts. This becomes a statistically significant result in the combined 242
patient “all patients" cohort.

TABLE 10

Cumulative Incidence of Neurologic Toxicity

B e e ———— ———

Amifostine + CP cp p-value (2-sided)
Original cohort 37/63 40/58 0.244
New cohort 30/59 41%/62 0.0853,
All patients 67/122 81/120 0.045

— e s

— ——— - L
* 2 patients in the CP arm discontinued due to neurologic toxicity

U.S. Bioscience also analyzed the cumulative incidence of ototoxicity 1n the ovarian
cancer randomized study, as indicated by a need for dose reduction of cisplatin due to
ototoxicity. These analyses are summarized in Table 11 in amendment 021 to NDA 20-
221 (reproduced below). There was a trend o less ototoxicity by this measure, which
neared statistical significance in the all 242 patients analysis.

. TABLE 11

Cumulative Incidence of Patients who had Cisplatin Dose -
Reduced or Discontinued Due to Ototoxicity

%

Amifostine + CP cp p-value (2-sided)
Original cohort 5163 10/58 0.122
New cohort 6/59 9/62 0.470
All patients

117122 19/120

P Sy p——
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TABLE 13C

Incideace of Grade 4 Neutropenia
- All Patients (N=242) -
'__——__—————-———-__.__.____________—__'_'—-'—_—“———-——-——-——_

Cycle Amifostine + CP CP x2 p-value*
1 741121 731120 0.003 0.959
2 56/113 55/113 0.159 0.650
3 38/103 40/98 0.324 0.569
4 35/90 35/94 0053 0818
5 17/78 42/85 13.350 <0.001
6 16/65 24170 0.500 0.221

Last? 277122 22.1%) 517120 (42.5%)  11.443 0.001

Last® 15/89 (16.9%) 38/90 (42.2%)  13.740 <0.001

T'Based on Pearson Chi-Square test (2-sided).

b Following last cycle of chemotherapy received (through six cycles for
original cohort and through five cycles for new cohort).

© Last cycle of chemotherapy for patients who had received at least four

cycles of therapy.

TABLE 14

Proportion of Patients Who Experienced Grade 4 Neutropenia
Whose Neutrophil Counts Failed to Recover
to 1500/mm? by Day 22 (+ 3 Days)

All Patients
—_—

Cycle  Amifostine + CP CP x2 p-value*

1 771 13772 1.982  0.159

2 18/56 25/59 1273 0.259

3 20/38 20/40 0.053  0.817

4 17/34 18/35 0.014  0.906

5 9/16 29/42 0.825  0.364

6 6/15 16/23 3.170  0.075
Last? 10/26 32/50 4.453  0.035

Overall 43/98 (43.9%) 64/99 (64.6%) 8.518 0.004
%

Based on Pearson Chi-Square test (2-sided).

Last cycle of chemotherapy received prior to study discontinuation.
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6. Amifostine effects on the efficacy of cisplatin plus cyclophosphamide in ovarian cancer
treatment

The data regarding amifostine effects on the efficacy of cyclophosphamide plus
cisplatin in ovarian cancer treatment were described and discussed in detail in
amendment 017 to NDA 20-221 and in the medical officer review of that amendment,
and will not be described in detail in this review. In brief, it is clearly not possible to
statistically prove that the efficacy cf cyclophosphamide and cisplatin in ovarian cancer
treatment is unaffected by amifostine (i.e., that amifostine selectively protects normal
tissues but does not protect tumor tissues from the cytotoxic effects of this
chemotherapy). However, the findings of the ovarian cancer randomized study did not
reveal any evidence of significant tumor protection by amifostine. Pathologically-
confirmed complete remission rates were similar in the amifostine and control groups in
this study (the intent-to-treat analysis is reproduced here):

Study arm | Number of | Number who had | Number with CRs observed /
patients "second ook pathologic CR no. of patients
surgery at second look (%)
amifostine 122 60 26 21%*
control 120 52 19 16%

*The difference in pathologic CR rate between the amifostine and control groups was
+35.5% (95% confidence interval for the difference, -4.3% to +15.2%).

Similarty, overall patient survival was the same in the amifostine and control arms of
this study; and "bootstrap" statistical simulations indicated that if the study had been
expanded to the very large size that would have been needed to prove “"equivalence” in
survival (defined as a lower confidence bound for the hazard ratio for survival of 0.80),
this criterion would likely have been met. The survival curves for ovarian cancer
randomized study patients, updated to July 1294, are reproduced on the following
page.
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7. Summary of the above data

Data from the U.S. Bioscience ovarian cancer randomized study provide support for the
efficacy of amifostine, in reducing cumulative toxicities of cisplatin-cyciophosphamide
chemotherapy in patients with advanced ovarian cancer. The data are clearest with
respect to protection from cisplatin-associated nephrotoxicity (deterioration in
creatinine clearance). While patients in this clinical study generally experienced only a
modest degree of cispiatin-associated renal injury, some patients had a more
significant deterioration in renal function (defined as a = 40% fall in calculated
creatinine clearance, in the U.S. Bioscience study analyses). This degree of
deterioration in renal function was observed less frequently in patients in the amifostine
treatment groups.

The study data indicate that there was no significant reduction in pathological complete
response rate in the amifostine study group (point estimate, 5.5% higher pathologic CR
rate in the amifostine group; 95% confidence interval for the difference in pathologic
CR rate, 4.3to +15.2%). Similarly, overall patient survival was the same in the
amifostine and control arms of this study. These study data do not demonstrate (but
cannot statistically rule out) tumor protection by amifostine in this study population.
However, based on the results of prior studies of cisplatin-based chemotherapy
regimens in the treatment of advanced ovarian cancer, these chemotherapy regimens
probably have a relatively modest effect on the survival duration of patients with
advanced ovarian cancer; and long-term relapse-free survival appears to be a relatively
rare event. Therefore, in this setting, concern over the possibility that amifostine might
reduce the curative survival benefit of chemotherapy is tempered by the fact that
currently-available chemotherapy regimens are probably not curative for the great
majority of patients.

An important question relates to the long-term natural history of the cumulative
toxicities of cisplatin-cyclophosphamide chemotherapy, and the lona-term effects that
amifostine may have on these toxicities. While chemotherapy with cisplatin is known to
cause cumutative treatment toxicities, there may be some recovery from these
treatment toxicities over time. Specifi-:ally, cisplatin-associated nephrotoxicity (as
manifested by deterioration in creatinine clearance, and renal magnesium wasting with
hypomagnesemia) may include both an acute or subacute (reversible) component, and
a chronic (permanent) component. A fall of 40% in creatinine clearance would be of
lesser concern if creatinine clearance subsequently improved over time to within 15-
20% of the baseline value; and would be of greater concern ii there was further
deterioration over time. Also, if amifostine is shown to reduce long-term renal
magnesium wasting in patients who have been treated with cisplatin, it must be noted
that the long-term consequences of hypomagnesemia are not well characterized
(although magnesium clearly is important in many physiologic processes); and
measurements of serum magnesium may not accu ately reflect total body magnesium
(as most of this cation is intracellular).

In summary, results of the above U.S. Bioscience clinical trials include several

statistically-significant findings indicative of amifostine efficacy in protecting normal
tissues from the cumulative toxicities of treatment with cyclophosphamide pius cisplatin.
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The clearast data relate to protection from Cisplatin-associated nephrotoxicity. The
clinical significance of this renal protection is not entirely clear, although a reduction in
the number of patients who experience a » 40% decline in creatinine clearance can be
considered to be a tangible clinicai benefit. Finally, the possibility that amifostine coyjd
protect tumors angd reduce the efficacy of cancer 1, 2atment in at least some clinical
settings cannot vat be dismissed.

ODAC discussion of June 9, 1995

The above data (with a draft version of this review) were reviewed by the Oncologic
Drugs Advisory Committeg at its June 9, 1995 public meeting. In brief, the committee:

* voted 8-0 that amifostine was effective in reducing cumuiative renai injury (as
Mmanifested by decreases in creatinine clearance) in cancer patients treated with
100 mg/m? cisplatin for g proposed 6 courses,

voted 8-0 that current efficacy and safety data were sufficient to support at least
accelerated approval of amifostine, for use to reduce the cumulative renal injury
associated with cisplatin chemotherapy at 10G mg/m? with a planned program of 6
-Courses, with other agents unspecified, for Previously untreated patients with

* Deadlocked 44 on whether currant efficacy and safety data were sufficient to
Support {at least) accelerated approval of amifostine, for the above indication.

Discussed severa] follow-up studies that would be of interest to further elucidate
the clinical utility of amifostine (but did not specifically identify a study that should
be required to confirm the clinica) efficacy of amifostine, as g part of an accelerated
approval action).
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9. Subsequent US Bioscience correspondence submissions to NDA 20-221

in 3 recent correspondence submissions to NDA 20-221, US Bioscience has
submitted additional efficacy and safety data obtained in 2 currentiy-ongoing
clinicali trials, to further support the proposition that amifostine does not significantly
interfere with the anticancer efficacy of cisplatin-based chemotherapy regimens.
The current findings of these trials, as briefly summarized in these 3 submissions,
are as follows:

A. Phase 2 study in stage IV non-small cell lung cncer
(correspondence submission dated June 30, 1195)

This submission reports current data from a phase 2 study in patients with stage IV
(metastatic) non-small cell lung cancer, in which 25 patients have been treated
under the supervision of Dr. Joan Schiller at the University of Wisconsin. Patients
received amifostine (initially 910 mg/m?, now 740 mg/m?) and cisplatin (120 mg/m?)
on day 1, followed by vinblastine injections (5 mg/m?) on days 8, 15, and 22.
Treatment was to be repeated at 4 week intervals, for a maximum of 6 cycles. The
actual number of treatments administered ranged from 1-6 (median 4, only 3
patients received 6 cycles). According to the cover letter for this submission,
objective partial responses of > 1 month duration were documented in 16 patients,
for a partial response rate of 64%. Reported response durations ranged from 2-20"
months {median S months; 4 patients had responses tasting 12 months or longer).
Median survival was estimated at 17 months, with 65% of patients alive 1 year after
entry. This study followed an earlier study of a similar regimen {(administered prior
to radiation therapy) in patients with stage [l non-small cell lung cancer (also
conducted by Dr. Schilter). In that study, response to chemotherapy was assessed
prior to initiation of radiation therapy, and 23 objective responses were observed
among 31 patients treated (response rate, 74%).

These data are submitted by the applicant as evidence that amifostine does not
have tumor-protective effects in patients with non-small cell lung cancer, treated
with this cisplatin-vinblastine regimen. The reported objective response rate is
substantially higher, and survival is {onger, that the results usually reported in
phase 2 studies of chemotherapy regimens for this disease. The applicant
suggests that amifostine might actually enhance the efficacy of chemotherapy in
this setting. A phase 3 stuay is being initiated.

Full documentation / case records were not submitted for the 25 patients who
participated in this study, but pre- and post-treatment chest CT scan photos are
provided for 15 patients (14 who are described in appendix 3 of this submission as
partial responders, and 1 described as stable disease). These photos appear to be
supportive of the investigator's assessments of partial response. It is noted that the
cover letter and the study report included in this submission both state that there
were a total of 16 objective partial responses, but appendix 3 lists 18 patients as
having attained a partial response. The brief study report provided includes
retatively little informaticn about treatment toxicity. The principal texicity was stated
to be hematotoxicity (associated with the weekly vinblastine injections, which were
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not pieceded by amifostine treatment). Calcuiated creatinine clearance

, reportedly remained stable over the course of treatment, despite ine
relatively high dose of cisplatin administered. 1t is further stated that "none of the
11 patients who completed 4 or more cycies of treatment had a 40% or greater
decline in calculated creatinine clearance after their last treatment” (but appendix 3
to this report indicates that 13 patients completed 4 or more cycles of treatment).
However, it should be noted that Dr. Schiller published a research abstract on this
study in 1995, in the Proceedings of the American Society of Clinical Oncology
{copy included in this submission to NDA 20-221). This abstract provided some
additional information regarding treatment toxicity, as follows:

Toxicities have inciuded grade 3 or 4 renal dysfunction in 14% and 0% of patients,
respectively; (and grade 3 or 4) neutropenia in 10% and 90%. Four patients were
hospitalized for neutropenic fevers; 2 patients went off study for renai toxicity.
Eighteen patients required interruption of amifostine for asymptomatic hypotension;
all except 3 were able to continue. Other toxicities included grade 3 neuropathy (5
patients) and ototoxicity (3 patients) at cumulative cisplatin doses of 660, 600, 540,
480, 450, 420, 324, and 390 mg/m?, res-ectively.

To summarize, this study provides evidence to support the contention thzt
amifostine does not have significant tumor-protective effects in patienits with non-
small cell lung cancer, treated with this cisplatin-vinblastine regimen. The reported
objective response rate is h.gh, and patient surviva! is long, compared to the results
commonly reported in phase . studies of chemotherapy for stage IV non-small cell
lung cancer. Dr. Schiiller's prior report of a 74% objective response rate in 31
patients with stage 111 non-small cell lung cancer is also an promising finding,
although objective resporise rates are often higher in stage Il than in stage IV
disease. However, it must be noted that this treatment regimen had substantial
toxicity. The high rate of grade 4 neutropenia, with 4 hospitalizations for
neutropenia-fever, can be blamed largely on the weekly vinblastine injections
(which were not preceded by amifostine treatment); but the neuropathy, ototoxicity,
and renal toxicitv were probably more related to the cisplatin therapy, and it
appears that amifostine did not prevent these protlems from develcping in several
patients, The applicant's suggestion that amifostine administration might be
enhancing anticancer efficacy in this setting (via as-yet Lnknown mechanisms), if
accepted, raises the issue of whether chemotherapy toxicities could also be
-enhanced (rather than reduced) in some settings. Based on current

understandings of the mechanisms of amifostine action, it does not seem plausible
that amifostine could protect noruia! tissues from the toxicity of chemotherapy, and
simultaneously enhance the anticancer efficacy of this chemotherapy.

B. Randomized phase 2 study in patients with advanced head and neck cancers
(Correspondence submissions daied July 14 and 21, 1695)

These submissions report data available from 59 currently-evaluable patisnts, who
have been enrolled in an EORTC randomized trial of weekly cisplatin £ amifostine
as initial chemotherapy for treatment of advanced head and neck cancers (it
appears that the final enrollment in this study will be approximately 80 patients).
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All patients receive cispiatin 70 mg/m¥week for a planned 6 week course of
treatment; half are randomized to receive amifostine (740 mg/m?) inimediately prior
to each weekly cisplatin treatment. Most of the patients enrolied to date have been
males with focally advanced disease (no distant metastases), and performance
status 1 (eligibility criteria allow PS 0-2). Prior radiation therapy is permitted, but
few of the patients enrolled to date have received prior treatment with radiation.

