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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NDA 20-638

VISTIDE (CIDOFOVIR) INJECTION 75 MG/ML

FOR THE TREATMENT OF CMV RETINITIS IN
PATIENTS WITH AIDS

Regulatory Management Officer: Kiitheriy A. 8truble, R.Ph., (301) 827-2338

Medical Officer: Douglas Pra.: &, 3. M.P.H,, (301) 827-2331 vol ]
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JIN 26 199
NDA 20-638

Gilead Sciences , Inc.

Attention: Gene D. Mason, Pharm.D.
353 Lakesidae Drive

Foster City, CA 94404

Dear Dr. Mason;
Please rafer to your October 4, 1995, new drug application submitted under BO5(b)
of the Federai Food, Drug, and Cosmetic Act for VISTIDE (cidofovir) injection 75
mg/mil.

We acknowledge receipt of your amendments dated:

Qctober 17, 1996

February 12, 1996 March 28, 1996

October 31, 1998 February 16, 1996 April 2, 1996
November 10, 1988 February 16, 1996 April 3, 1998
November 27, 1998 February 20, 1996 April 4, 1998
Decem': -+ 8, 1998 February 23, 1998 April 6, 1986
December 13, 1998 February 28, 1996 April 8,1996
January 5, 1996 February 27, 1998 April 9, 1998
January 9, 1996 March 4, 1996 April 11, 1986
January 16, 1598 March 8, 1986 April 12, 1998
January 17, 1996 March 13, 1996 April 1€, 1996
January 24, 1996 March 20, 1998 May 7, 1996
February 7, 1998 March 21, 1996 May 10, 1888
February 8, 19968 March 26, 1896 May 20, 1996

February 9, 1996

March 27, 1996

June 10, 1996

This new drug application provides for the use of VISTIDE for the treatment of
cytomegalovirus retinitis in patients with acquired immunodeficiency syndrome.

We have completed the review of this application inciuding 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 final printed labeling (FPL) submitted on April 9,1996. Accordingly, this
application is approved effective on the date of this letter.

Please -efer to the June 26, 1996, teleconference during which you agreed to
submit revised FPL that is identical to the April 9, 1996 labeling and incorporating
the changes agreed upon during this teleconference. Please note your agresment




that the revised FPL would be used in all advertising and promotional materials.

Please submit twenty copies of the ravised FPL as soon as it is available, in no case
more than 30 days after it is printed. Please individually mount ten cof the copies
on heavy waeight paper or similar material. For administrative purposes this section
should be designated “FINAL PRINTED LABELING” for approved supplemental NDA
20-628. Approval of this FPL is not required before it is used. Should additional
information relating to the safaty and effectiveness of this drug become available,
further revision of that labeling may be raquired.

We acknowledge your commitment to conduct phase 4 studies as stated in your
March 25, 1996, letter.

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

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

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

It you have any further guestions please contact Kimberly Struble, R.Ph.,
Regulatory Management Officer, at 301-827-2335.

Smcnroly. yours,
‘@

Director

Division of Antiviral Drug Products
Office of Drug Evaluation IV

Center for Drug Evaluation and Research
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GILEAD

SCIENCES

June 26, 1996

Via FedBx
301/827-2335

Food and Drug Administration, CDER, ODE IV
Division of Antiviral Drug Products (HFD-530)
Atrention: Kimberly Struble, CSO

9201 Corporate Blvd., First Floor Document Room
Rockville, MD 20850

Subject: NDA 20-638, Vistide® /cidofovir injection), Amendment #062
* General Correspondence - Letter of Understanding

Reference is made to psnding NDA 20-638 dated 09/29/93 for Vistide (cidofovir injection) and
the June 26, 1996 teleconference call between representatives of Gilead Sciences and the
Division of Antiviral Drug Products (Drs. 8. Gitterman and D. Pratt and Ms. Struble).

This is our letter of understanding regarding revisions to the Vistide P Insert for

incorporation into promotional and commerical product. The wing language will
be mcorpomed into the package insert:
Mali les or serious adverse reactions that occur in patients who bave received VISTIDE

should be re wowmwﬁmmmnmotmmnmowmm
Inc., 353 Lakeside Drive, Foster City, CA 94404 or by calling 1-800-GILEAD.S (445-
3233), or to FDA MedWatch 1-800-FDA- 1088/fax 1-800-FDA-0178.

The revised final printed labeling will be completed by August 1, 1996 incorporating the
t::'g‘ e above. revised final printed hbehng 1 be uaed with distribution of Vistide
t ter.

If you have any questions or need further information please fesl free to contact me at
413/573-4861 or Dr. Howard Jaffe, VP, Clinical Aﬁnin at 415/573-4702.

Director of Regulatory Affairs

CC: FDA - archive and 3 review copies
Gilead (cover) - M. Hitchcock, H. Jaffe, W. Lo, J. Martin, M. Perry, L. Suiger

159 LAKLSHIE DYRIVE, POSTER CITY, CALIFORNIA 94404, UISA TELLMIONE 115/874. J0U0, FAK: 418/A78 11104
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June 27, 1996

Food and Drug Administration

Cent - for Drug Bvaluation and Research, ODE IV
Division of Antiviral Drug Products (HFD-530)
9201 Corporate Bivd,, First Floor Document Room
Rockville, MD) 20850

Aunention: Kimberly Stuble, CSO

Subject: NDA 20-638, Vistide® (cidofovir imfection)
+General Correspondence ~ Letter - Understanding

Reference is made to NDA 20-638 approved June 26, 1996 and the June 27, 1996
teleconference calls between representative of Gilead Sciences and Dr. S. Gitterman and
Dr. C.W. Chen of the Division of Antiviral Drug Products.

During the calls, we discussed the need to revise the package insert for Vistide to remove the
NDC number for the 6~vial shelf-pack carton (previously assigned NDC 61958-0101-2).
Because this tation ts an intermadiate package containing 6 cartonz of the
identical uct as NDC 61958-0101-1, it should not have a separate NDC number. Drs.
Chen and Gittennan confirmed that it was acceptable to revise the insert accordingly.
This change will be incorporated into final printed labeling and su to the NDA per the
June 26, 1996 (Amendment #062) agreement.

Should you have any questions, please contact me at 415/573-4861, or William (Bill) Lee,
Ph.D., V.2 of Pharmaceutical Product Development, at 415/573-4716.

Sincerely,

.NMV\

ne D. Mason, Pharm.D.
Director, Regulatory Affairs

cc. FDA - via facsimile
Gilead - H. Juffe, W. Lee, J. Martin, M. Parry, L. Staiger, J. Steele

153 LAKESIDE DRIVE, FOSTER CITY. CALIFORNIA 94404 USA TELEPHONE 415/574.3000 FAX 415/570-9264
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EXCLUSIVITY SUMMARY FOR NDA #20-838 SUPPL # 000
Trade Name VISTIDE Generic Name gidofovir
Applicant Name Gliead Sciences. inc, HFD #8530
Approval Date If Known
PART | IS AN EXCLUSIVITY DETERMINATION NEEDED?
1. An exclusivity determination will be made for all original applications, but only for certain supplements. Complete
PARTS I and 111 of this Exclusivity Summary only if you answer "yes" te one or more of the following question about the
submission
a) is it an original NDA?
YES/ X/ NO/_/
b) Is it an affectiveness suppiement?
YES/_/ NOI/XJ
It yes, what typs? (8E1, SE2, etc )

¢) Did it require the raview of clinical data other than to support a safety ciaim or change in labeling reisted to aataty?
(I it required revisw only of bioavailability or biosquivaience data, answer "no").

YES/ X/ NO/_J
It your answer is "no” because you believe the study is a bioavailability study and, therefore, not eligibie for exciusivity,

EXPLAIN why it is a bioavailability study, including your reasons for disagreeing with any arguments mads by the
applicant that the study was not simply a bioavailabiiity study.

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

Revised 5-90
cc. Orig NDA Div File HFD-85




d) Did the appiicant request exclusivity?
YES/ X/ NO/___/

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

Elva (5) veara of axclusivity

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), dossge form, strenght, route of administration, and dosing
schedule, previously been approved by FDA for the same use?

YES/_/ NO/XJ

If yes, NDA # _ Drug Name ___

IF THE ANSWER TO QUESTION 2 18 "YES", GO DIRE ~TLY TO THE SIGNATURE BLOCKS ON PAGE 8.
3. Is this drug product or indication a DESI upgrade?
yeo/ __/ NO/X/

IF THE ANSEWER TO QUESTION 3 I8 "YES", GO DIRECTLY TO THE 8IGNATURE BLOCKS ON PAGE 8 (evenif a
study was required for the upgrade).

PART Il FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES
(Answar eithet #1 or #2 as appropriate)

1. §ingle active ingredient preduct

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

YES/I__/ NO/LXJ

e

Revised 8-10-80 2-




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

NDAW _

NDA #

2. Combination product.

If the product contains mare than one active moiety (as defined in Part Ii, #1), has FDA previously apgroved an
application under section 505 contsining Ny pne of the active moietias in the drug product? if, for example, the
combinition contains ona-never-before-approved active moiety and one previously approved active moiety, answer
"yet". (An active molety that is marketed under an OTC monograph, but that was never approved under an NDA, is
considered not previously approved).

YES/_/ NO/IX/

If "yws", identity the approved drug product(s) containing the active molety, and, if known, the NDA #(s).
NDA W

NDA #

NDA #

IF THE ANSWER TO QUESTION . OR 2 UNDER PART 1 I8 "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 exciusivity, an application or supplament must contain "reports of new clinical investigations
(other than bioavailability studies) esssntial to the approval of the application and conducted or sponsored by the
applicant”. This section should ba compieted oniy if the answer to PART |i, Question 1 or 2 was "yes".

“ 1does the application contain raports of clinical investigations? (The Agency interprats "clinical investigations” to
nah investigations conducted ., humans other than bioavailability studies). |f the application contains clinical
investigations only by virtue of a right of referenca to clinical investigations in another a; Hlication, answer "yea", then
skip to question 3(a). It the answer to 3(a) is "yes" for any investigation referred to in anothar application, do not
compiete remainder of summary for that investigation.

-3-




YES/_/ NO/_/

mm—— oam—

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

2. A clinical investigation is "essential to the approval” if the Agency could not have approved the application or
supplement without relying in that investigation. Thus, the investigation is not essential to the approval if 1) no clinical
investigation is necessary to support the supplement or application in light of previously approved applications (i.e.,
information other than clinical triais, 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 aiready known about a previously approved product), or 2) there are
published reports of studies (other than those conducted or sponsored by the applicant) or other publicly available data
that independently would have been sufficient to support approvai of the application, without reference to the clinical
investigation submitted in the appiication.

(8) Inlight of previously approved applications, is a cliniral investigation ( ether conducted by the applicant or
available from some other source, including the published literature) necessary to support approval of the application or
supplement?

YES/_/ NOI/I_I

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

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

YES/_/ NOI/_J

(1) ttthe answer to 2(b) is "yas", do you personally know of any reasun to disagree with the applicant's conclusion?

YES/__/ NO/

A !

I yes, explain.




(2) ! the answer to 2(b) is "no", areyou aware of published stuaies not conducted or sponsored by the
applicant or other publicly availabie date that could independently demonstrate the safety and effectiveness of
this drug product?

YES/ _/ NO/_t

——

if yes, explain:

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

Studies comparing two products with the same ingredient(s) are considered to be bicavailability studies for the purpose
of 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 baen relied on by the agency to demonstrate the effectiveness of
a previously approved drug for any indication and 2) does not duplicate the results of ancther investigation that was
relied on by the sgency to demonstrate the effectiveness of a previously appproved drug product, |.e., does not
redemonstrate scmething the agency considers to have been demonstrated in an alrsady approved application.

a) For each investigation identified as "essentiai to the approval", has the investigation been relied on by the agency to
demonstrate the sffactivaness of a prevviously approved drug product? (If the investigation was relied on only to
support the safely of & previously approved drug, answar "no").

investigation #1 YES/

_/

NO/ _/
investigation #2 YES/__/ NO/__/

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




b) For each investigation identified as "essentiz: to the approval’, does the investigation duplicate the resuits of another
investigation that was relied on by the agency to support the effectiveness of a previously approved drug product?

Investigation #1 YES/__/ NOI/__/

Investigation #2 YES/__/ NO/__/

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

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 (1.e., the invautigations listed in #2(c), less any that are not "new’):

4. To be sligible for exclusivity, a new investigation that is ees~.tial to approval must also have been conducted or
sponsored by the applicant. An investigation was "conducted or sponsored by the applicant if, before or during the
conduct of the investigation, 1) e appiicant was the sponsor of the IND named in the form FDA 1571 filed with Agency,
or 2) the applicant (or its predec.ssor in Interest) provided substantial support for the study. Ordinarily, substantisl
support will mean providing 50 percent or mors of the cost of the sudy.

a) For each investigation identified in response to question 3(c). If the investigation was carried out under an IND, was
the spplicant identified on FDA 1571 as the sponsor?

Investigation #1

IND % YES/__/ NO/__/ Explain

Investigation w2

IND#_ YES/__J/ NO/__J Explain:




‘i

b) For each 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 pravided substantisi support for the study?

investigation #1
YES/___/ Expisin ________ NQ/___1 Explain

investigation #2
YES /__/ Explain

(c) Not withstanding an answer of "yes" to (a) or (b), are there other reasons to believe that the applicant shouid not be
credited with having "conducted or sponsored" the study? (Purchased studies may not be used as the basia for
exclusivity. However, If all rights to the drug are purchased (not just studies on the drug), the applicant may be
considered to have sponsored or conducted the studiss sponsored or conduoted by ite predecussor in !nterrest)

YES/__I| NO/__J

i yos, explain: ___
Signature " Date )
Title:

Signature of Date
Division Director

17-
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Vlmdc';chr intravenous) New Drug Applccam.ssn 0468

Debarment Statement

Neither Gilead Sciences, Inc. nor any of its contract corporations, laboratories, or individuals
involved in the development or submission of records or data regarding Vistide™ (cidofovir
intravenous) has used and will not use in any capacity the services of any person debarred
under subsections (a) or (b) {section 306 (a) or (b)) of the Generic Drug Enforcement Act of
1992 (21 U.S.C. 335a(k)(1)).

CONFIDENTIAL INFORMATION
!



NDA 20-838

Team Leader's Memorandurn for New Drug Application 20-838

Date: March 22, 1998
Trade name: VISTIDE®
Generic name: Cidofovir
Sponsor: Gilead Sciences

NDA 20-638 was filed on September 30, 1998, for the treatment of CMV retinitis in HIV-
infected patients. | concur with the reviews and conclusions of Medical Reviewer Dr.
Douglas Pratt and Statistical Reviewer Dr. Alan Muhly. Approval of cidofovir for the
indication sought by the sponsor is warranted based on the data submitted from two
controlled studies conducted by the sponsor (GS-108 and GS-107),

f
, ., Approval of cidofovir was also the unanimous
recommendation of the FDA Antiviral Advisory Committee which met to discuss this
application on March 18, 1908. ‘

This application has posed several important medical and statistical issues. The drug is
clearly a carcinogen in rats (mammary tumors appeared in female rats appecred after
as few as 8 doses of cidofovir); the results of these studies weis of sufficient concemn to
have resulted in a temporary halt of study enroliment during clinical testing. However,
potent carcinogenicity was not seen in a subsequent 1 year study in monkeys (aithough
not a full carcinogenicity study), and as yet a clear signal of carcinogenicity has not
been seen in clinical studies. The sponsor has agreed to perform active survelllance for
malignancies post-marketing, with specific study of women Included. (Women were
clearly underrepresented in clinical studies of cidofovir, a problem that has also
occurred in other studies of treatmants for CMV retinitis.)

Perhaps the most difficult aspect of this submission was appropriste estimation of the
size of the treatment effect. For reasons well stated by Dr. Muhly, the estimate of
median time to progression stated by the sponsor is aimost certainly overestimated.
The Kaplan-Meier analysis submitted by the sponsor fails to meet the assumption of
uninformative censoring necessary for Kaplan-Meier estimation; further, because of the
small sample size in study 108, the estimated median time to progression is
substantially affected by the long shoulder (due to censoring) in the Kaplan-Meier

'See transcripis of the FDA Antiviral Advisory Committes Mesting, March 18, 1996,



curve. Review of the individual case-reports of censored patients by Dr. Pratt clearly
indicates that censoring could not be considered uninformative.

The estimate of treatment effect was discussed at great length with the sponsor, who
stressed repeatedly that the agency had previously accepted similar censored aralyses
for estimating treatment effect size in other studies of CMV retinitis. It was agreed after
substantial discuasion that the sponsor would be permitted to retain this estimate of
effect size in the package insert, but that a similar estimate of progression time
including censored patients (i.e., ‘time to progression or drug discontinuation’) would
also be inciuded. It was also agreed that Kaplan-Meier curves would not be included in
final pac:age insert, consistent with other products labeled for this specific indication.

Several important clinical issues remain outstanding at this time. The sponsor has not
submiited any data regard'ng resistance to other anti-CMV agents from clinical isolates
obtained during the registrational studies of cidofovir; a major clinical concern is
whether cidofovir therapy will predispose to ganciclovir resistance, thereby eliminating
the utility of this other important agent. As noted by Dr. Pratt, the activity of cidofovir for
systemic CMV disease is uncertain, aithough the specificity of the indication for retinitis
alone is clearly atated in the proposed package insert. ,

- - L 4

The safety spectrum of cidofovir cannot be considered fully explored, and of particular
concern is whether the incidence of metabolic acidosis wili increase with more
widespread clinical use. In addition, cidofovir has not been studied in patients with
preexisting renal disease, and this may pose safety problems with greater clinical use.
However, despite this, the risi/benefit clearty favors approval of cidofovir: the potential
benefit from twice-monthly use of drug is an important quality-of-life issue that justifies
allowing patients and physicians to this therapeutic option. The company has
committed to post-marketing studies that should address unresolved questions
regarding cidofovir, and study of patients with renal impairment is already ongoing.

| have thoroughly reviewed the proposed package insert with Dr. Pratt, and concur that
it adequately rspresents the information available regarding the safety and efficacy of
cidofovir.

Recommandation: Cidofovir should be approved for the indication proposed by the
sponsor. Careful post-marketing surveiliance of the safety of cidofovir with wider clinical
use is essential, and the sponsor's compliance with phase 4 commitments should be
monitored.



concurrence.

cc.

DFeigal

HFD-530/DPratt
HFD-530/KStruble
NDA 20-838

e At

Steven Gitterman, M.D., Ph.D.
Medical Team Leader



DRUG STUDIES IN PEDIATRIC PATIENTS
(To bs completed for alil NME's recommended for approval)

NDA # 20-838 Trade (generic) names_VISTIDE (cidofovir) injaction 75 mg/ml

Chack any of the following that apply and explain, as necessary, on the next page:

A proposed claim in the draft labeling is directed toward a specific
pediatric iliness. The application contains adequate and well-controlled
studies in pediatric patients to support that claim.

The draft labeling includes pediatric dosing information that is not based
on adequate and well-controlled studies in children. The application
contains a request under 21 CFR 210.568 or 314.126(C) for waiver of
the requirement at 21 CFR 201.567(f) for AAWC studies in children.

The application containg data showing that the course of the
disease and the effects of the drug are sufficiently similar in
aduits and children to permit extrapolation of the data from adults
to children. The waiver raquest should be granted and a
statement to that effect is included in the action letter.

The information included in the application does not adequately
support the waiver request. The request should not be granted
end a statement to that effect is include-, in the action letter.
(Complete #3 or #4 below as appropriate).

Pediatric studies (e.g., dose-finding, pharmacokinetic, adverse reaction,
adequate and well-controlled for safety and efficacy) should be done
after approval. The drug product has some potential for use in children,
but there is no reason to expect early widespread pediatric use
(because, for example, alternative drugs are available or the condition is
uncommon in children.

The applicant has committed to doing such studies as will

be required.
— M Studies are ongoing.
— (2 Protocols have been submitted and approved.
— 3 Protocols have been submitted and are under review.
—_ (&) If no protocol has been submitted, on the next page

explain the status of discussions.

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



Page 2 -- Drug Studies in Pediatric Patients

4, Pediatric studies do not need t0 be encouraged because the drug
product has littie potential for use in children.

5. If none of the above apply, explain.

-—

Explain, as necessary, the foregoing items:

N Sl}ll«.l’}w m

Signature #f Preparer Date

cc: Orig NDA
HFD-530/Div File
NDA Action Package



PEDIATRIC PAGE

(Complete for sl original spplications sng off efficacy supplaments)

®oAPLA ¥ 0 - 3 Supplement ¢ (0 Circle one: SET SE2 SE3 SE4 g5 geg
. . . i ) m /('nL

HED 53¢ Trade (generic) name/dosage form: lﬁﬂd&@mﬁ Vi) H’)J} & hrn 7 JAction: AE NA

Applicant _\g} B0 SClenter, Therapeutic Class __ ANty 0l .

Indication(s) Previously approved
Pediatric labeling of approved indication(s) is adequate ___ insdequate ___

—, . -~ ' —

Indication in this application (L

(For supplements, answer the fallowing questions in relation 1o the proposed indication)

‘'—— 1. PEDIATRIC LABELING IS ADEQUATE. Appropriate information has bsen submitted in this or previous

applications and has been adequately summarized in the labeling to permit satistactory labeling sor all pediatric
subgroups. Further information is not required.

-2 PEDIATRIC STUDIES ARE NEEDED. There is potential for use in children, and further information is required to
PAImit adequate labeling for this uss.

R ! A new dosing formation it needed, and applicant has agresd to provide the appropriate formulation,
—— b The applicant has committed to doing such studies s will be required.

— (1) Studies are ongoing,

—— {2) Protocols were submitted and approved.

— (3 Protocols ware submitted 8nd are under review.
— (4} 1 no protocol has begn submitted, sxplain the status of discussions on the back of this form.

—¢ it the sponsor is not willing to do pediatric studies, attach coples of FOA's written tequest that such
studies be dons and of the 3ponsor's written rasponss 1o that request.

—— 3 PEDIATRIC STUDIES ARE NOT NEEDED. The drug/iologic product has Ettle potential for use in children,
. Explain, on the back of this form, why padiatric studies are not nesded,

—— 4  EXPLAIN. |t nane of the above apply, Sxpiain, a3 necessary, on the back of this form.

EXPLAIN, AS NECESSARY, ANY OF THE FOREGOING ITEMS ON THE BACK OF THIS FORM.

2 Lh, P

Signature of Preparer and Titie (PM, CSO, MO, other) Date
cc: Orig NOAIPLA #_2C03p
HFD -3¢ IDiv File

NDA/PLA Action Package
HFD-510/G Troendle (plus, for CDER APs and AEs, copy of sction fetter and labeling)

NOTE: A new Pediatric Page must be completed at the time of each action even though one was
Prepared at the time of the lagt actiop.
5/98



Final Printed
Labeling
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NDA # 20-638

Medical Officer's Review of New Drug Application

Date Submitted:
Date Received:
Date Completed:

1.0 General Information

Drug: Generic:
Trade:
Chemical;
Sponsor:

Pharmacologic Category:

Proposed Indication:

Dosage Form:
Route of Administration:
NDA Drug Classification;

Related Drugs:

September 29, 1995
October 4, 1995
March 20, 1996

Cidofovir

Vistide
1-[(S)-S-hydroxy-2-(phosphonomethoxy)—propyl]cytosine
dihydrate

bs

5_,;-0\/2\ W * IH|O
OM

HO

I

Gllead Sciences, Inc.
353 Lakeside Drive
Foster City, CA 94404

Antiviral agent
Acyclic nucleoside monophosphate analogue

Treatment of cytomegalovirus (CMV) retinitis in patients
with acquired immunodeficiency syndrome (AIDS)

Sterile clear solution (75 mg/ml)
Intravenous
Antiviral Agent, 1P

Ganciclovir (NDA 19-661, NDA 20-460)
Foscarnet (NDA 20-068)
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Related Reviews:

Blopharmacology: Kellle Reynolds (HFD-880)
Cheristry: Albinus D'Sa (HFD- 630)

Microblology: Walla Dempsey (HFD-530)
Ophthaimology Consult: Wiley Chambers (HFD-540)
Pharmacology/Toxicology: Pritam Verma (HFD-530)
Statistics: Alan Muhly (HFD-725)
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3.0 Material Reviewed

This clinical review was based primarily on the following parts of NDA 20-838:

1 1 Table of Contents

2 1,2 NDA Overall Summary

7 47 Microbiology (Virology) Summary

8 53-76 Clinical Data, Study Reports,
Integrated Summaries

10 - 11 93-128 Case Report Forms

Information Amendment #014 (1/24/96) Updated Study Report of GS-83-107

Information Amendment #018  (2/9/06) Revised Integrated Summaries
and Revised Package Insert

Information Amendment #025 Updated Case Report Forms of
Study GS-93-107

Information Amendment #027  (2/29/96) Revised Integrated Summaries

In addition, data files for studies GS-83-108 and GS-93-107 were submitted to FDA
on computer disk. These data files were used to check tables submitted by the
sponsor and to search the data for unreported events and associations.

See Section 6.5 of this review for a brief regulatory history of cii' ofovir.
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4,0 Chemistry and Manufacturing Controls

Cidofovir belongs to the class of phosphonomathylether nucleoside mono-
phosphate analogues which the sponsor refers to as "nucleotide analogues."
Cidofovir differs from the nucleotide cytidine by an acyclic sugar moiety and a
chemically stable (ether) linkage to a methylphosphonate group. According to the
sponsor, after entering cells cidofovir is converted by cellular enzymes to the active
diphosphate form. In this respect, cidofovir differs from the approved anti-CMV
drug, ganciclovir, which must be phosphorylated by a virus-encoded kinase within
infected cells. Cidofovir diphosphate has a relatively long intracellular half-life (17-
65 hours). The sponsor postulates that these chemical properties allow for
infrequent dosing, may account for a differing viral resistance pattern (vis-a-vis
ganciclovir), and may bestow on uninfected cells the ability to "prime" against
subsequent infection.

Cidofovir possesses a single chiral center. Early microbiologic and toxicologic
studies showed that the (R)-enantiomer held minimal antiviral activity as well as little
toxicity. The sponsor elected to use the (S)-enantiomer purified to >97% in
subsequent clinical studies.

Cidofovir is highly water soluble and virtually insoluble in organic solvents. It is
formulated without excipients or preservatives as a sterile solution, adjusted to pH
7.5 with sodium hydroxide and hydrochloric acid. The principal degradative product
is HPMPU, resulting from deamination to the uracil analogue. Each vial is intended
for single use only.

For a comprehensive review of the chemistry and manufacturing controls the reader
is referred to the chemistry review of Dr. Albinus D'Sa. Comments from Dr. D'Sa's
review have been incorporated into the proposed labeling by the sponsor
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Microbiology

Cidofovir demonstrates in vitro antiviral activity against cytomegalovirus (CMvV),
varicella-zoster virus (VZV), Epstein-Barr virus (EBV), herpes simplex virus types 1
and 2, adenoviruses and human papilloma viruses. The primary mechanism of anti-
viral activity is believed to occur through inhibition of the virus-encoded DNA
polymerase which can be measured by in vitro assays. (How cidofovir is able to
specifically inhibit papilloma viruses is unclear as this family of viruses does not
encode DNA polymerase.) Viral resistance to cidofovir, when it occurs, is thought to
be due to mutations within the viral DNA polymerase gene. Cidofovir inhibits the
human DNA polymerases o (K= 51 uM), B (K=520 uM) , and v (K= 299 yM) at
substantially higher concentrations than that required to inhibit CMV DNA
polymerase (K= 6.6 uM).

According to the in vitro data submitted, cidofovir remains active against most
ganciclovir-resistant strains of CMV. Most (95%) of ganciclovir resistance is due to
mutations in the virus-encoded UL97 kinase gene of CMV, which is responsible for
adding the first phosphate group to ganciclovir. Cidofovir, which structurally
resembles a monophosphorylated cytosine, does not require this initial
phosphorylation step. Those CMV strains which are resistant to ganciclovir due tr
DNA polymerase mutations (5%) are likely resistant to cidofovir.

Resistance of CMV to foscarnet is believed to be due to viral DNA polymerase
mutations. The small number of foscarnet-resistant isolates tested prohibit
generalizations about the likelihood of cross-resistance to cidofovir. Strains
resistant to all three anti-viral drugs have been isolated.

The sponsor states that no cidofovir-resistant strain has been isolated from a patient
receiving cidofovir. Cidofovir-resistant strains have been isolated from patients
receiving ganciclovir or foscarnet, and under selective pressure in vitro.

For a complete review of the virological data, the reader is referred to the review of
Dr. Walla Dempsey. Comments from Dr. Dempsey's review have been incorporated
into the proposed package labeling by the sponsor.
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Pharmacology and Toxicology

Toxicities observed in the preclinical studies were generally predictive of toxicities
which have been observed in the human studies with the notable exception of a
remarkably high incidence of tumors seen in rats. Fetal malformations were
observed in rabbits exposed to cidofovir in utero at equivalent human doses well
helow the intended clinical dose. Renal and bone marrow toxicities identified in the
preclinical studies have been born out in the clinical setting. The margin of safety
for both acute and chronic toxicities is narrow after extrapolating to the human
equivalent doses based on a body surface conversion.

For a detailed review of the pharmacology and toxicology data the reader is referred
to the pharm/tox review of Dr. Pritam Verma.

: Toxicitie

The single dose acute lethal dose in monkeys is estimated to fall between 40 and 75
mg/kg. Based on body surface conversion, this dose range corresponds to a
human equivalent dose ranging from 11 to 25 mg/kg.

Multiole Dose Toxicit

Nephrotoxicity was the major dose-limiting toxicity observed after repeat intravenous
dosing in both rats and monkeys. The kidnay lesions were described as a renal
tubular nephrosis characterized by karyomegaly, degeneration, and necrosis of
proximal convoluted tubules. Lymphoid depietion, bone marrow hypoplasia,
testicular degeneration and hepatocellular hypertrophy were also seen at higher
doses. These latter findings indicate that tissues which have a cellular component
which rapidly proliferates will be the target organs of toxicity.

Through pre-clinical testing it was discovered that co-administration of probenecid
served to ameliorate the renal toxicity. It has been hypothesized that probenecid
blocks secretion of cidofovir at the proximal tubule, thus sparing this tissue from
local high concentration of the drug. Additional studies showed that cidofovir given
once weekly with probenecid was less toxic than an equivalent amount of the drug
given as daily injections.
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in a 13-week study of cidofovir with co-administration of probenecid, animals in the
highest dose, 5§ mg/kg/week, showed minor nephropathic changes, while testicular

toxicities were again observed. The human equivalent dose should be considered

to be 1.7 mg/kg/week (3.5 mg/kg/biweekly).

At the time of this review the longest study in primates is a six-month intravenous
study of cidofovir given with probenecid by weekly injection (a 1-year study in
monkeys is in progress). No clinical signs were observed at the dose given, 2.5
mg/kg/week. Histopathological exam revealed no treatment-related effects
according to the sponsor's assessment. It should be noted that the human
equivalent dose corresponding to the dose used in the monkey experiment is about
0.8 mg/kg/week; this is well below the intended clinical maintenance dose of 5
mg/kg/biweekly (or 2.5 mg/kg/week).’

F iyt | Devel | Toxicii

In segment | studies (drug administration prior to fertilization) increased fetal deaths
and absorptions were seen at a maternal dose of 1.2 mg/kg/week (human
equivalent dose of 0.17 mg/kg/week). A no effect level was not demonstrated.

In segment i studies (drug administration to pregnant animal during organo-
genesis), reduced fetal weights ard reduced ossification were seen in rats, while
increased fetal absorptic.  and soft tissue and skeletal malformations were
observed in rabbits at the ...=lernal toxic dose of 1 mg/kg/d (human equivalent dose
of 0.036 mg/kg/d).

Based on these findings, cidofovir should be considered a teratogen in animals and
a potential teratogen in humans.

'A draft study report of the 1 year munkey study has subsequently been submitted and reviewed.
(See Dr. Verma's Pharm/Tox review.) Briefly stated, no tumors were observed in male or female monkeys
at any of the doses studied
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Carci -

In vitro
Cidofovir produced, in a dose dependent manner, an increased number of
breaks in chromosomes and chromatids in human peripheral blood lymphocytes.
Cidofovir also caused an increase in polychromatic erythrocytes in the mouse
micronucleus assay. These findings are consistent with interactions at the level
of DNA which could result in mutations and disruption of cellular replication or
differentiation.

Tumors in rats

in a 19-week chronic toxicity study in which rats were given cidofovir by
subscapular, subcutaneous injection, 4/20 (0.6 mg/kg), 7/20 (3.0 mg/kg), and
12/30 (15 mg/kg) female rats developed palpable tumors in the head, neck,
axillary, and thoracic area. Histological examination revealed most of these to
be mammary gland adenocarcinomas with an inflammatory component.
Palpable tumors were evident as early as day 43 and after as few as 6 doses.
Five animals in the high dose group had multiple tumors. One male rat had an
anaplastic sarcoma. It was the sponsor's assessment at the time that the high
tumor incidence could be attributable to local high concentrations of cidofovir on
rapidly dividing glandular tissue. The sponsor contended that in the clinical
setting the drug would be administered by the intravenous route and would
therefore be diluted in the bloodstream.

After discussions with FDA, the sponsor agreed to conduct a 6-month
intravenous study in rats and to conduct 6- and 12-month studies in monkeys.
These were not intended to serve as carcinogenicity studies, rather to provide a
better indication of long term toxicities and to see if the drug did cause early
tumors in primates.

The sponsor subsequently became aware, and reported to FDA, the finding of
mammary carcinomas in two female rats administered intravenous cidofovir in a
previous 13-week repeat dose toxicity study.

The 6-month study of intravenous administration of cidofovir by weekly injection
to male and female rats at doses of 0.6, 3.0, and 15 mg/kg showed that at the
high dose, 22/44 female rats developed mammary adenocarcinomas. Zymbal's
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gland (an auditory tube sebaceous gland in rats) carcinomas were found in 3/44
high dose females and 6/44 high dose males. Muitiple masses were present in
10/44 high dose females. Palpable tumors were observed as early as week 12,

The high dose in this study, 15 mg/kg in the rat, is roughly equivalent to a human
dose of 2.1 mg/kg using a body surface conversion factor of 7-fold.

The 6-month study in cynomolgus monkeys (5 males and 5 females) of 2.5 mg
cidofovir given once weekly by the intravenous route was completed and
reported to FDA in September 1995. No tumors were seen on gross or
histological examination of tissues. The administered dose corresponds to a
human equivalent dose of 0.83 mg/kg based on a body surface conversion.
Results of the 12-month study of intravenous cidofovir in monkeys are not
currently available. It is estimated that the study will be completed in early 1996.

Summary

The carcinogenic risk to humans of intravenous cidofovir canno! be accurately
predicted based on animal studies. Nevertheless, the rapidity with which
palpable tumors appeared in rats (as early as 6-weeks), and the small number of
doses leading to tumors (as few as 6 doses) is striking. Moreover, the doses
causing tumors in rats were lower than the estimated human equivalent dose
proposed for clinical use. Therefore, cidofovir must be considered a potent
carcinogen in rats, and a potential carcinogen in humans.

These concerns are addressed in the review by Dr. Verma, whose comments
have been incorporated into the proposed package labeling.
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7.0

Clinical Background
7.1 Relevant human experience

Primary cytomegalovirus (CMV) infection is most frequently acquired in the first few
years of life. In infancy and childhood transmission occurs through contact with
infected cervical secretions, breastmilk, oropharyngeal secretions and urine. By
puberty 40% to 80% of children have been infected. In adults, sexual transmission
of CMV occurs commonly. The prevalence of CMV seropositivity in adults with
AIDS is nearly universal (90- 100%).

Neonates infected in utero can develop a congenital syndrome resulting in severe
neurological deficits, chorioretinitis, hearing lu«is, hepatitis and pneumonia: auditory
deficits may be progressive during the first year of life. Post-natal infection in the
neonate may result in severe respiratory infaction, while anicteric hepatitis typically
occurs in older children. In immunocompetent adclescents and aduits, primary CMV
infection causes a mononucleosis-like systemic disease which is generally self-
limiting.

CMV shares with other members of the Herpesviridae family a state of clinical and
virological latency. A propensity to reactivate under immunosuppressive conditions
results in viral shedding and possible clinical disease. In individuals with cellular
immune dysfunction, reactivation of CMV may lead to severe and progressive
disease in multiple organ systems.

The most common manifestation of CMV in patients with AIDS is a progressive,
necrotizing retinopathy which, if untreated, may progress to blindness. Other
debilitating or life-threatening manifestations of CMV disease in persons with AIDS
include polyradiculopathy, colitis, pneumonitis, esophagitis, and hepatitis. CMV
disease occurs much more commonly in individuals with advanced HIV infection
(CD4+ cell counts less than 50/mm?®). Median life-expectancy with a diagnosis of
CMV retinitis and AIDS currently is 8-12 months. Available antiretroviral and CMV
therapies have had little impact on survival duration of this population.

Solid organ transplants recipients often show evidence of active CMV infection,
whether newly acquired or through reactivation. Typically, clinically apparent
disease presents 1-3 months after transplantation. An interstitial pneumonia is the
most common serious manifestation while retinitis is rare in this group.
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Recipients of bone marrow transplants undergo a profound immunosuppression.
Interstitial pneumonia due to CMV occurs in 15-25% with a mortality of 90% if
untreated. CMV retinitis is also observed in bone marrow transplant patients,
reflecting the severe degree of immunosuppression in this population.

In summary, antiviral therapy for CMV infec*ions is likely to have a role in
congenitally infected infants, newly infected iieonates, cancer patients on
chemotherapy, post-transplant patients on immunosuppressive regimens, and in
persons with advanced HIV infection.

7.2 Important information from related INDs and NDAs

At present, intravenous formulations of two drugs are approved for the treatment of
CMV disease.

Ganciclovir '

Ganciclovir (Cytovene®) was approved in the U.S. in 19889 for the treatment of CMV
retinitis in immunocompromised individuals although it was available on a
compassionate use basis from 1984. Approval was based largely on an efficacy
analysis of a retrospective, non-randomized, single-center study of 41 patients with
AIDS and CMV retinitis diagnosed by ophthalmologic examination between August,
1983 and April, 1988. Treatment with Cytovene-1V solution resulted in a significant
delay in median time to first retinitis progression compared to untreated controls (71
days from diagnosis versus 35 days from diagnosis). Efficacy was confirmed in a
controlled, randomized, study (ICM 1697), conducted between February, 1989, and
December, 1980. Immediate treatment with Cytovene-IV was compared to delayed
treatment in 42 patients with AIDS and peripheral CMV retinitis; 35 of 42 patients
(13 in the immediate-treatment group and 22 in the delayed-treatment group) were
included in the analysis of time to retinitis progression. Based on masked
assessment of fundus photographs, the mean (95% Cl) and median (85% Cl) times
to progression of retinitis were 66 days (39, 94) and 50 days (40, 84), respectively,
in the immediate-treatment group compared to 19 days (11, 27) and 13.5 days (8,
18), respectively, in the delayed-treatment group. Treatment is 5 mg/kg BID for 14
to 21 days followed by maintenance treatment with either 5 mg/kg “nce daily, 7
days per week or 6 mg/kg once daily, 5 days per week.



14
SECTION 7

Clinical Background

Intravenous ganciclovir was subsequently approved for prevention of CMV disease
in transplant recipients. An oral formulation of ganciclovir was approved in 1994 for
maintenance therapy after intravenous induction for treatment of retinitis in patients
with AIDS. An additional indication for oral ganciclovir for prevention of CMV
disease in HIV infected individuals was approved in 1995.

Ganciclovir was shown to he carcinogenic and teratogenic in animal studies.
Neutropenia and thrombocytopenia are the most common dose limiting toxicities of
ganciclovir therapy.

Foscarnet

Foscarnet (Foscavir®) was approved in 1991 for the treatment of CMV retinitis in
patients with AIDS. Approval was based primarily on two studies. FOS-03 was a
prospective, controlled clinical trial, ir. which 24 patients with AIDS and non-sight
threatening CMV retinitis were randomized to immediate therapy versus no therapy
until retinitis progression. All diagnoses and determinations of retinitis progression
were made from retinal photographs by ophthalmologists who were masked to the
patients' treatment assignment. The 13 patients randomized to treatmeni with
foscarnet had a signifizant delay in progression of CMV retinitis compared to
untreated controls. Median times to retinitis progression from study entry were 93
days (range 21-364) and 22 days (range 7-42), respectively. In another prospective
clinical trial of CMV retinitis in patients with AIDS (ACTG-915), 33 patients were
treated with two to three weeks of foscarnet induction and then randomized to two
maintenance dose groups. Median times from study entry to retinitis progression
were 96 (range 14-176) days and 140 (range 16-233) days, respectively (FDA
analysis). The same criteria for retinitis progression were used as described above.

Safety and efficacy of foscarnet have not been established for treatment of other
CMYV infections or for treatment of CMV retiritis in non-immunocompromised
individuals. Treatment consgists of intravenous infusicns over a minimum of one
hour every 8 hours for 2-3 weeks as induction, followed by a daily 2 hour infusion.
Electrolyte disturbances and renal impairment are the predominant toxicities.
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7.3 Foreign experience
Cidofovir is not approved or marketed in any country for any indication.

Cidofovir is a new molecular entity. No other monophosphorylated nucleoside
analogue ("nucleotide analogue") has been approved for marketing in the U.S. or
eisewhere.

7.4 Human Pharmacology, pharmacokinetics, pharmacodynamics

The pharmacokinetics of cidofovir were examined at 5 dose levels in three Phase
1/2 studies conducted under IND Additional data were obtained at 2 dose
levels in 10 subjects in the Phase 2/3 study, GS-93-107, with concomitant
probenecid and hydration.

Serum concentrations following intravenous infusion were dose-proportional over .
the dose range 1-10 mg/kg. Cidofovir was excreted entirely by the kidney,

unmetabolized, at a level above the glomerular filtration rate, indicating that active

tubular secretion of cidofovir occurred. Probenecid, which is believed to block

secretion of cidofovir by renal tubule cells, significantly lowered total clearance, renal
clearance, 24 hour urine recovery, and the steady state volume of distribution of

cidofovir. This latter effect probably results from a decreased tissue concentration of
cidofovir in the kidney; the remaining volume of distribution reflects body water
composition.

No metabolites of cidofovir were detected in any sample of serum or urine. Repeat
dosing did not alter pharmacokinetics of the drug. Protein binding was negligible.

The CSF level was undetectable following infusion of cidofovir in the 1 patient in
which it was measured (corresponding serum level was 8710 ng/mL).

A summary table of the pharmacokinetic parameters is reproduced below:
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Table 1: Cumulative data for Cidofovir with or without probenecid at all dose levels (Data from
protocols G8-92-101, -102, -103, and GS-93-107)"

Probenecid NO YES p-value
N 22 26

Cly, (mmrikg) 148 (24.6) 126 (36.2) 0.016
Va(mUkg) 490 (138) 380 (116) 0010
T 112 8 (hr) 2.58 (1.18) 2.51 (0.56) 0.816
CL, (m/hrikg) 129 (42.1) 87.3 (20.0) 0.002
CL  (mMrikg) 827 (20.7) 93.4 (24.7) 0.204
24 hr urine racovery 86.0 (17.7) 73.3 (11.9) 0.020
(% dose)

'Reproduced from Voiume 1.1, page 260, Table 8 of NDA 20-638,

Values shown represent means (SD). (Sponsor's analysis)

Two dose levels (5 mg/kg and 3 mg/kg) have been studied in the phase 2/3 clinical
trials; the intended maintenance dose will fall in this range for most individuals.
Additional pharmacokinetic data for these doses accumulated across all studies are

listed below:

Table 2: Cumulative pharmacokinetic data for cidofovir at the 3 and § mg/kg dose levels with or
without probenecid and hydration'

Dose 3 mgl/kg p-value 5 mg/kg
Probenecid YES NO . YES NO

N 10 2 2 6
Coex (Hg/mL) 7.34 (1.39) 9.78 (3.74) 0.075 11.6 (1.5) |19.6(7.18)
AUC (ug.hr/mL) 20.0 (2.30) 25.7 (8.48) 0.052 28.3 (24) 40.8 (8.97)

Reproduced from Volume 1.1, page 268 of NDA 20-638.
Values shown represent means (SD). (Sponsor's analysis)

Maximum plasma levels and area under the curve increase proportionately in this
dose range. Probenecid appears to increase the systemic exposure to cidofovir, as
expected if renal elimination is decreased by probenecid.
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7.6 Other relevant background information

The original Investigational New Drug (IND) application for cidofovir was submitted
to FDA in March, 1892. The original indication was for the treatment of CMV retinitis
in patients with the AIDS. Pre-clinical studies had defined the kidney as the organ
system most likely to be the target of a dose limiting toxicity. Phase 1/2 studies
confirmed this suspicion; proteinuria and elevated serum creatinine were observed,
and at least 2 cases of renal failure requiring kidney dialysis occurred. In these
early studies the sponsor was able to define a dosing regimen which was less
nephrotoxic. The regimen consisted of less frequent dosing, concomitant
intravenous hydration, and co-administration of probenecid, which was believed to
block uptake of cidofovir from the plasma by renal tubular cells and therefore block
renal tubular secretion of cidofovir. The sponsor presented evidence of the
enhanced safety profile to FDA in October, 1993, at an end of phase 2 meeting. It
was subsequently decided that efficacy trials could ensue, and three clinical trials
believed to be sufficient to prove efficacy in an ethically acceptable manner were
agreed upon. These trials were patterned in large measure after studies used in the
development of foscarnet. ; .

N and GS-93-108, both randomized
subjects with non-sight threatening peripheral retinopathy to either immediate
treatment or to treatment deferred to that time when it became clear that the
retinopathy observed at baseline had progressed a pre-determined extent. A
crossover of subjects in the deferred treatn.>nt arm to cidofovir treatment was
allowed at the time of documented progression. The third trial, GS-83-107, was
designed as an open-iabel study of cidofovir in individuals who had failed existing
therapy. It was believed that this ‘atter study would provide additional safety data
and could be supportive of efficacy claims if the treatment effect ware clearly
superior to histarical controls.

In July, 1984, after phase 2/3 trials were underway, FDA was made aware by the
sponsor of a study in rats which resulted in visible and palpable tumors in a
substantial number of animals receiving cidofovir by the subcutaneous route.
Tumors were observed primarily in the neck and thoracic area. The tumors
occurred at doses in the range of the intended human dose after adjustment for
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body-surface area, and after as few as 6 doses. Following discussion between the
sponsor and FDA/DAVDP, the sponsor agreed that all clinical trials would be
suspended pending further investigation of the tumors.

Subsequent histological analysas revealed that the majority of the tumors were
mammary adenocarcinomas. Radioactive tracer studies indicated that
subcutaneous administration of cidofovir in the subscapular area in rats resulted in
drainage into mammary tissue. The sponsor speculated that tumor formation in rats
was the result of local high concentrations of cidofovir on rapidly dividing cells in the
mammary glands, and that this situation was not relevant in the setting of
intravenous administration in humans. Additional animal studies, including
intravenous administration to rats and monkeys, were to be undertaken.

Discussions with the sponsor at this time focused on weighing the risks of further
development of a known carcinogen against the potentiai 1or clinical benefit from
cidofovir, and possible significant quality of life advantages due to its convenient
dosing schedule. Considerations included: a) the expected duration of treatment of
individuals with CMV retinitis and AIDS, b) tumor formation, should it occur in
humans treated with cidofovir, would be a multi-step, long term process, and
therefore lass likely to occur in this setting, and, c) ganciclovir, an approved CMV
therapy, is also a demonstrated carcinogen. Nevertheless, the apparent
carcinogenic potency of cidofovir was concerning.

FDA agreed with the sponsor in October, 1994, that clinical trials of cidofovir in
pursuit of an indication for the treatment of CMV retinitis in patients with AIDS could
resume.

Results of an efficacy analysis of GS-93-106 were reported by the sponsor at a
national scientific conference in early 1995. According to the sponsor's analysis, a
highly significant treatment effect favoring immediate treatment with cidofovir was
demonstrated. In order to report the findings at that time it was necessary to break
the blind of assignment to treatment arms and to cease collection of additional data.
The Data Safety Monitoring Board for the study disagreed with the sponsor
regarding this; as a result, the board disbanded. The DSMB felt that potentially
valuable additional safety and efficacy data would be lost were the study to end
prematurely. The sponsor's position was that the study was near completion and
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that additional efficacy endpoints would not appreciably alter the statistical
significance of the study.

Reviewer's comment: At the time the study was stopped, one subject in the
primary analysis remained on their original treatment assignment. Stopping the
study at that point had little effect on the primary efficacy analysis. Loss of
follow-up safety data may have been the greater concern of the DSMB.

A phase 3 assessment meeting between the sponsor and FDA/DAVDP was held in
June, 1995, at which time the sponsor stated their intention to file a NDA in the
autumn of 1995. FDA expressed concern over the small safety data base. The
sponsor was encouraged to provide cidofovir in an expanded access format before
filing the NDA in order to enlarge the safety data base. The sponsor agreed and
submitted a treatment IND proposal which FDA reviewed and allowed to proceed in
early September, 1995. The NDA submission was received at FDA October 4,
1995.

In summary, concerns arising from the development of tumors in animal studies led
FDA to restrict subsequent efficacy trials of the intravenous formulation of cidofovir
to persons with advanced AIDS. A perception that the convenient dosing regimen
could impact positively on quality of life added support for continued development of
cidofovir for the population with advanced AIDS.

7.6 Directions for Use

Cidofovir was formulated as a sterile solution containing 25 mg/mL or 75 mg/mL for
the clinical trials. Cidofovir was infused into a peripheral vein over a 1 hour period
after dilution into 100 mL of 0.9% saline. Subjects receiving hydration were given 1
liter of 0.9% saline over one hour immediately before cidofovir administration.
Subjects receiving probenecid were given either 2 grams total (1 g at 3 hours
before, and 500 mg at 2 and 8 hours after cidofovir infusions) or 4 grams total (2 g
at 3 hours before and 1 g at 2 and 8 hours after infusions).

It is intended that patients will receive 4 gram probenecid and at least 1 liter of
saline hydration with each dose of cidofovir in the post-marketing setting.
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8.0 Description of Clinical Data Sources
8.1 Clinical studies

The clinical studies during all phases of the drug development were conducted
primarily within the United States; two sites in the United Kingdom and one site in
Canada participated the phase 2/3 multicentered trials.

The sponsor has provided FDA with efficacy data from a single controlled clinical
trial, GS-93-106. Data from a second trial, GS-93-107, for which historical controls
provide the comparative arm, were submitted as additional supportive evidence of
efficacy.

The tables below outline the studies conducted under IND which were
submitted by the sponsor to support this NDA. At least 8 patients have received
cidofovir under investigator-held emergency INDs. In addition to the studies in the
tables below, at least 100 subjects have enrolled under a treatment IND.

The safety data base consists of all subjects in the three phase 1/2 studies, all
subjects in GS-93-106, and the first 100 subjects enrolled in GS-93-107.
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8.2 Post-marketing experience

Cidofovir has not been approved for any indication in the U.S. At the time of this
NDA review, cidofovir has not been licensed for marketing anywhere outside the
United States.

8.3 Literature

1.

Spector SAetal. A randomized, controlled study of intravenous ganciclovir
therapy for cytomegalovirus peripheral retinitis in patients with AIDS: J Inf Dis
1993;168:557-63.

Palestine AG et ai. A randomized, controlied trial of foscarnet in the treatment of
cytomegalovirus retinitis in patisnts with AIDS; ANN Int Med 1891;115:6685.73.

Foscarnet - Ganciclovir Cytomegalovirus Retinitis Trial, Ophthalmology 1994,
101:1250

Studies of the Ocular Complications of AIDS Research Group, AIDS Clinical
Trials Group. Mortality in patients with acquired immunodeﬁciency syndrome
treated with either foscarnet or ganciclovir for cytomegalovirus retinitis NEJM
326:213-20, 1992

Phair JP, Prognostic Factors in Human lmmunodeﬁciency Virus-Positive
Patients with a CD4+ Lymphocyte Count < S0/uL. J iInfect Dis 171:829-36,
1995.

Studies of Ocular Complications of AIDS Research Group, in collaboration with
the AIDS Clinical Trials Group. Morbidity and Toxic Effects Associated With
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Beg MA, Ragland 3: Safety of tienilic acid;, Postgrad-Med-J. 1979; 55 Supp! 3:
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9.0

Clinical trials
9.1 Indication

The sponsor seeks an indication for intravenous cidofovir for the treatment of CMV
retinitis in patients with the acquired immunodeficiency syndrome (AIDS).

9.1.1 Clinical trial GS-93-106
9.1.1.1 Objectives

The primary objective of this study was to determine if intravenous cidofovir could
extend the time to progression of newly diagnosed peripherai CMV retinitis in patients
with AIDS. Additional information about visual acuity, virologic effects, as well as
safety and tolerance data were to be collected and analyzed.

9.1.1.2 Study Design

Subjects diagnosed with non-sight-threatening, peripheral retinitis, who had not
previously received therapy for retinitis, were randomized in equal numbers to receive
cidofovir immediately (within 24 hours) or to receive no therapy. Cidofovir therapy
consisted of an induction course of 5 mg/kg given as once weekly intravenous
injections for 2 weeks, followed by a maintenance course of 5 mg/kg every other
week until retinitis progression, intolerance or death. Each dose of cidofovir was
given with saline hydration and probenecid.

Subjects were followed bi-weekly for the first 2 imonths and monthly thereafter by
fundoscopic photographs which were read at 2 central site by readers masked to
treatment assignment. An endpoint was reached when the border of an existing
retinitis lesion progressed by 750 uM, or when a new lesion of 750 uM appeared.
Subjects in the deferred atm, who had met an endpoint were then allowed to "cross-
over" and receive cidofovir while being followed by regular fundus photography.
These "cross-over" subjects were included in a secondary analysis. Subjects who
received immediate cidofovir and who progressed were offered the best available
therapy.

The primary analysis of GS-93-106 was time frcm baseline fundoscepy until an
endpoint of retinitis progression or until the subject dicd. All subjects were to be
followed by regular fundoscopic photographs until an endpoint had bzen reached.
The analysis was to be based on intent-to-treat, i.e., all subjects were to be included
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in the analysis whether or not they were able to continue the assigned treatment until
an endpoint of retinitis progression or death had been met.

Reviewer's comment: According to the protocol, subjects who went on to
receive alternative therapies for any reason, including systemic CMV disease or
adverse experiences while on cidofovir, were no longer followed by retinal
photography. Thereiore, the analysis cannot be described as "intent-to-treat".

9.1.1.3 Endpoints

The protocol specified primary endpoints were time from randomization to treatment-
limiting toxicity, time to progression of retinitis, or death. Secondary endpoints
included mortality and changes in visual acuity.

The treatment-limiting toxicity was defined in the protocol as a grade 3 or 4
nephrotoxicity. Serum chamistries with renal function assessments and hematology
profiles were obtained every two weeks.

Retinitis progression was defined in the protocol as the advancement of the edge of -
an existing lesion by 750 uM or the occurrence of a new lesion 750 uM in diameter in
either eye.

9.1.” 4 Results

Forty-eight subjects were randomized to receive either inmediate cidofovir (25
subjects) or deferred treatment (23 subjects). All subjects were enrolled between
December, 1993, and November, 1994. The study was conducted in 7 clinical
centers in the U.S. and 1 center in the United Kingdom. Gary Holland, M.D., at the
University of California, Los Angeles, served as the retinal photograph reader; he was
masked to treatment assignment.

Most protocol violations were related to drug administration. Eleven per cent of the
violations were due to subjects continuing to take concomitant acyclovir during the
study (4 subjects, 2 in deferred arm and 2 in immediate arm). No subject was
excluded from the safety or efficacy analysis due to a protocol violation.

9.1.1.4.1 Patient Disposition and Comparability of Study groups

immediate and deferred treatment groups



26
SECTION9

Clinical Trials

Of the 25 subjects in the immediate group, 23 had discontinued therapy at the data
cut-off date of March 31, 1995. CMV retinitis progression had occurred in 10
subjects, 6 stopped due to an adverse experience, 3 withdrew consent (2 in moribund
condition), 2 stopped for intercurrent iliness (both CMV gastrointestinal disease), 1
began ganciclovir following an ophthalmologic diagnosis of retinitis progression, and
baseline photographs were non-evaluable at baseline for two subjects.

Of the 23 deferred subjects, all 23 had discontinued deferred therapy at the data cut-
off. CMV retinitis progression had occurred in 19, alternative therapy was begun for 2
(1 following an ophthalmologist's diagnosis of retinitis progression later unconfirmed
by retinal photographs, and 1 for systemic CMV disease), 1 withdrew consent when
randomized to th:e deferred arm, and 1 was excluded due to zone 1 retinitis at
baseline.

Baseline characteristics prior to randomization were similar in both the immediate and
deferred study groups. The table below indicates similarity based on a p-value
derived from a 2-way ANOVA with treatment and institution as main effects or by
Cochran-Mantel-Haenze! test stratified by institution (Sponsor's analysis).
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Table 5. Baseline Characteristics (GS-106)

Characteristic \mmediate Defarred p-value
Age (mean) 38.4 37.7 0.736
Gender

male 24 22 0.868

female 1 1
Race

White 20 20 0.655

Hispanic 4 2

Native American 1 0

Other 0 1
Time from HIV

diagnosis (moriths) 67.2 78.2 0.470
Time from diagnosis

of CMV retinitis (days) 58 8.1 0.147
CD4 count ( /uL)

(median) 6.0 8.0 0.695
Creatinine clearance

(mUmin) 99.2 102.3 0.798
Absolute neutrophils

(x10%/uL.) 2.02 2.28 0.467
Number of retinitis lesions

(total both eyes) 1.2 17 0.081
Malignancies 8 9

Adépted from Table 2.1, volume 62, page 144 of the submission

There were no statistically significant differences in subject weight, Karnofsky score,
or relevant findings on physical exam. The CD4 cell counts in both groups (6.0 and
9.0) reflects that the study population was severely immunocompromised.

Findings on ophthalmologic exam and in retinal photographs at baseiine revealed no
statistically significant differences in assessments of lesion activity, intraocular
pressure, or visual acuity for either aye. No apparent differences were discernible in
the extent of fundal involvement or lesion location. Twenty subjects in the immediate
group had no lesions in the better eye versus 17 in the deferred group. No subject in
either group had a retinal or foveal detachment in either eye at baseline.

Reviewer's Comments: Two apparent trends in the baseline characteristics
deserve discussion. The deferred group had more advanced retinal disease
based on the total number of retinal lesions (p=0.08). More advanced retinitis
would likely progress more rapidly, thus shortening the time to progression in the
deferred group. Moreover, healthier eyes in the immediate group might be more
likely to respond to an active treatment, further exaggerating a treatment effect.
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Another apparent trend may be seen in a delay in the time from diagnosis of CMV
retinitis to randomization in the deferrcd group relative to the immediate group
(p=0.15). Presumably the delay to randomizaticn would tend to increase the
treatment effect by shortening the time to progression in the deferred group.
However, the delay is of short duration (mean differance of 2.3 days).

it is unlikely that either of these differences alone would impact the effact size of
cidofovir; however, taken together, the differences in treatment groups cited above
should be considered if a marginal treatment eficct is seen.

Cross-over and deferred treatment groups

Of the 16 subjects in the crossover amm, 3 had retinitis prograessicn, 7 discontinued
due to adverse events, 3 discontinued for intercurrent iiiness {one of which was CMV/
Gl disease), 1 withdrew consent, and 2 remained on study drug at the data cut-off.

Baseline characteristics of the 16 cross-over subjects and the 7 deferred subjects
who did not cross-over were examined. No significant or apparent differences in
baseline characteristics were obsrved batween these two trea‘ment groups.

Reviewer's c..ament: The "baseline" evaluations in these comparisons ware
taken a5 the last assessments prior to randomization. A more accurate reflection
of baseline characteristics for the cross-uver group would be assessed at the time
of crossover, if one wishes to validate efficacy endpoint cOmMparisons.

Drug exposure



29
SECTION 9

Clinical Trials

The following table outlines the extent of cidofovir exposure in the immediate and
crossover groups:

Table 8: Drug exposure
Immediate Croasover

N 25 16
Cumulative number of doses
Minimum 2 4
Median ) 6.5
75%tile 6 8
Maximum 13 22
Mean 5.5 76
Cumulative dose (mg/kg)
Minimum 8.1 18.0
Median 20.3 28.5
75%tile 305 40.5
Maximum 83.0 20.0
Mean 26.9 338

Adapted from Table 1.8, Volume 62, page 138 of the submission.

Reviewer's comment: No statistical analysis of the difference in cidofovir
exposure between the two groups was provided by the sponsor. It is readily
apparent, however, that the crossover group was able to remain on cidofovir for a
more prolonged period; whether this is due to delay in progression or better
tolerance of drug toxicities is unknown. These differences are probably best
explained by “self-selection” for further study participation; healthier subjects were
able and willing to remain on study and to cross over to the treatment phase. This
is one reason why comparisons of treatment effects for the cross-over group
relative to the deferred group who did not cross-over is not a valid comparison.

9.1.1.4.2 Efficacy endpoints outcome
9.1.1.4.2.1 Primary endpgcint
The primary protocol-specified outcorme measure of GS-93-106 was time to CMV

retinitis progression or death, whichever came first. Using this endpoint, comparisons
of the immediate vs. deferred group and the crossover vs. deferred group were made.

I liate (reatment leferred treatment
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The median time to CMV-retinitis progression or death in the sponsor's analysis was
86 days (95% CI 40-not reached) in the immediate treatment group versus 22 days

(85% CI 13-31 days) for the deferred group. This was significant in the log-rank test
at p< 0.001.

The sponsor also chose to analyze time to progression of retinitis without
consideration of deaths. The estimate of the median time to retinitis progression in a
Kaplan-Meier plot for the iImmediate group was 120 days (85% Cl 40-134 days)
compared to 21.5 days (95% Cl 10-27 days) in the deferred group. This was
statistically significant in the log-rank test (p< 0.0001, sponsor's analysis). A Kaplan-
Meier plot of the sponsor's analysis follows:
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Figure 1

Kaplan-Meier Plot of Time to CMV Retinitis Detection
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Reviewer's comment: The protocol specifies that all subjects were to be

followed by retinal photographs until retinitis progression, start of alternative *
therapy, or death, whichever came first. Protocol-specified endpoints were not
captured after most adverse events, intercurrent ilinesses, and withdrawn

consents. |t was the investigator's judgement in most of these cases that

alternative therapy should be initiated, after which, per protocol, no subsequent
photographs were obtained. The sponsor's approach to these missing data was

to “censor” the data from those subjects at the time of the last retinal photography
showing no progression.

In the immediate therapy group, 12 subjects !acited follow-up retinal photographs.
This oc  red in 6 subjects who stopped cic>f- -ir due to adverse events, 4 who
withdrew . unsent, 2 with intercurrent ilinesses (both with systemic CMV disease).
Two subjects had baseline photos which were not evaluable and were censored
at baseline. One subject continuing on cidofovir was censored at the data cut-off.

In the deferred group, 4 subjects were censored for reasons stated above.

Treatmert after cross-over versus deferred treatment

Time to retinitis progression or death for the cross-over group was not analyzed or
presented by the sponsor. A time to second progression analysis was presented.
The comparator group in this analysis was the same group of 15 subjects as
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participants in the deferred therapy arm prior to cross-over {(one subject had a
baseline photograph which was not evaluable and so was not included in the cross-
over vs. deferred analysis). The sponsor used a paired Prentice-Wilcoxon Z-statistic
to compute p=0.0002.

Reviewer's comment: Although the sponsofr refers to the "cross-over group”, the
design of this part of the clinical trial is not a true crossover design. Subjects are
not randomized to the crossover group. Moreover, because the subjects are not
re-randomized, they maintain their original patient numbers and the reader of the
retinal photographs is no longer blindec to the treatment assignment; in fact, the
reader fills out a “new paseline” form for the subject at the time of crossover. This
part of the study is truly open-label in this respect.

The sponsor has chosen A statistical test involving pairing of a subject's time to
retinitis in the pre-crossover phase with the same subject's time to retinitis
progression in the post-crossover period. It might be expected that because
crossover subjects have documented progression of their CMV disease, further
progression will occur more rapidly, thus biasing against a treatment effect.
However, randomization is intended ‘0 normalize groups with respect to both
expected and unexpected effects.

Interpretation of a treatment effect in the crossover group must necessarily be of a
qualitative nature, rather than statistical, and assessed against a background of
historical data.

9.1.1.4.2.2 Secondary endpoints

Mortality

No subject died during the treatment phase of this study. Of the 32 subjects for
whom follow-up survival information through 10/1/95 was available, 29 had died.
Subjects for whom no updated information was available were censored at the date
of the last follow-up date. The median time to death for subjects in the immediate
therapy arm was 410 days (95% C1 239 - not reached) vs. 319 days (95%Cl 263-
353) in the sponsor's analysis.

For the 16 subjects in the Crossover arm, the median time to death was 322 days
(95%Cl 277-413 days) versus 200.5 days (95%Cl 146-286) forthe 7 subjects who
elected not to take cidofovir after the first nrngression.
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Visual acui

One subject in the immediate group experienced a transient > 3 line decrease in
visual acuity on the EDTRS chart while receiving cidofovir. Two subjects in the cross-
over group experienced a » 3 line decrease in visual acuity. No analysis was
attempted due to the small numbers.

Virological parameters

Two centers participated in the collection of blood and urine specimens at baseline,
and at 3 and 11 weeks into the study. Specimens were examined by traditional
culture methods and by the sheli-vial technique. The total number of specimens was
small; the sponsor did not attempt a statistical analysis. The sponsor does cite
examples of positive cultures turning negative and negative cultures remaining so.

Reviewer's Comment: One way to look at this data is to pool the subjects
receiving cidofovir from the immediate and cross-o\ er arms. Greater numbers of
specimens were cultured by traditional methods and as this technique remains the
"gold standard" these results are considered in the reviewers's analysis below:

Table 7:  Clinical Virology

On cidofovir Deferred

Blood: n positive/N n positive/N
(%) (%)

Baseline 6/15 (40) 2/8 (25)
Week 3 7115 (47) 6/8 (75)
Week 11 4/8 (50) 0/0 (0)
Baseline 10/11 (91) 7/8 (88)
Week 3 3/10 (30) 3/3 (100)
Week 11 37 (43) 0/0 (0)

Adapted from Tables 5.1, 5.3, 6.5, and 5.7 of Volume 62, page219-25.

When the virologic data is arranged in this way, it appears that cidofovir has little
effect on viremia but an apparent effect on viruria. The proposed mechanism of renal
toxicity is via active secretion of cidofovir at the renal tubule, so it may not be
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surprising that an anti-CMV effect would be seen in urine. The apparent lack of
activity in blood raises concern about the ability of cidofovir to imipact on systemic
CMV disease.

9.1.1.4.3 Safety Comparisons
Modality

No deaths occurred while subjects were receiving study drug. Three deaths occurred
within 30 days of the last dose of cidofovir. Investigators did not consider cidofovir to
be related to these deaths.

Reviewer's comments: Case report forms for each death occurring within 2

months of the last dose of cidofovir, for both the immediate and cross-over arms,
were reviewed:

Subject  Cause of Death

102 Cryptococcal meningitis; Grade 3 creatinine elevation, grade
2 LFTs, metabolic acidosis; received 22 doses;

2303 CNS lymphoma present at entry; discontinued after 103 days;

2308 AIDS complications, general debilitation; received 2 doses;

2607 Brain tumor and hemorrhiage; received 2 doses; multiple
brain lesions present by CT on day 16.

3602 Wasting syndrome, toxoplasmosis; received 3 doses;

No patiern is apparent indicating drug-related toxicity contributing to death.

Mortality was also a secondary endpoint for efficacy; Kaplan-Meier plots for the
different treatment arms with relevant comparisons appear above. For the immediate
treatment group the median time to death was 410 days (95% CI 239-not reached)
versus 319 days (95%CI 263-353 days) for the deferred group. The sponsor used a
chi-square test with one degree of freedom to yield a p-value of 0.1488.

In the crossuver arm the median time to death was 322 days (95%CI 277-413 days)
while for the deferred group of 7 subjects who did not cross over it was 200.5 days
(95% Cl 146-286 days). The p-value for this comparison in a chi-square test was
p=0.681 (Sponsor's analysis).
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Mali ,

Malignancies were present at study entry in 8 of 25 (32%) subjects in the immediate
group, and in 9 of 23 (39%) in the deferred group. Through the follow-up period new
AIDS related malignancies occurred in 5 subjects in the immediate group (Kaposi's
sarcoma 2, B-cell lymphoma 1, cervical neoplasia 1, and possible brain tumor 1) and
in 1 subject from the deferred group (Kaposi's sarcoma). Tumors not associated with
AIDS, including adenocarcinomas, were not observed in either group throughout the
treatment period.

All ad . inf il

The most common specific adverse events or intercurrent ilinesses of any severity,
regardless of assessed relationship to cidofovir, for all subjects receiving cidofovir are
listed below in decreasing order of frequency of their occurrence:
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Adverse event
Total with AE

Proteinuria (2 1+)
Fever

Asthenia

Nausea with vomiting
Neutropenia

Rash

Headache

Diarrhea

Chills

Alopecia

Abdominal pain
infection

Nausea w/o vomiting
Pain

Insomnia

Anorexia

Swealing

Myalgia

Oral moniliasis
Pruritus

Anemia

Weight loss
Dyspnea

Increased cough
Rhinitis

Dizziness
Dehydration

Herpes simplex
Creatinine increased

Table 8:

Deferred

15 (65)

COHLOQOWONOO_AOCa AN

ONOOOOO O -0

(22)
(9)
(9)
(13)
(4)
4
(0)
(4)
(0)
(0)
(9)
(0)
(13)
(0)
(0)
(17)
(0)
0 (0)
(0)
(4)
0
1

(0)
(0)
(0)
(0)
()
(9)
©

(4)

immediate
m=25 (%l

25

17
12
14
10
9

11

- W o mwamommmm\ls

NN LW

(100)

(68)
(48)
(56)
(40)
(36)
(44)
(40)
(28)
(32)
(20)
(32)
(24)
(36)
(24)
(16)
(12)
(20)
6 (24)
(20)
(12)
(4)
3 (12)
(12)
(16)
(24)
(8)
4)
(8)
8

All Adverse Events'

Immediate+Crossover

N=41 (%6}

41

29
24
23
21
15
15
14
13
13
12
12
12
11
10
9

8

7

DO~

oo m

(100)

(71)
(59)
(56)
(61)
(37)
(37)
(34)
(32)
(32)
(29)
(29)
(29)
27
(24)
(22)
(20)
(17)
7 (17
(17)
(15)
(15)
6 (158)
(15)
(15)
(18)
(12)
(12)
(12)
(12)

'Includes adverse experiences that began after start of cidofovir but < 30 days after last infusion.
Adapted from Tables 6.2.1, Volume 62, pages 236-40.
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Reviewer's comments: Although informative, this presentation of the adverse
events is somewhat misleading. Time spent (person days) on study in the
deferred arm was less than the time spent on cidofovir. This would tend to
exaggerate the relative frequency of adverse events in the treated group.
Nevertheless, this is the only study presented by the sporsor in which
comparisons of adverse events can be made with respect to an untreated group.

Proteinuria (= 1+ or 0.3 mg/dL) was the most common adverse event following
cidofovir administration. The incidence of proteinuria presented above differs from
figures presented in the tables of the NDA, which were much lower, and probably
were based on the adverse event field of the case report form rather than tabulated
from the laboratory data. For entry into the study, baseline urine protein was required
to be <1+. At the time of cross-over this requirement was relaxed to allow patients
with 1+ protein to receive cidofovir. Six patients entered the crossover arm with urine
proteins of 1+; 3 of the 6 progressed to » 3+ urine protein after receiving cidofovir.

General systemic symptoms of asthenia, fever, chills, pain and insomnia in the
treated group were very common.

Gastrointestinal symptoms of nausea, vomiting, abdominal pain, diarrhea, and
anorexia indicate that the Gl tract may be a principal target organ of treatment
toxicity. Investigator's tended to attribute these findings to probenecid.

Myalgia of mild or moderate intensity occurred in 7 (17%) of subjects taking cidofovir;
in no case was the myalgia considered serious by investigators.

Alopecia occurred frequently (29%) and was considered severe in at least 1 case.
No cases of pancreatitis were recorded during the study period. Sub-clinical
pancreatic inflammation might have been missed because serum amylase was not a

protocel specified laboratory assessment.

No cases of liver failure were observed during the study period. Two subjects in the
crossover group (subjects 111 and 3601) had grade 3 SGOT or SGPT elevations.

Findings of dyspnea, increased cough and rhinitis were unexpected; it is unclear how
these symptoms may be related to drug exposure.
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Serious Adverse events

Two subjects in the deferred group had serious adverse events during or within 30
days of discontinuing the study. One subject (101) had a new diagnosis of PCP and
KS; the other (3808) had CMV colitis and thrombocytopenia.

Reviewer's comment: It should be noted that the sponsor classified adverse
events as serious in all of their tables based on the investigators’ subjective
assessment of seriousness. Toxicity yrading scales included in the study
protocols were used for dose modifications but not for adverse event
classification.