The preliminary toxicity findings of this study include grade 3/4 thrombocytopenia in
6 control arm patients versus 1 amifostine patient (but, on examination of listings of
patient hematology studies that were included with this submission, the amifostine
patient had a platelet nadir of 2,000 per cmm, which likely required platelet
transfusions; while the lowest nadirs reported on the control arm were 12,000 and
19,000 per crnm). Also, the 7rovided listings of hematolngy data listed only 5
control arm patients as having grade 3/4 thrombocytopesda. Grade 3/4 neutropenia
reportedly occurred in 10 patients on the control arm, versus 8 patients on the
amifostine arm {@xamination of the patient listings reveaied 1 control arm patient
who experienced grade 4 neutropenia, and 2 amifostine arm patients with grade 4
neutropenia). The study report states that treatment delays due to hematologic
toxicities were more common in the control arm, resulting in a iower treatment dose
irtensity (i.e. the treatrient was spread out over a longer period of time). However,
un examination of the: dosing listings provided for 29 patients in each study group,
it appears that the total number of cisplatin treatments ultimately administered was
similar in the twe study groups:

Reviewer Table 4
Cisplatin treatments administered
EORTC study of weekly cisplatin in patients with head and neck cancers

Number of Cisplatin treatments administered

-
1 2 3 4 5 6

Anifostine 0 3 3 6 17

study arm

(n=29)

Control 1 1 3 3 21

study arm

(n=29)

Patients who received amifostine appeared to experience less nephrotoxicity (as
manifested by serum magnesium levels and calculated creatinine clearances pre-
and post-therapy). Also, grade 2/3 ototoxicity (determined by repeat audiograms)
and neurotoxicity (cetermined by measurement of vibratory sensation, using an
instrumant called a vibrometer) were reportedly observed less frequently among
patients on the amifostine study arm.
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Objective responsé rates were reportedly similar in the two study arms (63% in the
amifostine arm, versus 58% for the control arm, there were 3 complete remissions
on the amifostine arm, versus none on the control arm). No analyses of response
duration, time to progression, or survival of study patients were provided in this
update of the results of this ongoing study. Copies of EORTC case records of
tumor measurements were provided as an appendix to this report.

US Bioscience has recently reported a patient death during treatment on this study
(reportedto IND ., submission serial no. 226, dated July 10, 1995). The
patient was a 47 year old man with a large tonsillar mass that periodically
stimulated paroxysms of coughing. Following amifostine administration in his
second week of study treatrent, he appeared to have a choking episode with
respiratory distress and hypotension, then convuisions and death. Further
information is being sought.

To summarize, this study provides evidence that amifostine may not have
significant tumor-protective effecls in patients with head and neck cancers, treated
with this weekly cisplatin regimen. The reported objective response rates for the
two study arms dre consistent with those reported in other studies of aggressive
frontline chemotherapy treatments for these malignancies. The number of weekly
cisplatin treatments was essentially the same in the two study arms, but patients in
the amifostine arm reportedly required fewer treatment delays and thus weré
treated at a higher dose intensity. Clinical treatment toxicities {(nephrotoxicity,
neurotoxicity, ototoxicity) were reportedly less in the amifostine study arm {aithough
the recently-reported patient death is a concem). A comprehensive analysis of tre
rasults of this study is not currently possible, given the preliminary nature of the
study results that were submitted.

10. Other clinical studies addressing amifostine effects on chemotherapy efficacy

Two other clinical studies that have previously been cited by the appiicant, in support of
the claim that amifostine does not significantly interfere with the efficacy of cancer
treatment. These were studies of relatively high doses of cisplatin, in patients with
metastatic melanoma. Data from these studies were reported in volumes 30 and 31 of
amendment 017 to NDA 20-221 (submitted July 12, 1994).

US Bioscience protocol WR-2721-B001 (study number 201D). Dr. D. Glover and Or. J.
Glick at the conducted this study of amifostine
(740 mg/m?) followed by cisplatin (60-150 mg/m?) in metastatic melanoma {treatment to
be repeated at 3-4 week intervals). Fifty-three patiants were enrolled; 48 received
initial treatment with cisplatin doses of 2 120 mg/m?, and were the focus of the US
Bioscience study report. [This report did not describe treatment outcomes in the 5
patients who received initial cisplatin dosas of < 120 mg/m?, however, review of the
investigators' journal article of findings in the first 36 patients treated in this study
reveals that 4 patients had received initial cisplatin doses of s 100 mg/m?because of
some level of baseline renal impairment, and none of these 4 had an objective
response to treatment.] Of the 48 patients included in the US Bioscience analysis, 25
patients started treatment at a cisplatin dose of 120 mgim?; 14 started at 135 mg/m’;
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and 9 started at 150 mg/m?. A total of 180 courses of cisplatin treatment were
administered to these patients (this included 11 courses at 150 mg/m?, 35 courses at
135 mg/m?, 115 courses at 120/m?, 12 courses at 100 mg/m?, and 7 courses at < 90
mg/m?). Twenty-six of 47 evaluable patients reportedly had an objective response to
treatment (1 CR, 25 Prs). Responses were reportedly observed at visceral sites of
metastatic disease (e.g., liver) as well as in skin and soft tissue metastases. Response
durations were not reported, but according to the investigators' journal article of
findings in the first 36 patients treated in this study, there were 19 responders and ‘he
median duration of response was 4 months. Median survial for the 48 analyzed
patients ‘was reportedly 5.4 months. Survival duration apr 2ared to be somewhat longer
for the 9 patients who received initial treatment at 150 mg/m? cisplatin. However, this
difference was not statistically significant; and all but one of these 9 patients required
cisplatin dose reduction after their first course, so these patients received only slightly
more cisplatin than the patients who started treatment at 120 or 135 mg/im? cisplatin.
Treatment toxicity was reportedly modest. However, antiemetics were rarely used prior
to amifostine administration in this study, and nausea/vomiting was reported in 32
patients (67%).

US Bioscience protocol WR-2721-18; This study has been conducted under the
direction of M. Avril, MD, _ ) The
preliminary report of the results of this study that was included in supplement 017 to
NDA 20-221 was dated December 1993, and indicated that the study was still ongoing.
In this study, patients with metastatic melanoma are treated with amifostine (810
mg/m?), followed by escalating doses of cisplatin (120, 135, 150 mg/m?). Treatment
was to be repeated at 3 week intervals, unless tumor progression or severe toxicity
precluded repeat treatment. At the time of this preliminary report, 21 patients had been
enichied ai 120 mg/m?, 12 at 135 mg/m?, and 2 at 150 mg/m? cisplatin. Doses of
cisplatin were not escalated in individual patients; doses were reduced for treatment
toxicities. The 21 patients enrolled at the 120 mg/m? dose level received a total of 71
cycies of cisplatin treatment at this level and 2 cycles at 90 mg/m?, two patients were
taken off treutment for toxicity (moderate paresthesias after 7 and 8 cycles of treatment,
respectively). Atthe 135 mg/m? dose level, the 12 patients enrolled received a total of
21 treatment cycles at this level plus 6 cycles at 108-110 mg/m?. One patient
reportedly withdrew due to ototoxicity. The two patients enrolled at the 150 mg/m? dose
level each received only 1 cycle of treatment at this leve!l; one of these patients
received an additional cycle at 120 mg/im?. Both went off study due to early disease
progression.

Objective responses were reported in 7 of the 35 patients enrolled (2 complete
remissions, S partial remissions). The median response duration was 8 weeks
according to the investigators published abstract of the study results. Time to
progression and survival data were not analyzed, but based on the data listings it
appears that median time to progression was about 66 days and median survival was
about 237 days.
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11. Cenclusions and recommendations

A. Based on review of the US Bioscience submissions to NDA 20-221, and review of
the Oncologic Drugs Advisory Committee deliberations on these data, approval of
amifostine is recommended, for the limited indication of reducing the cumulative
nephrotoxicity of cispiatin in patients undergoing treatment with cisplatin-based
chemotherapy for advanced ovarian cancer.

Limited data are currently available regarding the preservation of anticancer
efficacy when amifostine is administered prior to cisplatin chematherapy in settings
other than advanced ovarian cancer. Interference with the efficacy of cancer
treatment would be of greatest concern in settings where chemotherapy is often
curative. Therefore, labeling should include a warning that amifostine should not
be used in conjunction with cisplatin in settings where cisplatin-based
chemotherapy is commonly curative (e.g., certain germ cell tumaors).

These and other specific comments and recommendations regarding ETHYQL®
amifostine labeling are noted on the attached copy of the latest ETHYQOL®
proposed labeling, which was submitted by U.S. Bioscience in the July 14, 1895
correspondence submission to NDA 20-221.

B. Labeling of ETHYOL for use in a broader spectrum of solid tumors (i.e., all solid
tumors except tumors of germ cell origin) can be considered when adequate clinical
data have been submitted to demonstrate that ETHYOL does not significantly
interfere with efficacy in at least one additional type of solid tumar. Some of the
phase 2 study data recently submitted are suggestive that the palliative efficacy of
cisplatin in the treatment of certain other types of solid tumors (particutarly, head
and neck cancers and non-small cell lung cancer) may not be adversaly affected by
the administration of ETHYOL, but these data are limited in quantity and detail.
Additional data (e.g., completion and full analysis of the randomized phase 2 trial in
head and neck cancers that was reviewed above; or completion of the applicant's
phase 3 trial in non-small cell lung cancer, which has been submitted to IND
in submission serial number 210 and other submissions) could provide sufficient
data to support such an expansion of ETHYOL® amifostine labeling.

Robert J. DgL.ap, MD, P
Acting Medical Group Leader

sC. NDA 20-221
HFD-1£0/ R. Justice
HFD-150/ L. McCollum
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Medical Officer Review - Amended NDA 20-221
ETHYOLR amifostine to protect from adverse effects of chemotherapy,
in patients receiving cisplatin/cyclophosphamide for ovarian cancer

Major amendment #017, received July 13, 1994
Reviewing Medical Officer: Robert J. Delap, MD, PhD
Date of completion of this review: January 30, 1995
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1.

Background / Synopsis

Chemotherapy for advanced ovarian cance. - . jubstal dal benefit, but this
iliness is ultimately fatal in most patients, and ¢1. mnotherapy can cause significant
morbidity and occasional mortality. Major goals of current research are to develop
more effective treatments for this disease, and to reduce treatment toxicity. The use
of ETHYOLR amifostine as a chemoprotective agent, to reduce treatment toxicity in
women receiving cisplatin plus cyclophosphamide for advanced ovarian cancer, is the
subject of this New Drug Application.

Theoretical rationales underlying the development of chemoprotective agents have
included (a) some of the toxic effects of cancer chemotherapy may be unrelated to
anticancer efficacy, so it may be possibie to develop agents that will ameliorate
toxicity without compromising efficacy; and/or (b} it may be possible to take advantage
of biochemical and physiologic differences between normal tissues and tumor tissues,
to develop agents that will selectively protect normal tissues.

In recent years, several potential chemoprotective agents have be~n eyaluated in
preclinical and clinical studies. Examples are dexrazoxane to reduce anthracycline-
induced cardiomyopathy; diethyldithiocarbamate to reduce toxicities of platinum-
based chemotherapy,; pyridoxine to reduce chemotherapy-induced neuropathy; and
amifostine (ETHYOLR, also known as WR-2721) to ameliorate toxicities of platinum
and alkylating agent chemotherapy. Studies of some of these agents have indicated
that reduction of the toxic effects of chemotherapy may be achieved in certain clinical
settings. However, there are continuing concerns, based on evidence from preclinical
and clinical studies, that effective chemoprotective agents may also protect tumors
from the toxic effects of chemotherapy. Thus, while preclinical studies have clearly
shown that amifostine may ameliorate the toxic effects of certain chemotherapy drugs
(or radiation therapy) on normal tissues, results of some preclinical studies have
suggested that amifostine might protect tumor tissues as well.

Absolute selectivity for chemoprotective agents (effective protection of normal tissues
with no protection of tumors) may be an unattainabie goal. Even if an absolutely
selective chemoprotective agent were available, randomized clinical studies to prove
the absence of tumor protection (with demonstration of equivalient res_onse rate, time

-to progression, and survival, in patients randomized to receive the chemoprotective
agent) could require very large patient numbers.

Relatively selective chemoprotective agents (agents that provide significant protection
to normai tissues, but may also protect tumors to a lesser extent) could have a useful
role in cancer treatment. Potentially appropriate uses of such agents could include:
(a) to allow more intensive treatment (where a gain in efficacy due to treatment
intensification, made possible by the use of the chemoprotective agent, could be
shown to exceed any efficacy loss due to tumor protection); (b) to allow continued
administration of an effective treatment, which the patient would otherwise be unable
to tolerate; or (c) to reduce significant clinical toxicities of a palliative treatment, where
a modest loss cf therapeutic efficacy might be acceptable.
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The US Bioscience New Drug Application for ETHYOLR amifostine was originally
submitted on September 30, 1991. The original application was based primarily on
the results of a single randomized trial, in patients with advanced ovarian cancer.
Following debulking surgery, patients received chemotherapy with cyclophosphamide
and cisplatin (control arm), or amifostine foliowed by cyclophosphamide and cisplatin.
After treatment of the first 121 of 200 planned patients, an interim analysis performad
by the applicant indicated that patients receiving amifostine had fewer episodes of
neutropenia with fever ("febrile neutropenia™). Response rates were similar on the
two study arms, consistent with a lack of tumor protection by amifostine. Accrual to
the study was subsequently interrupted, and these data were submitted to the Agency
in the original New Drug Application.

After Agency and Oncologic Drugs Advisary Committee review, the application was
determined to be non-approvable. There were severai concerns regarding the clinical
data and analyses included in the application. The protocol for the applicant’s pivotal
trial had specified multiple study endpoints, and did not provide for statistical
adjustments for multiple analyses. The protocol did not include a precise definition of
a "febrile neutropenia" event; and did not specify that such events would be the
primary study endpoint. The definition of what constituted a febrile neutropenia event
was in fact determined in the course of the applicant's analyses of the study data,
(after the data were collected). Reduction in the occurrence of these events was
similarly identified as the primary study endpoint only after the study resuits were in.
Also, collection of the data needed to determine whether a patient had experienced a
“febrile neutropenia” event was inconsistent and often inadequate. For example, data
on patient temperatures during periuds of grade 4 neutropenia were often absent.
There was also concern that the size of the study (63 amifostine patients and 58
controi patients) was inadequate to exclude the possibility of substantial tumor
proiection by amifostine. Finally, significant deficiencies were also identified in the
chemistry and biopharmaceutical parts of the initial application.