Adverse events graded as serious by investigators which occurred in > 5% of
subjects in the combined treated group are in the table that follows:

Table 9: All serious adverse events'

Deferred immediate Immediate+Crossover
Adverse event =23 (% N=25 (%) N=41 (%)
Total with serious 2 (8) 13 (52) 22 (54)
adverse event
Neutropenia 0 (0) 5 (20) 8 (20)
Proteinuria 0 (0) 2 (8) 5 (12)
Fever 0 (0 3 (12) 5 (12)
Infection 0 (0 2 (8) 5 (12)
Diarrhea 0 (0) 2 (8) 3 (7)
Nausea+ vomiting 0 (0) 2 (8) 3 (M
Death 0 (0 1 (@) 3 (M
Pneumonia 1 (4) 3 (12) 3 (7)

'Includes adverse experiences occurring up to 30 days after last infusion.
Adapted from Table 6.1.3, Volume 62, pages 233-4.

Using the sponsor’s toxicity grading scale as objective criteria to classify abnormal
laboratory assessments, where any grade 3 or 4 toxicity is considered serious yields
the data in the following table:
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e

Table 10: gerious Adverse Events Based on Toxicity Scale'
Deferred immediate immediate +Crossover

Assessment N (%) N(%) N (%)
Proteinuria 5 (22) 17 (68) 26 (63)
(2 2% 0Or 100 mg/dL)
Neutropenia (s 500/mm*) o (0 7 (28) 10 (24)
Creatinine (2 2.0 mg/di) o (0 1 4 3 M
sGOT or SGPT (> 5x nl) 0o (O o (O 2 (5
R v —
YIncludes assessments within 30 days of last infusion of cidofovir for the treated groups.

Adapted from Tabie €, Volume 62, pages 68-69.

\When the inve
is considered,

stigator's assessment
the following frequencie

of relatedness ofa
s were tabulated:

dverse experience to cidofovir

Table 11: Serious adverse experiences possibly or probably related to study drug'
|i~mediate Crossover immediate + Crossover

Adverse avent =28 (% N=16 (%) N=41 (%)

Total with serious 7 (28) 4 (25) 11 (27)

adverse avent

Neutrapenia 4 (16} 2 (13) 6 (15)

Proteinufia 2 (8 3 (19) 5 (12)

Creatinine increased 0o (0 2 (13) 2 (9

Peripheral neuritis 1 @ 0 (0) 1 {2

Glycosuria () 1 (8 1 @

Headache 1 @ o (0 1 Q)

Fanconi-iike syndrome o (0 1 M 1 @)

—

Yincludes adverse experiences
groups.

Serious adverse events occurred in over half of the su
while only 2's

erious a
agsessed a relationship between study
over 25% of subjects.

investigators did not believe any
of cidofovir were related to the drug. investigators s
cidofovir and sefiou s of nausea @

s episode
pneumon'\a and fever.

occurring up to 30 days after last

dverse events occurred in the deferre
drug and a serious &

infusion for the treated

bjects receiving cidofovir,
nvestigators
dverse experience in

d group. !

of the 4 deaths occurring within 30 days of a dosé
aw no relationship
nd diarrhea,

between
or serious infections,
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Reviewer's comments: Specific toxicities of greatest concern will be addressed
in greater detail below.

Renal Toxicity

Conservative entry criteria and conservative criteria for dose modification were
included in the study design in order to minimize serious renal toxicity. These
measures were largely successful, as only 3 of 41 (7%) treated subjects developed
a serum creatinine which exceeded 2 mg/dL; none of these exceeded 3 mg/dL.

The sponsor cites the incidence of proteinuria (> 2+) in the deferred group (22%) as
an indication that much of the renal toxicity seen in subjects treated with cidofovir is
actually due to the underlying disease process. However, cidofovir treatment
accounts for greater than a 3-fold excess of cases of proteinuria relative to that
observed in the deferred group (68% vs 22%).

Maintenance dose reductions, from 5 mg/kg to 3 mg/kg, were required for 5 of 25
(20%) of subjects in the immediate group and for 7 of 16 (44%) in the crossover
group; overall 29% of treated subjects required dose reductions based on protocol
specified criteria.

Neutropenia

in the tables above, the sponsor's assessment of serious neutropenia relies on the
investigator's subjective assessment of the condition, rather than on objective
criteria. Absolute neutrophil counts (ANC) < 625 /mm? (> grade 2 toxicity) were
observed in 15 of 41 (36%) treated subjects. Absolute neutrophil counts < 500 /mm?
(i.e. > grade 3 toxicity) were observed in 10 of 41 (24%) treated subjects. Life-
threatening, grade 4 neutropenia (s 250 cells/mm?) occurred in 3 of 41 (7%) treated
subjects (103,113, and 2304); these latter subjects progressed or discontinued for
reasons other than neutropenia.

No subject discontinued Vistide due to neutropenia; however the protocol did not
specify study discontinuation for low neutrophil counts. Per protocol, if the ANC fell
below 500 cells/mm?, cidofovir treatment was to be withheld until ANC> 500
cel/mm?® and G-CSF therapy was to be institted. Granalocyte colony stimulating
factor (G-CSF) was used by 13 (32%) of the 41 treated subjects.
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lic acidosi

No cases of severe metabolic acidosis were identified by the investigators or the
sponsor. However, screening the database for bicarbonate < 16 meq/L identified 3
subjects, two of whom received cidofovir:

Subject 102, in the crossover group, received 22 doses of Vistide. The
bicarbonate was 10 meq/L. on 11/7/94, 13 days after the last dose of Vistide
(10/25/94), which was dis- -ontinued for the adverse events of creatinine elevation
(2.8 mg/L) and 2+ proteinuria. A diagnosis of Fanconi's syndrome was made
at the time of his low bicarbonate lavel. He died of cryptococcal meningitis on
11/17/94. Grade 2 liver 2anzymes elevations were also present.

Subject 116, also in the cross-over group, received 7 doses of Vistide, which wags
discontinued due to creatinine elevations and proteinuria. A bicarborate of 16
meq/l. was observed on 1/10/95, 7 days after his last dose of Vistide. Glycosuria
(3+), and low blood uric acid levels were also present, indicating that this subject
also had elements of Fanconi's syndrome (see summary of safety for a
discussion of Fanconi's syndrome). Liver enzymie elevations were mildly

elevated (grade 1). The bicarbonate was 19 meq/L on follow-up 3 weeks later
(1/31/95).

Beripheral neuropathy

Severe peripheral neuropathy, considered serious by the investigator, occurred in
one subject who had a history of peripheral neuropathy at study entry. This subject
had taken ddC and ddl in the past and was taking ZDV, ethambutoi, and other
medications during the cidofovir study. Nevertheless, the neuropathy seemed to
exacerbate with Vistide administration, was thought to be possibly related to Vistide
by the study investigator, and prompted study discontinuation.

9.1.1.5 Reviower's Comments and Conclusions
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Time to progression of retinitis is also generally considered by ophthaimologists tc
be a valid indicator of a treatment effect, Changes in visual acuity usually occur Iz te
"activity" are probably more subjective than a photographic assessment of "time to
progression” of the retinitis to a pre-determined extent.

Dr. Wiley Chambers, Acting Division Director in the FDA/CDER Division of
Ophthalmologic Drug Products, was consulted to assist in verification of the primary
data. Slides of the retinal photographs for each patient in the primary analysis were
read by Dr. Chambers and the time to retinitis progression was recorded.

reason to suspect bias on the part of Dr. Holland, the Sponsor's primary data was
used in subsequent analyses.

Statistical concerns in the analysis of GS-93-106 Center around the problem of
missing data. Follow-up retinal photography was incomplete for a variety of
reasons. Of the 48 subjects enrolled, protocol defined endpoints were not available
for 20 (42%) in the pré-crossover study period. These are discussed below:

The following Subjects in the immediate arm were censored prior to a protocol-
defined endpoint:

Subin Day discontiied  eason fo dincompua

0104 117 proteinuria

0106 89 elevated creatinine

0110 85 esophageal/ colonic ulcerations (CMV)
0113 35 dehydration and electrolyte imbalance
2304 120 proteinuria

2305 57 proteinuria

2306 7 consent withdrawn; inconverience
2402 50 retinitis orogression by exam; no AE
2403 1 baseline photos non-evaluable

2606 8 CMV colitis

2607 3] consent withdrawn; neurog athy worse
3602 27 consent withdrawn; wasting and Toxo
3802 1 baseline photos non-evaluasle

3803 85 felt il, nausea, vomiting, diarrhea
3804 103 proteinuria

3811 135 femained on drug at Study cut-off
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The following subjects in the deferved arm were censored priortc a protocol defined
endpoint:

0112 1 entry criteria not met (Zone 1 retinitis)
2302 1 basaline photos non-evatuable

2401 2 began alternate therapy whan defe:: =d
3806 28 alternaie therapy, progression by exam
3808 24 CMV colitis; began alternate therapy

The followir~ subjects in the cross-over arm were censored priorto a nrotocol-
defined er " yv.nt

Subiects#  Davdisconinued B for discontinuali

0102 274 creatinine elevation

0105 51 proteinuria

0107 81 creatinine elevation

0111 63 proteinuria

0114 77 probenecid reaction, bilateral iritis
0115 57 presumad CMV viremia

0118 a5 creatinine elevation,

2303 78 debiiitation; Toxo vs lymphoma
2404 59 on therapy at study cut-off

2605 106 probenecid reaction

3805 118 consent withdrawn

3810 71 excluded medication (Ampho B)

The sponsor's approach to missing data was to censor” the data at the time of the
last fundoscopy if the subject did not return for follow-up fundal photographs. This
would not be a statistically valid approach if the reason tor "dropping out’ was
related to tha study medication or the yisease process. This situation occurs when
subjects "drop out’ following adverse events likely attributable to cidofovir, such as
for renat toxicity or neutropenia (and if the probability of toxicity is related to disease
status), or wian subjects cease cidofovir treatment due to advancement of systemic
CMV disease, or when alternative therapy is initiated due to the examining
physician's assessment of retinitis progression.

A »n0re consesvative and statistically more acceptable analysis would be to assign
ar ~ndpoint to each subject censored for incomplete follow-up prior to the data cut-
off. :n most cases designation of the endcpoint would be at the time of the last retinal
photograph showing no progression. Such an analysis would represent a "worst
case scenai'o" for subjects on the cidofovir arm, and would likely underestimate a
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treatment effect. Nevertheless, if such an analysis were to demonstrate statistical
significance, efficacy of the drug would be demonstrated for this particular trial.

When this type of analysis was carried out, subjects treated with cidofovir had a
median time to progression of 52 days vs 22 days for the deferred arm; this
difference was significant in a log-rank test. Therefore, a claim of efficacy using the
primary, protocol-specified endpoint is supported and confirmed by the FDA
conservative analysis. A Kaplan-Msier plot of this comparison follows:

Figure 2
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Estimates of the median time to progression which were included in the labels of
ganciclovir and foscaret were based on “time to retinitis progression” rather than
“time to retinitis progression or death." The statistical reviewers at this time believe
that the more valid analysis considers death to be an endpoint. Time to retinitis
progression or death was in fact specified as the primary endpoint in the protocol.
This becomes a concern in the primary analysis because, although no one died on
study, 3 subjects in the immediate group withdrew consent in a nioribund state. The
sponsc had censored these subjects at the time of the most recent photograph
showing no progression prior to the withdrawn consent. Using the date of death for
the endpoint lowers the estimate of the median time to progression (120 days to 86
days in the sponsor's analysis). The sponsor has argued under equal treatment
they should be permitted to include the higher estimate in the drug label.
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It is recognized in the reviewing division that some clinically meaningful estimate of
a treatment effect may be useful to include in the marketing label. For the
treatment-naive population studied in GS-83-106 it would be important to estimate
what fraction of the population of AIDS patients with CMV retinitis would be able to
tolerate cidofovir. It should also be pointed out that although subjects ceased study
medication for an adverse evant of proteinuria of 2+ (=100 mg/dL) or greater, this
was done on the side of caution as proteinuria was considered to be an early sign of
renal toxicity. However, proteinuria is a non-specific finding and, as the sponsor
points out in the safety analysis, it occurs commonly in patients with AIDS, due to
HiIV-induced nephropathy, or to other AlDS-related ilinesses or concomitant
medications. It might be expected that in the clinical setting the proportion of
individuals able to tolerate cidofovir wot:\d be greater than figures which follow.

Of the 25 subjects who received cidofovir in the immediate therapy arm, 6 (24%)
were able to ramain on drug, retinitis progression-free, for a period of 3 months, 3
for a period of 4 months or more, and no patient tolerated the drug without
progression for as long as 6 months. Of the 16 subjects who received cidofovir in
the cross-over arm, the proportions able to tolerate drug, retinitis progression-free 4
of 16 (25%) at 3 months and 1 of 16 (8%) at 6 months.

For the subpopulation of patients that are able to tolerate the drug one would like to
estimate an expected treatment effect. In this analysis, subjects who experienced
dose limiting adverse events or who dropped out for reasons other than treatment
failure would be censored at the time of the last fundal photograph showing no
progression. One might justify such an analysis statistically by stating that the
population of interest is that group which is able to tolerate the drug, rather than the
group made up of the entire treatment-naive population. Recognizing that this is a
post-hoc analysis, it may provide a clinically meaningful estimate of a treatment
effect for those able to tolerate the drug. Thus "censoring" subjects who did not
meet an endpoint at the time of the last photo showing no progression led to a
median time to progression of 120 days (95% C! 36-134 days) for time to retinitis
progression ignoring death as an endpoint. This analysis, in effect, duplicates the
sponsor's efficacy analysis.

Three subjects in the primary analysis developed systemic CMV disease, two in the
treated arm (subjects 0110 [biopsy proven duodenal ulcers due to CMV] and 2606
[CMV colitis]), and one in the deferred arm (subject 3808 [biopsy prover. CMV
colitis]). While the trial was designed to examined a therapy for retinitis, the drug'’s
effect on systemic CMV disease is also of interest. Subjects with progressing
systemic disease would require additional or alternative anti-CMV therapy. if one
considers the endpoint of the study to be time to progression of CMV retinitis or a
diagnosis of other systemic CMV disease, the Kaplan-Meier estimates of a median
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time to progression is 85 days in the immediate group and 21.5 days in the deferred
group.

The safety analysis shows that cidofovir is associated with significant toxicities.
Should the drug delay onset of retinitis progression but hasten tha patients' demise
through drug induced toxicities it would be of questionable clinical value. The
survival analysis is compromised by the crossover design, use of alternative
therapies after progression or adverse events, and lack of follow-up of vital status in
about a third of the study participants. Qualitative comparisons may . + made to the
non-crossover subjects in the deferred therapy arm (N=7), and reference can be
made to historical data. This type of analysis is more likely to expose lethal
toxicities than to validate any true survival benefit of cidofovir, as subjects often go
on to receive ganciclovir or foscarnet.

Table 11a: Median Time to Death by Treatment
N (%)'  Mediantime to death 95% CI

(days)
Immediate group 25 (80) 410 238-not reached
Crossover group 16 (94) 322 277-413
Deferred group 23 (87) 319 263-353
Deferred no crossover 7 (71 200.5 146-286

;Number in parentheses indicates the % of subjects with follow-up survival data available at the
time of study cut-off.

From these data it appears that treatment with cidofovir is not associated with
excessive mortality and that, desnite overlap of confidence intervals, there is a

trend toward increased survival with treatment. It should be pointed out that survival
follow-up information was not complete at the study cut-off (March, 1995) and that
more recent survival information (January, 1996) is missing in 5 of the 48 subjects (2
from the immediate and 3 from the deferred groups).

The mortality data shown above may be compared to historical data cited by the
sponsor from two studies of newly diagnosed and previously untreated subjects:

1) The SOCA research group and the AIDS Clinicai Trials Group; Mortality in
patients with acquired immunodeficiency syndrome treated with either
foscarnet or ganciclovir for cytomegalovirus retinitis; NEJM 1992;326:213-
220.
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The median survival time for those taking foscarnet was 12.6 months vs 8.5
months for those taking ganciclovir. Confounding factors included
concomitant use of AZT.

2) Drew WL et al.; Oral ganciclovir as maintenance treatment for CMV retinitis
in patients with AIDS; NEJM 1995;333:615-620.

Groups receiviny either intravenous or oral maintenance ganciclovir had
similar median survival times of 11 months.

Additional survival information for subjects with HIV infection and CD4 cell counts <
50/mm® comes from:

3) Apolonio EG et al.; Prognostic Factors in Human Immunodeficiency Virus-
Positive Patients with a CD4+ Lymphocyte Count < 50/uL.; J Infact Dis
1995;171:829-36,

For subjects with a "very severe" AlIDS diagnosis (CMV disease, MAC,
toxoplasmosis, or ymphoma), the median survival time t.om the first D4
count < 50 was 0.64 years (7.7 months) regardless of treatment.

From a study not cited by the sponsor:

4) Palestine AG et al. A randomized, controlled trial cf foscarnet in the treatment
of CMV retinitis in patients with AIDS; Ann Int Med 1991;115:665-673)

The median survival in previously untreated subjects given foscarnet was
reported as longer than 12 months.

These historical data provide some reassurance that survival in cidofovir treated
subjects is within the range of expected survival times for patients with CMV disease
of similar duration and severity, who received alternative therapies. No statement

can be made with respect to any survival advantage due to cidofovir over existing
therapies.

Summary of GS-93-106

The study design and conduct of GS-93-106 were acceptable to FDA as a basis for
an efficacy claim. A statistically significant positive treatment effect of cidofovir for
the treatment of CMV retinitis in subjects with AIDS was demonstrated using a
conservative analysis of time to progression of retinitis or death (FDA analysis). No
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definitive statement regarding an association between cidofovir administration and
increased or decreased mortality in treatment-naive subjects can be made. For the
treatment-naive subjects able to tolerate cidofovir (on drug analysis), a point
estimate of the median time to progression is 120 days.

Adverse experiences occurred in 100% of subjects. Body as a whole and gastro-
intestinal symptoms were most common. Alopecia occurred in 29%. proteinuria
(63%) and neutropenia (20%) were the most common serious adverse events.
Metabolic acidosis and Fanconi's syndrome were also associated with Vistide
administration in this trial.
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9.1.2 Clinical Trial GS-93-107

9.1.2.1 Objectives

The primary objectives of this study were to evaluate the safety and tolerance of
cidofovir, and tc determine the time to progression of relapsing CMV retinitis in AIDS
patients. The impact of cidofovir on visual acuity was also evaluated.

9.1.2.2 Design

This is an ongoing, open-label, multicenter study of two doses of cidofovir in a
population of AIDS patients with CMV retinitis that was previously treated with
ganciclovir and/or foscarnet. Subjects aie eligible to participate if they have failed a
course of ganciclovir and/or foscarnet therapy or if they are intolerant to the
available therapies. Subjects are randomized to one of two bi-weekly maintenance
doses of cidofovir (5 mg/kg or 3 mg/kg); both groups receive an induction course of
5 mg/kg/week for two weeks. All doses of cidofovir are accompanied by intravenous
hydration and oral probenecid.

For the first 100 subjects enrolled in GS-93-107, time to progression of CMV retinitis
was determined by reading of retinal photographs at a centralized center by readers
masked to treatment assignment (subsequent subjects in GS-107 were followed by
ophthalmologic exam alore, and are not included in the efficacy analysis below).
Fundal photographs were obtained at baseline, at 3 weeks, and monthly thereafter.
Subjects were examined by an ophthalmologist every two weeks; when lesions were
suspected of having progressed, photographs were obtained at these visits.
Treatment was to continue until retinitis progression, death, or a limiting toxicity
occurred. A complete ophthalmologic exam with photography was scheduled at the
end of treatment.

9.1.2.3 Endpoints

The protocol specified primary endpoints were time from randomization to
treatment-limiting toxicity, time to progression of retinitis, or death. Secondary
endpoints included mortality and changes in visual acuity.

The treatment-limiting toxicity was defined in the protocol as a grade 3 or 4
nephrotoxicity. Serum chemistries with renal function assessments and hematology
profiles were obtained every two weeks.
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Retinitis progression was defined in the protocol as the advancement of the edge of
an existing lesion by 750 uM or the occurrence of a new lesion of 750 UM in
diameter in either eye.

9.1.2.4 Results

The study is being conducted at 15 sites, 12 within the U.S., 2 in the United
Kingdom, and 1 in Canada. One center, Mt. Zion Medical Center in San Francisco,
accounted for 27 of the 100 subjects in the report. An interim report included in the
original NDA submission used a data cut-off of May 31,1995. The final study report
was submitted to FDA January 24,1996 and inciuded data on 100 subjects using a
data cut-off data of August 21, 1995.

9.1.2.4.1 Comparability of study populations
Di i f Subject

Forty-three subjects (43%) discontinued cidofovir prior t2 a study endpoint. The
number of subjects followed to retinitis progression in the 5 mg/kg group was 11
subjects (22%), versus 23 subjects (45%) in the 3 mg/kg group. Twenty-three
subjects (47%) in the 5 mg/kg group and 20 subjects (39%) in the 3 mg/kg group
discontinued treatment for reasons which are listed below. Deaths and
discontinuations due to adverse events were more common at the higher dose.
The following table shows the disposition of subjects at the timre of the NDA
submission:

Table 12: Patient Digposition'

§ mglkg 3 mg/kg
(N=48) (%) (N=51) (%)
Retinitis progression 11 (22) 23 (45)
Death 4 (8) 1 (2)
Adverse events/ 17 (35) 12 (24)
discontinued
Discontinued/other 6 (12) 8 (16)
Still at risk 11 (22) 7 (14)

'The above classifications are mutually exclusive.
Adapted from Table 1.3, Information Amendment 14(1/24/96), page 53.
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Selected demographic and baseline characteristics of both dose groups appear
below. Notably, the study population as a whole was severely immunosuppressed
(median CD4 <10/mm?®), had a median time to CMV retinitis diagnosis of about a
year, and had received and failed multiple courses of ganciclovir and foscarnet.

Table 13: Baseline Characteristics'

5 mg/kg 3 mgikg

Characteristic (N=49) (N=51) p-value?
Age (yrs) 40.3 395 0.48
Sex

Male 48 51 0.44

Female 1 0
Race

White 39 41 0.92

Black 2 2

Hispanic 8 8
Weight (kg) 66.0 66.6 0.76
CD4 Count (/pL)

(median) 7.0 4.5 0.185
Number of lesions

(total both eyes) 2.1 2.0 0.88
Time from HIV diagnosis

(months/median) 86.0 77.0 0.51
Time from 1st diagnosis of CMV

retinitis (days/median) 367 355 0.61
Time on anti-CMV therapy

{days/median) 270.5 290
Previous courses GCV

(median) 2 3
Previous courses FOS

(median) 1 1
Creatinine Clearance

{mUmin) 88.7 96.7 0.10
Urine protein

0-Trace 39 41 0.60

1+ 9 1)

2+ 0 1

>2+ 0 0
ANC (x10%) 3.5 2.49 0.10

'All descriptive statistics are given as means unless otherwise indicated.

?p-values are according to the sponsor’s analysis using 2-way ANQVA or Cochran-Mantel-
Haenzel test stratified by institution.

Adapted from Tables 2.1 and 2.3, Information Amendment #014 (1/26/96), Pages 64-9.
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Reviewer's comment: Subjects in the 3 mg/kg dose group had spent more
time on previous anti-CMV therapy, and had failed a greater median total
number of previous courses of anti-CMV therapy. It is likely that the additional
previous therapy in the iow dose group indicates more advanced disease which
would be less likely to respond to cidofovir if there is a real treatment effect.
Therefore, any small traatment difference between the two groups should be
interpreted with caution.

No appreciable differences between dose groups in extent of the retinal
involvement, lesion activity, location of lesions, visual acuity, or intraocular
pressure at baseline were discernible.

Drug exposure

Drug exposures for the two dose groups are summarized in the following table:

Table 14: Drug Exposure

S5 mglkg 3 malkg

N 48 50
Cumuiative number of doses

Minimum 1 1

Maximum 17 11

75th %tile 8.0 5.0

Median 4 4

Mean 4.7 3.9
Cumuilative total dose (mg/kg)

Minimum 50 5.0

Maximum 76.6 37.0

Median 20.1 14.5

Mean 227 15.0

Adapted from Table 1.6, lnfbrmation Amendment #014 (1/24/96), page 63.

Reviewer's comment. Median number of doses receivad was the same for
both dose groups. The higher mean number of doses received ard the higher
upper limit of the range in the 5 mg/kg group is probably a result of delayed time
to progression in this group (see below).

Dose reductions from 5 mg/kg to 3 mg/kg were made for 11 of 48 patients (23%)
due to proteinuria or creatinine increases.
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9.1.2.4.2 Efficacy endpoint outcomes

9.1.2.4.2.1 Primary efficacy endpoint

Time init ,

The median times to retinitis progression using Kaplan-Meier estimates were 115
days in the 5 mg/kg group, and 49 days in the 3 mg/kg group. This difference was
significant in the log-rank test at a p-value of 0.0017 (Sponsor's analysis). A
Kaplan-Meier plot of this comparison fcllows:

Figure 3
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9.1.2.4.2.2 Secondary efficacy endpoints

Mortality
Median survival time in the 5 mgfkg uroup was 167 days, and in the 3 mg/kg group

146 days. These differences were not significant in the log-rank test (p=0.69)
(Sponsor's analysis).
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As a secondary endpoint the sponsor chose to examine an assessment of "lesion
activity" at the border of the retinitis lesion. Lesion activity is given as a "best
response” across all visits.

Table 15: Best CMV Retinitis Lesion Activity Response By Patient

5 mg/kg 3 mg/kg
Response (N=44) (%) (N=42) (%)
No activity 26 (59) 11 (26)
Decreased activity 7 (16) 8 (19)
Stable activity 9 (20) 9 (21)
Increased activity 2 (5 13 (31)
Missing 0 (0) 1 (2)

Excerpted Table 4.1 from Information Amendment #014 (1/24/96), page 99.

A greater treatment effoct was seen in the higher dose group in the sponsor's
analysis (p=0.007, Chi-square, 1 D.F.)

Reviewer's commant: Assessment of lesion activity has not been of prominent
interest in previous FDA approvals for this indication. Due to the subjective
nature of this assessment, this has been considerd an an unreliable estimate of
a treatment effect previously. The sponsor's use here of a “best response”
across all visits is difficult to interpret and will not be considered in FDA's efficacy
analysis.

Visual acuit
Ten subjects at the high dose and 13 subjects at the low dose experienced a major
decline in visual acuity during the study. In a time to event analysis (log-rank
comparison) this difference was not significant.

9.1.2.4.3 Safety Comparisons

Adverse events occurred commonly in study 107. Adverse events of greatest

interest and those most clearly associated with the maintenance dose are listed
below:
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Table 16: Adverse Events of All Grades'

5 mg/ky 3 mg/kg
Adverse Event N=48 (%) N=50 (%)
Any adverse event 48 (100) 50 (100)
Proteinuria 27 (55) 20 (40)
Creatinine increase 14 (29) 10 (20}
Neutropenia 13 (27) 9 (18)
Nausea +/- vomiting 28 (53) 23 (46)
Anorexia 12 (24, 8 (16)
Dyspnea 14 (29) 8 (12)
Alopecia 10 (21) 4 (8)
Ocular hypotony 5 (16) 1 (4)
Acidosis 4 (8) 1 (2)

'Events occurring within 30 days of the last infusion of cidofovir.
Adapted from Tabte 5.1.1, Information Amendment #014 (1/26/96), pages 131-138.

Reviewer's comments: Proteinuria was the most common adverse event
reported. The protocol was originally written to exclude individuals with > 0.3
mg/dL or 1+ urine protein. During the trial the entry criteria wer= relaxed to
allow sibjects with 1+ protein to enroll. It is unclear on what basis the
sponsor assigned an adverse event of proteinuria to a patient when this
occurred. The incidence of proteinuria was recalculated based on an
increase from baseline (i.e., if a subject enters with urine protein of 1+ on
visits 0 or 1, then proteinuria as an adverse evant is assigned if at a later time
point proteinuria increases to = 2+). Using these criteria, 39 subjects (81%)
in the 5 mg/kg dose group had proteinuria versus 25 (50%) in the 3 mg/kg
group.

Tables of adverse events prepared by the sponsor and included in the NDA
classified adverse events as serious based on the investigators' subjective
assessment of seriousness. The table below was reconstructed using
objective criteria for laboratory variables where serious is defined by Grade 3
or 4 toxicity as oitlined in the study protocol. The most common serious
adverse events as specific toxicities are shown below:

L]
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Table 17:

Total number of subjacts
with serious adverse
experiences

Proteinuria (. 100 mg/dL)
Neutropenia (s500/mm?®)
Death

Fever

Asthenia

Pneumonia

Dyspnea

Infection

Creatinine (2 2.0 ing/dL.)
Rash

Nausea with vomiting
Diarthea

Abdominal pain

Sepsis

Anemia
Thrombocytopenia
Acidosis

Qcular hypotony

(50% decline or < 5 mm Hg)

Serious Adverse Events'

5 mg/hg 3 mglkg

N=49 (%) N=51 (%) Total (%)
37 (76) 30 (59) 67 (67)
23 (48) 21 (42) 44 (44)
7 (14) 9 (18) 16 (18)
7 (14) 7 (14) 14 (14)
8 (16) 5 (10) 13 (13)
5 (10) 5 (10) 10 (10)
5 (10) 5§ (10) 10 (10)
6 (12) 4 (8) 10 (10)
6 (12) 4 (B8) 10 (*7
4 (8) 4 (8) 8 (8
4 (8) 4 (8) 8 (8)
4 (8) 2 (4) 6 (6)
3 (6 2 (4) 5 (5)
3 (8) 2 (2) 5 (5
2 (4) 3 (6) S (5)
3 (6) 2 (4) 5 (5)
2 (&) 2 (4) 4 (4)
3 @ 1 (2) 4 (4)
5 0 1 0 6 ()

'"The adverse experiences occurred after initiation of cidofovir and Within 30 days of last

infusion.

Adapted from Table 5.1.3, information Amendment #014 (1/26/96), pages 142-7, aru from

laboratory values darived from the electronic database.

The most frequent adverse events attributed by investigators as possibly or

probably related to cidofovir are listed below:
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Tabie 18: Serious Adverse Events Possibly or Probably Related to Vistide'

5 mglkg 3 mg/kg
(N=49) (%) (N=51) (%) Total
8

Total number of subjects
with serious adverse
experiences 21 (43) 16 (31) ar (37)
Proteinuria 9 (18) 8 (16) 17 (17)
Creatinine elevation 8 (16) 3 (6) 11 (1)
Neutropenia 3 (6 4 (8) 7 (7)
Acidosis 2 (4) 1 (2 3 3
Bun increased 2 (4) 1 (2) 3 (3)
Ocular hypotony 3 0 3

'The adverse experiences occurred after initiation of cidofovir and within 30 days of last
infusion.
Adapted from Table 5.1.4, information Amendment #014 (1/26/96), pages 14€-7.

None of the deaths were linked by inve stigators to cidofovir.

Reviewer's comments: Individual toxicities of greatest concern are discussed
below.

Renal toxicit

Creatinine elevations above 2.0 mg/kg (> Grade 3 toxicity) occurred in 4 subjects
(8%) in each dose group, however creatinine elevations also exceedad 3.0 mg/dL
(= Grade 4 toxicity) for those 4 subjects in the high dose, but only in 1 of the 4 in the
low dose group. Creatinine was 8.4 for one subject in the 5 mg/kg group; he
subsequently died with renal failure as a contributing cause «f death. It appears that
serious renal toxicity is associated with the higher maintenance dose.

The sponsor prov.ded an analysis which demonstrated a significant association
between prior foscarnet use and the development of renal toxicity as manifested by
proteinuria or cieatinine elevations. Four of the 8 subjects with > Grade 3 creatinine
elevations had received prior foscarnet. The patient who developed renal failure
and died had not received prior foscarnet therapy.

Based on the creatinine elevations alone, it could be estimated that at ieast 10% of
patients previously treated for CMV retinitis will develop serious renal toxicity despite
the use of probenecid and hydration at the 5 mg/kg maintenance dose proposed for
the clinic.
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Qcular hypotony

Ocular hypotony as a potential toxicity of cidofovir came to the sponsor's attention
following a report of intravitreal use of a cidofovir formulation by an independent
investigator (Dr. William Freeman, UCSD). Higher intravitreal doses of cidofovir were
associated with an increased incidence of ocular hypotony. Investigators
participating in GS-107 were then asked to measure intra-ocular pressures (IOP) as
part of routine visits. Subjects enrolled early in the study were not monitored for this
adverse event, baseline measurements are absent for soveral, and baseline
measurements were also low in some cases. Because of this, a clear assessment of
the toxicity and its appropriate expression are problematic.

The sponsor has chosen to express a greater than 50% decrease of |OP from
baseline as a serious episode of ocular hypotony. By this measure, 5 c” 26 (19%) at
the 5 mg/kg group and 2 of 25 (8%) in the 3 mqa/kg group experienced ocular
hypotony. While this is a reasonabie means Jxpress a potential drug related
effect, values could decrease by 50% and still remain within the normal range.

According to FDA's opithalmologic consultant, Dr. Wiley Chambers, IOPs < 5 mm
Hg should be consider=d significant and serious. This way of expressing the
adverse event is corpiicated by findings of I-w baseline |OP measurements ina
number of subjects. At very low pressures the measui.ig device is said to be less
reliable. In the 5 mg/kg group, 5 subjects (2356, 2657, 0175, 6251, 4652) had at
least one measurement of intraocular pressure s 5mm Hg, out of 25 (20%) in whom
baseiine measurements were above 5 mm Hg. In the 3 mg/kg group, 1 subject
(3855) in 23 (4%) had IOP< 5 mm Hg followiny Laseline values in the normal range.
Median time to ocular hypotony for these cases was 64 days (range 23-105 days).

Among all subjects who had a baseline IOP measure, 4 of 56 (7%) hud baseline
IOPs of 5 mm Hg or less. Of the 56, 5 had baseline but no follow-up measures.

By either means of expression, it appears that ocular hypoteny uccurs more
commonly with the higher intravenous dosage. The clinical significance of this
finding is not clear.

Neutropenia

The sonsor's categorization of serious neutropenia was based on the subjective
assessment of investigatoim. Using criteria of < 500 cells/mni” as a basis of serious
ne.iropenia (grade 3 or 4 nautrcpenia by the sponsor's toxicity grading scale), 9
subjects (19%) in the 5 mgikg group and 9 subjects ( 18%) in the 3 mig/kg group had
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serious neutropenia, Totals for grade 2, 3 or 4 neutropenia (s 625 cells/mm?®) were
14 (29%) in the high dose group and 12 (24%) in the low dose group.

howaver the incidence and severity of neutropenia was partially masked by the
common usa of (G-CSF). Seventeen subjects (35%) in the § mg/kg group and 16
(33%) subjects in the 3 mg/kg group were administered G-CSF.

Concomitant nucleoside antiretroviral usage was relatively uncommon. In the 5
mg/kg group, 8 of 17 (47%) subjects who received G-CSF began the study receiving
nucleoside analogues for antj-HJ\/ therapy, of which stavudine (6 subjects) was the
most common. In the 3 mg/kg group, only 2 subjects who received G-CSF began
the study on nucleoside anti-retroviral agents. In may be inferred that concomitant
use of anti-retroviral nucleoside analogues alone cannot explain the frequency and
severity of neutropenia observed in this study.

Metabolic acidosis

Metabolic acidosis was assessed as serious by investigators for 4 individuals, and
not serious for 3 individuals. Case report forms for these subjects were reviewed.

Subject 6155, in the high dose group, received his last dose of Vistide on 5/22/95
following an adverse experience of profound waakness. Serious acidosis was

6/28/95 of CMV pneumonia.
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Subject 163, in the high dos»a group, stopped Vistide on 12/14/94 due to renal
toxicity which progressed from grade 3 proteinuria to grade 4 creatinine elevation
(Cr 4.7), accompanied by metabolic acidosis on 12/27/84. No follow-up beyond
this date is included in the case report forms. Liver enzymes and glucose had
been essentially normal. The subject had not been receiving any nucleoside
analogues.

Subject 164, in the low dose group, received his last dose of Vistide on 11/28/94
after starting a prohibited medication (Amphotericin B) for aspergilius sinusitis.
He developed pancreatitis, hyperglycemia, liver failure, and died 1/23/85. This
subject had received growth hormone and 3TC concurrently with cidofovir but no
other nucleoside analogues.

Subject 1856, in the 5 mg/kg group, discontinued Vistide on 7/17/85 due to
elevated creatinii@ (3.5 mg/dL), elevated BUN and proteinuria. Mild metabolic
acicasis (bicarbonate 18 meg/dL) was noted on 7/24/95. No follow-up was
provided in the CRF.

Subject 154, in the low dose group, received a single dose of Vistide on 8/11/04,
atier which he developed mild metabolic acidosis (bicarbonate 15 meqg/dL) in
association with creatinine elevation (1.9 mg/dL) and grarie 3 proteinuria
(8/10/94). Metabolic acidosis was ongoing at the last follow-up visit (8/28/84). He
was not taking any nucleoside analogues. The subject began ganciclovir and
died 3 months later; the cause of death was not given.

Subject 1851 in the 3 mg/kg group, received his last dose of Vistide on 12/5/94
due to debilitadion. He developed metabolic acidosis 6/5/95 (bicarbonate 16
meq/dL), 7 months after the last dose of Vistide. Associated conditions included
peripheral neuropathy, hypoglycemia, wasting and MAC. He had been taking
ganciclovir until his death, 6/9/95.

Using laboratory criteria of s 16 meg/dL as a screen, 12 individuals (25%) in the high
dose group and 7 cases (14 %) in the low dose group were identified. In most cases
other abnor alities associated with proximal tubular injury also occurred (glycosuria,
proteinuria, hypophosphatemia, hypotiiicemia, hypocalcemia).

Metabonc acidosis leading to death has been associated with nucleoside analogues
(AZT and FIAU). The preponderance of evidence indicates that this toxicity is due to
mitochondrial dysfunction, and may be related to incorporation of nucleoside
analogues into the growing mitochondrial DNA chain. The sponsor acknowledges
that cidofovir can be incorporated into the growing DNA chain by the CMV DNA
polymerase. Associated clinical findings with mitochondrial toxicities include
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Pancreatitis, peripheral Neuropathy, hepatic dysfunction, angd myalgia. Serious
metabolic acidosis jg believed to follow hepatic dysfunction. Of the cases descriped
above from study GS-107, subject 164 appears to hzva g get of conditions
consistent with this syndrome.

The most plausible alternative explanation for metabolic acidosig in the other
subjects is vip bicarbonate wasting by the kidney at the level of the proximal renal
tubule. This king of renal tubular acidosis has been associated with a global injury to
the proximal tubule and can be associateg with glycosuria and proteinuria,

wh
tenance phase, this woulg be of particular concern. Case report forms for aj|
subjects who died within 60 days of 7eceiving a dose of cidofovir were examined.
Causes of death and contributing factors are listed below:
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Subject
2.mg/kg
161

1855
2452
2453
2653
2654
2657
3854
5651
6153
6155

6253

3 mo/kg
151

158
164

169
1251
1253

1853
2357
2454
2655

<656
6252

Causes of death

generalized deterioration, pulmonary aspergillosis, grade 4
neutropenia, grade 3 anemia

wasting syndrome

KS, abdominal pain, diarrhea

General deterioration, CMV esophagitis, abdominal pain, hepatitis
Staph sepsis, myaligia, weight loss, fatigue, elevated triglycerides;
Pulmonary KS, neutropenia, 3+ proteinuria

Wasting, CMV colitis

Acute renal failure, liver failure, CHF;

CMV pneumonia

Sepsis, liver abscess, Gl bleed;

CMV pneumonia, Staph catheter infection, neutropenia,
thrombocytopenia, metabolic acidosis, electrolyte abnormalities
General debilitation, Grade 4 LFTs, jaundice

MAI, KS, anemia, weakness, weight loss, diarrhea. Cr elevation
>0.4

CNS lymphoma, pseudomonas pneumonia

liver failure, pancraatitis, acidosis, hyperglycemia, aspergillus
sinusitis (see above under acidosis)

generai deterioration, fatigue, 2+ proteinuria

pseudomonas septic shock, disseminated CMV, fatigue

CMV colitis, myalgia, GCV and FOS started; no cause of death
given

aids progression; grade 3 LFT, weakness, dyspnea,

KS, disseminated CMV, fever, abdominal pain

General deterioration; renal dysfunction (CrCl=30), neutropenia
Pneumonia, pseudomonas sepsis, PCP, neutropenia
thrombocytopenia,;

Pulmonary coccidiomycosis, neutropenia

PCP, Streo pneumonia, pneumothorax

Of those who died “on therapy”, Kaposi's sarcoma was the principal contributing
cause in 2, and infections in the other 3. Among all deaths in the immediate 2
months following drug discontinuation, bacterial and fungal infections were the most
common contributing causes.
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Probenacid

Investigators were more likely to associate serious episodes of asthenia, fever, rash
and Gl toxicities with probenecid rather than with cidofovir.

Investigator's assessment of total subjects with adverse events of any severity
attributable to probenecid revealed no apparent differences in frequency between the
two dose groups. The frequency of adverse events attributed to probenecid for the
total study population are listed below:

Table 19: Adverse Events Attributed to Probenecid'

Adverse experience %.subjects

Fever 18

Rash 16 .
Nausea with emesis 13

Nausea without emesis 13
Chills 9

Headache 8

Asthenia 7

Vasodilation 6

Adabted from Table 5.2, Information Amendment #014 (1/24/96), pages 150-1.

No other single specific toxicity attributed to nrobenecid occurred in greater than 5%
of subjects. There was 1 case of dyspnea, 1 case of laryngeal edema, and 2 cases
of hypotension attributed by investigators to probenecid.

The following adverse reactions are described in the label of probenecid with no
indication of frequency of their occurrence: headache, dizziness, vomiting, nausea,
anorexia, anaphylaxis, fever, pruritus, leukopenia, anemia, dermatitis, alopecia,
flushing.

9.1.2.5 Reviewer's Comments/Conclusions of Study Results
Eff ,

All retinal slides were reviewed by Dr. Chambers (FDA). Dr. Chambers felt that
several of the retinal photographs which were evaluated by Dr. Holland for the
sponsor's analysis were non-evaluable due to extensive retinal involvement present
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at baseline. In the sponsor's analysis 7 patients had non-evaluable photographs (1
in the 5 mg/kg group and 6 in the 3 mg/kg group) ; Dr. Chambers found that
photographs for 26 patients were non-evaluable (10 in the 5 mg/kg group and 16 in
the 3 mg/kg group).

According to the sponsor's analysis the 5 mg/kg dose was clearly superior to the 3
mg/kg dose in delaying the time to retinitis progression (median time to progression
115 days vs 49 days). Based on Dr. Chambers's endpoint assessments the median
times to progression were 55 days (5 mg/kg) vs 33 days (3 mg/kg). This difference
was also significant in a log-rank test. Kaplan-Meier plots using Dr. Chambers time
to progression readings did not differ qualitatively from plots prepared using the
sponsor's endpoints.

The greater number of subjects (21) experiencing severe adverse events attributable
to cidofovir in the higher dose group vs the lower dose group (16) could impact
significantly on a treatment difference due to censoring. In a conservative analysis
(using the sponsor's endpoint determinations) in which adverse events, intercurrent
illness and withdrawn consents necessitating cessation of study drug are considered
endpoints, rather than censored events, the median time to progression in the 5
mg/kg group is 49 days vs 35 days in the 3 mg/kg group. This difference was
significant in the log-rank test. A Kaplan-Meier plot of this comparison follows:

Figure 4

Time to Event
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Using endpoints based on Dr. Chambers's readings of the retinal photographs, in the
same conservative analysis yielded a median time to progression of 33 days for the 5
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mg/kg dose group and 23 days for the 3 mg/kg group; this difference was also
significant in the log-rank test.

Baseline characteristics of the two groups, though quite similar, differ in the merdian
number of courses of systemic CMV therapy and in time from the diagnosis of CMV
retinitis in a way which would favor the 5§ mg/kg dose.

This study used time to retinitis progression endpoints to compare two maintenance
doses of cidofovir. A dose-response effect may be iriterpreted as supportive of a
claim to efficacy if the magnitude of the treatment effect is greater than or
comparable to appropriate historical controls. The sponsor cites the following
references in which historical data could be used as the comparative arm:

1) Studies of the ocular complications of AIDS research group in coltaboration
with the AIDS clinical trials group; Foscarnet-ganciclovir cytomegalovirus
retinitis trial 4. Visual outcomes; Ophthalmology 1994;101:1250-61.

In this study the median times to first, second, and third retinitis progressions
in the combined totals of ganciclovir and foscarnet treated patients were 48,
41, and 35 days based on retinal photographs. The decreasing times to
second and third progressions were said to indicate the progressive nature of
CMV infection despite therapy.

-Comparability of the GS-107 study population to that in the study cited above
cannot be assured. However, in noting that subjects in the cidofovir trial had
median CD4 counts < 10/mm?® at baseline and a record of multiple previous
courses of systemic CMV therapy, it is likely that GS-107 study population
was at equal or greater risk of CMV retinitis progression.

What appears to be of greater concern with respect to this comparison is the
statistical treatment of drop-outs and those intolerant to the study drug in
estimating the median time to retinitis progression. In the cited SOCA/ACTG
study, 36% in the foscarnet treated group and 11% in the ganciclovir treated
group changed treatment assignment prior to an endpoint; it is not clear from
the SOCA/ACTG study report at what stage treatment assignment, were
changed (i.e., before or after first progression) or how this affected the Kaplan-
Meier estimates of median time to progression.
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2) Spector AS et al. A randomized, controlled study of intravenous ganciclovir

therapy for cytomegalovirus peripheral retinitis in patients with AIDS; J Inf Dis
1993;168:557-63.

Palestine AG et al A randomized, controlled trial of foscarnet in the treatment
of cytomegalovirus retinitis in patients with AIDS; ANN Int Med 1991:115:665-
73.

The two studies cited above refer to a previously untreated patient population.
The study groups are clearly not comparable; subjects in GS-107 should be
more likely tc progress based on their more advanced disease. The sponsor
makes the following comparisons: Median time to first progression on
ganciclovir or foscarnet was 52.5 vs. 115 days (5 mgik~ cidofovir maintenance
dose; p=0.18 log-rank), or 49 days (3 mg/kg cidofovir maintenance dose:
p=0.65 log-rank) in subjects treated under GS-107.

While the log-rank tests are inappropriate, the comparisons appear
compelling. However, the statistical treatment of dropouts and of adverse
events causing treatment cessation makes comparisons of treatment effects
across the studies uninterpretable.

Comparison to deferred therapy

The sponsor refers to the deferred treatment arm of its own study, GS-93-106, as a
comparative arm for GS-93-107. The subject populations are clearly not
comparable, but this should bias against a treatment effect in GS-107. The sponsor

provides the following figures: Median time to progression 115 days (5 mg/kg) and
49 days (3 mg/kg) vs. 22 days (deferred treatment arm from GS-106).

Safety comparisons
Mortality

Median survival times between dose groups were comparable: 167 days for the
mg/kg dose vs 146 days for the 3 mg/kg dose; this difference was not statistically
significant in the log-rank test. The similarity of survival times is reassuring with
respect to serious toxicities which might be attributed to the higher dose of cidofovir.
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The sponsor did not provide, and this reviewer is not aware of, references to
historical data about survival duratior in a similar population of previously treated
individuals with advanced HIV and CMV disease.

Adverse events

Among all adverse even's the specific *~xicities most clearly related to dose were
proteinuria, alopecia, anc- +. ., and ocular hypotony. Serious adverse experiences
also occurred! rmore zemri-.~*y in the high dose group (76% vs 59%). Although »
grade 5 proteinuna and cieatini= - elevations occurred with roughly equal
frequencies in the two doc.. groups, creatinine elevations above 3.0 mg/dL were
mo:e common it: the high dose gro:o (4 cases vs. 1 case).

No difference in serious neutropenia between dose groups was observed.
Interpretation of neutropenia as a severe adverse event is complicated by the use of
G-CSF, often at lesser degrees of neutropenia than specified in the protocol.
Attribution of neutropenia by investigator in an open-label study against a
background of anti-retroviral drugs should be interpreted with caution.

Conclysions

The design and conduct of study GS-93-107 are acceptable to FDA for the purpose
of extension of the safety profile in a previously treated patient population, and as
supportive evidence of efficacy based on dose-response and comparisons to
historical data. Nephretoxicity was dose related and dose limiting. No survival
advantage or disadvantage was associated with dose. Cases of severe metabolic
acidosis was an unexpected finding ir the safety analysis, and has not been
specifically addressed by the sponsor in their summary of safety.

A conservative analysis of the primary endpoint (time to drug discontinuation event)
yielded a median time to retinitis progression of 49 days and 35 days for the 5 mg/kg
and 3 mg/kg maintenance dose groups, respectively. For those individuals able to
tolerate cidofovir (on treatment analysis) the median times to progression were 115
days and 49 days for the high and low dose maintenance groups, respectively.
Based on these analyses, and the references to historical data cited above, the
study should be viewed as supportive though not sufficient evidence of efficacy.

Itis anticipated that both sets of analyses (conservative and “on treatment) will be
included in the marketing label with adequate information describing the assumptions
of each analysis.
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10.0 Overview of Efficacy

The patient populations studied in the two efficacy trials differed with respect to prior
treatment for CMV retinitis, and as a likely correlate, extent of retinal disease at baseline.
Both populations were profoundly immunocompromised based on CD4 cell counts.
Concomitant anti-CMV medications were disallowed in both trials.

According to FDA's analyses, each of the studies supports a claim of efficacy. The
strongest evidence comes from the study of the CMV treatment-naive population (Study
106), which was randomized and had a "no therapy" comparator arm. FDA's estimate of
the treatment effect (52 vs 22 days), though substantially smaller than the sponsor's
estimate (120 vs 22 days), adheres to the strict requisite assumptions of Kaplan-Meier
analyses (i.e., no informative censoring). Nevertheless, both estimates of the treatment
effect were statistically significant. Use of Dr. Chambers's independent endpoint
determinations does not alter the finding of statistical significance favoring Vistide
treatment. Results from the cross-over group provide additional ¢;ualitative support
indicative of a treatment effect.

in the previously treated population with relapsing CMV retinitis, for which historical
estimates of median time to progression for foscarnet and ganciclovir range from 30-45
days, the estimates provided for the 5 mg/kg and 3 mg/kg maintenance doses of
cidofovir in the sponsor's analysis are 115 days and 49 days, respectively. These
estimates are based on an analysis using informed censoring and are almost certainly
overestimates of the treatment effect. In FDA's analysis, estimates of median time to
progression were 49 days and 35 days for the 5 mg/kg and 3 mg/kg maintenance doses,
respectively. The difference between estimates for the two dose groups in both
analyses was statistically significant; this evidence of a dose response, although not
sufficient in itself, can be considered as supportive evidence of efficacy. FDA's estimate
of the treatment effect at the higher dose appears to be comparable to historical data for
ganciclovir and foscarnet in this patient population, although comparisons of the
magnitude of treatment effects made across studies are speculative.

For a detailed review of the statistical issues and the FDA statistical analysis, refer to the
Dr. Muhly's statistical review.
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11.0 Overview of Safety

Assessing drug toxicity in studies of CMV retinitis is difficult due to the diverse
manifestations of HIV disease superimposed on drug toxicity, the advanced stage of
immunosuppression which accompanies CMV disease, and the multiple medications
to which these individuals are exposed. Cidofovir presents particular challenges
because of its infrequent dosing schedule; an investigator may be less likely to
attribute a toxicity to cidcfovir if the temporal association is obscured. The open-label
study design and lack of a true comparator arm add further difficulty to assessment
of drug toxicity. Because each dose is given with oral probenecid, it may also be
difficult to distinguish which toxicity is associated with which drug. Therefore,
interpretation of an investigator's assessment of relatedness to drug should be made
with caution.

Cidofovir is a new molecular entity. As the sponsor notes, it is a "nucleotide

analogue” and thus distinct ficm tha family of antiviral nucleoside analogues with

which the medical community has had much experience. All adverse events should )
therefore be examined, regardless of perceived relatedness to the study drug, in

order to identify unexpected toxicities.

11.1 Significant/Potentially Significant Events

11.1.1 Deaths

No deaths occurred while subjects were receiving treatment in study 106; 3 deaths
occurred within 30 days and 5 deaths occurred within 60 days of the last cidofovir
dose. In study 107, 5 deaths occurred while receiving cidofovir, 4 in the high dose
group and 1 in the low dose group. 1. .re were 24 deaths within 60 days of the last
cidofovir dose in study 107. Case report forms were reviewed for all deaths
occurring within 60 days of the last cidofovir dose; contributing causes of death were
in general expected for this patient population. In most cases multiple contributing
causes could be cited. Most common contributing causes are listed below:
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Table 20: Contributing Cause of Death

z

AIDS complications/debilitation/wasting
Infection/pneumonia-bacterial

CMV disease

Kaposi's sarcoma
Infectiun/pneumonia-fungal

Lymphoma

Metabolic acidosis

Liver fallure

WG W h b~

. 'More than oncwcontdbuung cause per death for some cases.
Compiled from review of case report forms.

The frequency of bacterial and fungal infactions as contributing causes of death and
as serlous adverse events is concerning, given the incidence of neutropenia
observed in the clinical trials. This concern was also raised by panel members at the
advisory committee.

in no case of bacterial or fungal infection contributing to death were the neutrophil
counts less than 500, i.e., grade 3 or 4 toxicity. Although no clear relationship of
serious neutropenia to life-threatening infections was established in these trials,
drug-induced neutropenia of lesser degree and/or neutrophil dysfunction cannot be
ruled out as risk factors.

11.1.2 Other significant/potentially significant events
a. Renal Failure/Nephrotoxicity

In phase 1/2 studies, 2 subjects receiving cidofovir at doses higher than the
proposed clinical dose, without supplemental hydration and without probenecid,
experienced irreversible renal injury requiring dialysis. One subject in study 107
daveloped renal failure (Cr 8.4) which contributed to the subject's death. One case
of renal failure among 120 patients was reported in the first treatment IND report.

Nephrotoxicity is clearly the most serious acute toxicity associated with cidofovir,
This was demonstrated at the pre-clinical stage and in phase 1/2 studies when 2
patients receiving cidofovir at doses higher than the proposed clinical dose, without
probenecid and without supplemental hydration, experienced irreversible renal injury
requiring dialysis. Phase 3 protocols included entry criteria and dose modifications
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based on conservative criteria in order to minimize the risk of irreveraible renal
toxiclty. Grade 3 or 4 creatinine elevations, i.e., above 2.0 mg/dl., occurred at an
incidence of < 10% in both studies. In study 108, no patient had a creatinine above 3
mg/dL. In study 107, in which subjects had raceived prior treatment for retinitis, 4
patients in the high dose group had a serum creatinine which also exceeded 3.0
mg/dL. One patient had a creatinine of 8.4 and died with renal failure ae a
contributing cause of death. One patient in the 3 mg/kg dose group of study 107

also had a creatinine which exceeded 3 mg/dL.

Additional safety data with respact to renal toxicity comas from the treatment IND. Of
the 120 patients receliving Vistide in an uncontrolied clinical setting, only 1 patient
was reported to have had significant renal injury. This case ocourred following a dose
of chemotherapy for Kaposli's accompanied by dehydration. Although the total
exposure under the treatment IND is relatively short, the lack of more widespread
renal toxicity indicates that cidofovir can be used in a reasonably safe manner in the
clinical setting.

The spongor has provided an analysis demonstrating an asaociation between prior
foscaret exposure and the occurrence of renal toxicity in patients in study 107,
Given the well-known renal toxicities of foscarnet, this ocbservation is not surprising.
Nevertheless, at atudy entry all patients had met vonservative critaria based on
laboratory assessments.

No information from clinical trials is currently available indicating how bast to dose
cidofovir when there is evidence of pre-existing renal impairment.

“The neprhrotoxicity of Vistide underlies the occurrence of Fanconl' syndrome and as
noted previously, most cases of metabolic acidoasis.

Fanconi's syndrome was diagnosed for 1 subject in study 108 and 1 subject in study
107. Fanconi's syndrome is characterized by general proximal renal tubule
dysfunction with impaired reabsorption of phosphate, glucosa, uric acid, amino acids,
and bicarbonate, systemic acidosis, hypophosphatemia, hypouricemia, glycosuria,
and aminoaciduria may result. Over an extended period patients with Fanconi's
syndrorne may experience osteopenia, bony fractures and rickets. Fanconi's
syndrome is a nephrologic diagnosis based on a constellation of findings. It is a
diagnosis not likely to be made by an ophthalmologist or infectious disease
specialist, and therefore likely to be underdiagnosed in clinical trials.
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Laboratory assessments from both efficacy studies were reviewed in an attempt to
identify other cases with evidence of proximal tubule dyafunction and which could be
consistent with Fanconli's syndrorme. it is recognized that a true diagnosis of
Fanconi's syndrome cannot be made from listings of laboratory data alone. In some
cases laboratory assessments at baseline were also abnormal. Most subjects in 107
had also received prior treatment with foscarnet, which has also been associated
with Fanooni's syndrome.

Eight cases ware identified, 2 in 108 (102,116) and 6 in the 5 mg/kg group in study
107 (162, 183, 171, 173, 3854, and 8157) with a low serum bicarbonate and other
laboratory evidence of proximal tubule dysfunction. An estimate of the risk of low
serum bicarbonate based on theae subjects (8%) is proposed for the drug label.
Fanconl's syndrome will be inciuded in the drug label as a toxicity associated with
cldofovir in 2% of patients.

c. Matabolic acidosis

One patient in the clinical trials (164 in atudy 107) developed pancreatitis, liver

fallure, metabolic ucidosis, sinus mucormycosis, and subsequently died. As *
discussed above, this case could be consistent with a mitochondrial toxicity

syndrome (In contrast to low bicarbonate associated with renal toxicity as dsacribed
earlier). Mitochondria! toxicity with fatty liver and fatal metabolic and Iactic acidosis

has been associated with nucleoside analogues FIAU and to & much lesser degree,
ZDV. For ZDV, the incidence s higher in women than men. Very few women have
received cidofovir in clinical trials, so although the overall risk appears low (1%), it is
unknown if, as for ZDV, the incidence may be highar in women.

Serious metabolic acidosio in association with liver fallure should be specifically
noted in the drug label as an adverse event and this case described.

d. Neutropenia

in the sponsor's safety analysis neutropenia was classified as serious based on the
subjective assessmant of investigators. Using objective criteria of < 500 cells/mma3,
10 subjects in 108 and 7 subjects in the 5 mg/kg dose group of 107 had this degree
of neutropenia, an incldence of 17% of patients. Roughly 40% of patients had ANCs
balow 1000; however the cut-off for study entry was 750 cells/mm?,
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Although no subject discontinued treatment due to neutropenia, the protocol
provided no objective criteria for study discontinuation for neutropenia;
discontinuation was left to the discretion of the investigator. For grade 3 or 4
neutropenia the protocol calis for the administration of G-CSF. Usage was
somewhat more common, as 34% of subjects had received G-CSF during the study,
thus partiaily obscuring the true incidence of cidcfovir aasociated neutropenia.

The sponsor has stated in the submission that neutropenia has been asymptomatic
and without clinical sequelae. However, among the list of most common serious
adverse avents were faver, infection, pneumonia, and sepsis. Although a clear
relation between infections and neutropenia was not established, neutropania must
be considered a risk factor for infection.

Ocular hypotony as a potential toxicity came to the sponsor's attention when a

subject with diabetic retinopathy and CMV retinitic developed this condition.

Hypotony has also been raported following intravitreal use of cidofovir by an
independent investigator. Study investigators participating ir GS-108 and 107 were
asked to begin to measure intra-ocular pressures (IOP) as part of the routine visit.
Subjects enrolied early in the studies ware not monitorad for this adverse event,

baseline measurements are absent for several, and baseline measurements were

also low In some cases. A clear assessment of the toxicity and its appropriate
expression are problematic.

Most useful is an examination of dose-effect observed in the 107 study. The
clinically significant case cited above was from the high dose group. All 3 cases
considered serious by investigators were in the 5 mg/kg group. When analyzed by
elther a 50% decline from baseline, or by decline to < 5 mm/Hg from the normal
range at baseline, most cases fall into the higk “ose group. The median time to
ocular hypotony based on the latter criteria was 4 days.

It is unclear whether these changes are clinically significant. It is proposed that
information concerning increased risk of ocuilar hypotony in patients with diabetes
maellitus be included in the package insert.

f. Malignancies

in view of the pre-clinical studie - s w.nig that cidofovir is a potent carcinogen in rats,
malignancy data from the clinice! studies was carefully examinsd. The appearance
of AIDS related tumors in excess of expected numbers or the appearance of uny
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non-AiDS related tumors would bde concerning. The sponsor has assembled tables
of malignancies according to whether a malignancy occurred before, during, or after
cidofovir therapy. Because a carcinogen may be expected to induce tumors at any
time after its administration, the tables presented below were constructed for all
studies broken down simply by whether a tumor was present at baseline and by its

appearance at any time during the treatment or follow-up periods,
Table 21:  Malignancies in All Studies'

Prior to cidofovir 67
non-AiDS related 47
AIDS related 68

Kaposi's sarcoma 60
lymphoma b
anal squamous cell 1

After starting cidofovir 23
non-AlDS related 0
AlIDS related 23

Kaposi's sarcoma 17
lymphoma

-

cervical neoplasia

"Includes 8 patients ireated under emergency INDs.

Three subjects had more than 1 malignancy.

Adapted from Tables 10.1 and 10.2 of Information Amendment #018 (2/9/88), pages
151-2,

Determining whather the onset of 23 new malignancies after initiation of cidofovir is
excessive against a background of 87 malignancies at baseline is difficult to
evaluate. Without a comparator group one cannot determine statistical or clinical
significance. In study GS-83-106, for which the deferred group might be used as a
comparator, there were 5 new malignancies in the treated group versus 1 in the
deferred group. It is to some degree reassuring that non-AIDS related tumors have
not been observed in the patients treated with cidofovir. In particular, no
adenocarcinomas have been ohserved. However, very few women have received
cidofovir in these clinicai trials.

This reviewer remains very concerned about the carcinogenic potential of cidofovir.
For the population of late-stage AIDS patients for whom life-expectancy is currently
limited to 6-12 months, quality of life issues may outweigh this potential risk;
however, this may be affacted by improved anti-retroviral therapies and possibly
increased survival times, It is likely that the risk/benefit for an individual may well
need to be carefully weighed, although this remains a potential risk pending further
data. The carc‘nogenic potential of cidofovir should be clearly stated in the package
insert,
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11.1.3 Overdosage exposure

No cases of overdosage were reported in the efficacy trials. Doses higher than the
proposaed dose were administered in the phase 1 and 2 trials. As discussed above,
renal failure occurred in 2 of these cases.

11.2 Other safety findings

Adverse avents were very common across all studies. Overall, toxicities involving
the body as a whole and the digestive systern occurred most commonly (See table of
All Adverse Events by Body System).
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Specific Toxicities

The most common adverse experiences for the entire database (phase 1 and 2
sudies) from the sponsor's tabulations are listed below:;

Table 23: Most Common Adverse Events from All Trials

Total number of subiects 189
Proteinuda 85
Faver 78
Asthenia 75
Nausea 56
Headache 1)
Rash 52
Neutropenia 49
Diarrhea 44
Anorexia 32
Chilis 31
Abdominal pain 31
Alopecin 29
Crealinine elevation

Anemia 26
Waight loss

Myalgia

Herpes simplex 19

26

24
23

(4)

(45)
(41)
(40)
(30)
(29)
(28)
(26)
(23)
(17)
(16)
(18)
(15) J
(14)
(14)
(13)
(12)
(10)

Adapted from Tables 6.1 and 7.1 in Information Amendment #018 (2/9/98), ﬁages 87-92

and 101-108.

Diarrhea, abdominal pain, asthenlia, anorexia, and weight loss are common in an
advanced AIDS population, but may also be attributable to CMV infection of the
Gl tract in some patients. Although investigators were reluctant to attribute G
symptoms to cidofovir, the impression remains that the Gl symptoms may reflect
toxicity of cidofovir to the rapidly dividing tissue of the Gl tract. However, direct
attribution to cidofovir of these adverse events on the background of advanced
HIV disease and concomitant probenecid administration is not clearly established.

Alopecia occurred fraquently, particularly in the rontrolled pivotal study, GS-93-
106, in which it occurred in 24%, and in the phase 1/2 study GS-£2-121, in which
it occurred in 20% of subjects receiving cidofovir. Alopecia was no! reported in
studies GS-92-102 and GS-92-103. This may b+ due .o insufficient ti:e on drug,
or a failure to ascertain cases of alopecia in these laita:r stviies. The
overwhelming predominance of male subjects in =l stud, -5 may have ~ontributed
to under-reporting as some hair loss in this population mig"* ve ~xpected, while
only unusual cases of hair loss would be recorded. The true \ncidence of drug-
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associated of alopecia is likely higher than the frequency reported in the overall
summary. In anly one case, however, was the hair loss considered to be severe.
Alopecia is a known, though rare, side effect effect of probenecid. itis of concern
that alopecia may also reflect non-specific effects on rapidly dividing cells found in
the hair follicle, as occurs with some anti-neoplastic agents.

Myaigia was seen in 17% of subjects in GS-93-106 and in 12% of subjects
overall. Myalgia was considered severe in 2 cases. Cardiomyopathy occurred in
2 subjects (1%). Peripheral neuropathy occurred in 2% of all subjects anJ was
judged severe in 1%. Seizures occurred in 4 (2%) individuals. Liver function
abnormalities (3%) and pancreatitis (1%) occurred uncommonly.

it is somewhat of concern that Herpes simpiex occurred with a frequency of 10%.
The sponsor has noted that cidofovir has in vitro activity against HSV-1 and HSV-
2, and topical preparations of cidofovir are in clinical trials for Herpes simplex in
patients with AIDS. However, at the regimen of every other week dosing in these
studies, clinical HSV activity may be lost.

Allergic reactions were diagnosed in 7 (4%) and rash in 52 (28%). Hypotension
occurred in 6 individuals (3%). These findings may be attributed to probenecid.

The following adverse reactions are described in the label of probsnecid in
decreasing order of their frequency of. headache, dizziness, vomiting, nausea,
anorexia, anaphylaxis, fever, pruritus, leukopenia, anemia, dermatitis, alopecia,
flushing. No numerical estimates of the incidence of each adverse reaction are
given. Little data is available in the medical literature concerning the relative
frequencies of individual toxicities seen with probenecid. In one study of
hypertensive medications (Beg MA; Ragland R Postgrad-Med-J. 1979; 55 Suppl!
3: 127-32), mild adverse reactions occurred in 25% of individuals taking
probenecid. The relatively high incidence of these adverse events seen in studies
of cidofovir make it unlikely that all can be attributed probenecid.

Based on the resuits of the dose ranging 107 study, the sponsor has proposed
that 5 mg/kg biweekly be the indicated maintenance dose. For the purpose of
estimating risk of toxicities at this dose, tables were constructed using a
denominator of 89 subjects who received this dose in clinical trials (25 subjects in
the immediate and 16 subjects in the cross-over treatment groups from study
106, and the 48 subjects in study 107).
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Tabie 23:  All Clinical Adverse Events, Laboratory Abnormalities or intercurrent llinesses
Regardiess of Severity or investigators' Assesamant of Relatedness to Cidofovir Occurring in
>156% of Patients Recelving 6§ mg/kg Maintenance Dose

Anyr adverse avent N-BD (%)
Proteinuria {» 1+ or 0.3 mg/dL) 75 34
) Nausea and/or Vomiting 58 685
Fever 51 57
Proteinuria - ) 45 61
Asthenia - 41 46
Neutropenia 7(<7750/mm3) 28 k]|
Rash 7 27 30
Headache 24 27
Diarrhea 24 27
Alopacia 22 26
Infections 7 22 25 ’
Chits 21 24
Anorerxia ) 20 22
Dyspnea o 20 22
Creatinine elevation (>1.5 19 21
“mg/dL)
Anemia 18 20
Abdominal péin 15 7

Compiled from electronic database and from Tables 8 and 16 of thie review.



81
SECTION 11

Overview of Safety

Table 24: Serious Clinical Adverse Events or Severe Laboratory Abnormalities Occurring
in »5% of Patients Receiving 6 mg/kg Maintenance Dose

Adverse Event/Laboratory Abnormality

N=g8' (%)
Proteinuria (» 2 or 100 mg/dL) | 24 | 2
Neutropenia ( < 500/mm?) 7 17 19
Fever 7 13 15
Infection o - n 12
[:)yspnea | 9 i0
Bicarbonate decreased ( s 16 meq/L) 8 9
Pneumonia 7 - 8 °]
Creatinine e!eyajon (2.0 mg/dL) 7 8
Nausea with vomiting 7 ) 8
Diarrhea 6 7
Asthenia 6 7
Ocular hypotension (50% decline from 6? 17
basaline or « 5§ mm Hg)

Includes ali patients receiving 6 mg/kg maintenance dose in clinical trials.
ZIntra-ocular pressures were monitored for 35 patients.
Compiled from electronic database and from Tables 9 and 17 of this review.

It is proposed that the table of all adverse events and all serious adverse events
occurring in the 89 subjects receiving the 5 mg/kg maintenance dose be
incorporated into the package insert.

11.2.1 Special Studies: Patients with Renal Compromise

No information is currently available on which to base dosing in patients with pre-
existing renal compromise. The sponsor has submitted a protocol for studying
pharmacokinetic parameters in patients with renal compromise and has
committed to completing this study in the post-marketing satting.
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11.2.2 Drug Demographic Interactions

Safety data for women from the controlled clinical trials at the intended dose is
minimal; only two women have received cidofovir in sti'dies 106 and 107. Two
particular concerns with respect to gender interactions deserve comment.

- In pre-clinical studies mammary adenocarcinomas were observed in a
substantial number of rats at doses below the intended clinical dose. All
mammary carcinomas occurred in female rats.

- Metabolic acidosis associated with liver failure occurred in one male subject
inthe 107 study. Metabolic acidosis has been associated with the nucleoside
analogue FIAU and to a much lesser degree with ZDV, for which cases of
serious and fatal metabolic acidosis occur more frequently in women.

The existing data base for cidofovir is much too small to provide useful
information with regard to these two potential toxicities or to any toxicity which
may be gender related. It is recommended that the package Insert clearly state
the paucity of safety data in women.

11.2.3 Drug-Disease Interactions

No drug disease i ractions have been identified. Proteinuria, the most common
toxicity associated with cidofovir, can also occur in assoclatior with HIV
nephropathy; whether cidofovir potentiates HIV nephropathy is not known.

11.2.4 Drug-Drug Interactions

Cidofovir is excreted unmetabolized in the urine. No interactions between
cidofovir and other drugs have been identified, although the sponsor has
performed very limited drug interaction studies. Use of other known nephrotoxic
agents was excluded during the clinical trials. It is recommended that the
package insert include a warning with respect to concomitant use of other drugs
with nephrotoxic potential.

Probenecid interacts extensively with several drugs through the secretory
mechanism at the proximal renal tubule: in particular for this patient population,
probenecid inhibits the excretion of zidovudine. The sponsor has proposed that
the drug label include a precaution to reduce the zidovudine dose by 50% on the
days when probenecid is administered. Although it is unclear whether ZDV dose
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reduction is necessary to assure safety of patients, inclusion of this precaution in
the label is reasonable.

11.2.6 Abuse potential
Cidofovir presents no potential for abuse.
11.2.6 Human Reproductive Data

No data are available to assess the effects of cidofovir on human reproduction.
No pregnancies were reported during the clinical studies. A negative pregnancy
test for women and use of birth control were entry requirements for study
participation. Only 2 women recsived cidofovir in clinical trials,

12.0 Labaling Review

The original label proposed by the sponsor underwent extensive revisions to

incorporate FDA concerns and concerns expressed by advisory committee members,
The final draft package insert submitted on March 28, 1996, is acceptable and
addresses FDA concerns,

13.0 Advisory Committee Discussion and Recommendations

An FDA advisory committee consisting of membaers of the antiviral and
ophthalmologic advisory committees convened on March 15, 1996, to discuss this
NDA submission. FDA presentations were made by Dr. Douglas Pratt (Regulatory
history and safety review), Dr. James Farrelly (toxicology issues and carcincgenicity
in rats), Dr. Alan Muhly (review of efficacy) and Dr. Wiley Chambers (review and
verification of retinal photography).
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independent investigative body added weight to FDA's decision to allow presentation
of the data prior to FDA review.

Issuas posed by FDA for the committee's deliberation were:

1. Are the safety and efficacy data provided by the sponsor sufficient to warrant

approval of Vistide for the proposed indication?

2. Please comment on the sponsor's phase 4 commitments.

Concerns raised by the committee included.

*

The lack of data regarding cross-resistance of CMV strains to ganciclovir and
foscarnet and how this might this affect sequential or combination therapies?