For the above reasons, the clinical data provided in the iniiial application were
considered to be interesting, but non-definitive. A second adequate and well
controlled study was needed, to prospectively verify whether amifostine has
significant efficacy in reducing the frequency of neutropenia-associated clinical events
in patients receiving cyclophosphamide-cisplatin chemotherapy for advanced ovarian
cancer. More data were also required .o better evaluate whether amifostine has
significant tumor-protective effects. Subsequently, the applicant and the Agency (with
the advice of the Oncologic Drugs Advisory Committee) agreed that the advanced
ovarian cancer study would be completed, with accrual of 200 patients as originally
planned. The efficacy of amiifostine in reducing the incidence of "grade 4 neutropenia
with fever (with or without sepsis)", as observed in the applicant's analyses of results
in the first 121 patients treated in the study, was defined as the primary study
endpoint. The results obtained in patients enrolled in the second half of this study
would be analyzed as a second, confirmatory study, to verify whether amifostine
pretreatment is effective in reducing the incidence of these clinical events in this study
population. Treatment efficacy (response rate, time to disease progression, and
survival duration) would also be examined in updated analyses of all 200 patients, to
better assess whether amifostine has significant adverse effects on treatment efficacy.
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This amended New Drug Application now includes data from 242 patients that have
been treated in the applicant's pivotal ovaiiz: cancer study. Separate analyses are
provided for the original 121 patient cohort, the new 121 patient cohort, and all 242
patients combined. The definition of the primary study endpoint used in the
applicant's analyses has further evolved, and is now “neutropenia with fever and/or
infection, requiring antibiotic therapy”. As noted above, the principal efficacy
hypothesis to be tested was whether the incidence of neutropenia-associated clinical
events would be significantly lower in the amifostine study arm in the new patient
study cohont, to confirm the observation made in the original 121 patient cohort.
According to the applicant's analyses as initially submitted in this amended
application, the incidence of neutropenia-associated clinical events was significantly
lower in the amifostine treatment arm of the new 121 patient cohort (compared to the
control arm), thus confirming the observation made in the original 121 patient cohort.

Unfortunately, the current definition of a neutropenia-associated clinical event
("neutropenia with fever and/or infection, requiring antibiotic therapy") still lacks
precision, and determining wheth<r a given episode qualifies as an event often
requires substantial subjective judgement. The study resuits for this primary study
endpoint tumn out to be highly dependent on the precise definition of "neutropenia-
associated clinical event” that is used, and haw the definition is applied. On Agency
medical officer review of the case records of each of the 242 study patients, it was
found that some patients on the amifostine study arm had episodes that were not
counted as events in the applicant's analyses of neutropenia-associated clinical
events (but should have been, in the reviewer's judgement). Similarly, some patients
on the study control arm had episodes that should not have been (but were) counted
as aevents in these analyses. The preliminary medicai officer determinations of which
episodes should be included as events in the primary study analyses of "neutropenia-
associated clinical events" were shared with the applicant, US Bioscience, and
additional US Bioscience comments on some of these episodes were obtained and
considered. The final medical officer determinations of episodes included and
excluded as events, in FDA analyses of neutropenia-associated clinical events, are
summarized in appendix I of thic review. While it is clearly possible to debate the
appropriateness of including or excluding some of these individual episodes, review of
the entire content of appendix |l is highly recommended, to illustrate the overall

- patterns of inclusion / exclusion judgements of the applicant, and of the medical
officer. Overall, the final medical officer judgements are deemed to lack any
significant bias against amifostine (and may be regarded by some as evidencing a
bias in favor of this investigational drug).

When analyses of neutropenia-associated clinical events were repeated, using the
Agency medical officer's final judgements as to which episodes should be included as
events for these analyses, the incidence of neutropenia-associated clinical events
was not significantly reduced in the amifostine treatment arm of the new 121 patient
cohort (although patients in the amifostine treatment ann did have a slightly smaller
total number of events). Thus, the primary efficacy hypothesis was not statistically
confirmed in the new 121 patient cohort.
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Agency analyses of the study data did confirm that amifostine-treated patients had a
significantly reduced incidencs of neutrcpenia-associated clinical events in the
original 121-patient cohort. Although statistically weaker than in the original 121-
patient cohort, this finding was still significant in the total 242-patient study cohort
(p=.085 two-sided, p=.033 one-sided, chi-squared test, with exclusion of 7 amifostine
arm patients and 2 control arm patients deemed to have been inappropriately entered
in the study, or deemed to be nonevaluable).

Other analyses of this study performed by the applicant indicated that amifostine
pretreatment was associated with a lesser frequency of grade 4 neutropenia in later
treatment cycles. Also, a trend indicating more rapid recovery from grade 4
neutropenia was observed for patients in the amifostine arm, in some treatment
cycles. Of course, such chariges in laboratory parameters are regarded as clinically
meani, .;3ful only if they are found to be useful surrogate markers for clinical benefit
(such as a reduction in the occurrence of neutropenia-associated clinical events).

In retrospect, this was probably a difficult patient population in which to evaluate the
efficacy of amifostine in reducing neutropenia-associated events. Chemotherapy was
initiated early after major abdominal surgery. Many of the study patients were
probably at high risk for infection, 1ogardless of the effects amifostine may have had
on the severity or duration of chemotherapy-induced neutropenia, for reasons such as
their (a) multiple recent invasive procedures (surgery, central lines, catheters); (b)
incomplete wound healing; (c) poor nutritional status; and/or (d) disturbed bacterial
flora, due to antibictics administered around the time of surgery, with possible
colonization by pathogenic bacteria during the hospital stay for surgery. in fact, most
of the neutropenia-associated events that occurred in this study did occur in the first
treatment cycle. Conceptually, amifostine might be expected to reduce the incidence
of neutropenia-associated events throughout a patient's treatment with chemotherapy,
by reducing the extent and duration of neutropenia after each chemotherapy cycle,
and reducing cumulative damage to the bone marrow (resulting in less cumulative
myelosuppression in later treatment cycles).

For the above reasons, a better study design might have been to evaluate amifostine
in a setting where patients had not recently undergone major surgery. A suggestion
of how such a study might have turned out can be obtained by exploratory analyses of
the current study data, excluding all neutropenia-associated event data from the first
chemotherapy cycle. By the time of the second chemotherapy cycle, patients were
presumably much more fully recovered from their surgery, and had a lesser
underlying tendency to develop infections. Thus, the severity and dura'ion of
chemotnerapy-induced neutropenia would be of greater relative importance in
determining the odds of developing a neutropenia-associated event. Such analyses
were performed as a part of the Agency review of this application. Although exclusion
of cycle 1 neutropenia-associated event data resulted in exclusion of two-thirds of the
totat events (markedly reducing the statistical power of comparisons between the
study arms), these exploratory analyses revealed trends toward a raduced incidence
of neutropenia-associated events in the amifostine study groups, 1. soth the original
and the new patient study cohorts. In the 242-patient total study population, this
reduction in neutropenia-associated events was statistically significant.
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Although the renal toxicitv of chemotherapy was relatively mild in this study, some of
the applicant's analyses suggested that the cumuiztive renal toxicity of chemotherapy
was reduced in the amifostine-treated patient group. The applicant's analyses
indicated that after repeated treatment with cisplatin-cyclophosphamide, prolonged
elevation of serum creatinine levels (defined as a serum creatinine level of 1.5 mg/dl
or higher, that was still present 21 days or longer after a chemotherapy treatment)
occurred with greater frequency among control group patients. Similarly, at the time
of initiation of the §th and 6th cycles of chemotherapy, patients in the control arm
were noted to have serum creatinine levels that had increased by a median of 25-31%
(compared to pre-study baseline), while serum creatinine levels in patients in the
amifostine pretreatment group had increased by only 11-12%. However, in Agency
analyses of the time to first occurrence of a serum creatinine > 1.5 mg/dl, no
advantage was seen for patients in the amifostine group; in fact, in the new patient
study cohort the amifostine arm was statistically inferior to the control arm (possibly
because of increased nausea/vomiting/dehydration in the amifastine group, causing
more pre-renal azotemia).

Also, over the course of the study, the applicant reported that 6 control arm patients
were taken off study becausz of rena! toxicity, compared to none in the amifostine arm
(although medical officer review suggested a lesser difference between the two study
arms in the incidence of trea'ment termination related to renal toxicity, as discussed
later in this review). In any event, the poteni.2lly-protective effects of amifostine on
rer~! function that were observed in this study were of questionable clinical
significance, since renal toxici'y was relatively mild in coth arms of this study. As an
example, consider the madian 25-31% increase in serum creatine levels reported for
control group patients by the time of initiation of the 5th or 6th cycle of chemotherapy
(compared to pre-therapy baseling). On medical officer review, this appeared to
represent an increase from a baseline average serum creatinine of 0.81-0.82 mg/d|, to
an average serum creatinine of 1.02-1.05 mg/dl by the 5th or 6th treatment cycle.

Analyses of the anticancer efficacy of treatment in the total 242 patient study
population revealed no differences between the amifostine and control groups. The
pathologically confirmed complete response rate (as documented by a negative
"second look™ laparotomy, revealing no evidence of residual cancer after completion
of chemctherapy) was unchanged in the amifost. 1@ group, compared to the

. chemotherapy-alone control group. Analyses of time to disease progressicon and
analyses of survival duration also indicated that treatment efficacy was similar in the
amifostine and control groups. However, this study did not have adequate statistical
power to exclude the possibility of a substantially inferior time to progression (and/or
survival duration) for patients in the amifostine group.

it must be noted that cisplatin-cyclophosphamide regimens are now being supplanted
in many centers by cisplatin-paclitaxel ragimens, for the front-line chemotherapy of
advanced ovarian cancer. Since cyclophosphamide and paclitaxel have substantially
different mechanisms of action, it is not possible to use data from the applicant's
studies of amifostine with cisplatin-cyclophosphamide to estimate whether amifostine
therapy might significantly reduce the hematologic treatment toxicities of cisplatin-
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paclitaxel chemotherapy for ovarian cancer. Also, carboplatin is now often used in
place of cisplatin in the front-line treatment of ovarian cancer. Again, currently
available data do not allow any coriclusions to be drawn about the utility of amifostine
in patients receiving a carboplatin-based regimen for ovarian cancer.

To summarize, data from the applicani's pivotal study provide suppor* for the clinical
efficacy of amifostine, both in reducing the bone marrow toxicity of cisplatin-
cyclophosphamide chemotherapy in advanced Gvarian cancer patients, and in
reducing the renal toxicity of this treatment in these patients (particularly, the
cumulative bone marrow and renal injury that may follow repeated treatment cycles).
The avaiiable clinical data do not demonstrate (but do not rule out) a significant
negative effect of amitustine on the anticancer efficacy of this chemotherapy.

The fundarrental regulatory concern with this amended application is that there is still
only one study that demonstrates an apparent clinical benefit of amifostine, in
reducing the incidence of neutropenia-associated clinical events in patients
undergoing chemotherapy for ovarian cancer. None of the studies included as
supportive studies in the application are suitable for use as a second, confirmatory
study. The hope that the new cohort of patients enrolled in the applicant's ovarian
cancer study would be able to serve as a second study, that would provide
confirmation of the efficacy of amifostine in reducing the incidence of neutropenia-
associated clinical events in these patients, has not been realized. Flaws in the
design and conduct of this single pivotal study also detract from the credibility of tha
study results (see comments regarding data collection concerns in the Study Resuits
section, below). However, secondary and exploratory analyses of the study database
do provide additional support for the proposed bone: marrow and renal protective
effects of amifostine pretreatment. Also, the suggestive (albeit generally non-
statistically significant) study results regarding possible amifostine protection from
chemotherapy-induced neurotoxicity and ototoxicity are intriguing.

From a regulatory viewpoint, the available clinical data do not appear to be adequate
to support approval of this New Drug Application in the usual fashion under 21 CFR
314.105. Other possible actions on this application include (a) non-approval; (b)
non-approval, but with encouragement that the applicant submit a treatment IND
application, while pursuing additional NDA-directed studies; or (c) accelerated

- approval under 21 CFR 314.510 (accelerated approval based on a surrogate endpoint
or on an effect on a clinical endpoint other than survival or irreversible morbidity).

A clinical non-approval decision would be based on the finding that the application
does not include two adequate and well controlled studies that demonstrate the safety
and effectiveness of amifostine (used as described in the proposed labeling).
Approval of 2 treatment IND application for amifostine (in patients receiving
cyclophosphamide-cisplatin chemotherapy for advanced ovarian cancer) could be
considered only after a deterrnination by the Agency that the applicant had initiated
and was diligently pursuing another study (deemed to be a potentially pivotal,
adequate and well controlled study of the effectiveness and safety of amifostine in
reducing the treatment toxicity of an acceptable chemotherapy regimen). Patients or
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thair insurance carriers could be charged for the cost of amifostine provided under a
treatment IND. Amifostine distribution under a treatment IND would be limited to
patients with the appropriate diagnosis.

Approval under 21 CFR 314.510 (acceleratec’ approval based on a surrogate
endpoint or on an effect on a clinical endpoint other than survival or irreversible
morbidity) could be based on (i) analyses of granulocyte count nadirs after repeated
cyclophosphamide-cisplatin treatment (where there were indications of amifostine
benefit, in both halves of the ovarian cancer study), accepting these data as a
surrogate marker for clinically significant bone marrow protection from cumulative
treatment toxicity, and/or {ii) analyses of changes in serum creatinine levels after
repeated cyclophosphamide-cisplatin treatment {where there were again indications
of amifostine benefit, as described above, in both halves of the ovarian cancer study),
accepting these data as a surrogate marker for clinically significant renal protection
from cumulative treatment toxicity. Further, accelerated approval of the current
application under 21 CFR 314.510 would be considered only after it was determined
that the applicant had initiated and was diligently pursuing anottr.er study (deemed to
be a potentially pivotal, adequate and well controlled study of the effectiveness and
safety of amifostine in reducing the treatment toxicity of an acceptable chemotherapy
regimen), that would demonstrate the validity of the surrogate marker data as
predictive of clinical efficacy. Although accelerated approval would allow commercial
marketing of amifostine in the usual fashion, approval under 21 CFR 314.510 could
be withdrawn if the applicant failed to exhibit due diligence in pursuing the required
additional research; or in the event that the additional research failed to confirm the
validity of the surrogate marker data as predictive of clinical efficacy. Finally, such an
approval could be considerad only after all remaining significant Agency concerns
regarding the chemistry/manufacturing and biopharmaceutical sections of the
application have been resolved to the Agency's satisfaction.