The paucity of data for women was commented upon. FDA was advised to
assure that this be made clear in the package insert.

impact of Vistide on systemic CMV disease was questioned.

The criteria for designating cidofovir a potent carcinogen was questioned.
Based on comments by committee members, the risk of malignancy in
humans posed by cidofovir did not evoke a level of concern that approval of
the drug should be affected.

The frequenc& of pneumonia and infections in the clinical trials was
commented on, and possible relationship to drug-associated neutropenia
quastioned.

In the context of Dr. Chamber's subjective assessment of a less rapid
response relative to other therapies, it was commented that it would be
desirable to conduct direct comparative trials in the future.

With respect to the efficacy review, Dr. Kilpatrick clearly preferred the more
conservative "time to treatment limiting event" endpoint described by Dr.
Muhly and questionad whether in the open label triai whether one could be
assured of statistical significance.

The committee voted unanimously (8-0) in favor of approval of Vistide for the
proposed indication.
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14.0 Conclusions

1.

FDA accepts that efficacy for the treatment of CMV retinitis has been
demonstrated in a randomized controlled trial (GS-108) using comparisons to
a deferred therapy group. However, the magnitude of the treatment effect is
not robust. The dose ranging study in patients with relapsing CMV retinitis
(GS-107) provides supportive evidence of efficacy based on a dose-response
effect and by comparisons to historical data.

No comparative studies to other agents have been conducted; therefore,
relative efficacy to other therapies is not known. Concern has been expressed
by FDA's consulting ophthalmologist that the rapidity of response may be
delayed with respect to other therapies, although this was admittedly a
subjective impression.

The utility of cidofovir for the treatment of systemic CMV disease has not been -
studied and is uncertain based on the lack of an effact of viremia in clinical
studies to date.

The most serious acute toxicity associated with cidofovir is nephrotoxicity. A
dosing regimen has been defined which reduces renal toxicity to a degree
which appears to be clinically acceptable. No data from clinical trials is
currently available on which to base dosing recommendations in patients with
pre-existing renal impairment.

Serious neutropenia, modified by the use of G-CSF, has also been associuted
with cidofovir in clinical trials. Although no clear association between severe
neutropenia and increased incidence of infection was observed, infections
were a contributing cause of death in several cases. Neutropenia occurring
with cidofovir therapy should be considered a risk factor for fungal and
bacterial infections.

Cidofovir is clearly a potent carcinogen in rats, and therefore should be
considered a potential carcinogen in humans. In order to be able to assess
the carcinogenic potential of cidofovir in humans, continued follow-up of all
study subjects, and surveillance for malignancies in cidofovir treated patients
in the post-marketing setting, is essential,
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6. Little safety data is available for women at this time.
7. The sponsor has presented a list of phase 4 commitments which are
acceptable to FDA. In particular, the sponsor has agreed to continue to

collect follow-up dita on the incidence of malignancies among patients
treated with cidofovir.

15.0 Recommendations

16.1 Approval

It is recommended that Vistide be approved for the treatment of CMV retinitis in
patiants with HIV-1 infection.

16.2 Phase 4 Studies

15.3 Labeling

The sponsor and FDA have agreed upon wording for a package insert which
addrcsses FDA concerns regarding efficacy claims and safety issues. The proposed
Final Product Labeling is included in the NDA package and is acceptable.
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STATISTICAL REVIEW AND EVALUATION

NDA#:

AFPLICANT:

NAME OF DRUG:
INDICATION:
DOCUMERNTS REVIEWED:

MEDICAL INPUT:
1. BACKGROUND:

20-638

Gilead Sciences, Inc.

Vistide (Cidofovir IV)

Treatment of cytomegalovirus retinitis in patients with AIDS

Volume | of IND

Volume | of IND | ,
Pre-meeting information submitted by FAX dated 9 Tuns
1998,

Volume 1 of IND

Volume |1 of IND

Volume | of IND

Volume 1 of IND }

Volumes 1 and 2 ot the submission dated 4 October 1995.
Volumes 77 through 92 of the submission dated 4 October
1995.

Volume 1 of Amendment #002 dated 17 October '995.
Volume | of Amendment #004 dated 31 October 1995,
Volume 1 of Amendment #006 dated 10 November 1995.
Volume 1 of Amendment #007 dated 27 November 1998,
Volume 1 of Amendment #012 dated 16 January 1996,
Volumes 1 through 7 of Amendment #014 dated 24 January
1996

Volumes 1 through 4 of Amendment #018 dated 9 February
1996.

Volume 1 of Amendment #019 dated 12 February 1996.
Volume | of Amendment #024 dated 22 February 1996.
Volumes | and 2 of Amendment #027 dated 29 February
1996.

Volume | of Amendment #028 dated 4 March 1996.

Douglas Pratt, MD (HFD-530)

The sponsor has provided the FDA with efficacy and safety data from the following phase I/III

clinical trials.
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Trial GS-93-106: an open label, multi center, randomized study of a cidofovir treatment regimen
versus delayed therapy. Patient enrollment commenced on 28 December 1993 and the study was
closed on 31 March 1995. The patient population for this study consisted of HIV-infected patients
with previously untreated peripheral (not immediately sight threatening) cytomegalovirus (CMV)
retinitis. The primary objective of this study was to determine whether cidofovir therapy can extend
the time to progression of peripheral CMV ratinitis in patients with AIDS. Additionally, the safety
and tolerance of cidofovir therapy in patients with AIDS and CMV retinitis was considered.
Secondary endpoints of interest included the virologic effects of cidofovir therapy on CMV shedding
in urine, blood, and/or semen, and the impact of cidofovir therapy on visual acuity when administered
by intravenous infusion.

Trial GS-93-107: an open label, multi center, randomized dose comparison of two cidofovir treatment
regimens. Patient enroliment commenced on 11 July 1994 and is still ongoing. Data on the first 100
patients through 31 August 1995 was submitted with Amendment #014 dated 24 January 1996, The
patient population for this study consists of HIV-infected patients with relapsing CMV retinitis. The
stated study objectives are to evaluate the safety and tolerance of cidofovir therapy in AIDS patients
with relapsing CMYV retinitis and to determine the time to progression of relapsing CMV retinitis.
A secondary endpoint mentioned is the impact of cidofovir therapy on visual acuity when
administered by intravenous infusion.

All submitted analyses of efficacy from studies GS-93-106 and GS-93-107 were provided by
statisticians at Corning-Besselaar, Inc.

Based on the submitted results from the above studies, the sponsor is seeking an indication for the

2. STUDY GS-93-106: The pivotal trial in support of the sponsor’s application.

2.1 Design:

2.1.1 Purpose As stated in the protocol, the objectives of this trial included the following:

- To determine whether cidofovir therapy can extend the time to progression of peripheral
CMY retinitis in AIDS patients when administered by intravenous infusion.

- To evaluate the safety and tolerance of cidofovir therapy in AIDS patients with CMV retinitis
when administered by intravenous infusion.
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- To evaluate the virologic etfects of cidofovir therapy on CMV shedding in urine, blood,
and/or semen when administered by intravenous intusion.
- To evaluate the impact of cidofovir therspy on visual scuity.

2.1.2 Treatments Patients receiving cidofovir were to have submitted to the following treatment
regimen:

- two consecutive weekly doses of 5 mg/kg of cidofovir (induction) followed by 5 mg/kg doses
of cidofovir every other week (maintenance).

- cidofovir was to be administered by IV infusion over a sixty minute period.

- prehydration with 1 liter of 0.9 percent (normal) saline solution over an approximate 60
minute period immediately prior to cidofovir treatment was stipulated.

. oral administration of four S00 mg tablets of probenecid three hours prior cidofovir
administration and two 500 mg tablets each at two hours and eight hours following the
completion of cidofovir administration was also stipulated.

Patients randomized to immediate therapy commenced with this regimen at the time they were
randomized to treatment. Patients randomized to deferred therapy were permitted to follow this
regimen once progression of non-sight threatening CMV retinitis had been documented by masked
readings of retinal photographs.

2.1.3 Endppoints As stated in the protocol, the primary outcome measure was to have been the time
to progression of CMV retinitis or death, whichever occurred first. Secondary outcome measures
stipulated by the protocol included mortality, changes in visual acuity, and the effect of cidofovir

therapy on CMYV shedding in urine, blood, and/or semen.

Time to retinitis progression was defined as the time from randomization to the next retinitis
progression. Progression of retinitis was assessed by comparing retinal photographs from each visit
with those taken at the beginning of the study (obtained at baseline, within 24 hours of
randomization). The reader at the central Fundus Photography Reading Center was masked and
unaware of the treatment assignment of the patient being evaluated. Progression of retinitis
progression was defined according to the following criteria:

- advancement of the edge of an existing lesion by one-half the diameter of the optic disc (0.5
disc diameters = 750 p) perpendicularly from the edge and along > 750 u of it; or

- occurrence of a new lesion 2 one-quarter disc area in size (a circle, 2 750 u in diameter),
scparate from the previous lesion in the same eye or in a previously uninvolved eye.

As indicated by Table 1' of the protocol, patients were to have received complete ophthalmological
examinations (including fundus photography) at baseline, at weeks 1, 3, 5, and 7, and every four
weeks thereafter.

' Page 033 of Volume 81 from the original submission.
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As described in the study report, the primary outcome measure was the time to progression of CMV
retinitis. This deviation from the protocol was explained as follows: ... in the absence of drug-related
montality, time to CMYV retinitis progression without considering death more accurately reflects the
impact of the drug on CMV retinitis progression”.?

2.1.4 Eligibility As stated in the protocc, to be eligible for this study patients must have satisfied the
following requirements:

- been diagnosed with AIDS according to current Centers for Disease Control criteria.

- been diagnosed with peripheral CMV rz.iitis as determined by an experienced
ophthalmologist based on the presence of characteristic necrotizing retinitis consisting of
white, fluffy, or granular retinal infiltrates with or without hemorrhage. Lesions were defined
as peripheral, or not immediately sight theatening, if they were located at least 1500 ym from
the margin of the optic disc and 3000 um from the center of the fovea. Additionally, it was
required that one lesion be at least one-quarter disc area such that it could be photographed.

- visual acuity in the affected eye had to be at least three lines on the ETDRS chart at a distance
of one meter.

Additional criteria required preserved renal function, preserved hepatic function, and preserved
hematologic function,

Patients were to be excluded from this study for any of the following reasons:

- evidence of CMV retinitis lesion(s) within zone 1. Lesion(s) < 1500 um from the margin of
the optic disc or < 3000 pm from the center of the fovea in either eye excluded patients.

. prev:ou: or ongoing therapy for CMV disease with ganciclovir, foscarnate, CMV

ummmglob\mn, or any investigational agents with anti-CMV activity. Patients

who had received previous treatment with ganciclovir, foscarnate, or CMV hyperimmune
immunoglobulin solely as prophylaxis were considered eligible.

- receipt of therapy within the previous one week with any of the following:
» Amphotericin B » Aminoglycoside antibiotics ¢ Vidarabine
* Intravenous pentamidine  « Other nephrotoxic agents
Patients receiving any of these drugs must have discontinued at least one week prior to the
time of baseline evaluation and for the duration of the study period.

- receipt of on-going therapy with acyclovir at the time of randomization.

- a known clinically significant allergy to probenecid.

Further exclusion criteria inchuded media opacity precluding visualization of the fundus of both eyes,
retinal detachment, patients with clinically significant heart disease, and patients with active medical
problems including drug or alcohol abuse.

1Page 065 of Volume 77 from the original submission.



DRAET , : S

No incentives or disincentives were adopted to encourage or discourage the enrollment of women
or minority patients.

2.1.5 Toxicity Criteria and Dose Modifications As stipulated in the protocol’ a Graded Toxicity
Scale was to be used to define toxicity criteria. For the different toxicity grades, the following actions
were indicated:

“ For Grade I toxicity, the patient was allowed to continue cidofovir treatment at the discretion
of the Investigator.

- For confirmed Grade I nephrotoxicity (as indicated by serum creatinine [1.7 - 1.9 mg/dl],
proteinuria [1+ or 30-99 mg/dl], or calculated creatinine clearance [41-50 mL/min], the
patient’s dose of cidofovir was to be reduced to 3 mg/kg for the remainder of study treatment.

- For other confirmed Grade II toxicities, patients were permitted to continue cidofovir
treatment at the discretion of the Investigator after consultation with the Sponsor.,

- For confirmed Grade I1I or IV toxicity considered to be either remotely or not cidofovir
related, the patient was allowed to continue cidofovir treatment at the discretion of the
Investigator after consultation with the Sponsor.

. For confirmed Grade III or IV toxicity considered to be possibly or probably related to
cidofovir, the patient was to have been removed from cidofovir treatment (except for
neutropenia).

- For confirmed Grade 11I or IV neutropenia, cidofovir therapy was to be held until the ANC
exceeded 500 cells/uL and filgrastim (G-CSF) was to have been instituted.

- For a confirmed increase in serum creatinine of at least 0.5 mg/dL from baseline, the patient
was to have been removed from cidofovir treatment.

2.1.6 Patient Withdrawal As stated in the protocol’, patients were to have been discontinued from
cidofovir therapy for either of the following reasons:

- documentation of retinitis progression,
- occurrence of treatment-limiting toxicity,

whichever occurred first. Further, the protocol stipulated that patients were allowed to withdraw or
be removed from study treatment assignment in the following instances’:

- Intercurrent iliness which would, in the judgement of the Investigator, affect assessments of
clinical status to a significant degree.

- Unacceptable toxicity (see section 2.1.5).

- Disease progression (see section 2.1.3).

- Development of biopsy-documented extraocular CMV disease.

Page 038 of Volume 81 fiom the original submission.
¢ Page 003 of Volume 81 from the original submission.
! Page 043 of Volume 8] from the ariginal submission.
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- Patient noncompliance or request to withdraw.
- Request of the Sponsor following consultation with the Principal Investigator(s).

2.1.7 Randomization The randomization scheme® adopted for this study was complicated and
evolved during the course of the trial. What follows is a descriptinn of this scheme and a chronology
of the changes made. The initial randomization scheme, dated 1 December 1993, randomized patients
centrally in blocks of four. The first three patients enrolled in the trial were so randomized. At that
point, the chair of the Data Safety and Monitoring Board (Dr. T. Fleming) expressed concern with
regard to apparent within site imbalances and proposed a revision. The second randomization scheme
adopted, dated 17 January 1994, randomized patients to therapy in blocks of four within center.
However, the following adaptation was implemented. Before considering the within site block, the
study wide balance between therapies was calculated. If this imbalance was 2 or more, the patient
was automatically randomized to the under represented therapy provided that therapy was still
available in the block. The next five patients encountered this scheme. However, for the first two
of these patients the consideration of the study wide balance was not yet in place. Thus, after the first
8 patients had been randomized to therapy, the first three were randomized centrally in blocks of four,
the second two were randomized within site in blocks of four, and the last three were randomizad
within site in blocks of four with the study wide balance influencing the actual blocks selected.

In discussions between the sponsor, the Data and Safety monitoring Board (DSMB) chair (Dr. T.
Fleming) and the Coming-Besselaar statistician, dated 14 February 1994, the concern was expressed
that randomization within site might theoretically provide some degree of unmasking of the next
assignment to the investigators. At this point the following biased-coin adaptive randomization
scheme was adopted. Counts were kept of tive current within site and across study treatment
assignments. For each patient assignment, the current balance at the site was checked. If an
imbalance was seen, the patient was assigned to the under represented therapy with a probability of
0.6. On the other hand, if the site was perfectly balanced, then study wide balance was assessed. If
the study wide imbalance was two or more, the inext assignment was to the treatment diminishing the
imbalance. If the within site imbalance was les: than two, the next assignment was to either treatment
with equal probability. Sixteen patients were randomized to therapy by this scheme.

Following a meeting with the DSMB, dated 31 May 1994, the randomization scheme was again
changed to strengthen the balancing element of the biased coin procedure. Specifically, the following
scheme was adopted. If a site was out of balance by one or two patients, the patient was assigned
to the under represented therapy with a probability of 0.6. If a site was out of balance by more than
two patients, the patient was assigned to the under represented therapy with a probability of 0.8.

Finally, if the site was perfectly balanced, the study wide balance was assessed. If the across study
mbdmwutwomnmﬂmﬂnmwgmmmwmdntxumm diminishing the imbalance.

If the site imbalance was less than two, the next assignment was to either treatment with equal
probability. The final 24 patients enrolled in study GS-93-106 were randomized to therapy according
to this design.

¢ Page 256 of Volume | of Amendment #018 dated 9 February 1996.
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2.1.8 Centers As noted above, study GS-93-106 was a nwiti center trial. The following table records
the centers involved, their location, and the number of patienrts enrolled.

Table 1: GS-93-106 Patient Envoliment by Center'

Institution Location Immediate | Deferred Total

eth Israel Hospital
Joslin Diabetes Center Boston, MA 4 2 6
{Harvard Medtcal School B

ount Zion Medical Center . :

Iniversity of California San Francisco, CA 6 10 16

ochester Eye Center

niversity of Rochester Rochester, NY 1 1 2

edical Center
[University of California, Irvine Irvine, CA 6 5 11
[University of Califoria, San Francisco | San Francisco, CA | 1 0 I
[University of North Carolina Chapel Hill, NC i 0 I

niversity of Southern California

heny Eye Institute Los Angles, CA 4 7 3 7

St. Stephen’s Clinic

oorfields Eye Hospital London, UK 2 2 4
Total 25 23 48

| Source: Page 231, Volume 77 of the original submission.

2.1.9 Follow Up As stipulated by the protocol’, Investigators were to have applied best medical
judgement with regard to the initistion of standard anti-CMV treatment (¢ g., ganciclovir or
foscarnate) for those patients whose cidofovir treatment was discontinued for any reason other than
progression of their CMV retinitis. Further, consideration was to have been given to delaying the
initiation of ganciclovir or foscarnate until documentation of retinitis progression. Those patients
who discontinued cidofovir treatment for any reason other than progreasion of their CMV retinitis
AND who remained off standard anti-CMV treatment until doccumentation of retinitis progression
were to undergo complete ophthalmologic examination, including fundus photography, every two
weeks until documentation of retinitis progression or initiation of standard anti-CMV treatment,
which ever occurred first. Regardless of whether the patient initiated standard anti-CMV treatment,

a complete ophthalmologic examination, including fundus phoiography, was to have been done at the

? Page 015 and 035 of Volume 81 from the original submission.
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time that cidofovir was discontinued.

2.1.10 The Crass Over Segment The protocol stipulated" that data obtained ficm patients receiving
cidofovir following demonstration of retinitis progression while receiving no treatment (the dferred
group), were 1o be included in safety analyses and in a secondary analysis of efficacy. For this
secondary analysis® of efficacy, the primary outcome measure was the time from the first (while on
deferred therapy) progression to the second progression (following crossover to cidofovir therapy).
The time to the second progression was caiculated relative to the date of the crossover baseline Gie,
the last fundus photograph taken prior to the first infusion of cidofovir).

2.1.11 Interim Analysis As stipulated in the protocol, efficacy was to be reviewed once by the Data
Safety and Monitoring Board when 24 patients had been enrolled in the study for one month, The
Lan-DeMets implementation of the O'Brien - Fleming Group Sequential Boundaries were to be used
as guidelines. Treatment differences were to be considered significant if the nominal p-value
associated with the logrank statistic was at most 0.005. As a result of the interim analysis, the study
was allowed to proceed with the second cohort of 24 patients. At the poiat of the final analyses of
efficacy, the adjustment required to accommodate the interim analysis was that any p-value be at most
0.048 to be declared significant.

2.2 Enroliment:
2.2.1 Patient Demographics As a result of the randomization scheme described in section 2. 1.7, 48

patients were enrolled in study GS-93-106; 25 received immediate therapy and 23 received deferred
therapy. The demographic characteristics of the enrolled population are described in Table 2 below.

Table 2: GS-93-106 Patient Demographics'
Immediate Deferred
Age (Range): 27 - 56 30-46
Male 24 22
Sex:
Female 1 1
White 20 20
Race:
Other: 5 3
1 Sowvce: Table 2.1 page 246 of Volume 77 of the original submission.
2 One Native American and 7 patients of Hispanic origin. _

* Page 046 of Volume 81 form the ariginal submission.
*Page 071 of Volume 77 from the original submission.
" Page 045 of Volume 8] from the original submission.
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2.2.2 Baseline Characteristics With respect to selected baseline characteristics, the patients enrolled
in study GS-93. 106 can be described as follows.

~ Table 3: GS-93-106 Selected Mean Baseline Characteristics'

iCharactcristic Immediate Deferred p-value’
lcD4 Count B3 | 162 0.695
Time From HIV Diagnosis (months) | 672 78.2 0470
{Number of Lesions 1.2 1.7 008;
Time From First CMV Diagnosis (days) | 5.1 8.1 0.147

I Source: Table 2.1 page 246 of Volume 77 from the original submission. |

" clfca o on a CoohateManil-Haenuzel et st by ittt | e

2.3 Methods of Analysis:

2.3.1 Censoring Rules As noted in section 2. /.3, the primary endpoint adopted by the sponsor in the
study report was time to CMYV retinitis progression. However, since the protocol stipulated that the
primary endpoint should be the time to CMYV retinitis progression or death, this analysis was also
included in the study report. Finally, the primary endpoint for the crossover segment of study GS-93-
106 was the time from the first (while on deferred therapy) progression to the second progression
(following crossover to cidofovir therapy). Because the possibility existed that a patient might
discontinue the study before reaching any of these endpoints, the sponsor specified the following
censoring rules'':

- For the comparison between the immediate and deferred groups with respect to Time to CMV
Retinitis Progression:

If, at the time of the efficacy analyses, progression had not yet occurred, the time of event was
considered censored and the time of the last fundus photogranh just prior to the earliest of
(I) the most recent non-missing evaluation demonstrating no progression performed before
the data were frozen for analysis (31 March 1995) or (ii) the time of initiation of standard anti-
CMYV treatment (i.c., ganciclovir or foscamate).

Patients with missing or inadequate baseline fundus examinations were censored at
randomization. Patients with a baseline fundus examination but no follow up examinations
were censored at the baseline examination.

1" Page 070 of Volume 77 from the original submission.
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- For the compariso 1 between the defesvad and crossover groups with respect to Time to CMV
Retinitis Progression:

If, at the time of the efficacy analyses, the second progression had not yet occurred, the time
of event was considered censored and time of censoring was the time of the last fundus
photograph just prior to the earliest of (I) the most recent non-missing evaluation
demonstrating no progression performed before the data were frozen for analysis or (ii)
the time of initiation of standard anti-CMV treatment (i.e., ganciclovir or foscarnate).

If a crossover patient had a baseline photograph just prior to cidefovir initiation but did not
have any follow up fundus exams during crossover, then the patient was considered censored
at study Day 1 of the crossover period.

- For the comparison between the immediate and deferred groups with respect to Time to CMV
Retinitis Progression or Death:

If, at the time of the efficacy analyses, progression or death had not yet occurred, the time of
event was considered censored and the time of censoring was the time of the last follow up.

Patients with missing or inadequate baseline fundus examinations were censored at
randoimization.

- For the comparison between the deferred 1nd crossover groups with respect to Time to CMV
Retinitis Progression or Death:

If, at the time of the efficacy analyses, second progression or death had not yet occurred, the
time of event was considered censored and time of censoring was the time of last follow up.

- Deferred patients who were censored for any reason during the initial assignment pariod were
not included as crossover patients in the deferred versus crossover time to progression as well
as time to progression or death analyses.

2.3.2 Significance of Treamment Effect To measure the significance of the difference between the
immediate and deferred groups with respect to the endpoints of CMYV retinitis progression and CMV
retinitis progression or death, the logrank statistic as calculated by PROC LIFETEST (SAS Inatitute,
Inc.) was adopted. For the primary analyses of these endpoints, p-values associated with the
observed value of the logrank statistic were not adjusted by institution. However, as supplementary
analyses, p-values adjusted by institution were included. It should be noted that when adjusting for
institutions, data from sites with fewer than three patients in either treatment group were pooled as
one institution.

To measure the significance of the difference between the time to the first and second progression
in deferred patients who crossed over, the paired data version of the Prentice-Wilcoxon statistic was
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used.

As described in the protocol'?, p-values were to be presented for the classical statistical critical values
with out adjustments for multiple comparisons, multiple outcomes, or multiple looks.

2.3.3 Magnitude of Treatment Effect The measure adopted tc assess the magnitude of the treatment
sffect involved computing the median times to CMV retinitis progression and to CMV retinitis
progression or death from the Kaplan - Meier product limit estimates. Median times and confidence
intervals were computed using PROC LIFETEST (SAS Institute, inc.). Confidence intervals were
then compared and significant differences were declared when there was no uverlap in the confidence
intervals for the medians of the two groups being compared.

2.3.4 Sqfety - Survival Details pending.
2.4 Results of Analysis:

2.4.1 Protocol Violations A list of all protocol violations reported i.y the sponsor is recorded in Table
4. In no instance did the protocol violation result in the patient being withdrawn from the trial.

Table 4. GS-93-71706 Protocol Violations'

Patient | Treatment | Week | Visit Violation

!
<+
T

-

).

4
-+

11 Page 045 of Volume 81 from the original submission.
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1 Source: Table 1.6 pags 240 of Volume 77 from the original submission.

2.4.2 Patient Outcomes As reported by the sponsor, the outcomes for the patients enrolled in this trial

are recorded in Table §.

Table $: GS-93-106 Disposition of Patients During Initial Treatment Assignment'
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Result Immediate Deferred

n (%) n (%)
Progression’ 10 (40) 19 (83)
Death’ 0 0) 0 (0)
Discontinued - Adverse Experience(s)
/Intercurrent Event(s)’ ‘ ) (32) 0 ©
Discontinued - Other*? s (20) 4 a”n
Lost to Follow Up? 0 0) 0 )
Still at Risk (at initial treatment assignment)’ 2 (8) 0 (0)
| Source: Page 238 of Volume 77 from the original submission.
2 These calegories are mutually exclusive and exhaustive with respect to all patients randomized.
3 ‘Discontinued - Other’ includes patients who discontinued for reasons other than those shown above (e.g., due o

mental incapacity, generalized debilitation, withdrawal of consent, etc.).

2.4.3 Significance of Treamment Ejffect The value of the unstratified logrank statistic obtained by the
sponsor for the endpoint of time to CMV retinitis progression was 20.934"?, The associated
asymptotic p-value was reported as < 0.0001. In a footnote, the asymptotic p-value adjusted for
institution was reported as 0.0003.

The value of the unstratified logrank statistic obtained by the sponsor for the endpoint of time ‘o
CMYV retinitis or death was 12.219'. The associated asymptotic p-value was reported as 0.0008.
In a footnote, the asymptotic p-value adjusted for institution was reported as 0.0069.

2.4.4 Magnitude of Treatment Effect Tables 6 and 7 below record portions of the Kaplan - Meier
curves reported by the sponsor for patients randomized to immediate and deferred therapy. The
portions of the Kaplan - Meier plots recorded here highlight the reported estimates of medians. Table
6 focuses on the endpoint of the progression of CMV ratinitis while Table 7 focuses on the combined
endpoint of the progression of CMV retinitis or death, whichever comes first.

Teble 6: G8-93.106 Kaplan-Meier Chance of CMV Retinitis Progression Over Time'

Day of Event Trestment with Event | # of Events | Immediate (strisk) | Defarred (at risk)
16 Defarred i 0048  (20) | 0450  (12)
21 Deferred | 0048 (20 | 0s00  (11)

¥ Page 271 of Volume 77 from the original submission.
" Pags 271 of Volume 30 from the original submission.
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2 Deferred 2 0048  (20) | 0600  (10)
66 Immediste I 0461 9 | o097 @
7 Deferred | o461 ® | 1000 ()
120 Immediste | o @ | 1000
134 Immediate ] 1000 () | 1000 (@
) Source: Condensed from Table .11 page 268 of Volume 77 from the original submission.

For patients randomized to immediate therapy, PROC LIFETEST returned 120 days as an estimate
of the median time to the progression of CMYV retinitis with a 95% confidence interval ranging from
40 days to 134 days."® For patients randomized to deferred therapy, ths corresponding estimate of
the median time to the progression of CMV retinitis was 21.5 days with a 95% confidence interval

ranging from 10 to 27 days."
Teble 7: GS-93-106 Kapian - Meier Chanoe of CMV Retinitis Progression or Desth over Time'
Day of Event Treatment with Event | # of Events | Imumediate (st risk) | Deferred (st risk)
21 Defurred n 0043 (22) | 0469  (12)
2 Deferred 2 0043 (22) | o365 ()
6 Imimediate | 0418 (13 | o8 (¥
79 Deferred ) 0478 (10) | oss4 (3
% Immedisie | 0530 (1) | o884 (@
120 Immedisie | 0589 (8 | 0884 (2
I Source: Condensed from Appended Table 8.1.1 page 271 of Volume 80 from the original submission.

For patients randomized to immediate therapy, PROC LIFETEST returned 86 days as an estimate
of the median time to the progression of CMV retinitis or death with a 95% confidence interval
ranging from 40 days to upper limit not reached'’. For patients randomized to deferred therapy, the

ing estimate of the median time to the progression of CMV retinitis or death was 22 days
with a 95%% confidence interval ranging from 13 to 31 days".

2.4.5 The Cross Over Segment Details pending.

2.4.5 Sqfety - Survival Details pending.

" Page 271 of Volume 77 from the original submission.

"Ibid

17 Page 275 of Volumme 80 from the original submission.

" bid
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2.5 Summary: The sponsor concludes the following'”.

-

In describing the trial, it is stated that: “As designed, 48 patients were randomized to receive
either immediate (n=2S5) or deferred treatment (n = 23) with IV cidofovir § mg/kg once
weekly for 2 weeks (induction), then 5 mg/kg once every other week (maintenance), until
photographic documentation of CMV retinitis progression, the occurrence of
treatment-limiting toxicity, or death.” [emphasis added)

“No significant differences were observed between the immediate and deferred groups in
demographic and baseline chars-teristics.”

“The median time to CMYV retinitis progression as assessed by protocol-specified, bilateral,
full-field retinal photographs evaluated by an ophthalmologist masked to treatment assignment
was 120 days (95% confidence interval: 40 to 134 days) in the immediate group and 21.5 days
(95% confidence interval: 10 to 27 days) in the deferred group (p < 0.0001; log-rank test)”.
“Additional support for a cidofovir treatment effect was evident from consideration of the 16
deferred patients who crossed-over to cidofovir therapy following CMV retinitis progression.
Median time to CMV retinitis progression for these crossover patients on cidofovir was not
reached compared with a median time to progression of 21 days (95% confidence interval:
13 to 23 days) for these same patients while on the deferred arm (p < 0.001; paired Prentice-
Wilcoxon Z-statistic).”

“Neutropenia (15%) and proteinuria (12%), both asymptomatic, were the most common
serious adverse experiences felt by the Investigators to be possibly or probably related to
cidofovir.”

“Mild to moderate transient probenecid reactions, including fever, rash, headache, and/or
nauses, occurred in 23 of 41 (56%) patients and were treatment-limiting in 3 (7%) patients.”
“Mortality in the two randomization groups was similar [7 of 25 (28%) in the immediate
group and 8 of 23 (35%) in the deferred group) and not related to cidofovir; Kaplan Meier
estimates of median survival had not yet been reached in the immediate group and was 9.4
months in the deferred group (p = 0.58; log-rank test).”

“These data demonstrate that cidofovir is efficacious in delaying progression of CMV retinitis
in patients with AIDS and previously untreated peripheral CMV retinitis. Treatment was
associated with manageable side effects, pre-dose monitoring of renal function and
concomitant administration of saline hydration and protenecid appeared to minimize the
potential for significant drug-related toxicity.”

3. STUDY GS-93-107: A supportive trial for the sponsor’s application. Because this trial is similar
to study GS-93-106, and because it is supportive in nature, only the differences with study GS-93-106
will be highlighted.

3.1 Design:

3.1.1 Purpose As stated in the protocol, the objectives of this trial included the following:

¥ Page 154 from Volume 77 of the original submission.
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- To evaluate the safety and tolerance of cidofovir therapy in AIDS patients with relapsing
CMY retinitis when administered by intravenous infusion.

- To determine the time to progression of relapsing CMV retinitis in AIDS patients treated with
cidofovir administered by intravenous infusion.

- To evaluate the impact of cidofovir therapy on visual acuity.

3.1.2 Treatments All patients enrolling in this study will receive cidofovir. The common elements of
the treatment regimens include the following:

- Cidofovir will be administered by IV infusion over a 60 minute period.

- All patients will undergo prehydration with one liter of 0.9 percent (normal) saline solution
over an approximate 60 minute period immediately prior to each cidofovir treatment.
Additionally, all patients will receive a second liter of 0.9 percent (normal) saline solution to
be given either during each cidofovir infusion period or immediately after, over an
approximate 60 - 180 minute period. The second liter may be piggybacked with cidofovir
infusion.

- All patients will receive probenecid with each treatment. Probenecid will be administered
orally as 500 mg tablets; four tablets (2 grams) 3 hours prior to cidofovir administration and
two tablets each (1 gram) 2 hours and 8 hours following the completion of cidofovir
administration (four grams total).

The treatment regimens differed according to the dose of cidofovir:
Group A: § mg/kg/dose (induction and maintenance)
Group B: S mg/kg/dose (induction) and 3 mg/kg/dose (maintenance)

Treatment was to be administered as two consecutive weekly doses (induction) followed by every
other week cidofovir administration (maintenance).

3.1.3 Endpoints The first endpoint listed in the protocol was the time to treatment-limiting toxicity®.
Time to treatment-limiting toxicity was defined as the time from randomization to the documentation
of toxicity. Treatment-limiting nephrotoxicity was defined as an increase in serum creatinine > 0.5
mg/dL, 2 3+ proteinuria, or calculated creatinine clearance < 26 mL/min. It was required that
episodes of treatment-limiting toxicity be confirmed by immediately repeating abnormal laboratory
parameters. Further, it was stipulated that treatment-limiting toxicities necessitated discontinuation
of cidofovir treatment.

The second primary endpoint described in the protocol was the time to the progression of CMV
retinitis or death, whichever occurred first. The definition of the progression of CMYV retinitis was

® Page 025 of Volume 87 from the original submission.
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identical to that used in GS-93-106. As indicated by Table 1*' of the protocol, patients were to have
received complete ophthalmologic examinations at weeks 1, 3, 5, and 7, and every four weeks
thereafter.

As with study GS-93-106, the study report argues for the time to progression of CMV retinitis as the
primary outcome measure. It was argued that “... in the absence of drug-related mortality, time to
CMYV retinitis progression without considering death more accurately reflects the impact of the drug
on CMYV retinitis progression.”® However, it was acknowledged that the protocol called for the
combined endpoint of CMV retinitis progression or death and both endpoints were analyzed.

3.1.4 Eligibility As stated in the protocol, the primary eligibility criteria were the following®:

- The diagnosis of AIDS according to current Centers for Disease Control criteria.

- Diagnosis of CMYV retinitis as determined by an experienced ophthalmologist based on the
presence of characteristic necrotizing retinitis consisting of white, fluffy, or granular retinal
infiltrates with or without hemorrhage.

- Patients with CMV retinitis involving zone 1 of the retina must have had:
¢ progression of their retinitis while receiving at least 4 weeks (with at least 2 weeks at
induction doses) of systemic ganciclovir and at least 4 weeks (with at least 2 weeks at
induction doses) of systemic foscarnate; or
s progression of their retinitis while receiving at least 4 weeks (with at least 2 weeks at
induction doses) of systemic ganciclovir and systemic foscarnate as combination therapy; or
o progression of their retinitis while receiving at least 4 weeks (with at least 2 weeks at
induction doses) of systemic ganciclovir or foscamate and intolerance of the other agent (e.g.,
ganciclovir or foscarnate).

- Patients with CMV retinitis which does not involve zone 1 (e.g., involving only zone 2 and/or
zone 3) must have progression of their retinitis while receiving at least 4 weeks (with at least
2 weeks at induction doses) of systemic ganciclovir or foscarnate.

For the purpose of eligibility, CMV retinitis progression was defined as in section 2./.3 with the
following modification. In addition to the advancement of the border of an existing lesion or the
occurrence of a new lesion, the definition of progression includes the persistence of active retinitis
at the border of the lesion despite at least 4 weeks (with at least 2 weeks at inductiol. doses) of
systemic therapy, based upon ophthalmologic examination.

The remaining eligibility criteria for this study were identical with study GS-93-106.

Patients were to be excluded from study GS-93-107 for any of the foliowing reasons:

% Page 029 of Volume 87 from the original submission.
2 Page 026 of Volume 84 from the original submission.
© Page 015 of Volume 87 from the original submission.
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- receipt of other systemic or local anti-CMV therzpy. All other anti-CMV therapy must have
been discontinued within two days of randomization.

- receipt of therapy within the previous one week with any of the following:
¢ Vidarabine * CMV hyperimmune immunoglobulin
* Amphotericin B ¢ Aminoglycoside antibiotics
o Other nephrotoxic agents  » Other investigational agents with anti-CMV activity.
Patients receiving any of these drugs were to have discontinued the drug at least one week
prior to the time of baseline evaluation and for the balance of the study period.

The remaining exclusion criteria were identical to those employed in study GS-93-106 (see section

2.1.4).

No incentives or disincentives were adopted to encourage or discourage the enroliment of women
Or minority patients.

3.1.5 Toxicity Criteria and Dose Modifications The toxicity grades and implied actions were similar
to those employed in study GS-93-106 (see section 2./.5). The primary differences follow?:

- For grade II nephrotoxicity, as indicated by an increase in serum creatinine (0.3 - 0.4 mg/dL)
above screening or baseline lab (whichever was higher) or confirmed calculated creatinine
clearance (41 - 50 mL/min), the patient’s dose was to be reduced from 5 mg/kg/dose to 3
mg/kg/dose (Group A) or from 3 mg/kg/dose to 1.5 mg/kg/dose (Group B) for the remainder
of study treatment.

- The patient was to have been removed from cidofovir treatment if there was > 3+ proteinu.ia
or an increase in serum creatinine of > 0.5 mg/dL from baseline.

3.1.6 Patient Withdrawal As stated in the protocci®, enrolled patients were to receive cidofovir
treatment until documentation of retinitis progression, the occurrence of treatment-limiting toxicity,
or death, whichever occurred first. Additionally, it was stipulated that patients could be withdrawn
from study treatment assignment in the following instances®.

- Intercurrent iliness which would, in the judgement of the Investigator, affect assessments of
clinical status to a significant degree.

- Unacceptable toxicity (see section 3./.5).

- Disease progression as defined in section 2./.3.

- Development of biopsy-documented extraocular CMV disease.

- Patient non-compliance or request to withdraw.

- Discontinuation of study at request of Sponsor, following consultation with the Principal
Investigator.

% Page 034 of Volume 87 from the original submission.
 Page 003 of Volume 87 from the original submission.
% Page 040 of Volume 87 from the original submission.
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3.1.7 Randomization The randomization scheme®” adopted for this study was used throughout. It
consisted of the following variation on a biased-coin adaptive randomization design. If the site
enrolling the patient was out of balance by one or 2 patients, the patient was assigned to the under
represented therapy with probability 0.6. If the site was out of balance by more than two patients,
then the patient was assigned to the under represented therapy with a probability of 0.8. Finally, if
the enrolling site was perfectly balanced, then the study wide balance of the trial was considered. If
the study wide imbalance was at least two, the patient was assigned to the under represented therapy.
If the study wide imbalance was less than two, the patient was assigned to either therapy with equal
probability.

3.1.8 Centers As noted above, study GS-93-107 was a nwlti center trial. The following table records
the centers involved, their location, and the number of patients enrolled.

Table 8: GS-93-107 Patient Enroliment by Center’

Institution Location Immediate | Deferred Total

ullen Eye Institute
anlor College of Medicine Houston, TX 2 4 6

eth Israel Hospital

oslin Diabetes Center Boston, MA 3 6 9

Medical School
rge Washington University .

&’;ﬁ cal Center Washngtf:{\, DC 1 0 | |

ount Zion Medical Center .
Blnivenity of California, San Francisco | S Francisco, CA [ 14 13 27
[Northwestem University Chicago, IL 4 2 6

oyal Free Hospital London, UK 2 2 4
Santa Clara Valley Medical Center San Jose, CA 5 5 10
St. Luke’s-Roosevelt Hospital Center New York, NY 2 3 5
St. Stephen’s Clinic
[Moorfields Eye Hospital London, UK 3 3 6
[University of Califoria, Irvine Irvine, CA 3 4 7
[University of California, San Francisco | San Francisco, CA | 4 4 8

7 Page 311 of Volume | from Amendment #018 dated 9 February 1996.
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ules Stein Eye Institute

krnivmity of California, Los Angeles | |0 Angeles, CA 0 2 2
niversity of Southern California

Doheny Eye Institute Los A“?"“- CA 5 3 8
niversity of South Florida

E,ollege of Medicine Tampa, FL 1 0 1

Total 49 51 100
1 [Source: Page 046 of Volume | of Amendment #014 dated 24 January 1996.

3.1.9 Follow Up As stipulated by the protocol®, following discontinuation of cidofovir therapy and/or
progression to sight-threatening retinitis, all patients were to be evaluated (medical history, physical
examination, and laboratory tests {renal function tests, CBC, and chemistry profile]) every three
months for one year. The first follow up visit was to be performed two weeks following
discontinuation of cidofovir therapy and/or progression to sight-threatening : etinitis.

If there was clinical suspicion of retinitis progression, based upon ophthalmologic examination, at any
week that retinal photography was not scheduled, retinal photographs were indicated.

A complete ophthalmologic examination, including fundus photography, was to be done at the time
that cidofovir was discontinued. Additionally, those patients that discontinued cidofovir treatment
for any reason other than progression of their CMV retinitis were to undergo complete
ophthalmologic examination (all patients), including fundus photography (first 100 patients), every
four weeks until documentation of CMV retinitis progression regardless of whether the patient
initiated other anti-CMYV treatment.

3.2 Enrollment:

3.2.1 Patient Demographics As a result of the randomization scheme described in section 3./.7, 100
patients were enrolled in study GS-93-107; 49 received the 5 mg/kg dose and 51 received the 3
mg/kg dose. The demographic characteristics of the enrolled population are described in Table 9
below.

Table 9: GS-93-107 Patient Demographics'
5 mg/kg 3 mg/kg
Age (Range): 29- 54 24 - 65

¥ Page 030 of Volume 87 from the original submission.
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Gender: Male 48 51
lFemale 1 0

Race: White 39 41
|Other’ 10 10

1| Source: Table B page 007 of Volume | from Amendment #014 dated 24 January 1996.

2| Other includes 4 African Americans and 16 patients of Hispanic origin.

3.2.2 Baseline Characteristics With respect to selected baseline characteristics, the patients enrolled

in study GS-93-107 can be described as follows.

Table 10: GS-93-107 Selected Mean Baseline Characteristics'

| Characteristic Smg/kg | 3 mg/kg | p-value?
CD4 Count 19 9 0.165
Time from HIV Diagnosis (months) 85 79 0.510
Number of Lesions 21 20 0.876
Time from First CMV Diagnosis (days) 406 423 | o6z
Number of Courses of IV-Ganciclovir or IV-Foscarnate 179 221 NR’

3{ NR = Not reported.

1| Source: Table B page 007 of Volume | from Amendment #014 dated 24 January 1996.
2| P-values provided by the sponsor were based on a two-way analysis of variance with treatment and institution
as main effects or on & Cochran-Mantel-Haenszel test stratified by institution.

3.3 Methods of Analysis:

3.3.1 Censoring Rules As noted in section 3./.3, the primary endpoint adopted in the study report
was the time to the progression of CMV retinitis. As indicated in the study report™, the endpoint of
the time to treatment limiting toxicity was considered a safety endpoint, not an efficacy endpoint and
the endpoint of the time to the progression of CMYV retiniti» or death was considered a secondary

endpoint even though the protocol defined these endpoints as primary.

For the endpoints of time to progression of CMV retinitis and the time to progression of CMV
retinitis or death, the censoring rules adopted were the same as for study GS-93-106 (see section

® Pages 021 and 037 of Volume | from Amendment #4014 Dated 24 January 1996.
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2.3.1). For the endpoint of the time to treatment limiting toxicity, the following rule was adopted™:
If, at the date of data cutoff for the report (which was 30 April 1995 for the first 60 patients enrolled
and was later updated to 31 August 1995 for the first 100 patients enrolled), treatment-limiting
toxicity had not occurred, the event was considered censored, and the time of censoring was the time
of discontinuation of cidofovir treatment for causes other than adverse experience, or the date of
progression as evidenced by fundus photograph, or the date of last follow up, whichever occurred
first.

3.3.2 Significance of Treatment Effect To measure the significance of the difference between the 5
mg/kg group and the 3 mg/kg groups with respect to the endpoints of time to CMV retinitis
progression, time to CMV retinitis progression or 4zath, and time to treatment-limiting toxicity, the
same methods as used in study GS-93-106 were adopted. Specifically, the logrank statistic, as
caiculated by PROC LIFETEST (SAS Institute, Inc.), was employed to measure the significance of
the difference between the two groups. For primary analyses, p-values, unadjusted by institution,
were reported. As supplementary analyses, p-values adjusted by institution were recorded. It should
be noted that when adjusting for institutions, data from sites with fewer than three patients in either
treatment group were pooled as one institution.

As described in the protocol®, “... p-values will be presented with the classical statistical critical
values without adjustment for multiple comparisons.”

3.3.3 Magnitude of Treatment Effect As with study GS-93-106, the measure adopted to assess the
magnitude of the treatment effect involved computing the median times to the enidpoint in question
from the Kaplan - Meier product limit estimates. Median times and confidence intervals were
computed using PROC LIFETEST (SAS Institute, Inc.). Confidence intervals were then compared
and significant differences were declared when there was no overlap in the confidence intervals for
the medians of the two groups being compared.

3.3.4 Survival Details pending.

3.4 Results of Analysis:

3.4.1 Protocol Violations A list of all protocol violations reported by the sponsor is recorded in Table
11 below. In the study report submitted with the NDA (when data from only the first 60 patients

enrolled in study GS-93-107 were available), it is stated that no patients were excluded from efficacy
or Jafety analyses due to protocol violations®.

Table 11: GS-93-107 Protocol Viblatior;s'

*Page 093 of Volume 77 from the original submission.
3 Page 042 of Volume 87 from the original submission.
3 Page 040 of Volume 84 from the original submission.
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| Source: Table 1.4 page 054 of Volume | from Amendment #014 Dated 24 January 1996.

3.4.2 Patient Qutcomes As reported by the sponsor, the outcomes for the patients enrolled in this trial

are recorded in Table 12.

Table 12: GS-93-107 Disposition of Patients During Treatment with Cidofovir'

Result 5 mg/kg 3 mg/kg

n (%) n (%)
Progression’ 11 (22) 23 (45)
Death? 4 (8) 1 (2)
Discontinued -Adverse Experience(s)
/Imtercurrent Event(s)’ 17 (%) 12 (24)
Discontinued - Other*? 6 (12) 8 (16)
Lost to Follow Up? 0 0) 0 0)
Still at Risk (at initial treatment assigninent)’ 11 (22) 7 (14)
1 | Source: Table 1.3 pags 053 of Volume | from Amendment #014 Dsted 24 January 1996
2 | These catcgories are mutually exclusive snd exhaustive with respect to all patients randomized
3 | ‘Discontinued - Other’ includes patients who discontinued for reasons other than thoss shown sbove (e.g., dus to

mental incapacity, generalized debilitation, withdrawal of consent, etc.).




3.4.3 Significance of Treatment Effect The value of the unstratified logrank statistic obtained by the
sponsor for the endpoint of the time to the progression of CMYV retinitis or death was 4.836%, The
associated asymptotic p-value was reported as 0.0279. In a footnote, the asymptotic p-value adjusted
for institution was reported as 0.0668.

The value of the unstratified logrank statistic obtained by the sponsor for the endpoint of the time to
treatment-limiting toxicity was 0.084. The associated asymptotic p-value was reported as 0.7717.
In a footnote, the asymptotic p-value adjusted for institution was reported as 0.3913.

The value of the unstratified logrank statistic obtained by the sponsor for the endpoint of the time to
the progression of CMV retinitis was 9.847%. The associated asymptotic p-value was reporte- as
0.0017. In a footnote, the asymptotic p-value adjusted for institution was reported as 0.0069.

3.4.4 Magnitude of Treatmemt Effect For patients randomized to the 5 mg/kg dose, PROC
LIFETEST returned 71 days as an estimate of the median time to the progression of CMV retinitis
or death with a 95% confidence interval ranging from 63 days to 115 days™. For patients randomized
to the 3 mg/kg dose, the corresponding estimate of the median time to the progression of CMV
retinitis or death was 50 days with a 95% confidence interval ranging from 36 days to 78 days".

For patients randomized to the 5 mg/kg dose, PROC LIFETEST returned 123 days as an estimate
of the median time to treatment-limiting toxicity with a 95% confidence interval ranging from 101
days to 164 days™. For patients randomized to the 3 mg/kg dose, the corresponding estimate of the
median tﬁm to treatment-limiting was 135 days with a 95% confidence interval with neither limit
achieved”.

For patients randomized to the 5 mg/kg dose, PROC LIFETEST returned 115 days as an estimate
of the median time to the progression of CMV retinitis with a 95% confidence interval ranging from
70 days to upper limit not reached”. For patients randomized to the 3 mg/kg dose, the corresponding
estimate of the median time to the progression of CMV retinitis was 49 days with a 95% confidence
interval ranging from 35 days to $2 days*'.

3.4.5 Survival Details pending.

 Page 177 of Volume 3 from Amendment #014 Dated 24 January 1996.
MPage 160 of Volume | from Amendment #014 Dated - ' January 1996,
¥ Page 086 of Volume | from Amendment #014 Dated 2.+ January 1996,
¥Page 177 of Volume 3 from Amendment #014 Dated 24 January 1996,
Y bid.
¥Page 160 of Volume | from Amendment #014 Deied 24 January 1996.
®Ibid.
“Pags 086 of Volume | from Amendment #014 Dated 24 January 1996.
“1bid.
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3.5 Summary: In the study report submitted with the NDA, the following conclusions are stated**:

“Sixty patients with evidence of CMV retinitis progression while receiving ganciclovir and/or
foscarnate therapy were randomized to one of two groups: $ mg/kg group (n = 29) - IV
cidofovir 5 mg/kg once weekly for 2 weeks (induction), then S mg/kg once every other week
(maintenance) or 3 mg/kg group (n = 31) - IV cidofovir § mg/kg once weekly for 2 weeks
(induction), then 3 mg/kg once every other week (maintenance) until photographic
documentation of CMYV retinitis progression, the occurrence of treatment-limiting
tozicity, or death.” [emphasis added])

“No significant differences were observed between the S mg/kg and 3 mg/kg groups in
demographic and baseline characteristics.”

“The median time to CMV retinitis progression as assessed by protocol-specified, bilateral,
full-field retinal photographs evaluated by an ophthalmologist masked to treatment
assignment was 115 days (95% confidence interval: 38 days to upper limit not yet reached)
in the S mg/kg group and 49 days (95% confidence interval; 32 days to upper limit not yet
reached) in the 3 mg/kg group (p = 01.2; log-rank test”.

“Asymptomatic proteinuria (18%) was the most common serious adverse experience felt by
Investigators to be possibly or probably related to cidofovir. Two of 29 (7%) patients in the
$ mg/kg group and 3 of 31 (10%) patients in the 3 mg/kg group developed a serum creatinine
2 2 mg/dL. Proteinuria and serum creatinine elevations were both partially reversible.”
“Transient, mild to moderate probenecid reactions, including fever, rash, headache, and/or
nausea, occurred in 32 of 60 (53%) patients and were treatment-limiting in 2 of 60 (3%)
patients.”

“Mortality in the two randomization groups was similar and not related to cidofovir, Kaplan
Meier estimates of median survival time were 130 days (95% confidence interval: 95 to 242
days) for the S mg/kg group and 128 days (95% confidence interval: 64 to 146 days) for the
3 mg/kg group (p = 0.24; log-rank test).”

“When compared to historical data from the Studies of Ocular Complications of AIDS
Research Group, which reported median third time to CMV retinitis progression of 35 days
for patients treated with ganciclovir or foscarnate (28)%, these interim data suggest that
cidofovir is efficacious in delaying progression of CMYV retinitis in patients with AIDS and
relapsing CMV retinitis. Treatment was associated with manageable side effects; pre-dose
monitoring of renal function and concomitant administration of saline hydration and
probenecid appeared to minimize the potential for significant drug-related toxicity.”

In the “Brief Interim Report™ submitted with the updated data on the 100 patients enrolled in study
GS-93-107, the following amendments to the above conclusions were recorded:

9 Page 055 of Volume 84 from the criginal submission.

“ The refarence cited here is “Studies of the Ooular Complications of AIDS Research Group, AIDS Clinical Trials
Group. Foscarnate - ganciclovir cytomegalovirus retinitis trial 4: visual outcomes. Ophvhalmol. 101; 1250-61, 1994
(see page 060 of Volume 84 from the original submissioc).

“Pags 003 of Volume 1 of Amendment #014 Dated 24 Jaguary 1996,



- The number randomized to the S mg/kg group increased o 49, the number randomized to the
3 mg/kg group increased to 51.

- The median time to CMV retinitis progression was 115 days (95% confidence interval: 70
days to upper limit not yet reached) for the 5 mg/kg group and 49 days (95% confidence
interval: 35 days to 52 days) in the 3 mg/kg group (p = 0.0017; log-rank test).

- The percentage of patients reporting asymptomatic proteinuria was updated to 17%.

- The percentages of patients who developed a serum creatinine > 2 mg/dL were updated to
4 of 49 (8%) of the patients in the 5 mg/kg group and 4 of 51 (8%) of the patients in the 3
mg/kg group.

- The percentage of patients experiencing transient probenecid reactions was updated to 47 of
100 (47%) of the patients enrolled. The percentage of patients with treatment-limiting
probenecid reactions remained at 3% (3 of 100 patients).

- The updated Kaplan-Meier estimates of the median survival time were updated to 167 days
(95% confidence interval: 109 days to 242 days) for the 5 mg/kg g:oup and 146 days (95%
confidence interval: 107 to 218 days) for the 3 mg/kg group (p = 0.69; log-rank test).

- The following claim was added: “In addition, these data demonstrate that $ mg/kg
maintenance therapy has greater efficacy than 3 mg/kg maintenance therapy; thereby
confirming and extending the observed cidofovir treatment eﬂ"ect noted in the interim report
of study GS-93-107 and the final report of study GS-93-106 ..

4. REVIEWER COMMENTS: MAJOR ISSUES
4.1 General Design Comments

4.1.1 Open Label Design Both trials GS§-93-106 and GS-93-107 employed an open label design.
While readings of retinal photographs were masked, patients and physicians knew treatment
assignments. As a result, biases could have entered thes= studies either consciously or unconsciousty.
For example, the grading of the severity of treatment limiting toxicities relied, in part, on the
subjective judgement of the physician (as opposed to objective laboratory data). As a result, the
assessment of the severity of a treatment limiting toxicities might have been influenced by a desire
(either of the patient or the physician) to stay on assigned therapy or to switch to an alternative
therapy, Because such biases tend to be subtle, and because the direction of the bias may not be
discernible, the results from open label trials require cautious interpretation. As these trials are
discussed in tum, evidence suggesting the possibility of such bias will be discussed.

4.1.2 Randomization While the level of complexity differed, both trials GS-93-106 and GS-93-107
employed complex randomization schemes to assign patients to therapy (see sections 2.7.7 and 3.1.7).
For these complex designs, it was possible to generate appropriate reference distributions for the
purpose of assessing the significance of any one of several test statistics. However, the complexity
of the adopted designs rendered the estimation of variances of point estimates (reflecting the design
employed) intractable. Because sample sizes were small for both trials, appeals to asymptotic
variances where the design might be ignored is questionable. Thus, a consequence of the complex
designs adopted is that the confidence to be placed in confidence intervals of point estimates is
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4.1.3 Follow Up The protocols of studies GS-93-106 and GS-93-107 mandated that unless the
patient switched to an alternative proscribed therapy (e.g., ganciclovir or foscarnate), they were to
be followed every two weeks with a complete ophthalmologic examination including retinal
photographs (see sections 2./.9 and 3.1.9). However, because patients presented with CMV retinitis
when they enrolled in these trials, withdrawal from the trial frequently meant switching to a
proscribed therapy. Thus, complete follow up on many patients is lacking and this is a major
problem. Using the sponsor’s readings of the retinal photographs (with the FDA's readings of the
photographs, the situation is worse), 56% of the patients assigned to immediate therapy in study GS-
93-106, 49% of the patients assigned to the 5 mg/kg dose in study GS-93-107, and 35% of the
patients assigned to the 3 mg/kg dose in study GS-93-107 (see sections 6.2.2 and 7.2.2 below)
discontinued therapy prematurely. Since many of these patients went on to treatment regimens
employing proscribed therapies, their status with respect the progression of CMV retinitis was not
recorded. Absent follow up on these patients, there is little that can be done but to proceed
cautiously.

4.1.4 Sample Size The numbers of patients enrolled in studies GS-93-106 and GS-93-107 were small. -
For the pivotal trial, GS-93-106, total enroliment was 48 with 25 patients exposed to cidofovir.
While this sample size was sufficient to assess the statistical significance of a treatment effect, it
precluded a precise estimate of the magnitude of the treatment effect. Typically, when sample sizes
are small, observations occur which have undue influence on the final assessment of results. When
studies GS-93-106 and GS-93-107 are discussed below, evidence of this phenomenon will be
discussed.

4.2 Informative Censoring When evaluating an endpoint which is defined by the time to an event,
it is very important to examine carefully the mechanism by which patients are censored.

4.2.] An Example If an omniscient investigator wanted to maximize the distinction between an
experimental therapy and a control, he would simply withdraw each patient receiving experimental
therapy from the trial an instant before they would have presented with an event. In this way, no
events would occur on the treatment arm and the Kaplan - Meier estimate of the survival probability
would remain at one throughout the trial. On the other hand, when the endpoint and treatment
assignment are independent of the censoring mechanism, the reasons for a patients withdrawal from
a trial are independent of the question of interest and can be ignored. Evidently, informative
censoring lies somewhere between the extreme of perfect informative censoring and uninformative
censoring. But, precisely where is unknown and given the nature of the follow up present in trials
GS-93-106 and GS-93-107, unknowable.

4.2.2 Consequences of Informative Censoring The lack of independence between the censoring
mechanism and the outcome event has the following consequences. First, as discussed below, the
interpretation of the Kaplan-Meier (or product limit (PL)) estimator as an estimator of the survival
surve is questionable. Second, aisent the independence of the censoring mechanism and the outcome
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event, what is tested by the logrank, Wilcoxon, and like tests is unknown. Finally, attempts to
estimate the relative risk by means of Cox models is of questionable utility because the appropriate
likelihood to be maximized by estimates from such a model cannot be described. The remainder of
this section discusses each of these points in tumn.

Absent the assumption of independence between the event of interest and the censoring mechanism,
it is not possible to interpret the PL estimator as a maximum likelihood estimator of the survival
curve. The reason is that to describe the appropriate likelihood would entail a knowledge of the joint
distribution of the event of interest and the censoring mechanism. Given the lack of follow up beyond
a patients withdrawal from one of these trials, a competing risks formulation of the time to
progression of CMV retinitis or treatment limiting condition would be appropriate. In this context,
the joint distribution of the time to progression of CMYV retinitis and the time to s treatment limiting
condition is unobservable®. Thus, the appropriate likelihood to be maximized by the PL estimator
is also unobservable.

Another considerstion when the outcome event and censoring mechanism are dependent is this.
While the product limit estimator may cease to be a maximum likelihood estimator of the survival
curve, it may still estimate a relevant quantity. To discuss this point further, suppose that 7, and ¢,
are adjacent event times. Let », and n, ,, denote the number of patients at risk at these event times,
let d, and d,,, denote the number of events that occur at these event times, and let ¢, and ¢, ,
denote the number of patients censored at these event times. Then this information contributes the
following product to the PL estimate of the survival curve:

d d
(1--—1](1-—5’—') withmn,,, =n, -d -c,

n, n .,

When the outcome event and censoring mechanism are independent, d,/n, is an estimate of the
instantaneous hazard at time 1. When the censoring mechanism and the outcome event are
dependent, this is no longer the case. Should it happen that the outcome event and the censoring
mechanism are positively correlated, it might e argued that one or more of the patients censored at
time #, should be classified as events. In this case, the lack of independence between the censoring
mechanism and outcome event suggests that the PL estimator overestimates the survival curve at time
1,. On the other hand, if the outcome event and censoring mechanism are negatively correlated, it
might be argued that patients censored at time ¢, were never really at risk in the first place and that
such patients should not now be removed from the risk set at time ¢, ,,. If this argument is
appropriate, then the PL estimator yields an underestimate of the survival curve at time ¢, ,. Absent
any attempt to assess the nature of the joint distribution of the censoring mechanism and outcome
event, whether the PL estimator yields an over estimate of the survival curve or an underestimate is

“ Tsistis, A. (1975) A Nonidentifiability Aspect of the Problem of Competing Risks. Proceedings of the National
Academy of Sciences, 72, 20 - 22.
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A second consequence of the lack of independence between the outcome event and censoring
mechanism is this. As has already been noted, the lack of independence calls into question what the
PL estimator estimates. Thus, it is not surprising to find that authors who discuss the large sample
theory of the product limit estimator require independence between the censoring mechanism and the
event of interest””. This reviewer is unaware of any results concerning the large sample theory of the
PL estimator absent the independence assumption. In view of the fact that the logrank, Wilcoxon,
and like test statistics can be expressed as functionals of the PL estimator*, the appropriate large
sample theory for these tests flows from the large sample theory for the PL estimator. If the large
sample theory for the PL estimator is unknown, then 50 too is the large sample theory for these test
statistics. Thus, when the censoring mechanism and outcome event are dependent, it is not at all clear
what the logrank, Wilcoxon, and like tests test.

The final consequence mentioned above is this. As noted, absent knowledge of the joint distribution
of the censoring mechanism and the event of interest, it is not possible to write down the likelihood
appropriate to describe the sample. Above, this hypothetical likelihood was envisaged in terms of the
survivor function to provide a maximum likelihood interpretation for the PL estimator. Here, the
formulation is envisaged in terms of cause specific hazard functions”®. Thus, as a corollary to the
problems associated with the interpretation of the PL estimator, we have that absent knowledge of
the joint distribution of the censoring mechanism and the outcome event, it is not possible to write
down the likelihood that a Cox model would maximize.

4.2.3 Death and Informative Censoring While the sponsor can argue that any of the reasons for
premature patient withdrawal from trials GS-93-106 and GS-93-107 are independent of the endpoint
in question and the treatment assipjnment, the one reason for patient withdrawal that is objectively
dependent is death. An intuitive argument highlighting the dominant thread of this observation
follows. Suppose that the time to CMYV retinitis progression and the time to death are two random
variables with a continuous joint distribution. For these two random variables to be independent, it
is required that the joint probability density factor as the product of the marginal densities. A
necessary condition for this to be possible is that the region where the joint density function is positive
be rectangular (otherwise, the region where one of the marginal densities is positive would depend

“ This point is further elaborated in Cox and Oakes (1984) Analysis of Survival Dsta. Chapman & Hall, London. These
authors discuss the possibility of bounding the survival curve by making assumptions about the joint distribution of the
outoome event and censoring mechanism as discussed above. However, they note that such bounds are frequently too wide
1o be of any practical use.

“ See, for example, Breslow, N. And Crowley, J. (1974) A Large Sampie Study of the Life Table and Product Limit
Estimates Under Random Censorship. The Annals of Statistics, 2, 437 - 453.

“Haerington, D. P. And Fleming, T. R. (1982) A Class of Rank Test P:-cedures for Censored Survival Data. Biometrika,
69, 553-66.

® See Kalbflsisch, J. D. And Prentice, R. L. (1980) The Statistical Analysis of Failure Time Dsta. John Wiley & Sons, New
York. Also see Cox, D. R. (1972) Regression Models and Life-Tables. Journal of the Royal Statistical Society, Series B,
34, 187 - 220.
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on the vaiue specified for the other variable). However, the region where the joint density of the time
to CMV retinitis and the time to death random variables is positive is, necessarily triangular. Once
it is known that the patient has died, it is known that the CMYV retinitis will not progress. Thus, death
and the time to progression of CMYV retinitis can not be independent. This is true regardless of the
relationship between the cause of death and the progression of CMV retinitis. Even imagining a
sequence of events leading to death that would amaze Rube Goldberg, it would still be the case that
the occurrence of death and the progression of CMV retinitis are not independent.

As each trial is discussed in detail, it will be noted that the sponsor seems to acknowlecige that there
might be some relation between some of the reasons for premature patient withdrawal from the trials
and the treatment assignment and/or endpoint of progression to CMV retinitis.

4.3 The Median Time to an Event The purpose of this discussion is to raise some issues concerning
the estimate and use of the median time to an event as a means for quantifying the magnitude of a
treatment effect.

4.3.1. Complete Information and Large Samples Consider the case where the underlying survival
distribution is continuous and strictly increasing. If the distribut . n function for this population were
known, then a unique estimate of the median would be provided by projecting on to the time axis,
the point where the survival curve and the horizontal line with height 0.5 intersect. Next, suppose
that the distribution function is not known but is estimated by a large sample without censoring. In
this event, the strong law of large numbers ensures that the empirical distribution function provides
a good estimate of the underlying survival curve. Thus, while the empirical distribution function is
a step function, with large samples and without censoring the steps involved are generally small (in
fact they can be made as small as desired by increasing the sample size sufficiently). However, the
situation changes in the presence of small samples and censoring.

4.3.2. Medians of Discrete Distributions One way to think of the product limit estimate is as the
distribution function for the events actually observed in the trial. Under this interpretation, the
product limit estimate is, in fact, the distribution function for the discrete distribution given by the
population of patients enrolled. And here is the problem. Typically, for discrete distributions, the
median is not uniquely defined. Thus, two distinct approaches to describing the median present
themselves. On the one hand, acknowledge that the median is not defined and simply report the
percentiles that bracket what would be the median if it existed. On the other hand, compute a
weighted average of the bracketing percentiles and call this average the median.

4.3.3 The Linear Interpolate / Weighted Average Translating the above comments into the case of
the Kaplan - Meier survival curve the situation is this. Suppose that the median is bracketed by the
event times 1, < £,. By this is meant the following. The event times ¢, and 1, are adjacent and the
comesponding probabilities given by the Kaplan - Meier Survival curve satisfy p, > 1/2 > p,. Let p
denote any probability in the interval (p,,p,). ihen the linear interpolate for the p" percentile is
given by
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(p“Pz) ol o (pl -p) .
(P| "Pz) l (pl 'Pz)

! =

t,.

Thus, it is seen that not only is ¢ the linear interpolate for the p percentile, it is also a weighted
average of the percentiles bracketing the median. Setting p equal to '4 in this equation gives the
linear interpolate for the median.

4.3.4. PROC LIFETEST (SAS Institute, Inc.) The procedure PROC LIFETEST (SAS Institute, Inc.)
estimates the median from a Kaplan - Meier survival curve by reporting the value of the percentile
that brackets the median from above. However, because the linear interpolate appears to be a natural
alterative to this procedure, why hasn’t it been adopted? A potential is this. The asymptotic
variance® of the linear interpolate of the median is given by

AVar(f(B))'

AVar(8) =
v 71(8)

Here,  is the linear interpolate for the median 8,5(¢) is the product limit estimator of the survival
function, andf(*) denotes the probability density of the distribution for whichS is the survival
function. The numerator of the right hand side can be estimated by Greenwood’s formula. The
denominator, on the other hand, introduces a whole new set of problems. Thus, while the linear
interpolate makes sense as a point estimate for the median, computing its variance (and, thus,
confidence intervals) presents problems. One final comment, however, is in order. Given the small
samples observed in studies GS-93-106 and GS-93-107 and given the complicated nature of the
designs adopted, neither the SAS estimate of the variance of the estimate of the median nor the
expression above truly represents a good assessment of the variability of the estimate.

S. DATA 1ISSUES

5.1 FDA Assessment of the Raw Data: To assess the quality of the data submitted with this NDA,
Dr. Wiley Chambers, Acting Division Director of the Division of Anti-inflammatory, Analgesic, and
Ophthalmologic Drug Products, HFD-550, was consulted. He read all of the slides submitted with
the NDA to check the raw data for accuracy. There were some differences between these readings
of the retinal photographs and the readings provided by the sponsor. Explicit patient by patient
differences are recorded in Appendix A below. Summary descriptions of differences between the
sponsor and the FDA consultant are recorded with the description of each study.

5.2 Time Line of Events: Throughout the course of this NDA review, new data was arriving.

* Sec page 76 of Miller, R. G. Jr. (1981) Survival Analysis. Jobn Wiley & Sons, Inc. New York.
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The purpose cf this section is to chronicle the timing of the arrival of this data.

Table 13: Selected Chronology of Events in the Review of NDA 20-618

Dste Event
25 July 1995 Preliminary dats from GS-93-106 amived filed under IND 19,192 #158.
14 August 1995 The derived data from what the sponsor labeled a worst case scenario for study GS-93-106
arrived filed under 'ND 162.
4 October 1995 NDA # 20-638 amrived along with data. The data diskettes were unreadable.
17 October 1995 mhmﬁMMu-ﬁMﬁHnAmﬂth2. These diskettes were still

31 October 1995 A third set of data diskettes arrived filod as Amendment #004. These diskettes were readable.

27 November 1995 | Updated survival data through 4 October 1995 arrived for GS-93-106 filed as Amendment
#007.

16 January 1996 Derived data files culling information on adverse events arrived for both studies GS-93-106 and
GS-93-107. This submission was filed as Amendment #012.

24 January 1996 An analysis of GS-93-107 updated to encompass 100 enrolled patients arrived along with
updated data diskettes for GS5-93-106 and GS-93-107. This submission was filed as
Amendment #014.

9 February 1996 Detailed information on the randomization schemes adopted for GS-93-106 and G8-93-107
=rived, filed as Amendment #018.

22 February 1996 | An updated analysis of survival for GS-93-106 and GS-93-107 through 31 January arrived
without data diskettes. This submission was filed a3 Amendment #024.

29 February 1996 The background information that the sponsor was submitting to the upcoming advisory
committee meeting arrived, filed as Amendment #027.

4 March 1996 Received Dr. Chamber's assessment of the data from GS-93-106 in the form of a print out of a
spread sheet page.
11 March 1996 Received Dr. Chamber's assessment of the data from GS-93-107 in the form of & print out of a
spread sheet page.
15 March 1996 The sponsor presented their case before a joint session of the Anti-virals and Ophthalmologic
6. STUDY GS-93-106

6.1 Patient Characteristics The patient demographics and baseline characteristics have not changed
since they were recorded in section 2.2. They are repeated below to emphasize two points. The first
is that only two women were enrolled in this trial and, of these, only one was exposed to cidofovir.
The second point is this. Whi'e the sponsor dismisses all baseline differences between patients
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differences in the number of lesions and in the time from first diagnosis of CMV retinitis are
sufficiently large to merit comment. If there is any bias in this trial with respect to these
characteristics, it is apparently in the direction that would benefit a favorable assessment of cidofovir

therapy.

‘ Table 14: GS-93-106 Patient dewewwee
Immediate Deferred
Age (Range): 27-56 30-46
Male 24 22
Sex: ——
Female 1 1
White 20 20
Race:
Other 5 3
1 Source: Table 2.1 page 246 of Volume 77 of the original submission.
2 One Native American and 7 patients of Hispznic origin.

Table 15: G§-93-106 Selected Mean Baseline === -
[Characteristic Immediate Deferred p-value?
I(TD4 Count 133 16.2 0.695
Time From HIV Diagnosis (months) 67.2 78.2 0.470
[Number of Lesions 1.2 1.7 0.081
Time From First CMV Diagnosis (days) 5.1 8.1 0.147
1 Source: Table 2.1 page 246 of Volume 77 from the original submission.

2 P-values provided by the sponsor were based on a two-way analysis of variance with treatnent and institution as main:
effects or on a Cochran-Mantel-Haenszel test stratified by institution.

6.2 Patient Outcomes Before proceeding, it should be pointed out that the endpoint actually
observed in this study is not time to the progression of CMV retinitis. Rather, what is observed is
the time to the detection of the progression of CMV retinitis. With this in mind, then, how patients
fared on this trial is recorded in tables 16 and 17 below. There is some disagreement between Table
S above and table 16. This reviewer is not aware of the reason for this difference. The entries in
Table 5 do not match the data submitted with the NDA on diskette nor with the paragraph naratives
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of the reasons for premature discontinuation for patients who discontinued therapy prematurely®,
Additionally, when Dr. Chamber’s assessments of the retinal photographs are considered, there are
further differences. In Table 16, how patients responded is partitioned into mutually exclusive and
exhsustive categories. For each category, those patients who belong are recorded by number. For
verification, these patient numbers were checked against the paragraph narratives previously cited.
Table 17 repeats Table 16 using the data as assessed by Dr. Chambers. One new category is included
in this table. It consists of those patients who were labeled as progressors by the sponsor’s readings
of the retinal photographs who were not labeled as progressors as a result of Dr. Chamber’s reading
of the retinal photographs.