Possibilities for an additional, potentially pivotal, adequate and well controlled study of
amifostine might include randomized, controiled studies of amifostine with newer
ovarian cancer treatment regimens tha! include (a) paclitaxel as wel as cisplatin (and
possibly cyclophosphamide), or (b} carboplatin. A randomized, controlled study in
another malignancy might also be acceptable. This research would presumably be
performed in a study population more suited to detecting a clinical effect of amifostine

- in reducing neutropenia-associated events (as discussed elsewhere in this review).
Also, if this New Drug Application was to be approved under 21 CFR 314.510, initial
amifostine labeling should be restricted to the limited indication of reducing treatment
toxicity in overian cancer patients undergoing cisplatin-cyclophosphamide
chemotherapy. Available data are clearly inadequate to assess the benefits and risks,
including the risks of tumor protection, in other settings. Finally, labeling would also
have to include a warning that amifostine may reduce the survival benefit ot
chemotherapy, and should net be used in other settings where there is a substantial
possibility that chemotherapy may be curative.
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Following review of this amended application at the December 12, 1994 meeting of
the Cncolegic Drugs Advisory Committee, the Committee voted 9-0 that this
application should not be approved. The Committee was not persuaded that clinical
efficacy of amifostine had been adequately demonstrated in the applicant's studies.
The issue of possible tumor protection was deferrcd by the Committee as it was
deemed unnecessary to discuss this issug, absent a finding of amifostine efficacgy in
protection of bone marrow or other normal tissues.

Subsequent to the Advisory Committee action, a meeting was held between
representatives of US Bioscience and the Agency on December 21, 1994. It was
agreed that the Agency would accept a resubmission of the applicant's clinical data,
focusing more on the potential renal-protective effects of amifostine and ircluding a
specific proposal for consideration of amifostine approval under the accelerated
approval mechanism.

Scope of application, and materials reviewed
Materials reviewed included:
(a) the regulatory history of this application and its prior non-approval in 1992;

(b) Agency guidance to the applicant regarding the recommended medical-statistical
content for an amended application (as detailed in Agency letters to the applicant
dated December 7, 1993 and March 22, 1994, and in medical officer and statistical
officer reviews of a US Bioscience “general correspondence" submission to NDA 20-
221, dated May 9, 1994);

(c) volumes 1-52 of the US Bioscience major amendment submission #017 to NDA
20-221 (dated July 12, 1994, received by CDER on July 13, 1994),

(d} volumes 1-74 of the US Bioscience submission of case report titns from the
pivotal study of amifostine in advanced ovarian cancer (submission date, iiav 19,
1994). These volumes contained case report forms for all 242 patients enrolied i this
studv as of the cutoff date for analysis. As noted eisewhere in this review, each of
these case records was examined in detail, in order to (i) verify the accur.cy of the
patient progression and survival dates used in the applicant's analyses of this study,
(ii) determine the accuracy of reporting of antibiotic administration to study patients,
and the reasons for antibiotic administration; and (iii) assess the accuracy and
precision of identification of "neutropenia-associated clinical events" in study patients
(since the primary goal of this pivotal study was to compare the occurrence of
neutropenia-associated clinical events in the two study arms).
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3. Reguilatory History

As noted above, US Bioscience initially submitted a New Drug Application for
ETHYOLR amifostine on September 30, 1991. The application was based primariiy on
the results of a single rancomized study of cisplatin plus cyclophosphamide, with or
without amifostine pretreatment, in women with advanced ovarian cancer (following
debulking surgery). While this study was initially planned to enroll 200 patients, an
interim look after 121 patients were enrolied reportedly revealed a substantial,
statistically-significant reduction in the incidence of neutropenia-associated clinical
events (including febrile neutropenia) among patients in the amifostine group; and no
apparent difference in anticancer efficacy, as determined by response rates. Accrual
was stopped, and these data (as well as other supportive data) were submitted for
Agency review in NDA 20-221.

Following review by the Agency and by the Oncologic Drugs Advisory Committee, US
Bioscience was advised in a May 15, 1992 Agency letter that the application was not
approvable. The Agency letter stated that insufficient clinical evidence had been
submitted to demonstrate the efficacy of amifostine in reducing the toxic effects of
cisplatin-cyclophosphamide chemotherapy, and the submitted data were also
inadequate to rule out a significant decrease of antitumor efficacy, in amifostine-
pretreated patients. The letter also specified a number of other deficiencies in the
application, including chemistry/manufacturing and biopharmaceutical deficiencies.
Appendix | to this review includes a copy of the May 15, 1992 letter.

In examining the results obtained in the initial 121 patients enrolled in the advanced
ovarian cancer study, ore major concern was the specification of multiple study
endpoints in the study protocol. The primary endpoint was not clearly defined, and
detailed plans for analyses of the study results were not provided in the study
protocol. Hence, the finding of a reduced incidence of neutropenia-associated clinical
events among patients randomized to receive amifostine was regarded as an
hypothesis that required confirmation, rather than an established fact. Also, given the
findings of possible tumor protection in some preclinical studies of amifostine, there
was concern that more data were needed to asses * ine effects of amifostine on the
anticancer efficacy of treatment. US Rioscience was subsequently advised to reopen
the randomized trial of cyclophosphamide plus cisplatin, with or without amifostine

. pretreatment, in women with advanced ovarian cancer (following debulking surgery);
and to accrue additional patients, to complete the planned accrual of 200 evaluable
patients. The results in the second half of the study could be analyzed separately,
and (if sufficiently favorable) could serve as a second, confirmatory study of the
efficacy and safety of amifostine in this setting.

The study was reopened to accrua!, and the protocol was revised in June 1992 to
specify that the primary endpoint was "grade 4 neutropenia and fever with or without
sepsis”. This endpoint has subsequently evolved to the endpaint actually used in this
application, "grade 4 neutropenia with fever and/or infection, reguiring antibiotic
therapy". Unfortunately, this endpoint is still subject to some interpretation. The
degree of fever was not specified, nor was the type of antibictics (IV versus orai or
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other route; broad spectrum versus limited spectrum). For example, does
administration of oral nitrofurantoin for an uncomplicated urinary infection, to a patient
who is neutropenic but has no fever, qualify as an event? Is it necessary to document
fever on the same day that neutropenia is documented? And so forth.

US Bioscience and the Agency have subsequently been in ongoing contact, with
Agency pre-raview of US Bioscience plans for submission of a major amendment to
NDA 20-221, providing the required additional clinical and nonclinical data. The
revised clinical data package, which now includes randomized study data on 242
patients with advanced ovarian cancer, was formally submitted for Agency review on
July 13, 1994 (NDA 20-221, Amendment 017). This revised clinical data package is
the focus of this review.

Chemistry/Manufacturing (refer to CMC review RE chemistry/environmental issues)

Amifostine (ETHYOLR, also known as WR-2721) is chemically characterized as 2-{(3-
aminopropyl)amino]-ethanethiol, dihydrogen phosphate ester. The structural formula
for amifostine is :

HzN(CHz)JN H(C Hz)zS'POaHz

Amifostine has a molecular weight of 214.22, and is supplied as a lyophilized powder
formulation (containing 500 mg amifostine plus 500 mg mannitot, for reconstitution to
10 ml), for intravenous administration.

Preclinical Pharmacology/Toxicology

Numerou  sclinical studies have shown that amifostine (and WR-1065, the
dephosphorylated active metabolite of amifostine) can diminish the cellular and tissue
damage caused by ionizing radiation or "radiomimetic" chemotherapeutic agents
(such as alkylating agents or cisplatin). Mechanisms for this protective effect may
include amelioration of free-radical mediated damage by the free thiol metabolite of
amifostine (WR-1065), and/or an inactivating reaction between WR-1065 and the
active species of alkylating or platinum chemotherapy agents. Selective protection of
normal cells and tissues may occur based on physiologi¢ and biochemical differences
between normal tissues and tumor tissues. For example, alkaline phosphatase
activity (which converts amifostine to its active metabolite, WR-1065) may be much
higher in membranes of normal cells and normal capillary beds than in membranes of
tumor cells / tumor capillary beds. Also, substantially greater uptake of amifostine and
WR-1065 by normal cells may occur as a result of differences between normal and
tumor cells in pH and in uptake mechanisms. Numerous in vive studies (in tumor
bearing animals) have demonstrated that amifostine may afford significant protection
for normal tissues, without a major negative effect on the anticancer efficacy of
chemotherapeutic treatment (i.e., without significant tumor protection). However,
evidence of tumor protectivn has been observed in some preclinical studies',
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suggesting that the protective effects of amifostine may not be absolutel’ selective for
normal tissues (refer to pharmacology/toxicology review).

Limited preclinical studies have sugge:ted that amifostine lach s significant mutagenic
activity. No long-term animal studies have been conducted to assess the
carcinogenic potentiai of amifostine. Given its pharmacologic mechanisms of action,
pretreatment with amifostine could in theory reduce the in vivo mutagenic and
carcinogenic effects of aikyiating agents and ionizing radiation on n~rmal tissues.
Embryotoxicity, but not teratogenicity, has been observed in rat stua. . <.

Clinical Pharmacology/Fharmacokinetics (see also biopharmaceutical review)

Amifostine is stated to be rapidiy cleared from plasma, with an a half-life of less than
1 minute and a p half-life of approximately 8 minutes. Plasma clearance is > 90% by
6 minutes after administration. By 1 hour after IV administration of 740-810 mg/m?
amifostine over 15 minutes, renal elimination of amifostine, plus WR-1065 (the active
free thiol metabolite), plus WR-33278 (a less active disulfide metabolite) totalled
about 5 % of the administered dose. Pretreatment with dexamethasone or
metoclopramide was not observed to affect amifostine pharmacokinetics; and limited
studies suggest that amifostine pretreatment has no effect on the pharmacokinetics of
cisplatin, administered 15 minutes after completion of the amifostine infusion.

Related IND submissions

US Bioscience has conducted and is conducting numerous studies of the potential
radioprotective and chemoprotective effects of amifostine, under IND Alsop,
the US National Cancer Institute has an open IND for studies of amifostine (IND
NCI studies listed as ongoing in the August 15, 1994 annual report to IND
included study T90-0189 (amifostine followed by cisplatin using a daily X §
schedule, with escalation of the amifostine dose); CALGB-9160 (a three arm
randomized study evaluating high dose cyclophosphamide - 4.5 grams/m?- in solid
tumor patients, with GM-CSF, amifostine, or both GM-CSF and amifostine to
ameiiorate toxicity); and T89-0132 (a study evaluating possible preservation of
-salivary gland function by amifostine, in patients with head and neck cancer who
undergo radiation therapy). Finally, IND 40,795 is held by an individual investigator
for studies of the possible chemoprotective effects of amifos'ine in children
undergoing treatment for primitive neuroectodermal tumors (PNET).

Non-US post-marketing experience

No non-US post-marketing experience is reported. Amifostine was not marketed in
any country at the time this NDA amendment was filed.
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9.

Overview: Chemotherapy of Advanced Ovarian Cancer

Ovarian cancer is the fourth leading cause of cancer death in American women, and
accounts for more cancer deaths in our popuiation than any other form of gynecologic
cancer. It is estimated that approximately 24,000 US women were found to have
ovarian cancer in 1994, with approximately 13,600 deaths from this disease®.

Unfortunately, early detection ot ovaiian cancer is uncommon; disease that has
spread outside the pelvis is found in about two-thirds of women at the time of initial
diagnosis. Early diagnosis is hampered by the fact that early symptoms are often
minimal and vague. While the CA-125 tumor marker is used in some settings to
screen for early ovarian cancer, available data are insufficient to recommend its
routine use as a screening tool; it may be relatively ineffective in detecting early stage
ovarian cancers®’. From a public health viewpoint, much more significant findings
have come from epidemiologic studies, that have revealed a significant reduction in
ovarian cancer risk among women with a history of orai contraceptive use®.

Progress in the management of advanced ovarian cancer has been limited. For
patients with stage ill disease, the standard therapeutic approach has been
aggressive surgical removai of as much tumor as possible, followed by combination
chemotherapy. While a substantial proportion of patients can be rendered free of
detectable disease by this approach (often for periods of many months to several
years), the number of women cured by this approach may be relatively small (and
limited primarily to women with the most favorable prognostic indicators). In larger
studies with longer periods of follow-up, relapses and deaths from disease have
continuad to occur in the 5 to 10 year window among women who had no evidence of
disease at 5 years®.

The conventional chemotherapeutic approach in initial treatment of ovarian cancer is
use of a cisplatin- or carboplatin-containing regimen. Commonly used regimens in
past years have included cisplatin-cyclophosphamide-doxorubicin, suppianted more
recently by cisplatin-cyclophosphamide (typically at higher dosage) after a major
study suggested that comparable results might be obtained with the two-drug
regimen. Carboplatin-based regimens are also widely used, based on the lesser nor:-
hematologic toxicities of this drug, and generally comparable ef..acy®. At this point in
-time, paclitaxel is being incorporated in the front-line treatment of advanced ovarian
cancer, but it is too early to fully zssess the value of this drug in front-line treatment.

Response to front-line chemotherapy for ovarian cancer is frequently difficult to
assess. The substantial majority of women enrolled in research studies typically have
no measurable disease after their debulking surgery, and thus cannot be evaluated
for objective response. Time to progressicn is also often difficult to precisely
determine, as symptoms of progression can be initially vague, and imaging studies
can be non-diagnostic even in women with extensive recurrent disease. While
survival can be precisely measured, randomized clinical trials tc date have generally
demonstrated only a modest survival benefit in natients given chemotherapy for this
disease. In a recent meta-analysis of worldwide randomized trials of chemotherapy in
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advanced ovarian cancer, a 7%-9% improvemeant in the hazard ratio for survival was
noted when platinum-containing regimens were compared to treatment with non-
platinum agents; and an 11-15% improvement in the hazard ratio for survival was
noted in comparisons =f platinum-containing combination regimens to single-agent
platinum'™. Some study data suggest that better results may be a'tainable with higher
cisplatin doses''. The survival contribution of cyclophosphamide as a component of
front-line chemotherapy for ovarian cancer is unknown, although it is generally
considered to be less significant than the platinum benefit.

The adverse effects of ovarian cancer front-line chemotherapy regimens are
considerable. Cisplatin often causes significant nephrotoxicity and neurotoxicity
(including paresthesias, ototoxicity, and possibly more subtle problems such as
reduced color vision). While marrow suppression is not a prominent finding after
single-agent cisplatin therapy (using standard doses), cisplatin can substantially
contribute tn marrow suppression (including thrombocytopenia and anemia, as well as
neutropenia), when used at high dosage or when combined with other myelotoxic
drugs such as cyclophosphamide. Carboplatin has qualitatively similar adverse
effects, but quantitatively more myelosuppression and less nephro- and neurotoxicity.
Some 1 'ndomized studies have suggested that response rates may be slightly less for
carboplatin-containing regimens, but no significant differences have been observed in
progression-free or overall survival rates in studies comparing cisplatin and
carboplatin in advanced ovarian cancer *. Cyclophosphamide is primarily toxic to the
bone marrow, but can sometimes cause other significant adverse effects. Longer-
term survivors may develop treatment-related leukemia or bladder cancer.