Table 16: GS-93-106 Patient Outcomes (Sponsor’s Readings)
Immediate Deferred
Result
# | Patients # | Patients
10 18 a o
Progressed ~
Excluded Events | 15 5
Possible Progression 3 2
Progroessien by Examination ) m
With Respert to Second Photegraph @ m
Systemic CMV Disease 2 1
Withdr - - 1 Consent (Moribund Stste) 2
Adverse Reaction: 7
Pretelenria “@ ]
Probenecid Reaction / Perighersi o
Nouropathy
Administrative 1 2
Bessline Zane 1 CMV Retinitls )
Ballsed ot Troatment Assignment )
Comploted Triad Q)
Total 28| 23
*  Pationt 2304 was diagnesed with grade [1] pretsinuria, was talon off study treatinent, remained off sliernagive CMV therepy, and
continmed to be photographed. The pationt subesquently progremed and was 20 scored in the Sponser’s analysis.

¥ Soe page 173 of Volume 77 from the original submission.
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The following explanations of the above categories is in order. Possible progression (progression by
examination) includes all patients who were diagnosed as having progressed by ophthalmologic
examination who were not subsequently confirmed as having progressed on the basis of masked
readings of the retinal photographs. Possible progression (with respect to second photograph)
includes all patients whose baseline photograph was not evaluable and yet they showed progression
when subsequent photographs were compared. Whether this was their first progression could not
be determined. Systemic CMV disease includes all patients who presented with CMV disease
(primarily colitis and gastroenteritis). Withdrawn consent (Moribund State) includes all patients who
withdrew consent and either died soon after or were assessed as being debilitated. Adverse Reaction
(Proteinuria) includes all patients who were discontinued prematurely after presenting with grade III
or IV proteinuria. The remaining categories are self explanatory.

When looking at this table, the first point to notice is that only one of the 48 enrolled patients actually
completed the trial. All others were discontinued either prematurely or because they progressed.
Eighteen patients on deferred therapy and 10 patients on immediate therapy progressed. On the
surface, this would suggest a treatment effect in favor of cidofovir therapy. Of concern, however,
are the 14 patients on immediate therapy who are described as having been discontinued prematurely.
A question is whether these patients can be ignored when describing the overall impact of cidofovir
therapy.

Table 17: GS-93-106 Patient Outcomes (FDA Readings)
Immediate Deferred
Result
L Patlents # Patlents
13 19 ‘1
Progressed
Excluded Events 12 4
Possible Progression 3 2
Pregression by Examination ) —
With Respect to Second Photograph () m ]
Rescored as » Nenprogreser @) 1)
.
Withdraws Consent in Moribuad State 2
Adverse Resctien: 6
Preteinuria @)
Probensehd Reaction / Periphernl Q)
Neurepathy
Adninistrative o 1y 3
Bassline Zene 1 CMV Retinitls B m| 12




Balled ot Trestment Assignmant m
Compisted Trisl ' m,

A . -

As is evident from this table, there were some differences between the Sponsor’s assessment of the
retinal photographs and the FDA's assessment of the retinal photographs. However, the general
picture is still the same: (1) there is an apparent treatment effect in favor of cidofovir, and (2) the
number of patients randomized to immediate therapy who discontinued prematurely is still large.

A notable difference between Tables 16 and 17 is the following. The category of Systemic CMV
Disease has disappeared. The patients previously placed in this category by the sponsor’s assessment
of the retinal photographs were scored as having progressed on the basis of the FDA’s assessment
of the retinal photographs. This fact suggests that the assumption of noninformative censoring
required of the sponsor’s estimates of the median times to the detection of CMV retinitis progression
is optimistic.

6.3 The Combined Endpoint Because it is difficult to suppose that any of the reasons for premature
patient discontinuation are independent of the endpoint of CMV retinitis progression and/or treatment
assignment, a combined endpoint that can be interpreted as the time to the detection of CMV retinitis
progression or treatment limiting condition was constructed. How this was done will be described
presently. What is important to note here is that all estimates of medians and all Kaplan - Meier plots
presented by the sponsor require the assumption that all of the patients who discontinued therapy
prematurely did so independently of the endpoint and/or treatment assignment. As a counter balance
to this optimistic assumption, the combined endpoint assumes that all reasons for premature
discontinuation from study therapy are not independent of the endpoint and/or treatment assignment.
Evidently, these two extremes bracket the true state of affairs.

With respect to the applicant’s assessment of the retinal photographs, the following procedure was
used to generate the combined endpoint of the time to the detection of CMV retinitis or treatment
limiting condition (whichever comes first). First, all patients who were scored as having progressed
continued to be so scored. (This leads to one inconsistency that favors cidofovir therapy. As noted
in the footnote to Table 16, patient 2304 withdrew after presenting with grade III proteinuria and,
since he did not go onto alternate proscribed therapy, he was followed until he progressed. Both the
sponsor’s endpoint of the time to the detection of CMV retinitis progression and the construction of
the combined endpoint scored this patient as a progressor at the time his progression was detected.)
To determine the appropriate dates to give to patients who discontinued therapy prematurely, there
were three sources. First, was a variable supplied in the sponsor’s data base called DISCDAT. This
varisble was supposed to record when a patient discontinued therapy. However, there were sufficient
inconsistencies that this variable proved to be unreliable. Second, were the varisbles AESTART and
AETEXT. AETEXT described the adverse event the patient experienced and AESTART recorded
the date of the occurrence. Except for patients who withdrew consent, this pair of variables was used
to determine the time when a patient discontinued therapy prematurely. Finally, to establish the
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reason for discontinuation and to more accurately determine when a patient’s consent was withdrawn,
the source of last resort was the listing of paragraph narratives cited previously.

With respect to the definition of the combined endpoint when the FDA's assessment of the retinal
photographs was employed, the following algorithm was adopted. If the patient was scored as a
progressor, he continued to be scored as a progressor. If the patient had been scored as a progressor
by the sponsor’s reading of the retinal photographs but not by the FDA's reading of the retinal
photographs, the patient was treated as if he had been scored a progressor on the basis of an
ophthalmologic examination, i.c., he was treated as an event at the time his photograph confirmed
progression (sponsor’s reading). Finally, all other patients who discontinued therapy prematurely
were scored as events at the time they discontinued (determined as described above).

One further endpoint will be considered in this review. It simply focuses on the progression of CMV
disease, whether retinitis or systemic. While it is still difficult to presume that all reasons for patient
discontinuation are independent of the combined endpoint of the time to progression of CMV disease,
this simple modification of the sponsor’s endpcint serves to point out just how sensitive their reported
estimates of treatment effect are.

6.4 Magnitude of Treatment Effect Recorded below are estimates of the median times to detection
for the endpoints included in this table (the endpoint of CMV disease will be treated separately later).
Beside each estimate in parentheses is the linear interpolate that was discussed in section 4 above.

Tab!~ 18: GS-93-106 Median Time to Detection Summary
Sponsor Assessments FDA Assessments
CMYV Retinitis Combined CMV Retinitis Combined
Immediate | 120.0 (78) 52 (51) 78.0 (49.5) 40.0 (39)
Deferred 215 (21.9) 22 (21.2) 210 (20.2) 210 (20.1)
Difference | 98.5 (56.5) 30 (29.8) 57.0 (29.3) 19.0 (18.9)

Before describing the general story told by this table, a few words about the sponsor’s estimate of
120 for the median time to the detection of CMV retinitis progression. In the context of bracketing
the median, as described in section 4.3.3, Table 6 reveals that, in fact, 66 is the 48" percentile and
120 is the 64™ percentile. As an estimate of the median or 50" percentile, SAS and the sponsor
advocate choosing 120. Another point to notice is this. By the time of 120 days is reached, only
three of the patients randomized to the immediate therapy are left on trial. Thus, aside from
estimating the wrong percentile, the estimate of 120 days relies ca very little information and is very

imprecise.

Tuming to the general message contained in this table it is seen that the estimate of treatment effect
is highly variable - quite apart from any sampling error, The estimates of the treatment effect range
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anywhere from 19 to 98.5 days depending on the endpoint adopted an the assumptions granted. It
should be noted that on the deferred arm there is little variation in ths estimated medians across the
endpoint categories. This is simply a reflection of the fact that on the deferred arm of the trial, few
patients discontinued therapy prematurely. Further, there is considerably less variability in the
interpolated estimates of the median on the immediate arm of the trial. This reflects the fact that the
linear interpolate is less influenced by one or two influential observations. On the other hand, because
of extensive loss to follow up on the immediate therapy arm and because of the sensitivity of the
estimate of the median time to detection of CMYV retinitis progression, there is wide variation in the
estimate of a potential treatment effect.

One firther observation illustrates this point further. If the appropriate endpoint for the evaluation
of this drug is deemed to be better represented by the combined endpoint of CMV disease (retinitis
or systemic), if the assumnption that all other reasons for the premature discontinuation of pniems
from therapy are independent of this endpoint and treatment assignments is granted, if the sponsor’s
assessment of the retinal photographs are accepted (so the FDA's assessment of the photognphl can
be ignored), and if the approach taken by the sponsor and SAS to the estimate the median time to
detection of CMV disease progression is adopted, then the following results obtain. On the
immediate arm of the trial, the estimate of the median time to detection of CMV disease progression
drops from 120 to 85 days while on the deferred arm the estimate remains unchanged at 21.5 days.

6.5 Significance of Treatment Effect With respect to the assessment of the statistical significance
of a treatment effect, the situation is dramatically different. Before describing resuits, there are two
points to comment upon. The first involves the choice of statistic to measure the differences between
the survival curves for the two arms of the trial. Both the logrank and generalized Wilcoxon test
statistics can be viewed as computing weighted averages of the deviation between the two curves.
The generalized Wilcoxon test tends to give more weight to earlier observations. The log rank test,
on the other and, gives all observations equal weight. In between these two tests are the Tarone and
Ware test and the Prentice test both of which weight observations differently. For the purpose of
assessing the statistical significance of the difference between the immediate and deferred survival
curves, each of these statistics was evaluated.

The more difficult issue relates to the complexity of the randomization scheme adopted in the design
of this trial. To assess the significance of a test statistic, the following approach was taken. Under
the null hypothesis there is no distinction between the immediate and deferred therapy. Thus, when
the null hypothesis is true, treatment assignment is ancillary - it merely acts as a noninformative label.
Becruse of this, when the null hypothesis is true relabeling patients (regardless of their original
treatment assignment), according to the randomization scheme of the design, will not materially affect
the magnitude of the tast statistic. By reassigning labels a large number of times (in the present case,
1,000,000 times), a set of reference values is generated against which to compare the observed value
of the test statistic. Again, when the null hypothesis is true, the observed value of the test statistic
will nct be unusual with respect to this set of reference values. On the other hand, if the cbserved
value of the test statistic is unusual, this casts doubt on the truth of the null hypothesis. In this
manner, the significance of the treatment effect was established. Also employed were asymptotic p-
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values. However, because the sample size is small and the design is complex, & simpie appeal to the
asymptotic p-values seemed ill advised a priori. In Tables 19 and 20 below, both randomized and
asymptotic p-values associated with the logrank, genenalized Wilcoxon, Tarone & Ware and Prentice
statistics are recorded under a variety of assumptions concerning how patients who discontinued the
trial prematurely should be handled and concemning which set of retinal photography readings is more

accurate.

Table 19: GS-93-106 Significance of Treatment Effect - detection of CMV retinitis progression

Sponsor Assessment

FDA Assessment

Ll

w

T

P

L

w

T

P

Randomized | < 0.001

<0.001

< 0.001

< 0.001

< 0.001

<0.001

<0.001

<0.001

Asymptotic | <0.001

<0.001

<0.001

<0.001

<0.001

< 0.001

<0.001

<0.001

1 | L =the Logrank test, W = the generalized Wilocoxon test, T = the Tarone and Ware test, P = the Prentice test.

Table 20: GS-93-106 Significance of Treatment effect - detection of the Combined endpoint.

Sponsor Assessment

FDA Assessment

Ll

w

T

P

L

w

T

P

Randomized | < 0.001

< 0,001

<0001

<0.001

<0.001

<0.001

<0.001

<0.001

Asymptotic | <0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

1 | L =the Logrank test, W = the generalized Wilcoxon test, T = the Tarone and Ware test, P = the Prentice test.

Clearly, what these tables show is that regardiess of the assumptions describing how patients who
prematurely discontinued therapy should be handled in the analysis, there is a significant treatment

effect in favor of cidofovir therapy.

6.6 The Crossover Group Details Pending.

6.7 Survival Details pending.

7. STUDY GS-93-107

7.1 Evidence of Open Label Bias Details pending.

7.2 Patient Characteristics Details pending.
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7.4 The Combined Endpoint Details pending.

7.5 Magnitude of Treatment Effect Details pending.
7.6 Significance of Treatment Effect Details pending.
7.7 Survival Details pending.

8. CONCLUSIONS

In summary, then, the following observations have been made. Study GS-93-106 provided the
following conclusions:

1) There is a significant treatment effect in favor of cidofovir therapy. This was observed under a
variety of assumptions describing how patients who prematurely discontinued therapy should be
handled in the analysis. In each instance, the data supported the conclusion that there is a treatment
advantage in favor of cidofovir therapy at least the 0.001 level of significance.

2) On the other hand, the magnitude of the treatment effect is hard to assess. The estimate of this
effect provided by the median time to detection is not robust with respect to the underlying
assumptions gmmd Further, as it happened for this data set, when the assumption of
noninformative censoring was entertained the estimate of the treatment effect was, in large measure,
determined by one or two influential observations.

3) Thus, the conclusion that there is a statistically significant treatment effect in favor of cidofovir
therapy is robust. The estimate of the magnitude of the treatment effect, however, is not.

Study GS-93-107 provided similar conclusions:

1) There is a significant dose response favoring the high dose of cidofovir. While this conclusion is
not as strong as the conclusion reached with respect to the comparison of the immediate and deferred
therapies in studv 38-93-106, it was still seen to be the ¢ is¢ that at the 5% level of significance, a
dose response wa.  Yserved.

2) However, as with the size of the treatment effect in study GS-93-106, the estimate of the size of
the dose response is problematic.

3) Thus, the conclusion that there is a statistically significant dose response is robust with respect to
a number of posvible contingencies. The estimate of the dose response is not.
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

NDA: 20-638 REVIEWER: Kellie Schoolar Reynolds, Pharm.D.
DRUG: Cidofovir intravenous SUBMISSION DATES: 09-29-95, 12-06-95,
TRADE NAME: VISTIDE™ 01-05-96, 02-07-96, 02-08-96, 02-09-96
APPLICANT: Gilead Sciences DRAFT REVIEW: 01-17-96, 03-22-96

TYPE OF SUBMISSION: 1P FINAL REVIEW: 03-27-96

SYNOPSIS:

Background:

Cidofovir is a nuclectide analog with in vitro and in vivo activity against a broad spectrum
of herpes viruses. The applicant has submitted this application in support of the use of
cidofovir for the treatment of CMV retinitis in patients with AIDS.

Results from Phase I/ll studies provided evidence of dose-dependent anti-CMV activity and
nephrotoxicity. Based on Phase |/l resuits, the applicant chose the dosing regimens for
investigation in Phase I/l studies: 5 mg/kg cidofovir once a week for two weeks, followed
by either 3 mg/kg or 5 mg/kg every other week. All cidofovir infusions in Phase /il
studies were administered with prehydration (intravenous normal saline) and concomitant
oral probenecid.

Pharmacokinetics
Cidofovir i

The pharmacokinetics of cidofovir appeared dose independent after IV doses of 1 to 10
mg/kg. Following a single IV infusion, cidofovir serum concentrations declined in a
bioexponential manner. The mean x SD volume of distribution was 429 + 138 mL/kg.
Cidofovir is believed to accumulate in the kidneys. Renal clearance accounted for

88 + 28% of total clearance. Over 24 hours, 90 £ 26% of the cidofovir IV dose was
recoverad unchanged in urine. Cidofovir demonstrated very low protein binding (<10%) in
human serum and plasma across the concentration range of 0.6 to 25.6 ug/mL.

No cidofovir accumulation was observed when 3 mg/kg cidofovir IV was administered or. a
once weekly schedule. Week 1 and week 4 pharmacokinetic parameters were similar.

Subcitaneous bigavailability

Cidofovir was well absorbed after subcutaneous administration; bioavailability was
85.3+7.9% ba.ud on serum data. This route of administration was not pursued due to
poor patient tolerability.

Oral bioavailabil

Bioavailability was poor after oral administration of cidofovir. Following oral administration
at 10 mg/kg, cidofovir serum concentrations reached quantifiable levels in only two of five
patients.
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Note: To reduce nephrotoxicity. cidofovir IV should always be administered with oral
probenecid {2 grams 3 hours prior to cidofovir infusion, 1 gram at 2 hours and 8 hours after
the completion of the infusion) and saline hydration (IV infusion of 1 L norinal saline over 1
hour just prior to cidofovir administration).

The effects of various combinations of hydration and oral probenecid (total dose of 2 or 4
grams) were investigated in a small number of patients (n=2 or 3 per treatment)
administered 5 mg/kg cidofovir IV. The 2 gram probenecid regimen did not appear to affect
the pharmacokinetics of cidofovir. The 4 gram regimen appeared to increase AUC and
Cmax and decrease CLT, CLR, and Vdss. However, these comparisons were based on a very
small number of patients.

The pharmacokinetic parameters from all patients administered cidofovir IV without
concomitant probenecid were compared to those from all patients administered cidofovir IV
with the 4 gram regimen of probenecid (with or without hydration). Patients administered
4 grams of probenecid with their cidofovir regimen had significantly higher AUC and Cmax
values (normalized to dose), significantly siower total clearance and significantly smaller
volume of distribution compared to patients administered cidofovir without probenecid.

it shouid be noted that the individual effects of probenecid and prehydration on the
pharmacokinetics of cidofovir were not investigated thoroughly. Also, the rationale for
choosing the 4 gram regimen of probenecid was not addressed. However, the current
combination of probenecid and prehydration was investigated clinically and resulted in less
cidofovir related nephrotoxicity than early studies using cidofovir alone or cidofovir plus
prehydration.

Special Populations

Cidofovir was riot investigated in pediatric or elderly patient populations. The numbers of
female and minority patients were very low,

No data are currently available on the pharmacokinetics of cidofovir in patients with
creatinine clearance values below 60 mL/min. A protocol describing a study designed to
determine the pharmacokinetic profile of cidofovir in subjects with varying degrees of renal
function has been submitted to the FDA. Subjects on dialysis will be included in this study.

In the absence of clinical data, the applicant has proposed a dosing nomogram based on
the index of renat function (ratio of calculated creatinine clearance in the impaired subject
to that in the normal subject) and predicted AUC values. The applicant designed the
nomogram to provide doses that should produce similar AUC values in patients with
varying degrees of renal function.

Drug Interactions
Other than the effect of probenecid on the pharmacokinetics of cidofovir, formal drug

interaction studies were not performed. The applicant states that in light of the
intermittent administration of cidofovir, potential interactions will be mirimized.



Concomitant administration of antiretroviral agents was permitted in mcst clinical studies.
In one phase I/l study, the applicant evaluated the effect of cidofovir on zidovudine
pharmacokinetics in a few patients. There was no evidence that cidofovir altered
zidovudine pharmacokinetics.

The proposed labeling contains information concerning interactions with probenecid.
probenecid increases serum zidovudine concentrations by inhibiting glucuronidation and
also decreasing renal excretion. It is recommended that patients decrease their daily
zidovudine dose by 50% on the day of cidofovir and probenecid administration.

Pharmacokinetic/Pharmacodynamic evaluations
The applicant did not perform any pharmacokinetic/pharmacodynamic evaluations.

CONCLUSIONS:

The applicant has examined the pharmacokinetics of cidofovir in HIV-infected patients with
and without asymptomatic CMV retinitis, including patients with relapsing CMV retinitis.
They have described the pharmacokinetics after intravenous infusion, both with and
without concomitant oral probenecid. The pharmacokinetics of cidofovir are dose
independent after IV doses of 1 to 10 mg/kg. To decrease nephrotoxicity, cidofovir must
be administered with prehydration and a 4 gram regimen of probenecid. Probenecid
appears to inhibit the renal tubular secretion of cidofovir. Pharmacokinetics in special
populations {pediatric, elderly, women, minorities, renal dysfunction) have not been (fully)
addressed. A study in patients with varying degrees of renal function is planned.

Phase IV Commitmaents:

The phase IV commitments include a commitment to complete the pharmacokinetic study
in patients with renal impairment. No other commitments regarding pharmacokinetics were
deemed necessary.

Label

A copy of the approved label is on file in the Division of Pharmaceutical Evaluation lil.

RECOMMENDATION:

The pharmacokinetic studies provided in section 6 of NDA 20-838 (Cidofovir Intravenous)
submitted to the Division of Anti-Viral drug Products to fulfill section 320 of the coda of
tederal regulations (21 CFR) provided an understanding ot the pharmacokinetics of cidofovir
in adults. The information on the pharmacokinetics of cidofovir (VISTIDE™) provided is
adequate to support approval.

Advisory Committee- March 15, 1996
Biopharm Day- January 22, 1996
Participants: Drs. N. Fleischer, J. Lazor, M-L. Chen, B. Gillespie, J. Collins,
J. Jenking, K.S. Reynolds.
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II. BACKGROUND/BRATIONALE: -

Cidofovir is a nucleotide analog with in vitro and in vivo activity against a broad spectrum
of herpes viruses. The applicant has submitted this application in support of the use of
cidofovir for the treatment of CMV retinitis in patients with AIDS.

Cidofovir’'s mechanism of action is awtributed to its intracellular active metabolite, cidofovir
diphosphate, which inhibits CMV DNA polymerase. Cidofovir diphosphate persists in cells
(Tx =17-30 hours) after cidofovir is removed from the medium.

Results from two Phase I/l (101 and 103) studies provided evidence of dose-dependent
anti-CMV activity and nephrotoxicity. Anti-CMV activity (urine and semen) was observed
in the majority of patients with asymptomatic CMV infection treated at doses >3 mg/kg.
The relevance of an anti-CMV effect, with regard to either CMV retinitis or systemic
disease, is not known. While administration of 5 mg/kg once a week for 2 consecutive
weeks was well tolerated without aevidence of significant drug-related nephrotoxicity
(development of proteinuria or serum creatinine elevation), continued weekly dosing at 5
mg/kg was associated with increasing potential for proteinuria. Nephrotoxicity was also
demonstrated after single doses of 7.5 mg/kg (with concomitant probenecid) or 10 mg/kg
(without concomitant probenecid). Animal data indicate that the nephrotoxicity was due to
renal proximal tubular cell injury.

Due to the prolonged anti-CMV effects in both urine and semen specimens in patients
receiving doses @3 mg/kg, the applicant investigated longer dosing intervals in order to
increase patient convenience and decrease the potential for nephrotoxicity. In animal
studies the development of nephrotoxicity was schedule dependent; increased incidences
of nephrotoxicity were seen when the same total dose was subdivided versus when
administered as a single dose. In humans, persistent anti-CMV effects were observed
when cidofovir was administered on an every other wesk schedule (maintenance).
Extension of the dosing interval to three weeks or greater was associated with evidence of
resumption of CMV replication,

The concomitant administration of probenecid was associated with a reduction in cidofovir-
related nephrotoxicity. Pharmacokinetic resuits indicate probenecid reduces tubular
secretion of cidofovir. The applicant states that, in animals, nephrotoxicity is due to slow
(saturable) export of cidofovir at the luminal membrane which results in high concentrations
of cidofovir accumulating in the proximal tubule. Thus, reduced secretion into the proximal
tubules should result in decreased nephrotoxicity.

Patients were also hydrated prior to cidofovir administration in an effort to further reduce
nephrotoxicity. Within each dose lavei cohort of four to five patients receiving cidofovir
without concomitant probenecid in the Phase /Il studies, the ‘irst two patients received
saline pre-hydration (one liter of normal saline infused over approximately 60 minutes
immediately prior to cidofovir infusion) during the first four weeks of study drug
administration. After examination of the hydration status of patients developing a serum
creatinine 22 mg/dL the applicant determined there was a potential relationship between
hydration status and development of cidofovir-associated naphrotoxicity.

Based on Phase |/li resuits, the applicant chose the dosing regimens for investigation in
Phase I/l studies: 5 mg/kg cidofovir once a week for two weeks, followed by either 3
mg/kg or 5 mg/kg every other week. All cidofovir infusions in Phase Il/ill studies were
administered with prehydration and concomitant oral probenecid.



. CHEMISTRY:

Chemical name: 1-[(S}-3-hydroxy-2-(phosphonomethoxy)propyllcytosine dihydrate
Molecular tormula: C4H,,N,0,P ¢ 2H,0

Moiecular weight:  315.22, as dihydrate

Partition coefficient (octanol/aqueous buffer): log P=-3.3 at pH 7.1

Aqueous solubility>170 mg/mL at pH 6-8

Structural formula:

NH,
N /i

P |

O/\T (l?
O _P—OH -2H,0
OH
HO
V. EQRMULATION:

Cidofovir intravenous is a clear solution packaged in single-use 5 mL USP Type | glass vials.
The formulation does not contain a preservative and is suitable for single use only. The
commercial batch size is 130 L (9.75 kg cidofovir). The formulation of cidofovir
intravenous is shown in the following table.

Cidofovir (Based on Anhydrous Material)' 0.075 g/imL
§ 5.0 N Sodium Hydroxide, NF For pH Adjustment (Target to pH 7.4)
§ 1.0 N Hydrochloric Acid, NF For pH Adjustment (Target to pH 7.4)
|

" Cidofovir intravenous is compounded at 101% Iabsi ltronoth—ﬁﬁﬂs mg/mL) to account for degradation
losses on tarminal sterilization ( ~0.0% iabel strangth lora).

Five lots of cidofovir 75 mg/mL and two lots of cidofovir 26 mg/mL were used as supplies
for all toxicology and clinical studies. All lots of the 75 mg/mL solution were manufactured
using the proposed commercial formulation. The 25 mg/mL formulation differs only in
strength from the 75 mg/mL formulation.

V. INRICATION:

Cidofo.ir intravenous is indicated for the treatment of CMV retinitis in patients with
acquired immunodeficiency syndrome (AIDS).



VI. DOSAGE AND ADMINISTRATION: (From proposed label)

THE RECOMMENDED DOSAGE, FREQUENCY, OR INFUSION RATE MUST NOT BE
EXCEEDED. CIDOFOVIR MUST BE DILUTED IN 100 MILLILITERS OF 0.9% (NORMAL)
SALINE PRIOR TO ADMINISTRATION. TO MINIMIZE POTENTIAL NEPHROTOXICITY,
PROBENECID AND INTRAVENOUS SALINE PREHYDRATION MUST BE ADMINISTERED
WITH EACH CICOFOVIR INFUSION.

Induction Treatment: The recommended dase of cidofovir is 5 mg/kg body weight (given as
an intravenous infusion at a constant rate over 1 hr) administered once weekly for two
consecutive weeks.

Maintenance Treatment: Following completion of induction treatment, the recommended
maintenance dose of cidofovir is 5 mg/kg body weight (given as an intravenous infusion at
a constant rate over 1 hr) administered once every two weeks.

Probenecid: To minimize the potential for nephrotoxicity, a course of probenecid must be
administered orally with each cidofovir dose. Two grams must be administered at 3 hours
prior to the cidofovir dose and one gram administered at 2 and again at 8 hours after the
completion of the 1 hour cidofovir infusion (for a total of 4 grams).

Hydration: To minimize the potential for nephrotoxicity, patients should receive a total of
one liter of 0.9% saline intravenously with each infusion of cidofovir. The saline solution
should be infused over a 1-2 hour period immediately before the cidofovir infusion.

Dose Adjustmaent: :
Changes in renal function during VISTIDE therapy: Because of cidofovir's potential to cause
renal impairment, dose adjustment is required for decreases in renal function that occur
during treatment. Demonstration of an increase in serum creatinine of 0.3 to 0.4 mg/dL
above pre-cidofovir therapy baseline requires that the patient's dose be reduced from

5 mg/kg/dose to 3 mg/kg/dose. Demonstration of an increase in serum creetinine of 20.5
mg/dL or development of 23 + proteinuria requires discontinuation of cidofovir therapy.
Note: These recornmendations are not based on pharmacokinetic data, they are based on
observations (nephrotoxicity, laboratory data) made during clinical trials.

Pre-existing renal imoairment: The most appropriate initial and maintenance doses cf
VISTIDE for patients with serum creatinine concentrations > 1,5 mg/dL or creatinine
clearances <55 mL/min are not known. When the potential benefits of therapy exceed the

potential risks, dose adjustments ghould be made based on the following table.
Calculsted Creatinine induction dose Mgintanance dose
Cleararica {rml/nun) (once pui week for 2 weeks) {OVery other wewi)
41.58 2.0 mg/kg 2.0 mg/kg
30- 40 1.8 mg/kg 1.5 ma/kg
20-29 1.0 mg/kg 1.0 mg/kg
<19 0.8 mg/kg 0.6 mg/ikg

Note: the recommended dose adjustments are based on calculations, not actual data.

No data are available concerning VISTIDE dosing for patients undergoing dialysis.




Vil. PHARMACOKINETICS: .

Pharmacokinetic data for cidofovir in humans are available from a total of four clinical
studies. The pharmacokinetics of cidofovir were examined at five dose levels in three
Phase I/Il studies in a total of 42 HIV-infected patients (with or without asymptomatic CMV
infection). The three Phase I/ll studies included evaluation of the pharmacokinetics of
intravenous cidofovir, the oral and subcutaneous bioavailability of cidofovir, and the efiects
of hydration and concomitant probenecid on the pharmacokinetics of cidofovir. In a Phase
I/l study in patients with AIDS and relapsing CMV rstinitis, pharmacokinetic data were
obtained for intravenous cidofovir at two dose levels in a total of 10 patients during the
maintenance phase of cidofovir therapy with concomitant nrobenecid and hydration. The
numbers of patients receiving various doses of cidofovir, with different combinations of
probenecid and hydration, are indicated in the following table.

| CONCOMITANT TREATMENT

! 0

fl 2 ¢ probenecidmydration o 3 0 0

{l 4 o probenecid/no hydration 0 0 0 0
4 id/hvdration 1 4

Summary of study designs:

**Data pooled from several studies are presented throughout this review.
Summaries of all pharmacokinetic studies are provided in this section.

NOTE: For all cidofovir intravenous infusions, the required volume of cidofovir solution was
added to a 100 mL normal saline infusion bag. The entire volume was infused over 1 hour.

Study 101 Cidofovir lot numbers: 504A92-01 (25 mg/mL), 504D92-01 (75 mg/mL),
504G92-01 (25 mg/mL).

5 patients received IV cidofovir 3.0 mg/kg per week. All patients received 4 doses.
5 patients received IV cidofovir 10.0 mg/kg per week. One patient received 4 doses and
feur patients received 2 doses.
The first two patients at each dose were hydrated with an IV infusion of 1 liter
0.9% normal saline over 1 hour just prior to the cidofovir infusion.

Serum samples were drawn after the first and fourth infusions at 0, 1, 2, 3, 4, 6, 8, 12,
24, 48, and 72 hours (relative to the beginning of the infusion). In 3 patients administered
1C rng/kg, camples wera also drawn at 18 and 28 hours. Urine samples wero collected
during the first infusion and fourth infusion over the following intervals: 0-4 hr, 4-8 hr, 8-12
hr, and 12-24 hr.

Five patients received IV cidofovir at 3.0 mg/kg together with concomitant hydration and
oral probenecid. Hydration wus administered as described above. Probenecid tablets were
administered as follows (4 grams total):

2 grams at 3 hours prior to cidofovir infusion

1 gram at 2 and 8 hours post infusion.

Serum samples were drawn at 0, 1, 2, 3, 4, 6, 8, 12, 24, 48, and 72 hours. Urine was
not collected from patients administered cidofovir with probenecid.



Study 102  Cidofovir lot numbers: 504A92-01 (25 mg/mL), 504D92-01 (75 mg/mL).

5 patients received cidofovir at 1.0 mg/kg by IV, oral, and subcutaneous routes, with a 2
week washout period between administrations. Pharmacokinetic resuits were presented
for the 1V doses.

5 patients received cidofovir at 3.0 mg/kg by IV, oral, and subcutaneous routes, with a 2
week washouit period between administrations. Pharmacokinetic results were presented
tor the IV and SC doses.

5 patients received cidofovir at 10.0 mg/kg by IV and oral routes, with a 2 week washout
period between administrations. Pharmacokinetic results were presented for the IV and
oral doses.

For subcutaneous administration, the appropriate volume of cidofovir was directiy injected
(up to two divided doses). For oral administration, cidofovir was diluted to 30 mL with tap
water and administered orally, followed by an additional 100 mL of tap water taken orally.

Seium samples were drawn at 0, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 48, and 72 hours. Urine

was collected over the following intervals: 0-4 hr, 4-8 hr, 8-12 hr, and 12-24 hr.

Study 103  Cidofovir lot numbers: 504A92-01 (26 mg/mL), 5604G92-01 (25 mg/mL),
504K92-01 (75 mg/mL).

Pharmacokinetic results are available for patients who received the following treatments:

2 Twice/week for 1 week

2 5 mo/kg Twice/week for 1 woek Yas Low
3 6 mg/kg Once/week for up 1o 4 weeks Yes High
2 5 mg/kg Once/week for up t0 4 weeks No High
2 7.5 mg/kg | Once svery 3 weeks for 4 dosss Yes High
1 7.5 mig/kg | Once every 3 weeks for 4 do.:es Yes (+ 1L after 4th dose) High
1 Once every 3 weeks for 4 dosas Yes (+ 1L after all doses)

1

Probenecid Regimens:
Low- 1 gram 3 hrs prior to cidofovir infusion, 0.5 grams 2 and 8 hrs after the end of
the infusion (2 grams total).
High- 2 grams 2 hrs prior to cidofovir infusion, 1 gram 2 and 8 hre after the end
of the infusion {4 grams totall.

Hydration:
IV infusion of 1L 0.9% (normal) saline over 1 hour just prio- to cidofovir
administration. Several patients received additional infusions sfier cidofovir.

Serum and urine samples ware collected from all patients during the first infusion of
cidofovir (week 1), during the fourth infusion in 3 patients (5 mg/kg cidofovir, high dose
probenecid, week 4), and during the third infusion in 2 patients (7.5 mg/kg cidofovir, high
dose probenecid, week 7). Serum sampies were drawn at 0, 1, 2, 3, 4, 8, 12, 24, and (for
a few patients) 72 hours. Urine samples were collected over the following intervals: 0-4
hr, 4-8 hr, 8-12 hr, and 12-24 hours.
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Study 107  Cidofovir lot numbers: 504K92-01 (76 mg/mL), 504J94-01 (75 mg/mL).

The pharmacokinetics of cidofovir were examined as a part of this open-label study in AIDS
patients with relapsing CMV retinitis. All patients received an induction phase of cidofovir
ar b mg/kg/week for two weeks with concomitant oral probenecid (4 gram course) and
hydration. Patients were then randomized ‘o receive maintenance douses of cidofovir at 3
mg/kg (n=7) or § mg/kg (n=3) every other week, with probenecid and hydration.

Serum and urine were collected following tha second or third dose of the maintenance
phase. Serum was collected at 0, 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 hours after infusion
initiation. Urine was collected over the following intervals: 0-4 h, 4-8 h, 8-12 h, 12-24 h.

Cidofovir Intravenous: Single Dose Pharmacoki::ctics

The following table summarizes (mean + SD} the pharmacokinetic parameters after an IV
infusion of cidofovir (no probenecid) over the dose rsnge of 1 to 10 mg/kg.
(Data pooled 9 studies 101, 102, 103)

[Dose T malkg (n= 81 ] 3 maikg inw101 ] & mgig (ne2) ]10 moreg (e 101 | Overall (n=27) |
| AUC- (wg.hr/mL) 8.35623.10 19.9622.30 27.80 76.17117.67 NIA
| AUC normalized to 1 mg/kg | 8.38£3.10 6.66+0.77 5.58 7.6221.77 7.2521.86
| Crmen (g/mL) 3.1220.67 7.4321.39 11.88 24142482 | NA
Cmex normalized 1o 1 mgrkg |  3.1220.67 2.4820.40 2.31 2412045 | 2.86£0.54
I MRT () 2.7020.87 3.5420.93 3.18 416164 | 3.5921.28
| CLT (mL/herkg) 130237 1621218 181 137228 145228
| Vdse (mL/kg) 274262 4572134 a68 | 472213 4201138
| Torminal Tw (iw) 1.68:£0.62 2 72%0.82 2.42 4.8324.11 3.2922.78
i CLa (mL/me/kg) 120138 120 £23 149 117260 | 1261242
 ui24) (%) 98.8214.1 84210 5.9 92.7241.3 89.9.:26.0
f 1 0.0920.14 0,85 +0.10 : 088044 | 0881028
Note: The applicant did not include deta from two patients administered 10.0 my/kg in their summary. For these two

patients, AUC is higher and CLr snd CLt are lower than in the other patients administered 10.0 mglkg. The spplicant states
“hat slevated serum creatinine levels observed in these patients indicate impaired renal function as a result of cidofovir
exposwre causing their renai clesrance of cidofovir to be decreased. The incresses in serum orsatinine wers not seen until
seversl days after cidofovir administration. The resuits from these two patients ARE included throughout this review.