Clearly, a primary goal of drug development in advanced ovarian cancer must be the
development of more effective treatment regimens for this disease. The contribution
of paclitaxei to front-line treatment is stil! being defined, but it appears that it may turn
out to ve significant. Other promising d:ugs and biologically-derived agents in
development offer new and novel mechanismis of action. At the same time, given the
substantial adverse effects of treatment on patients' health and quality of life, research
aimed at making existing therapies more tolerable (without substantiaiiy reducing any
efficacy they may have) is clearly warranted. Therefore, the current submission
endeavors to demonstrate that amifostine treatment, immediately prior to each cycle
of cyclophosphamide-cisplatin treatment, can significantly reduce some of the toxic
.effects of treatment, without substantially compromising treatment efficacy.
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10.

Pivotal Clinical Study (sporisor study no. WR-2721-01): study design.

As noted above, the pivotal clinica! study included in this amended application was a
randomized study of cisplatin plus cyclophosphamide, with or without amifostine
pretreatment, in women with advanced ovarian cancer (following debulking surgery).
The design of this study was as follows:

A, Eligibility criteria included:

- Histologically proven stage Il or IV epithelial ovarian cancer.

- Cytologic confirmation of a malignant pleural effusion (if protoco! entry was to
be based on this finding).

- Optimal debulking surgery, no more than 6 wezks prior to entry.

- Measurable or non-measurable disease.

- WBC > 3,00C/cmm; granulocyte count = 2,000/cmm; piatelet count >
100,G00/cmm; serum creatinine < 1.5 mg/dl, serum bilirubin and SGOT < 2
times normat.

- Gynecologic Oncology Group performance status of 0, 1, or 2.

- No prior chemotherapy.

- Recovered from the effects of major surgery.

- informed consent.

B. Exclusions were:

- Diagnosis of low malignant potential (borderiine) carcinoma.

- No biopsy proven histologic disease following debulking surgery.

- Brain or meningeal metastases.

- Prior chemotherapy or radiotherapy.

- Septicemia, severe infection, acute hepatitis, symptomatic heart disease.

- Age : 70 years

- Severe gastrointestinal bleeding.

- Any circumstances that would prevent cempletion of study treatment or
required follow-up.

- Unstaged/unclassified ovarian cancer (patients believed to have ovarian
cancer, but not explored).

- Prior or concomitant diagnosis of another invasive malignancy (except non-

melanoma skin cancers),

- Inability to tolerate the fluid load required as a pait of protocol therapy; or
presence of urinary outlet obstruction that cannot be managed by
catheterization.

C. Stratification/randomizatiun;
- Stratification by center and ty extent of residual disease after debulking
surgery (e3timated largest dimension of largest mass left behind < 2 cm, versus

2 2cm).
- Central randomization (Clinical Research Department, US Bioscience).
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Treatment:
All patients received IV hydration beginning prior to treatment.
Patients randomized to arm A (amifostine plus cyclophosphamide-cispiatin):

Amifostine, 910 mg/m? IV infusion over 15 minutes (patient supine; blood
pressure monitored at least every 5 minutes, with interruption of infusion for
significant hypotension,; if blood pressure recovers within § minutes, restart
infusion). COMMENT: The onginal protoccl! specified an amifostine dose of
740 mg/m?; an early amendment, dated 5/17/88, increased the amifostine dose
to 910 mg/m?

Cyclophosphamide 1000 mg/m? IV infusion over 20 minutes, to start 5 minutes
after completion of amifostine infusion.

Immediately after completion of cyclophosphamide, mannitol bolus, then
cisplatin, 100 mg/m? IV infusion over 30 minutes, followed by 6 hours of IV
hydration / mannitol. COMMENT: The original study protocol specified
administration of cisplatin starting 15 minutes after amifostine, with
cyclophosphamide administered last. This was changed to administration of
cyclophosphamide after amifostine, and before cisplatin (as above), in the
5/17/86 protocol amendment. Only three patients received the lower starting
dose of amifostine, and cisplatin prior to cyclophosphamide, before this protocol
amendment was implemented.

Patients rancomized to arm B were not to receive amifostine, but otherwise
received the same treatment as arm A patients.

All patients were to receive dexamethasone as 2n antiemetic, pretreatment and
4, 8, and 12 hours after cisplatin. Other recommended antiemetics included
metoclopramide, diphenhydramine, lorazepam, and ondansetron. CYMMENT:
dexamethasone was excluded as an antiemetic early in the study, due to
concern about possible confounding effects on neutrophil counts and or
cisplatin-related neurotoxicity. After five patients withdrew from the study
because of infolerable nausea (four in the amifostine group, and one in the
control group), the protocol was amended 10/26/88 to specify that all patients
would receive dexamethasone.

Criteria ror re-treatment.

Recoveary o gianulocyte count to 2 1,500/crmm; platelet count to >
100,000/cmm; and serum creatinine to < 1.5 mg/dl or creatinine clearar 3to
65 was requirec prior to administration of each subsequent treatment course.

It blood counts had recovered, but serum creatinine had not, cisplatin was to be
withheld; the patient was to be treated with cyclophospha: .ide alone.
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Cisplatin was also to be withheld in patients who developed grade 3 or 4
peripheral neuropathy (until resolution to grade 1 or 0).

Patients were to be taken off study if (i) their subsequent treatment was
delayed for more than 2 weeks due to delayed recovery from a prior tieatment;
or {ii) cisplatin had to be omitted from 2 seguential courses of treatment
because of persistent elevation of serum creatinine; or (iii) treatment-related
grade 3 or 4 peripheral neuropathy did not improve to grade 1 or 0 within 6
weeks.

Patients were also to be taken off study if they developed significant hearing
loss, defined by audiogram as >56 dB at 6 kHz; >35 dB at 4 kHz; or >25 dB at
2 kHz.

Dose reductions for treatment toxicity:

Amifostine: patients who were unable to receive their full scheduled dose of
am.fostine due to hypotension (that did not resolve within 5 minutes to a level
that would allow resumption and completion of the amifostine infusion) had
their amifostine dose reduced in the next cycle of treatment, to a dose slightly
less than the dose they had received when the hypctensive event occurred.

Cisplatin and cyclophosphamide dose reductions were based on nadir counts:

Percentage of Cisplatin Dose to be Administered

Platelet Nadirs (mm?) Granulocyte Nadirs (mm”*)
> 1500 | 1000 - 1499 | 500 - 999
2> 75,000 100% 100% 100%
50,000 - 74,999

Percentage of Cyclophosphamide Dose to be Administered

Platelet Nadirs (mm®) Granulocyte Nadirs (mm’)
> 1500 | 1000 - 1499 | 500 - 999

> 75,000
50,000 - 74,999

NDA 20-221 Medical review (Amcndment 017, July 12, 1994) 17




If a peak serum creatinine value was recorded after a treatment that was more
than 1.0 mg/dl higher than the baseline value (the value prior to the first cycle
of therapy), the cisplatin dose was to be reduced by 20% in the next treatment
cycle.

If grade 2 peripheral neuropathy (other than loss of deep tendon reflexes) was
observed, the dose of cisplatin was to be reduced te GO mg/m?.

Moderate hearing loss was to require a 25% reduction in subsequent cisplatin
dose. Moderate hearing loss was defined as 41-55 dB at 6 kHz; 26-34 dB at 4
kHz; or 16-24 dB at 2 kHz.

Schedule of study efficacy and toxicity assessments:

CBC with granulocyte - 1d platelet counts twice weekly for the first two
treatment cyc¢les, ther weekly for the remaining 4 cycles.

Serum bilirubin, alkaline phosphatase, calcium, magnesium, and phosphate;
urinalysis; and 12-hour creatinine clearance, prior to each course of therapy.
Repeat creatinine clearance if a serum creatinine > 1.5 mg/d! is recorded.

Physical exam (including ophthalmoscopic exam) and assessment of
performance status every 3 weeks, to coincide with each course of therapy.

Audiogram prior to the first course of therapy, and at the conciusion of therapy.
Repeat audiogram prior to each course of therapy, when clinically indicated.

Standardized neurclogical assessment prior to 1st, 4th, S5th, and 6th courses of
therapy, and post-treatment (to be performed by an observer who was unaware
of the patient's treatment group assignment}.

Tumor assessment by physical exam every 3 weeks, to coincide with each
course of therapy. Chest X-rays and CT scans "wil! be performed when
clinically indicated".

Second look laparotomy to assess tumor response to treatment, when clinically
indicated. To be performed within 8 weeks of the last course of chemotherapy.

Follow-up every 2 'nonths after initial post-therapy evaluation, to monitor for
subsequent treatment, response, dates of disease progression, complications,
and date of death.

Response criteria:

Clinical resporise (in the minority of patients with measurable disease) was

defi;>ad conventionzlly; complete response was to be complete disappearance
or all evidence of disease fui at least 4 weeks. Partial response was to be at
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(i)

(i)
(i

(iv)

v)

(vi)

least 50% reduction in the sum of the cross-sectional areas of all measurable
lesions, for at least 4 weeks.

Complete remission at peritonecscopy was defined as no evidence of residual
disease at restaging peritoneoscopy (in patients who originally had positive
intraperitoneal washings and/or biopsy specimens).

Second look laparotomy response categorizations were: (i) pathologically
complete remission (no tumor seen, washings and biopsy specimens all
negative for residual tumor); and (ii) microscopic residual disease (positive
washings and/or biopsies without macroscopic tumor). The protocol did not
specifically provide definitions of partial remission, stable disease, or
progressive disease for the second-look laparotomy setting (although it can be
assumed that an experienced surgeon's assessment of progressive disease at
second-lock surgery would be reliable).

Criteria for removal of patients from study:

Toxicity (physician assessment).

Patient request due to toxicity.

Patient request (reason other than toxicity).
Non-compliance.

Cisease progression.

Death.

Statistical plan:

Efficacy endpoints as specified in the original study protocol included:
incidence and duration of hematologic toxicity, defined as granulocyte nadir <
500/cmm, leukopenia related fever, or the need to reduce or delay the dose of

cyclophosphamide for safety reasons.

incidence of nephrotexicity defined by the need to delay or reduce the dose of
cisplatin.

incidence of neurotoxicity defined by the occurrence of grade 1 or worse
neuropathy (GOG criteria), and the cumulative dose of cisplatin at the cnset of
neuropathy. :

incidence of ototoxicity defined by moderate or severe hearing loss or the need
to reduce or delay the dose of cisplatin.

incidence of dose limiting toxicity - defined as the need for dose reduction,
delay, or discontinuation of cisplatin or cyclophosphamide due to toxicity.

tumor response rate
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(i)

(i)

(iii)

(iv)

v)

(vi)

Statistical methods, quoted verbatim from the original study protocol, included:

The objective of this study is to establish that pretreatment with WP 721
reduces the toxicity of cisplatin and alkylating agents without reducing their
antitumor effect, therefore one-sided tests of significance will be utilized.

A sample size of 200 (100 patients per arm) will provide > 90% power to detect
a decrease in the incidence of hematologic toxicity from 50% to 25% (p=.05,
one-sided). This sample size will also provide 80% power to detect a decrease
in the incidence of renal toxicity from 30% to 15% (p=.05, one-sided).

Assuming the response rate to be 70%, one hundred patients per treatment
arm will enable the calculation of a 95% confidence interval within 10% of the
observed response rate. Additionally, this sample size provides 80% power to
detect a reduction in response rate of 20% (p=.05, one-sided).

The incidence of toxicities will be compared using a x? statistic. Any potential
differences by center will be examined using a Mantel-Haenze! y? statistic.

Tumor response rates, duration of hematologic toxicity, and the cumulative
dose of cisplatin at the onset of neuropathy will be analyzed using a covariance
model adjusting for differences in prognostic variables and an effect due to
investigators. If normality assumptions are not met, non-parametric procedures
will be used to compare the two treatment arms.

An interim analysis will be performed approximately haifway through the study.
If there is a statistically significant reduction (p < .03, one-sided) in the
incidence of toxicity in the WR-2721 arm and no significant reduction in tumor
response rate, no additional patients will be enrolled.

As noted previously, accrual to tius study was interrupted after interim analyses
performed by the applicant revealed an apparent reduction in the occurrence of
neutropenia-associated events, among patients treated with amifostine.
However, in accordance with Agency and Oncologic Drugs Advisory Committee
findings that this study should be completeu, and the statistical design should
more precisely identify the primary study endpuoint, the study protocol was
reopened for continued accrual in 1892 with the foliowing paragraph added to
the Objectives section (protocol section 1.1 (1), as amended 6/16/92):

"As the use of G-CSF is now parmitted (see section 3.4.3.2.2), this will
affect the duration of neutropenia and hospitalization for this toxic:ty.
Therefore, the primary endpoint will be the incidence of grade 4
neutropenia and fever with or without sepsis. The incidence and
duration of hospitalization for neutropenic fever will also be measured,
as will the use of G-CSF and antibiotics. Thase will be compared as
secondary endpoints.”

NDA 20-221 Medical review (Amendment 017, July 1~ 1994) 20



11.

COMMENTS: As noted above, the applicant's definition of a neutropenia-
associated clinical event has subsequently evoived further, to the endpoint
actually used in this amended New Drug Application, which is "grade 4
neutropenia with fever and/or infection, requiring antibiotic therapy®. Also, while
use of G-CSF was permitted in the latter part of this study (in patients who had
experienced grade 4 neutropenia}, only 13 patients actually received G-CSF
while on study, generally after a neutropenic event. Amifostine patients who

received G-CSF were patient numbers . (in treatment cycle 1), (cycle 1),
(cycle 1), (cycle 1), (cycle 1), (cycles 3,4,5), {cycle

2), and _ {cycles 1,4). Control arm patients who received G-CSF were

patient numbers (cycle 5), (cycles 1,2,4), (cycle 1), (cycles

1,2,3,4,5), and (cycle 4).

Pivotal Clinical Study (sponsor study no. WR-2721-01): study results.

A total of 242 patients had been enrolled and treated in this study at the time the
study database was frozen for analysis. As recommended by the Agency, the
sponsor has provided separate analyses of (i) the "original" 121-patient cohort, (ii) the
subsequent “new" cohort of 121 patients, and (iii) all 242 patients combined. As
noted above, the intent was to determine whether the findings in the second "new"
cohort would confirm a chemoprotective effect of amifostine (with the primary endpoint
being a reduction in the incidence of neutropenia-associated clinical events among
patients randomized to receive amifostine). To assess the possibility of tumor
protection by amifostine, anticancer efficacy results (response rate, including
pathologic CR at second-lock surgery; time to progression of ovarian cancer; and
survival duration) were also compared in the control and amifostine treatment study
arms, Again, the sponsor has provided separate analyses for (i) the original 121-
patient cohort, (ii) the subsequent, new 121 patient cohort, and (iii} all 242 patients
combined.

Medical reviewer comments on key aspects of the study results are as follows:

A Patient demographics

. The two study treatment arms were well batanced for all baseline

characteristics examined, as demonstrated by table 4C from the applicant's
report on this study (reproduced on the following page). This was true
individually for the old 121 patient cohort and for the new 121 patient cohort, as
well as for the combined (242 patient) all patients cohort. There were minimal
differences in the proportion of patients with performance status O {more in the
control arm), and in the proportion of patients with » 2 ¢m residual disease after
debulking surgery, but these small differences were not statistically significant.
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TABLE 4C

Baseline Patient Characteristics: All Patients (N=242)

P — = — ]

Amifostine + CP Cp
(N = 122) (N = 120) p-value*
Parameters Number (%) Number (%) x}*  2-sided 1-sided
Age (years) 1490 0475 0.238
Median 55 55
Range . 21-75 25-78
<50 40 (32.8) 35 (29.D)
50-59 39 (3.0 47 (39.2)
260 43 (35.2) 37 (30.8)
Not Specified 0 l 0.8
Race 2.141 0544 0272
Black 11 9.0) 9 (7.5)
Caucasian 103 (84.4) 104 (86.7)
Oriental 2 (1.6) 4 3.3
Other 5 @.1 2 (1.7
Not Specified | (0.8) l (0.8)
FIGO Stage 0.005 '0.945 0.473
111 103 (84.4) 100 (83.3)
v 19  (15.6) 18 (15.0)
Not Specified 0 2 (LD
Extent of Residual Disease 0.8301 0.371 0.186
<2cm 79 (64.8) 71 (59.2)
22c¢m 43 (35.2) 49 (40.8)
Measurable Disease 0.471 0.492 0.246
Measurable 25 (20.5) 29 (24.2)
Non-measurable 97 (79.5) 91 (75.8)
% Tumor Removed 0.586 0.444 0.222
Median 95.0 95.0
Range 0-100 0-100
<9%0% 28 (23.0) 32 (267
:90% 86 (70.5) 78  (65.0)
Not Specified 8 (6.6) 10  (8.3)
Histology"* 4720 0787 0.3M4
Clear-Cell A. 2 (1.6) 2 (LD
Endometrioid A. 14 (11.5) 16 (13.3)
Mixed Epithelial C. 2 (1.6) 4 (3.3
Moderately Different. C. 1 (0.8) 0
Mucinous A, 3 (2.5) 5 4.2
Papillary Cyst A. 0 1 (0.8)
Poorly Different. Papi. 0 1 (0.38)
Serous A. 93  (76.2) 85 (70.8)
Undifferentiated C. 7 5.7 6 (5.0)
GOG Performance Status 1.674 0433 0217
0 Fully Active 4 (37.7) 53 (442
1 Ambulatory 63 (51.6) 52 (43.3)
2 Scif Care 13 (10.7) 15 (12.9)
* Eased on Pearson Chi-Square test.

* A. = adenocarcinoma; C. = cz ciooma.
* Some patieats had more than cne type of histologically-confirmed ovanan malignancy.
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Patient treatment - amifostine

Per the study protocol, patients in the amifostine treatment group were to
receive 910 mg/m? amifostine in each treatment course, with dose reductions
when necessitated by intolerance of this dose. Dose reductions, when they
were necessary, were almost always related to hypotension during the
amifostine infusion. The following table summarizes the doses of amifostine
actually administered to study arm A patients in each treatment cycle.

Reviewer Table 1

Amifostine doses actually administered to study arm A patients

ot [ ot [ | s T oot Toome [ionr T o
treated amifostine | amifostine | amifostine | amifostne | amifostine

1 122 118 1 3* 0 0 0

2 113 103 S 4 0 0 1

3 104 93 4 3 1 3 - 0

4 89 81 3 2 0 3 0

S 79 70 3 1 0 3 2 R

6 74 66 3 1 0 3 1

*the first 3 patients started treatment at 740 mg/m?, and one of these three had a second
treatment at 740 mg/m?, before the protocal was amended to specify a starting do:e of 910
mg/m?,

As can be seen, most of the patients were able to tolerate continued treatment
with amifostine at 910 mg/m?.

Patient treatment - cisplatin and cyclophosphamide

Most patients had cyclophosphamide dose reductions over the course of their
study participation. The incidence of cyclophosphamide dose reductions
among all 242 study participants was summarized in table 17C of the
applicant's report on this study. Some patients had cisplatin dose reductions
as well. The inciderce of cisplatin dose reductions among all 242 study
participants was summarized in table 15C of the applicant's study report. The
applicant also analyzed cyclophosphamide and cisplatin dose intensity over
the 6 cycles of study treatment, for afl 242 study participants; these findings
were summarized in tabies 18C ard 16C of the applicant's study report.
Tables 17C, 15C, 18C, and 16C are reproduced below.
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Incidence of Cyclophosphamide Dose Reductions

TABLE 17C

All Patients (N=242)

p-value®

Cycle Regimen Not Reduced Reduced  Total x? 2-sided  1-sided
1 Amifostine + CP 122 0 122
CP 120 0 120

2 Amifostine + CP 54 59 113 0.004 0.949 0.475
CP 54 58 112

3 Amifostine + CP 3 73 104 0.408 0.523 0.262
cp 33 64 97

4 Amifostine + CP 17 72 89 1.442 0.230 0.115
cp 24 66 290

5 Amifostine + CP 14 65 79 1.154 0.283 0.142
Cp 20 61 81

6 Amifostine + CP 11 63 74 1.524 0.217 0.109
cp 15 50 65

Overail Amifostine + CP 32 90 122 0.626 0.429 0.215
cp 37 83 120

* Based on Pearson Chi-Square test.

— — —— . __—._

TABLE 15C

Incidence of Cisplatin Dose Reductions
All Patients (N=242)

p-value®
Cycle Regimen Not Reduced Reduced Total 1 2-sided  1-sided
l Amifostine + CP 12 0 122
cp 120 0 120
2 Amifostine + CP 99 14 113 0.174 0.676 0.338
Cp 96 16 112
. 3 Amifostine + CP 91 13 104 0.646 0.422 0.211
CP 81 16 97
4 Amifostine + CP 76 13 89 0.330 0.566 0.283
Cp 74 16 90
5 Amifostine + CP 67 12 79 1.290 0.256 0.128
CP 63 18 81
6 Amifostine + CP 61 13 74 0.134 0.715 0.358
CP 32 13 65
Overall Amifostine + CP 96 26 122 0.142 0.706 353
CP 92 28 120
* Based on Pearson Chi-Square test.
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TABLE 18C

Analysis of Cyclophosphamide Dose Intensity:
Percentages of Cvclophosphamide Protocol Dose

All Patients (N=242)
mm
— Amifostine + CP Cp
Cumulative  Percent Cumulative Percent
Cycle ¥ Patients Dose Dose # Patients Dose Dose
1
Mean 1000 100.0 1000 100.0
Median 1000 100.0 1000 100.0
Min 1000 100.0 1000 100.0
Max 1000 100.0 1000 100.0
2
Mean 1854 92.7 1842 92.1
Median 1750 87.5 1750 87.5
Min 1000 50.0 1000 _ 50.0
Max 2000 100.0 2000 100.0
3
Mean 2611 87.0 2613 87.1
Median 2500 83.3 2500 83.3
Min 1000 333 1500 50.0
Max 3000 100.0 3000 100.0
4
Mean 332 83.0 3324 83.1
Median 3250 81.3 3250 81.3
Min 2252 56.3 1750 43.8
Max 4000 100.0 4000 100.0
5
Mean 3925 78.5 4014 80.3
Median 3875 71.5 4000 80.0
Min 2628 52.6 2100 42.0
Max 5000 100.0 5000 100.0
6
.  Mean 4531 75.5 4752 79.2
Median 4469 74.5 4750 79.2
Min 3000 50.0 3125 §52.1
Max 6000 100.0 6000 100.0
Overall
Mean 3740 62.3 3770 62.8
Median 3999 66.7 3792 63.2
Min 1000 16.7 1000 16.7
Max 6000 i00.0 6000 100.0
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TABLE 16C

Percentages of Cisplatin Protocol Dose Received

All Patients (N=242)
R ERE——— — e e - '
— Amifostire + CP Cp
Cumulative  Percent Cumulative Percent
Cycle # Patients Dose Dose # Patients Dose Dose

1
Mean 100 100.0 100 100.0
Median 100 100.0 100 100.0
Min 100 100.0 100 100.0
Max 100 100.0 100 100.0

2
Mean 195 97.7 195 97.6
Median 200 100.0 200 100.0
Min 100 50.9 100 - 50.0
Max 200 100.0 200 100.0

3
Mean 294 97.9 292 97.3
Median 300 100.0 300 100.0
Min 200 66.7 225 75.0
Max 300 100.0 300 100.C

4
Mean 392 97.9 387 96.8
Median 400 100.0 400 100.0
Min 325 81.3 281 70.3
Max 400 100.0 400 100.0

5
Mean 487 97.3 480 96.0
Median 500 100.0 500 100.0
Min 375 75.0 325 65.0
Max 500 100.0 500 100.0

- 6
Mean 582 96.9 578 96.4
Median 600 100.0 600 100.0
Min 425 70.8 450 75.0
Max 600 100.0 600 100.0

Overall
Mean 461 76.8 452 75.3
Median 555 92.5 500 83.3
Min 100 16.7 100 16.7
Max 600 100.0 600 100.0

E - .. "' -~ ___" -]
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If amifostine substantially reduced chemotherapy toxicity, cyclophosphamide
and cisplatin dose reductions for treatment toxicity might be less frequent, and
it might be possible to deliver these drugs at a higher dose intensity. However,
inspection of the above tables indicates that cyclophosphamide and cisplatin
dose reduc.ions, and the delivered dose intensities of these drugs, were
virtually identical in the two arms in this study. One further possibility is that
amifostine preireatment would allow fewer treatment delays for toxicity,
allowing more rapid delivery of the same cumulative drug doses (and thus a
higher dose intensity). However, medical reviewer calculation of the rate of
drug delivery to study patients (total dose of each drug actually delivered,
divided by the time the patient was on study, arbitrarily assigning a length of 3
weeks to the patient's last treatment cycle) yielded the following results:

Reviewer Table 2
Delivered dose intensity of cyclophosphamide and cisplatin

Treatment group Cohort Average Cisplatin Average
dose intensity Cyclophosphamide
(mg/m¥week) dose intensity
{mg/m?/week)
Amifostine Original (n=€3) 28.1 230.1
New (n=59) 26.3 230.1
Total (n=122) 27.2 230.1
Control Original (n=58) 27.6 235.7
New (n=62) 27.3 237.8
Total (n=120) 27.5 236.8

In conclusion, in this sti'dy, amifostine pretreatment had no discernable effect
on the need to reduce cyclophosphamide or cisplatin doses for treatment
toxicities; and it did not appear that amifostine pretreatment allowea delivery of
significantly higher doses or dose intensities of cyclophosphamide or cisplatin.

Reasons for early treatment termination

Of the 122 pati :nts in the amifostine arm of the study, 48 (39%) Jiscontinued
therapy prematurely (prior to completion of the planned 6 cyclas of treatment).
Of the 120 control arm patients, 55 (46%) discontinued thei:apy prematurely.
Control arm patients reportedly were taken off study more frequently for various
manifestations of renal toxicity or hematologic toxicity; amifostine patients went
off treatment more frequently because of nausea/vomiting. Reasons for early
treatment termination were summarized in tables 12C and 14C of the
applicant's study report (reproduced on the following pages).
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TABLE 12C

Discontinuation of Chemotherapy for Study Endpoints

- All Patients (N=242) -
Reasons for Amifostine + CP Cp
Discontinuation (N=122) (N=120) p-value'
Number (%)  Number (%) ' 2-sided 1-sided
Hematologic Toxicity 1 (1%) 8 (7%) 575 0016 0.008
Ancmia 0 1
Death (Pancytopenia) 0 !
Neutropenia 1 3
Neutropenia w/ Infection 0 1
Neutropenia and
Thrombocytopenia 0 1
Thrombocytopenia 0 1
Renal Toxicity C (-%) 6 (5%) 6229 Q013 0.007
Magnesium Wasting 0 !
Decr. Creatinine Clearance 0 1
Prolonged Incr. Creatinine 0 4
Neurotoxicity 0 (-%) 2 (2%) 2.042 0.153 0.077
Ototoxicity 10 (8%) 15 (13%) 1.204 0272 0.136
TOTAL 11  (9%) 29" (24%) 10.023 0.002 0,001
* Based on Pearson Chi-Square test.

* Patient 2519 (CP arm) discontinued protoco! therapy for hematologic toxicity and
ototoxicity and Patient 521 (CP arm) discontinued protocol therapy for renal toxicity and
ototoxicity.
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Appendix Il

Patient This patient was taken off study therapy after the third treatment

(amifostine) cycle, apparently due to treatment toxicity, and then received
treatment with carboplatin and cyclophosphamide (Eegini nig on
5/30/90). -

Censor patient for time to progression analyses, as of 5/30/90.

Patient This patient was taken off study after her fourth treatment cycle,
(control) due to hearing loss. Therapy with carboplatin plus
cyclophosphamide was started on 7/6/30.

Censor patient for time to progression analyses, as of 7/6/90.
Patient This patient was taken off study after her fourth treatment cycle,
(amifostine) due to hearing loss. Therapy with carboplatin plus

cyclophosphamide was started on 12/26/90.

Censor patient for time to progression analyses, as of 12/26/90.
Patient This patient was taken off study after her second treatment cycle,
(control) due to hearing loss. Four cycies of carboplatin plus

cyclophospnamide were then given, starting on 12/28/90.

Censcr patient for time to progression analyses, as of 12/28/90.
Patient : This patient was taken off study after her fourth treatment cycle,
(control) due to hearing loss. Two cycles of carboplatin plus

cyclophosphamide were then given, starting on 1/10/92.

Censor patient for time to progression analyses, as of 1/10/92.
Patient This patient received second line therapy with cérboplatin
(control) beginning on 4/7/93, because of a rise in CA-125 to 91 (but no

evidence of disease progression was recorded on physical exam,

or on radiologic studies). The CA-125 subsequently normalized.

Censor patient for time to progression analyses, as of 4/7/93.
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Appendix I

Patient " This patient was taken off study after her fourth treatment cycle,
(amifostine) d.le to hearing loss. Therapy with carboplatin plus
cyciophosphamide was then given, starting on 5/27/92.

Censor patient for time to progression analyses, as of 5/27/92.
Patient This patient was taken off study after her second treatment cycle,
((control) due to hearing loss. Four cycies of carbopiatin plus

cyclophosphamide were then given, starting on 5/7/92.

Censor patient for time to progression analyses, as of 5/7/92.
Patient This patient was removed from study because of severe nausea
(control) and vomiting after her 1st cycle of treatment. She subsequently

received carboplatin-cyclophosphamide, beginning on 4/29/92.

Censor patient for time to progression analyses, as of 4/29/92.

Patient Second-line chemotherapy (hexamethylmelamine) was

(amifostine) administered to this patient starting on 4/28/93, after residual
disease was detected at second-look laparoscopy (performed on
4/20/93).

Censor patient for time to progression analyses, as of 4/28/93.

Patient This patient was removed from study after the 4th cycle of
(control) treatment, because of persistent nausea and vomiting after each
treatment cycle, and weight ioss. She subsequently received
carboplatin-cyclophosphamide, beginning on 8/8/92.

Censor patient for time to progression analyses, as of 8/8/92.
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Patient
(amifostine)

Patient
(amifostine)

Patient
(amifostine)

Patient
(amifostine)

Patient
(amifostine)

Appendix_ill

This patient received only one cycle of protocol chemotherapy
(amifostine, cyclophosphamide, cisplatin), was hospitalized with
nausea, vomiting, dehydration, renal failure, and developed
neutropenic fever. She recovered from these picblams rather
promptly, but the treating physician elected to remove her from the
study, and treated her with carbcplatin-cyclophosphamide (first
dose, 6/23/93).

Censor patient for time to progression analyses, as of 6/23/93.
This patient was taken cff study after her second treatment cycle,
due to hearing loss. Four cycles of carboplatin plus
cyclophosphamide were then given, starting on 11/17/93.

Censor patient for time to progression analyses, as of 11/17/33.
Second-line chemotherapy {cisplatin-mitoxantrone, then
carboplatin) was administered to this patient starting on 6/13/90,
after residual disease was detected at second-look surgery
(performed on 5/16/90).

Censor patient for time to progression 2nalyses, as of 6/13/90.
Second-line chemotherapy (carboplatin) was aaministered to this
patient starting on 10/22/90, after residual disease was detected at
sacond-look surgery (performed on 10/2/90).

Censor patient for time to progression analyses, as of 10/22/90.
The patient was treated with intraperitoneal *P on 9/18/89, after

her second look surgery.

Censor patient for time to progression analyses, as of 9/18/89.
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Patient
(amifostine)

Patient
(control)

Patient
(amifostine)

Patient
(control)

Patient
(amifostine)

Patient
(amifostine)

Patient
(amifostine)

Appendix_lI

This patient was trezted with intraperitoneai cisplatin and
fluorouracil starting on 11/8/89, after her second look surgery
(performed 10/23/89).

Censor patient for time to progression analyses, as of 11/8/89.
Second-line therapy (an investigational immunotexin protocol) was
administered to this patient beginning on 12/18/8S.

Censor patient for time to progression analyses, as of 12/18/89.

This patient was treated with carboplatin starting on 2/2/90, after
her second look surgery (performed 1/19/80).

-

Censor patient for time to progression analyses, as of 2/2/90.
This patient was treated with carboplatin sta. .ng on 3/20/90, after
her second look surgery (performed 3/13/90).

Censor patient for time to progression analyses, as of 3/20/90.
This patient was treated with etoposide starting 3/1/91, after her
second look surgery {performed 1/23/91).

Censor patient for time to progression analyses, as of 3/1/91.
This patient was treated with IP Yttrium-80 on 7/9/91, after her
second look surgery (performed 6/17/91).

Censor patient for time to progression analyses, as of 7/9/91.
This patient was treated with paclitaxel starting on 8/12/91, after
her second lock surgery (performed 6/24/91).

Censor patient for time to progression analyses, as of 8/12/91.
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Patient
(control)

Patient
(control)

Patient
(amifostine)

Patient
(control)

Patient
(amifostine)

Patient
(amifostine)

Patient
(control)

Appendix Il

Per the case report forms, the date of progression should be
12/22/89 for this patient.

The patient was treated with intraperitoneal cisptatin and thiotepa,
starting 10/8/91, after her second look surgery (performed
9/30/91). A later third look operation reveaied a complete
remission.

Censor patient for time to progression analyses, as of 10/8/91.

Per the case report forms, the date of progression should be
9/22/92 for this patient.

-

This patient was taken off study after her second treatment cycle,
due to hearing loss. Carboplatin was then administered, starting
11/12/91.

Censor patient for time to progression analyses, as of 11/12/91.
This patient received second line therapy with intraperitoneat
cisplatin and interferon, starting 4/8/92 at her second look surgery
(which revealed residual disease).

Censor patient for time to progression analyses, as of 4/8/92.

This patient received second line therapy with intraperitoneai
cisplatin and interferon, starting 6/12/92 (after residual disease was
documented at second look surgery, on 6/1/92)

Censor patient for time to progression analyses, as of 6/12/92.

The patient received second line therapy with intraperitoneal
cisplatin and interferon, starting 6/25/92 (after residual disease was
documented at second look surgery, on 6/17/92).

Censor patient for time to progression analyses, as of 6/25/92.
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Patient
(control)

Patient
(amifostine)

Patient
(amifostine}

Patient
(control)

Patient

(controt)

Patient
(amifostine)

Appendix_Il|

This patient received second line therapy with intraperitoneal
interferon, starting 11/11/92 (after residual disease was
documented at second look surgery, on 11/4/92).

Censor patient for time to progression analyses, as of 11/11/92.

This patient was taken off study after her third treatment cycle.
Carboplatin was then adminisiered, starting 12/28/92.

Censor patient for time to progression analyses, as of 12/28/92.

Second-line therapy with carboplatin was started 5/18/20, based
on arising CA-125 level. No findings of progression were
documented on examination or CT scan.

Censor patient for time to progression analyses, as of 5/18/90.

This patient was taken off study 3/6/91, after her second treatment
cycle, due to tinnitus. Carboplatin was then administered.

Censor patient for time to progression analyses, as of 3/6/91.

This patient went off study after 2 cycles; she changed heaith
insurance plans and had to change physicians. Follow-ug data is
sketchy. Evidently she received 3 more cycles cisplatin-
cyclophosphamide, then refused further therapy. She was NED
per Kaiser physicians 5/91 with a normal CA-125, but relapsed at
some later time.

Censor patient for time to progression analyses, as of 5/1/91.
Follow-up of this patient for progression was sketchy. She
received paclitaxel 7/5/93; progression was evidently docurnented
at some time between 1/6/93 (when last known not to have a
diagnosis of progression) and 7/5/93.

Use 7/5/93 as date of progression, in time to progression analyses.
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Patient
(control)

Patient
(amifostine)

Patient
(control)

Patient
(controf)

Patient
(amifost.ne)

Patient
(control)

Appendix Il
This patient refused further protocol therapy after her 4th treatment
cycle. She went on to receive one cycle of carboplatin-
cyclophosphamide, on 3/7/91.
Censor patient for time to progression analyses, as of 3/7/91.
This patient received second-line therapy with intraperitoneal
cisplatin and etoposide, starting 8/28/91 (after residual disease
was documented at second look surgery, on 8/5/31).
Censor patient for time to progression analyses, as of 8/28/31.
Case records indicate "peritoneal progression 10/93", with second
line therapy (paclitaxel, carboplatin) starting 10/13/93. The patient
is currently censared ir. the database (no progressian).
Use 10/13/93 as progression date in time to progression analyses..
The last follow-up date recorded in the case report forms for this
patient is 7/6/92 (lost to follow up).
Absent data on disease progression, censor this patient for the

time to progression analyses as of 7/6/92.

This patient received second line therapy with epirubicin and
ifosfamide, starting on 8/19/92 (after residual disease was
documented at second look surgery, on 7/19/92).

Censor patient for time to progression analyses, as of 8/19/92.
This patient was taken off study after her second treatment cycle,
due to hearing loss. Carboplatin was then administered, starting
8/17/92.

Censor patient for time to progression analyses, as of &/17/92.
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Patien’
{(amifostine)

Patient
(control)

Patient
(amifostine)

Patient
(amifostine)

Patient
(control)

Patient
(amifostine)

Appendix I
This patient received abdominal radiation therapy (in November-
December 1992), after compteting the planned & cycles of protocoi
treatment with no evidence of disease.
Censor patient for time to progression analyses, as of 1 1/1/92.
This patient received second line therapy with epirubicin and
ifosfamide starting on 8/18/93, after residual disease was
documented at second look surgery (performed on 7/€/43).
Censor patient for time to progression analyses, as of 3/18/93.
This patient received second line therapy with carboglatin and
cyclaphosphamide 12/22/93, after residual disease was ~
documented at second look surgery {performed on 11/29/93).
Censor patient for time to progression analyses, as of 12122/23.
This patient received abdominal radiation therapy (Deginning
8/19/93) for "consolidation of CR" after her negative second look
operation.
Censor patient for time to progression analyses, as of 8/19/93.
This patient received 3 cycies of carboplatin rlus
cyclophosphamide as nconsolidation™ after her negative second
look surgery, starting 7/5/93.
Censor patient for time to progression analyses, as of 7/5193.
This patient received abdominal cadiation herapy (beginning

7/12/93) after her second look operation ( performad 5/19/93).

Censor patient for time to progression ar.alyses, as of 7/12/82.
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Patient
(amifostine)

Patient .
(amifostine)

Patient _
{amifcstine)

Patient
(amifostine)

Patient
{control)

Patient
(amifostine)

Appendix_IIl

This patient received second line treatment with Navelbine starting
3/29/93 after her second look operation (performed 2/24/93).

Censar patient for time to progression analyses, as of 3/29/93.
This patient received second line treatment with carboplatin
starting 3/2/93 after her second look operation (performed
1/25/93).

Censor patient for time to prooression analyses, as of 3/2/93.
This patient was removed from study after 1 cycle, because of
transient impaired renal function (she could have continued on
study). Follow-up therapy with carboplatin started 8/25/92.
Censor patient for time to progression analyses, as of 8/25/92.
This patient had hearing loss after her first treatment, and her
therapy was changed to doxorubicin-cyclophosphamice (started
6/10/92).

Censor patient for time to progression analyses, as of 6/10/92.
This patient received second line treatment with carboplatin
starting 5/19/92 after her second look operation (performed
4/23192).

Censor patient for time to progression analysis, as of 5/1 9/92.
This patient took herself off study after 2 cycles, because of
nausea and transient impaired renal functicn (she could have
continued on study). Follow-up therapy with carboplatin plus

cyclophosphamide started 5/4/93.

Censor patient for time to progression analyses, as of §/4/93.
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Patient
(control)

Patient
(amifostine)

Patient
(control}

Patient
{control)

Fatient
(control)

Patient
(control)

Patient
(amifostine)

Appendix ||

This patient received second line treatment with
hexamethylmelamine, starting 3/€/93, after her second look
operation (performed 1/19/93).

censor patient for time to progression analyses, as of 3/6/93.

This patient received second line treatment with AD-32, starting
9/15/93, after her second look operation (performed 8/10/23).
Censor patient for time to progression analyses, as of 9/15/93.
This patient received second line treatment with paclitaxel, starting
8/23/93, after her second look operation (performed 7/27/93).
Censor patient for time to progression analyses, as of 8/23/93.
This patient had hearing loss after her third treatment, and ther tpy
was changed to carboplatin-cyclophcsphamide (started 10/19/92).
Censor patient for time to progression analyses, as of 10/18/92.
This patient went off study after 2 cycles due to poor compliance.
She received additional treatment with cisplatin-cytcxan through
12/92; but has not been seen by study investigators since 1/25/93.
Censor patient for time to progression analyses, as of 1/25/93,
Oral etoposide was started 8/26/93 for a rising CA-125 level. No
objective evidence of disease was reported.

Censor patient for time to progression analyses, as of 8/26/93.
This patient had hearing luss after her fourth treatment, and her
therapy was changed to carboplatin (startad 11/12/92).

Censor patient for time to progression analyses, as of 11/12/92.
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The major clinical studies will be reviewed in the clinical
section of this review., Generally WR-2721 induced hypotension
occasionally associated with fainting, dizziness, but without
cardiovascular complications. The drug also may induce nausea,
vomiting, sneezing, a warm or flushed feeling, mild somnolence,
and hypocalcemia due to an inhibition of parathyroid hormone
secretion and a direct inhibition of bone resorption.

b. Pharmacokinetics (see pharmacology review)
c. Toxicoclogy (see pharmacology review)

Clinical Background

a. Previous similar human studies.

The Armed Forces Radiological Institute embarked on a
systematic search for compounds that could protect normal tissues
against radiation damage. WR-2721 was the most effective and
least toxic of a multitude of compounds tested. Several
pharmacokinet ic evaluations were performed in man (Shaw et.al.
Chromatogr. 7:2447, 1986; Shaw et.al. J, Lig Chromatogr.%9: 845,
1986; Shaw et.al. J. Ligq Chromatogr.10:439, 1987, and Swynnerton
et.al. Int. J. Rad. Oncol.Biol., Phys.10: 521, 1984). These
studies provided much of the early human pharmacokinetic data
as demonstrated in the table below (Chabner et.al., Cancer
Chemotherapy, 1990)

Additionally the human pharmacokinetics was well presented
by the sponsor. Fig.! demonstrates the concentration of WR-2721
in human plasma after a single dose of 3.4 mg/kg. The majority
of the drug is cleared form the plasma within approximately 5
minutes. The distribution half life (T1/2a) was 0.84 minutes
and the clearance from the central compartment was 0.977 L/hr/kg.

Fig.2 indicates the concentrations of WR-2721 and WR-1065
in human blood after multiple i.v. doses. ninutes after the
l2st dose was given, the concentration of WR-1065 exceeded that
of WR=2721.

The 2nc Table provided by the sponsor summarizes the
pharmacokinetics of WR-2721 administered to 13 patients at a
dose of 150 mg/m2. The low volume of distribution at steady-
state Vss was 6.44 L. That low value indicates that the
unmetabolized drug is largely confined to the intravascular system
and to a small volume of extravascular space. A two-compartment
pharmacokinetic model best describes the plasma concentration
data for all but 2 patients.

Shaw's data in 10 patients given 740 mg/m2 over 15 minutes
is presented in Fig.3. The results demonstrate a rapid decline
in plasma level of the drug.

There was some concern the combination of WR-2721 and either
metoclopropamide or dexamethasone might alter the pharmacokinetics



of WR-2721. Tables 3 and 4 indicate that the pharmacokinetics
of WR-2721 is not effected by either anti-emetic drug.
The conclusions of the sponsor are replicated below.

CONCLUSIONS

lesults suggest that WR-2721 exits in bloodstream rapidly and
enters hormal tissues where it is rapidly converted to its
metabolites and exerts its protective effects. These properties
of WR-2721 are evidence for its administration immediately prior
to chemotherapy or radiation therapy and suggest the potential
need for multiple doses of WR-2721 to protect against the
toxicities of drugs with long half-lives such as carboplatin,

Furthermore, the pharmacokinetics of WR-2721 is not affected
by pretreatment with either of the autiemetic drugs,
metoclopramide or dexamethasone.Z

Single Dose

The following results were observed following administration
of WR-2721 as an intravenous bolus dose or as an intrave.aous
infusion.

o WR-2721 is rapidly cleared from plasma (clearance was greater
t:i.zn 90% within approximately 5 minutes following a 10-second
intravenous bolus dose).

o The distribution phase of WR-2721 was rapid and was the pre-
dominant behavior of the drug.

c WR-2721 has a small volume of distribution, indicating that
the unmetabolizéd drug is largely confined to the intra-
vascular system (rather than to the extravascular space}.
This is consistent with the concept that WR-2721 is rapidly
dephosphorylated and enters normal tissues as WR-1065.

o Renal excretion of WR-2721 was low; average loss was 0.69%
for patients who received an intravenous bolus dose and 1.05%
for patients who received a 15-minute intravenous infusion.

Multiple Doses

The following points were observed in one patient following five
multiple intravenous injections of WR-2721 (the first four-
injections were given every 4 minutes, the fifth injection was
administered 3 mindles after the fourth injection).

© The concentration of WR-1065 in blood increased steudily
during the time interval of the first four doses and reached
a plateau minutes after the first dose.




(’nﬁ o Conversely, the level of WR-2721 decreased rapidly. WR-2721
appeared in the bloodstream of the patient shortly after
administration of WR-2721 for a longer period of time.

Drug - Drug Interactions

o] Pretreatment with either metoclopramide or dexamethasone
did not alter the pharmacokinetics of WR-2721 (740 mg/m2
as a 15-minute i.v. infusion}),.

SRl
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e. Overall evaluation and Conclusions.

(1) Pharmacology - The Pharmacology review is submitted
separately; however, the summary evaluation and
recommendations to the medical officer are replicated below.

Evaluation

WR2721 (ethyol) protects against sorme of the toxicities of some of the platioum, alkylatiog agent, and
antibintic cancer chemotherapeutic compounds by preferential uptake iato sormal tissue, where cytotoxins can be
bouni to the sulfbydryl group of WR1065 (the active dephosphorylated form of the drug) and free radicals
scavenged. Levels of drug in the CNS and tumor is geoerally low, with the exception of the Morris hepaloma, .-
indicatiog the possibility that some tumors may be protected from cytotoxicity by this compouad. Kidpsy damage
with the plstinum compounds cisplatin and ormaplatin, measured both by serum levels of BUN ard creatinine and
histopathologically was decreased with WR2721 sdministratios. Depletion of peripheral WBC's by cisplatig,
CBDCA, and mitomycin C was decreased with WR2721. Toxicity to coloay forming ugits of the bone marrow with
nitrogen mustard, cyclopbosphamide, BCNU, reiphalan, cisplatin, and adriamyzia were ail decreased with WR172
administration. Fioally, pulmonary toxicity seen with cyclopbosphamide was gecreased with WR2721
adminstration. .

WR2721 is rapidly cleared from the blood, as is its depbosplorylated metabolite, WRI065 (the balf-life of
both compounds is less than 10 minutes for all species observed). Excretion is via the kidneys, with over half of the
dose removed within the first 12 bours (smallest time increment studied).

Toxicities seen with the drug include pew ologic-related clinical signs (mydriasis, watery salivation, emesis
from an i.v. administered drug. ptosis of the eyelid and gait atnormalities) elevations of some liver enzymes (less
than 2 fold), marrow toxicity in the rat but pot the dog, and kiZoey damags. Psradoxically, protection of
hematopoietic units wheo WR2721 is combiced with other marrow-toxic agents is well documented. Hence, liver
and iidoey function, and bematological parameters should be moaitored clasely duriag therapy. Reproductive
toxicity was pot well characterized (studies are curreatly i progress), but, the compound will be used with known
teralogens, so pregnancy issues are somewhat irrelevapt. A similar argumen: caa be used for carciz=g=aicity testicg,
as the compound will be administered with known carcinogens; however, animal studies bave shown some protsction
against delayed tumor formation with radiotherapy and tissue culture studies bavs shown s protective effect cn
HGPRT locus mutation.

Note: previous pharmacologic deficiencies, lack of multiple dose and reproductive toxicologic studies, have
heen corrected.

Labelling Issues

I. Elimioate the sentence in the second paragraph of the clinical pbarmacology sectioz reading "Other
stuities suggest a facilitated...”
s this experiment was oot performed io an appropriate sysiem.

2. The final sentence in the second paragraph of the ciinica! pharmacology secticn should begin with “I= a
cell-free system...”

3. la the precauticns section under "Carcisogenesis. mutagenesis, and impairment of fertility” the third
sentence should read: “Data from iz vitro studies demonstrate that ethyol decreases mutations at the HGPRT locus in
Chinese hamster cells by 60 to 95% compared 1o mutations with the cytotoxic ageat alone usiog cisplatia, bleomycia,
or nogen mustard (Nagy et al., 1936). Ip vivg rodeot experiments show a 60% reduction io tumor incidence
following X-ray irradiation of the leg with ethyol therapy (Hunter et al., 1991).°

4. In the pregnancy section under precautions, the study the spoasors quote is woefully inndequate and the
conclusion of noateratogenic yafounded. The repraduc:ive toxicity experimea:s are being repeated, so this may be
zc-eptable once that data is submitted. As currently sul mitted, the labelling should read *Adequate teratogenicity
testhing has not been performed with WR2721°,
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The largest Questinn in the labeiling is whether tn allow the vapiie description of uses and agents: ice. shouly
their indications and usage read “as g chetmopratective Agent Against the serioys foXicities associated Willh intensiyg
FeRimens of platinum ang Alkylating agen chemotherapy* ar should it be more specitic a5 to which toxicities and
which drugs, especially as some of these apents have not actually beey tested with WR2721 is well-controlled b:man
trials. It specificity is desired, the fipst setitence of Ure clinjcal pbarmacolopy section and the indications ang Us: g
section could read as follows,

From the evidence in rodeats, ethyol js indicated as 3 chcmoprotective agent apaiost sormy of the

Inxicities (bopge marrow and nephrotoxicity) of platinum compounds {cisplatin, CBDCA, and

“tmaplatin), and the mArrow toxicitias of cyclopbusphamide and alkylatiug agents (nitrogen

mustard, cyclophospbmnide, BCNuU, and melphalan),

There are No significant pbarmacological issues that woulg resalt
in a clinical hold, ang the breclini. .z} data justifies the clinical

NDA 20.221. )
Amifostine tor Injection
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'1inical Evaluation.

Five "adequate and well-controlled" clinical studies with WR-
2721 were submitted as pivotal studies. Study WR-2721-B00! (201c,
201a) was a retrospectively controlled study comparing the protective
effect of WR-2721 on cyclophosphamide at a dose of 1500 mg/m2,
Patients acted as their own control. 1In the first study, cyclo-
phosphamide was given first and in the later study WR-2721 was given
first. This pivotal study suffers . small numbers of patients
in the study groups (a total of .2t7%af4éA€57In both groups), the
lack of a sequence and period effects established by utilizing a
retrospective control, and the lack of a prospective cohesive
protocol. The study is weakly supportive of WR-2721 efficacy.

The second pivotal study WR-2721-1 was a randomized controlled
parallel group study performed in women with Stage III or 1V ovarian
cancer. The study compared a combination of cyclophosphamide and
cisplatin to WR-2721 and the same regimen. It is the most important
study. When preliminarily submitted, after interim analysis, the
FDA's and the advisory chairman's recommendation was to continue
the study to its completion. Nevertheless, another unplanned interim
analysis was performed after accruing more patients, and the results
were submitted for NDA regulatory review. As a major pivotal study,
multiple methodological and statistical problems are present. The
study was not blinded, some of the appraised endpoints were
arbitrarily chosen and deviated from those specified in the protocol,
.he confidence intervals did not provide assurance that the complete
“response rate was not impaired by WR-2721, the analysis of
neurotoxicity utilized post-hoc definitions of neurotoxicity and
did not agree with the FDA analysis suggesting no protection from
neurotoxicity, study endpoints were poorly defined, the protection
from nephrotoxcity and ctotoxicity were not statistically significant
as defined prospectively in the protocol, there was poor compliance
in the accumulation of data points, particularly as the study related
to the evaluation of ototoxicity and neurotoxicity, and the plethora
of protocol amendments. As the most important randomized study
submitted it is supportive for the indication of protecting against
cytoxan and cisplatin induced leukopenia but should be completed
before regulatory approval, particularly in light of the study's
failure to demonstrate conclusively other protective actions.

The third randomized controlled parallel group study utilized
mitomycin-c with and without WR-2721 in men and women previously
treated with S-FU or 5-FU + leukovorin for carcinoma of the colon
or rectum with metastasoes. The sponsor was not able to demonstrate
a protective effect of WR-2721 with respect to granulocyte nadirs,
platelet count nadirs 75,000, fever, infections or bleeding
complications, or the need to reduce or delay a repeat dose of
mitomycin-c. The sponsor's demonstration of protective effect on
platelets utilizing and endpoint of a 150,000 platelet count does
not meet the sponsor's cbjectives or efficacy criteria. The study
is of borderline regulatory and clinical significance.

L
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f’fﬁ The other two "pivotal" studies are not pertinent to the approval

' process, as one of the studies addresses the protective efficacy
of WR-2721 against radiotherapy (an indication not requested in this
NDA), and the other study addresses the in-vitro use of WR-2721 in
counteracting the poterntial toxicity of 4-HC in the ex-vivo treatment
of bone marrow for patients with metastatic or locally recurrent
breast cancer, lymphoma, or leukemia. 4-HC is not an approved drug
and an indication for this use has not bee requested.

The last pivotal study is an uncontrolled study utilizing WR-
2721 with high dose cisplatin for the treatment of patients with
metastatic melanoma. Historical controls are utilized for comparison
of toxicity. It is this reviewer's opinion that the historically
selected control groups were not comparable and that inappropriately
selected parts of historical studies were utilized to make apparent
claims of protection against toxicity. 1In addition, other studies
utilizing the combination of high dose cisplatin and WR-2721 have
not shown a prctective effect from WR-2721, and in point of fact
have suggested greater toxicity from the combination. The study
does not support the indication requested.

Several other small completed, terminated, or small ongoing
studies were submitted as uncontrolled but supportive. None of those
studies submitted provided significant support for the proposed

#_‘indications.

: The data for a protective effect of WR-2721 against cisplatin

“and or cisplatin and cyclophosphamide is borderline but clearly no
significant human data has been submitted to justify the indication
of "protection of patients who are at risk for serious hematologic

toxicities from [all] alkylating agents”.

Chemistry issues will need to be addressed prior to approval.

Gerald H. Sokol, M.D., M.S5., FCP
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Addendum to Medical Officer Review.

The questions presented to the Oncology Drugs Advisory
Committee are replicated below.
QUESTIONS FOR THE FDA
ONCOLOGY DRUGS ADVISORY COMMITTEE
JANUARY 31, 1592

NDA 20221 ETHYOL

Randomized study WR-2721-1 compares CP with or without
Ethyol in patients with stage 1II or IV ovarian cancer.

1.Does this study show that Ethyol decreases the toxicities
caused by the CP regimen? If so, which toxicities are
decreased? hospitalization for febrile granulocytopenia less
than 5002 hospitalization for febrile granulocytopenia less
than 500 plus hospitalization for infection with either
granulocytopenia less than 500 or fever? median granulocyte
nadir? granulocyte count less than 1500 on day 25? serum
creatinine higher than 1.5 on day 257 neurotoxicity?
ctotoxicity? other toxicity?

2.Based on complete response rates, do the results of this
study provide sufficient assurance that Ethyol does not
decrease the antitumor effect of the chemotherapy?

1 .There are a number of issues regarding the interim
analysis of this study. The protocol indicated the interim
analysis would be done “"halfway through". “Halfway through"
is subject to a wide range of definitions. There are
multiple endpoints for stopping the study without provisions
for P value adjustment. There are two unplanned analyses
since thz planned interim analysis. Are these issuses
sufficiently serious to have an important impact on
interpretation of the study results?

4.The planned interim analysis was done when 97 of the
planned 200 patients had been accrued. Presently 121
patients have been accrued. Accrual is temporarily on hold
awaiting the advice of this Committee. Should this study be

completed?

Study 201C with 21 patients compare.: Cytoxan in cycle #1
with Cytoxan plus Ethyol in cycle #: in the same patient. In
a separate study (201A) with 15 patients the treatments are
administered in the reverse order.

5.Do these studies show that Ethyol decreases the toxicity
of Cytoxan? If so, which toxicities are decreased?
granulocytes less than 5007 duration of granulocytes less
+«han S00? other?




6. Do the design of these studies and the fact that the
patients had several different tumor types permit an
assessment of whether Ethyol decreases the antitumor effect
of the Cytoxan?

An uricontrolled study WR-2721-BOOl: 201D evaluates cisplatin
120-150 mg/M2 with Ethyol in 48 patients with metastatic
malignant wmelanoma.

7.Are cisplatinum toxicities decreased compared to
historical experience with cisplatinum alone? If so, which
toxicities are decreased? hematologic? renal? neurologic?
other?

-

Randomized ECOG study #1686 compares cisplatinum 120 mg/M2 -
with cisplatinum 150 mg/M2 plus Ethyol in a total of 94
patients with metastatic malignant melanoma. This study was
conducted to confirm the results of the above uncontrolled
study. ECOG study #1686 was closed to accrual on July 15,
1991. Preliminary toxicity data are available, but not tumor
response data.

Applicant has agreed as of two weeks ago to limit labeling
and advertising claims for Ethyol to decreasing toxicity of
cisplatinum at doses of 100 mg/M2 or less. However, there is
only one study submitted with cisplatinum at this dose
level.

8.Does the Committee agree that a decision on the indication
for decreasing the toxicities of cisplatinum should await
availability of the final results of ECOG study #1686?

Page - 2



(..

General Questions

9.Is it essential to have data showing whether Ethyol
affects the pharmacokinetics of cisplatin and
cyclophosphamide?

10.Are additional -studies needed to show that Ethyol
decreases the neutropenia related toxicity of
cyclophosphamide?

11.2re additional studies needed to show that Ethyol
decreases the toxicities of cisplatinum?

12.In the randomized ovarian cancer study WR-2721-1 .
dexamethasone had to be added to the Ethyol plus CP regimen
because Ethyol adds to the emetiz effect of the CP. The
dexamethasone was given intravenously prior to the Ethyol

and at 4, 8 and 12 hours after the cisplatin. If this NDA is
approved, should the package insert be specific in this -

regard? Oncologists may be incli