(See figure on page 12)

Following IV administration of cidofovir ovar the dose range of 1 to 10 mg/kg, the
pharmacokinetics appeared dose indepencant; however, this assessment was based on &
small number of subjects at each dose level. The mean Vdss was lower for patients
administered 1 mg/kg than patients administered higher doses. Based on animal data,
cidofovir accumulates in the kidney; it is possible that the lower Vdss at the 1 mg/kg dose
was due to less renal accumulation. Cmax and AUC both increased proportionally with
dose. Aside from the lowe: Vdss at the 1 mg/kg dos?, no dose dependent trends in
pharmacokinetic parameters were evident.

Foliowing a single IV infusion, cidofovir concentrations declined in a biexponential manner
viith an overall mean terminal half-life of 3.3+ 2.8 hours. The total clearance of cidofovir
was 145 + 28 mL/hr/kg (185 £ 35 mL/min), The renal clearance was 126 + 42 ml/hr/kg
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(164 £ 65 mL/min). Renal clearance accounted for 88 + 28% of total clearance. The
urinary recovery of unchanged cidofovir following IV infusion was 90+ 26% of the
administered dose Incomplete urinary recovery of the dose within 24 hours may explain
the difference between renal clearance and total clearance. Renal clearance was

160+ 56% of creatinine clearance, thus active tubular secretion probably occurs during
cidofovir elimination. In 6 patients, renal clearance was less than creatinine clearance;
.ncomplete urinary recovery and/or reabsorption may have contributed to this observation.

Cidofovir intravenous: Multiple Dose Pharmacokinetics

in study 101, six patients had cidofovir concentrations determined after both the first and
the fourth dose (five patients received 3 mg/kg once each week, and one patient received
10 mg/kg once each week). The table below contains the mean + SD (range) parameter
values from patients receiving 3 mg/kg.

TER _ EE K4

AUC= (g.hr/mL) 20.1£2.1 (17.2:22.8) 21,3247 (16.1-27.8)
MRT (v} 3.9:0.8 (3.3.5.9) 5.413.6 12.8-11.8)
CLT (mLmvikg) 150418 (133.178) 148231 (108-188)
Vdus (mL/kg) 4981101 1436-878) 696 2 545 (410-1668°)
ke {he) 0.216£0.018  (0.185-0,229) 0.230%0.088  (0.130-0.363)
terminal Tw (hr) 3.240.3 (3.0-3.7) 34213 11983

m 7 6.8 18 .38.9.62

*The increase in Vdss observed at week 4 is duo to one patient with a quantifiable serum concentration st 48 hours. No
other profiles had quantifiable concentrations past 24 hours,

As expected based on single dose pharmacokinetics and the one week dosing interval,
there was no accumulation of cidofovir. The time O concentration of week 4 was O ng/ml.
for all patients. The pharmacokinetics of cidofovir did not appear to change with muitiple
doses when administersd on a once a week schedule.

Bioavailability

Subcutaneous

The pharmacokinetic results {mean £ SD) from the IV and subcutaneous administrations of
cidofovir 3 mg/kg in study 102 are summarized in the following table.

| "ARAMETER

AUC= wg.h/mL) 18.7121.44 19.7822.75
MRT () 3.420.8 3.221.0

g ko (')

0.34420.114

0.38440.132

f torminal Tw )

2.21£0.73

2.2340.90

5.02+0.99

7.2042.00

Tmax ()

14209

1.2204

% dose excreted unchaiged in urine (24 hrs)

82.229.9

8011

98.327.9

Biosvailability (%, besed on serum data)
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Cidofovir was well absorbed after subcutaneous administration; bioavailability was
95.31+7.9% based on serum data. Cmax was reduced by 28 + 12% when cidofovir was
administered SC. For individual patients, the ssrum concentration vs. time curves
{(following Tmax) were similar when cidofovir was administered |V or SC. Although
cidofovir displayed high bioavailability when administered SC, this route of administration
was not pursued due to poor patient tolerability.

Qral

Cidofovir concentrations reached quantifiable levels in the serum of only two of five
patients following oral administration at 10 mg/kg; one patient had a maximum serum
concentration of 1000 ng/mL, while che other had a maximum concentration of 40 ng/mL.
In one patient the bioavailability of oral cidofovir was 20.6%; bioavailability coul. not be
determined for the other four patients.

Protein Binding

The protein binding of cidofovir (Lot #1966-C-9P) in pooled human serum and pooled
human plasma was determined by spiking individual samples with [2-'*C]-cidofovir (Lot
#114-204-056, 3.0 mCi/mL, 0.443 mg/mL) and using centrifugal ultrafiltration to separate
free and protein-bound diig. The final concentrations of cidofovir in the samples were 0.6,
2.6, 5.6, 10.6 and 256.6 ug/mL at 0.125 uCi/mL. Total and free drug concentrations were
determined by mixing equal aliquots of the corresponding unfiltered and filtered samples
with scintillation cocktail and analyzing the resulting mixtures on a 2600 TR Liquid
Scintillation Analyzer (Packard). The mean = SD (range) percent unbound was 94.8 +3.8%
(89.56-99.1) in plasma and 99.9+3.3% (97.3-104.1) in serum. No trend with respect to
unbound vs. total concentrations was evident across the concentration range tested.

Cidofovir demonstrated very low protein binding (<10%) in human serum and plasma
across the concentration range 0.6 to 25.6 ug/mL.

Metabolites

One minor metabolite (< 3% administered dose) was detected in the urine of rats, rabbits
and monkeys. This metabolite was isolated and identified as the choline adduct of
cidofovir monophosphate. Because the applicant attributed all cidofovir elimination in
humans to ronal excretion. metabolite studiss were .1ot performad on serum and urine
collected during clinical studies. For completenass, the performance of metabolite studies
in humans would be interesting.

Effect of Probenecid on Pharmacokinetics

The atfects of probenecid on the pharmacokinetics of cidofovir were evaluated in two
Phase /1l studies (101 and 103) and during the maintenance phase of the randomized
controlled trial (107). The labeling for cicofovir will indicate that cidofovir should always be
administered with the oral probenecid 4 gram regimen and hydration.
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The following table contains the mean + SD pharmacokinetic parameters following cidofovir
infusions of 3 mg/kg to 7.5 mg/kg with concomitant probenecid (4 gram regimen).
(Data pooled from studies 101, 103, 107)

| PARAMETER 3 mg/kg (nw=12) 7‘5 mo/kg n=4) | Overall inu2a)

AUC- (g he/mL) 25.718.6 43.9:9.8 79.7432.2 N/A
AUC norm.iized 10 1 mg/kg | 8.6+2.8 88+20 10.6+4.3 9.0+28
Crmax (wg/mL) 9.79:374 18.7546.80 43.0117.1 N/A
Cmax normalized 10 1 mg/kg | 3.2621.26 3.7621.36 5.7:2.3 3.8:1.7
MRT (hr) 3.420.7 2.920.6 2.820.4 3.1:0.7
CLY (mL/hrikg) 126134 120232 107+ 45 121234
Vdus (mL/kgl 368179 285 £82 247129 316196
ke (hr) 0.2820.07 0.3220.06 0.2720.06 0.2920.07
Il Terminat Ty (he) 2.6£0.6 22204 2.610.4 2.620.3
CLA (mL/he/kg) 80218 (n=7) 100427 80258 (n=3) 90229 (n=17)
Ul24) (%) 743 (n=?) 80215 72229 in=3) 76215 (n=17) #
*CLA/CLY 0.7620.04 (n=7) | 0.8140.18 0.72£0.29 (nw3) | 0.77£0.15 (n=17

*Contribution of CLA to CLT may be underestimated because (1) there may have been incompiete sampis collection for some
patiants and (2) urina was only collected for 24 hours, some slimination in urine may have occurred after 24 hours.

(See figure on page 15)

In study 103, § mg/kg cidofovir was administerad with various combinazions of hydration
and probenecid to a small number of patients. The following table contains the mean
(range) parameter estimates for the various treatments.

TREATMENT

| PARAMETER

4 g Probenecid

o fvd

27.8 (28.7 - 30.1)

33.8(32.8 - 34.9)

80.6 (45.4 - 88.1)

45.6 (43.7 - 47.5)

11.65 {(10.5 - 12.8)

12.6 {10.7 - 14.2)

26.1 (24.0 - 29.8)

15.0(12.8-172.1)

3.2(2.5-3.8)

3.6 (3.1-4.0)

2.8 (2.5 - 2.8)

3.413.1-3.7)

 CLY (mUhr/kg)

181 (166 - 198)

148 (143 - 152)

100 (88 - 110}

110106 - 116}

f CLA imL/hwikg)

148 (128 - 170}

176 (n=1)

72 (87 - 78) (n= 2)

110 (102 - 118}

485 (382 - 849)

448 (393 - 602)

211 (198 - 223)

316 (287 - 334)

5 (2.4.

Due 1o the very small numbars of patisnts In each group, it is not possidie to curnpare the
pharmacokinetics between groups statistically. The 2 gram probenecid regimen does not
appear to affect the pharmacokinetics of cidofovir. The 4 gram regimen appears to
increase /AUC and Cmax and decrease CLT, CLR, and Vdss. The affect of 4 grams of
probenecid on cidofovir pharmacokinetics appears to be greater when patients are hydrated
prior to cidofovir administration. However, these statements regarding the effects of the
ditferent probenecid/hydration regimens on the pharmacokinetics of cidofovir must be

viewed cautiously, due to the small number of patients.
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The following table contains the mean + SD parameter estimates for all patients
administered cidofovir without probenecid or with the 4 gram regimen of probenecid.
(Data pooled from studies 101, 102, 103, 107)

e [Cidotove without probanecid ] Cidofovir + 4 g probenecid | Povaie
PARAMETER (n=27) (hm24)° unpaired t-test
AUC normalized to 1 my/kg dose (g.hv/mL) 7.25£1.85 8.9212.82 0.012
Cmax normalized to 1 mg/kg dose (ug/mlL) 2.5610.54 3.8421.67 0.0006
MRT (hr) 3.591+1.28 3.14+0.66 0.134
CLr (mi/he/kg) 145128 B 121234 0.009
Vdss {mL/k 429 +138 315+ 9 .001

* 2 cidofovir/probenecid patients did not receive hydration

Patients administered 4 grams of probenecid with their IV cidofovir regimen had
significantiy higher AUC and Cmax values, significantly slower total clearance and
significantly smaller volumes of distribution than patients administered ¢ dofovir without
probenecid. As indicated by the applicant, probenecid appears to inhibit the renal tubular
secretion of cidofovir. The applicant suggests that probenecid also decreases the
accumulation of cidofovir in the kidneys. Both the decreased Vdss observed when
probenecid was added to the cidofovir regimen and the results of a '*C study in animals
support this suggestion,

it should be noted that the individiual effects of probenecid and prehydration on the
pharmacokinetics of cidofovir were not investigated thoroughly. Also, the rationale for
choosing the 4 gram regimen of probenecid was not addressed. However, the current
combination of probenecid and prehydration was investigated clinically and resuited in less
cidofovir related nephrotoxicity than early studies using cidofovir alone or cidofovir plus
prehydration.

Maintenance Treatment: Cidofovir plus Probenecid

Pharmacokinetic results are available from 10 patients who participated in study 107, a
Phase lI/lil open-label, randomized, multicenter, dose ranging study designed to determine
the safety and efficacy of intravenous cidofovir for the treatment of relapsing CMV retinitis
in AIDS patients. All patients received an induction phase of cidufovir at 5 mg/kg/week for
two weeks with concomitant oral probenecid (4 gram course) and hydration. Patients were
then randomized to receive maintenance doses of cidofovir at 3 or 6 mg/kg every other
week, with probsnecid and hydration. The endpoint in this study was time to CMV retinitis
pregression. Clinica! data presanted to the FDA at this time ure from an interim intant-to
treat analysis on the first 100 patients enrolled in the trial. The applicant statas that the
median time to CMV retinitis progression, as documented by retinal photographs, was 116
days in the 5 mg/kg group and 49 days in the 3 mg/kg group. The applicant's assessment
of time to progression excludes a high percentage of the patients who entered the study;
uninformative censoring was used. The analyses were repeated by an FDA statistical
review, Dr. Alan Muhly, using informative censoring. Using the alternative analyses, the
median time to CMV retinitis progression was 49 days in the 56 mg/kg group and 36 in the
3 mg/kg group. Pharmacokinetic parasmeters (mean + SD, range) for patients receiving
maintenance doses of 3 mg/ky (n=7) or 5 mg/kg (n=23) are summarized in the following
table.



| AUC wg.heimL) 29.918.8(21.7 - 46.8) 36.1211.2(28.5 - 49.0)
f Crmax Wwgimt) 11.0£4.5 (7.6 - 20.8) 14.044.2 (11.2- 18.8)
MRT (he) 3.76£0.78 (2.41 - 4.70) 2.86£0.51(2.28 - 3.24)
CLT (mLerkg) 107 £ 26 (84 - 138) 14739 (102 - 175)
CLR (mL/nr/kg) 8018 (52.9 - 98.3) 11232 (78 - 139)
Vs (mL/kg) 34290 (175 - 439) 340196 (261 - 447)
24 hr recovery in urine (% Dose) 74.312.9 (70.0 - 77.2) 76.4+2.8 (73.8 - 79.4)

Pharmacokinetics were determined for too few patients to allow investigation of
pharmacokinetic/pharmacodynamic relationships.

Special Populations

Cidofovir has not been administered to pediatric or elderly patients. Pharmacokinetic data
are available for patients between the ages of 28 and 55 years.

The effects of gender on pharmacokinetics were not investigated. Pharmacokinetic data
are available for 3 female patients. Results for the 3 fernale patients were within the range
of results from the male patients,

The effects of race on cidofovir pharmacokinetics were not investigated. The majority of
patients for whom pharmacokinetic data were available were Caucasian.

No data are currently available on the pharmacokinetics of cidofovir in patients with
creatinine clearance values below 60 mL/min. A protocol describing a study designed to
determine the pharmacokinetic profile of cidofovir in subjects with varying degrees of renal
function has been submitted to the FDA. Subjects will be assigned to one of six treatment
groups based on measured creatinine clearance.

GROUP
1

MEASURED CrC)

x91 mU/min

61-80 mUmin

38-60 mU/min

11-35 mUmin

<10 mUmin (on CAPD)

£ 10 ml/m'n (on high-flux hemodialysis)

a o, e ww
Lo IR B - BRI -

Ali subjects will racaive cidofovii !V C.6 mg/kg. Non-diatysis subjects will ieceive the 4
gram probenecid regimen and hydration.

The applicant plans to use the resuits of this study to develop a dosing nomogram for
patients with renal impairment.

in t* & absence of clinical data, the applicant has proposed a dosing nomogram based on
the index of renal function (ratio of calculated creatinine clearance in the impaired subject
to that in a normal subject) and predicted AUC values. This nomogram assumes that
cidofovir is cleared completely by renal elimination and that tubular secretion and
glomerular filtration are impaired to the same extent.
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Caiculated Crestinine induction dose Maintenance dose Predicted AUC
Clearance {mL/min) {once per week for 2 weeks) {every other week!} (g .wimi)
41 -85 2.0 mg/kg ' 2.0 mg/kg 30-40
30-40 1.5 mg/kg 1.5 mg/kg 3.4
20-29 1.0 mg/kg 1.0 mg/kg 28 - 40
19 0.5 mgrkg 0.5 mog/ikg 220

The applicant designed this nomogram to provide doses that produce similar AUC values in
patients with varying degrees of renal function. Assuming that the volume of distribution
does not change, Cmax is anticipated to increase only slightly with impaired renal function.
The predicted AUC values for patients with renal dysfunction were calculated from the
observed AUC in patients with normal renal function at the proposed clinical dose of §
mg/kg with 4 g probenecid and hydration. The following equation was used:

Predicted AUC = (AUCnormal/Dosenormal) x Dosemodified x (CrClnormal/CrClimpaired)

where AUCnormal is the AUC in patients with normal renal function. Dosenormal is the
normal dose (6 mg/kg), CrCinormal is the CrCl in patients with normal renal function (100
mL/min), Dosemoditied is the proposed dose in patients with impaired renal function, and
CrClimpaired is the CrCl in patients with impaired renal function.

Drug Interactions

Formal drug interaction studies have not been performed. The applicant states that in light
of the intermittent administration of cidofovir (every other week during maintenance
therapy), potential interactions will be minimized.

Probenecid increases serum zidovudine concentrations by inhibiting glucuronidation and

also decreasing renal excretion. Patients receiving probenecid with cidofovir had their daily
zidovudine dose decreased by 50% on the day of cidofovir/probenecid administration. This _
dose adjustment is recommended in the cidofovir fabel.

The applicant evaluated the effect of cidofovir on zidovudine pharmacokinetics in study
102. The protocol for study 102 permitted coadministration of zidovudine and cidofovir in
patients aiready on zidovudine therapy. For each of these patients, zidovudine was
administered once 24 hours prior to cidofovir/placebo administration; serum samples for
zidovudine were collected over this 24 hour period. Zidovudine was then coadministered
with the cidofovir or placebo dose and serum samples were collected for 24 hours. Data
are available for patients receiving cidofovir at different doses (O, 1, 3, or 10 mg/kg), by
different routes of administration (IV, SC, PO), and during different periods (weeks 1, 3,
and §). Data are uvailable for three patient~ receiving placebo, 2 patisnts at 1 ma/kg, 2 at
3 mg/kg, and 3 at 10 mg/kg. For most patients, dato are avaiiable after at least 2 different
routes of cidofovir administration. Relative zidovudine total clearance (with cidofovir
compared to without cidofovir) was 1.34 £0.93 for all administrations combined (including
placebo). The relative zidovudine clsarance was 1.21 £0,62 when only placebo
administration are considered and was 1.41 + 1.09 when only patients receiving active
cidofovir are considered. There was no evidence that cidofovir altered the
pharmacokinetics of zidovudine. There was also no relationship between cidofovir AUC
and the change in zidovudine clearance. Due to the small number of patients, the effects
of dose, route of cidofovir administration, and week of study were not considered.
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In the proposed package labeling, the applicant states that concomitant administration of
cidofovir and agents with nephrotoxic potential (e.g., amphotericin B, aminoglycosides,
foscarnet, IV pentamidine) has not been evaluated in a clinical study and should be
avoided.

As discussed with respect to zidovudine, it is important to also consider potentiui
interactions with probenecid. In the cidofovir label, the applicant states that probenecid is
known tc interact with the metabolism and/or renal tubular secretion of many drugs, listing
the following: acetaminophen, acyclovir, ACE inhibitors, aminosalicylic acid, barbiturates,
benzodiazepines, bumetanide, clofibrate, methotrexate, famotidine, furosemide, non-
steroidal anti-inflammatory agents, theophylline, and zidovudine. The label does not
contain any instructions or information concerning the clinical relevance of these
interactions.

The applicant states that a clinical study designed to investigate potential interactions
between cidofovir and probenecid and agents commonly used by patients with advanced
AIDS and CMV retinitis is expected to begin in the next several months. The applicant
currently plans to study patients with AIDS receiving fluconazole and trimethoprim-
sulfamethoxazole and the cidofovir/probenecid treatment reg:men in a formal
pharmacokinetic study. The protocol has not yet been submitted to the FDA for review.

Based on the intermittent dose schedule for cidofovir plus probenecid, no other drug
interaction studies have been recommended to the applicant.

VIIl. Pharmacokinetic/Pharmacodynamic Evaluations:

The applicant did not perform any pharmacokinetic/pharmacodynamic evaluations. Due to
the very smalil number of patients for whom both pharmacokinetic data and efficacy data
were collected (n= 10, Study 107), the lack of pharmacokinetic/pharmacodynamic
evaluation is reasonable.

IX. ASSAY:

Serum and urine samples were analyzed at

Some serum samples from study 101 were analyzed by the Drug Delivery/Metabolism
Section at Gilead Sciences.

Method: For both urine and serum samples, the concentrations of cidofovir were
determined using
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BACKGROUND

Introduction

Cidofovir (CDV or HPMPC) is an acyclic nucieoside phosphonate that has antiviral
activity in vitro and in vivo against several herpesviruses, including human cytomegalovirus
(HCMV). The active metabolite of CDV is CDVpp, which inhibits HCMV DNA synthesis by
acting as a competitive inhibitor of dCTP and as an alternative substrate for HCMV DNA
polymerase. The sponsor seeks marketing approval for cidofovir (Vistide") as a treatment
for CMV retinitis in patients with acquired immunodeficiency syndrome (AIDS). This
review of the microbiology data submitted to N A 20-638 primarily focuses on those
studies which assess activity against HCMV.

Hyman CMV Biology

Cytomegaloviruses are a ubiquitous subgroup of herpesviruses (generally classified
as f herpesviruses) that commonly infect many species of animals, Although widespread
in nature, cytomegaloviruses are species specific, exhibiting a highly restricted host range.
in addition to this marked spec:ss specificity, characteristics common to all
cytomegaloviruses include salivary gland tropism, slow growth in cultured cells and the
induction of an identifiable pathology of nuclear and cytoplasmic inclusions in infected
cells. Following infection, most cytomegaloviruses persist within the host and may serve
as a major source for reinfections.

Human CMV is a double strand DNA virus with a linear 230-240 kb genome. The
complete virion is composed of a DNA containing core, surrounded by a 100 nm
icosahedral capsid. A protein rich tegument or matrix encloses the capsid. A lipid bilayer
envelope containing many viral glycoproteins encloses the complate virion resulting in a
mature virion of approximately 150 to 200 nm. Three types of virus particles are released
from infected cells: infectious virions, nucleic acid deficient dense bodies {which lack a
nucleocapsid and are predominately composed of an enve'sped major tegument protein),
and noninfectious enveloped particies which have a capsid but no DNA core.

The HCMV genome consists of two segments L (long) and S (short) that are flanked
by a series of inverted repeats. This structure allows for the existence of 4 genomic
isomers. Viral replication is depandent upon the coordinated expression of viral genes.
These genes can be classifisd according to temporal expression inte g (immediate early);
A1 and 82 (delayed early); and y1 and y2 (late) genes. Immediate early gene expression
does not require de novo protein synthesis; whereas delayed early and delayed gene
expression require the synthesis of functional @ gene products. #1 gene transcription
begins 4-8 hours post infection and is not affected by inhibitors of viral DNA replication.
B2 gene transcription occurs 8-24 hours post infcction and also is not dependent upon
DNA replication. £ gens products are likely to be involved in DNA replication and
metabolism. y1 gene products first appear 12-36 hours post infection, and y2 products
are first detected 24-48 hours post infaction. Most y genes code for viral structural
proteins.

Human CMV replication is slow relative to other herpesviruses. Accumulation of
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replication proteins such as the DNA polymerase and single-stranded DNA binding proteins
occurs over a protracted period. The HCMV DNA polymerase, the primary target for CDV
activity, is also the ultimate target for the antiviral agents, ganciclovir (GCV), and
foscarnet. The DNA polymerase has physicochemical characteristics similar to
polymerases of other herpesviruses. Similarities i size, enzymatic characteristics,
tunctional domains, and sensitivity to deoxyribonucleoside analogues have been observed.
The two major DNA binding proteins are DB140 (ur ICP8) and p52 (or ICP36). ICP8 is a
double strand NNA binding protein that agsociates with the viral DNA polymerase. ICP36
prevents the dissociation of the viral DNA polymerase from the DNA template. Two peaks
of viral replication can be observed in cells and occur 18-24 hours and 680-80 hours post
infection.

Human CMV Infection

Human CMV productively infects only humans and human cells. Thus, no animal
models of HCMV infection use HCMV as the infecting agent. Human CMV DNA is not
signiticantly homologous to the DNA from other CMV species; however, HCMV strains
share about 95% homology in their DNA sequences.

Human CMV infections are endemic, but most are subclinical except in
immut.ocompromised hosts or neonates. Active infection can result from a new primary
infection or from reactivation of latent infection. Data from infections in
immunocompromised hosts suggest both occur. Many infections of immunosuppressed or
immunodeficient individuals occur from reactivation of latent virus. However,
superinfection with new strains is supported by the identification of multiple strains cf
HCMV within one host. Following infection, virus shedding continues for a prolongad
period of time and virus can be detected in oropharyngeal secretions, urine,
cervical/vaginal secretions, semen, breast milk, tears, faces, and blood. Spread of
infection is primarily by close or intimate contact. Sexual transmission represents a major
route of virus transmission in adulits.

Tissue distribution of HCMV following infection varies with the immune status of
the host. Following acute infection in vivo, the virus generally infects and replicates in
differentiated epithelial and endothelial cells in a variety of tissues. In situ hybridization
studies show that fibroblasts, in addition to epithelial and endothelial cells, are infectsd.
Studies in SCID mice transplanted with human tissue aiso supports the idea that
replication occurs primarily in epithelial tissues; however, the ability to replicate is highly
HCMV strain dependent. In immunocompromised patients, viremia is associated with
infections of polymorphonuclear cells, monocytes and endothelial cells. In CNS infections,
both neuronal and glial cells may be productively infected. In vitro, however, productive
infection has been established only in primary cell cultures of differentiated human
fibroblasts.

Similar to other herpesviruses, HCMV infections are believed to persist for life.
Whether the virus becomes latent or whether iow level replication occurs for life is not
clear. However, recent studiss using polymerase chain reaction assays and in situ
hybridization methods have identified that undifferentiated monocytes rather than T
lymphocytes in peripheral blood of healthy carriers are sites of viral DNA persistence.
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Monocytes and unstimulated (non-activated tissue macrophages) are not permissive for
viral replication; whereas, differantiated or stimulated macrophages are permissive. Thus,
activation or difterentiavion of monocytes may serve as the source of reactivation of
HCMV infections. Stromal cells in bons marrow have been identified as supporting HCMV
replication, but myeloid precursors do not. Experiments demonstrating viral DNA
persistence in cultured primary myeloid precursor cells support a role for these celis in
latency. in addition, following further celiular differentiation, virus may be reactivated from
progeny cells,

Productive HCMV infections are related to the functional immune status of the
host. Human CMV infection is the most common congenital infection (0.4-2.3% of live
births), however clinical disease occurs only in a small percentage of infected naonates. In
genersi, symptomatic disease occurs in those babies whose mothers had contracted
prirnary HCMV infections during gestation.

Human CMV infection is the most common cause of posttransplant infections in
allograft recipiants, Human CMV infections are associated with decreased graft survival in
soiid organ allograft recipients. Major complications include savere CMV infections of the
Gl tract and interstitial pneumonia. Human CMYV infection of bone marrow allograft
racipients is most often manifested as pneumonia and has been a leading cause of death
of these patients if not treated.

Human CMV seropositivity in HIV-infected patients is associated with an increased
risk for development of AIDS. Indeed, trens ativation of HIV genes has been widely
reported in a variety of in vitro systems. Invasive, clinically significant HCMV disease in
AIDS patier:ts primarily occurs as pneumonia, Gl disease, or CNS disease (most commonly
retinitis).

Di ic Microbiol

isolation of HCMV from clinical specimaens iz the primary laboratory diagnostic
method for assessing new or reactivated infections. Cell culture misthods for isolation,
however, are laborious generally requiring culture periods of up to 28 days and observation
of cultures for virus induced cytopathic etffects. A shell vial method which detects the
presence of immediate early viral gene products by immunologic techniques is faster,
highly specific and only slightly less sensitive than cel! culture for most clinical samples.
Howaever, the shell vial assay is markedly less sensitive than cultures for detection of virus
trom biood.

Following infectior., secretion of virus can persist for years and may play & role in
transmission. Howaver, the incidenze of isolation of CMV from clinical specimens
increases with immunologic deficiency. Prognostically, the occurrence of viruria and
viremia in immunoa.';pressed subjects correlates with the likelihood of deveioping end
organ diseagse. In transplant patients, viremia, aven though the viral titers often are small,
is highly predictive of invasive disease. In AIDS patients, viruria and viremia are less
predictive, and the prognostic valuo increases with low (< 200) CD4 counts. For exampie,
viruria has been reported in up t0 50% of AIDS patients without CMV disease symptoms.
With the development of CMV disease, however, the frequency of viruria increases. In
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most subjects, viremia occurs less frequently than viruria. The majority of AIDS patients
with a positive blood culture will have a positive urine culture, thus viremia is strongly
associated with viruria. However, the reverse is not necessarily true. Not all patients who
are viruric will be viremic. Human CMV aiso can be isolated with high frequency from
semen, but the incidence of recovery of virus from semen has not been associated
prognostically with the deveiopment of end organ disease.

I { HCMV Infecti | the Devel { Resi

Ganciclovir (GCV) and foscarnet are antiviral agents frequently used for the
treatment of CMV rstinitis. The development of resistant HCMV isolates to both drugs
has been observed clinically as well as experimentally, and the clinical significance of
resistance to GCV and foscarnet is being increasingly appreciated in patients with CMV
disease. Clinical progression has been observed following isolation of drug-resistant
isolates. Moreover, clinica! improvement has been reported in patients who have failed
one therapy and have drug-resistant isolates following a change in therapy.

Recent estimates suggest that the incidence of development of GCV resistant virus
is 5-10% after only 3 months on therapy. The majority of GCV resistant isolrtes have
mutations in the UL97 phosphotransferase gene. Aithough the role of this gene in HCMV
replication or disease pathogenesis is not known, it ' belisved to be required for initial
phosphorylation of GCV. Other GCV resistant isois.s have been described with mutations
in the DNA polymerase (pc!) gene.

The development ot resistance to foscarnet occurs much less frequently than
resistance to GCV. Howgvar, foscarnet-registant HCM\' strains have been isolated from
clinical samples and fol'zwing in vitro selection under drug pressure. Resistance to
‘oscarnet is mediated by mutations in the DNA polymerage ¢ ..ie.

SUMMARY:
In Vitro Anti-CMV Activi

The activity of CDV has been evaluated in saveral studies utilizing both iaboratory
strains and clinical isolstes of HCMV (summarized in Table 1}. in vitro activity was
determined by plaque recuction assays in three cell lines (MRC-5, Human en:uryonic lung -
HEL, and Human foreskin fibroblasts-HFF). IC50 concentrations ranged from 0.06 to 1.59
uM for laboratory isolates and 0.2-2.8 uM for clinical isolates.




TABLE 1. Reported IC50s for HPMPC against various strains of HCMV.

HCMV Strain Cell Line 1CH50 (uM) Reference

AD 169 MRC-6 0.08
HEL 0.056
| 18 Clinical isolates | MRC-5 0.26 +/-0.23
| (average) HEL 0.22 +/- 0,23

| AD 169 MRC-5 oz
| Clinical Isolates HFF 0.5-2.0

| Davis HEL 0.26
1 AD 169 (averages:

i AD 189 HFF 0.22
| Davis 0.48
I Towne 0.63
§ EC 1.09
| LA 0.85
i CH 2.80
i Mann 0.95
| C8708/17-1-1 1.80
| C8704/9-1-4 0.41
| C8805-37 2.38

| AD 169 1.0
0.5

0.32
0.22

| AD 169 0.26
; 0.36

t AD 169 0.20-1.59

| Davis 0.46-1.27

| Clin. Isol. CM15 0.32-0.72
CM-F 0.23-1.89
CM-6 0.32
CM-7 0.44
CM-18 1.27
CM-21 0.13

1.97

mbh ng
HFF Human Forasldn Fubtoblnts
uM reported or calculated based on 318 g/Mole.




In Vitro Drug Interastion Studi

The effect of CDV on the antiviral activity of several antiviral agents was evaiuated,
Drug:drug interactions studies for antiviral activity were tested for CDV in combination
with AZT or ddi with the laboratory HIV strain (HIV-llib) in MT-4 cells. Using the
"MacSynergyll" program, no synergy or antagonism was observed. In contrast,
combination studies of GCV and CDV i1 normal human dermal fibroblast cells and the
Towne strain of HCMV revealed a modest synergistic activity against HCMV infections for
these two drugs.

In Vive Anti-CMV Activi

The anti-cytomegalovirus activity of COV (HPMPC) has been evaluated in several
animal models of CMV infection. HCMV does not infect other species, thus, animal
models for drug activity have utilized animal cytomegalovirus strains, including guinea pig
CMV (GPCMV), rat CMV (RCMV), and murine CMV (MCMV).

1. Quinea pig CMY. In a guinea pig infection model using GPCMV, Li et. al (14)
reported that HPMPC treatment (5.0 mg/kg/day for 5 days) resulted in lower viral titers in
the blood, spleen, and salivary gland. Lower doses of HPMPC were not effective in
reducing virs! burden.

2. Bat CMV. An immunosuppressed rat model developed by Stahls, et. al (23,24)
was used to evaluate the effectiveness of HPMPC as a treatment for RCMV. In this
model, Brown Norway rats were immunosuppressed by total body irradiation and were
infected with RCMV (10® PFUs). Treatment with a single dose = 2.0 mg/kg of HPMPC
(0.5-10mg/kg) increased thie survival time of rats following a lethal infection with RCMV.
Treatment with a single dose of 20 my/kg, but not & mg/kg, decreased virus titers isolated
from ali organs assayed (salivary gland, spleen, liver, and lungs).

3._Murine CMV. Two general models of MCMV infection have been utilized for
drug activity testing: immunocompetent mice and severs combined immunodeficiency
(SCID) mice. Kern {11) and Kern et al. {12) examinad the effect of treatment with
HPMPC in immunocompetent mice (first study - mouse strain not identified; second study -
Balb/C mice). In both reports, MCMYV infection resulted in 70-100% mortality with a
mean day of death of 5-8 days post infection. HPMPC treatment (first study- 2X/ day for
5 days; second study- 1X/ day for 7 days) reduced mortality but not the mean day of
death at most doses tested. Treatment was effective if initiated at 8 hours or 24 hours
post infection at all effective doses. Higher doses (6-10 mg/kg) raduced mortslity when
edministered at icte as 48 hours after infection.

Neyts et al. {17), Smee et al. (£0), Kern et al. (12), and Smee, Sugiyama and Reist
(19) evaluated the activity of HPMPC in SCiD mice infected with MCMV. Each study
differed slig.1tly in the experimental methodclogy utilized including the concentration of
viral inoculum snd the doses and schedule of treatment. In all studies, however, 100%
mortality was observed following infection in both treated and untreated mice, and
treatment with HPMPC significantly delayed the time of death in a8 dose response effect
(Figures 1,2,3). Infrequent dosing (1x-2x/week) was siso effective in delaying mortality,
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but higher doses generally were required. HPMPC traatment aiso delayed the development
of virus titers in most of the tissues assayed.

Figure 1. ileyts et al. (17) Figure 2. Smee et al (20)
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Reviewer Commment. In t'.ese animal studies, no systematic determination of the dose in
conjunction with the optimal schedule of treatment for effects on survival time or vira! load
was completed. In general, however, higher doses of infrequently administered CDV were
required to achisve comparable increases in survival times than were required with more
frequent dosing. This observation suggests one reason for the lack of dramatic effects zn
systemic virus observed in Vistide-treated CMV infected patients.




Mechanism of Act

CDV has been demonstrated in several systems to inhibit HCMV DNA synthesis at
concentrations 100-500 -fold lower than that which is required to inhibit cellular DNA
synthesis. In these studies, effects on DNA synthesis were measured by IH-thymidine
incorporation assays and by CsCl gradient isolation of viral DNA and cellular DNA following
exposure of celis to CDV.

Studies of cellular uptake of CDV (using Vero cells and radioactive CDV) suggest
that CDV enters these celis by a fluid-phase endocytosis mechanism and may accumulate
in the lysosome. Kinetic studies indicate that intraceliular CDV concentration i8s
dependent upon its extrzcellular concentration but approaches only a small percentage
(estimated 6%) of the extraceliular concentration. Once inside the cell, CDV is
phosphorylated by cellular enzymes to the monophosphate and diphosphate derivatives
(COVp and CDVpp). No initial phosphorylation by virus-encoded enzymes is required, and
the putative metabolite responsible for the antiviral activity of CDV is CDVpp. After high
intraceliular levels of CDVpp are achieved, CDVpp is further matabolized to CDVp-choline.
The role of CDVp-choline on antiviral activity is not known.

Intraceliular concentrations of CDV and its met. Jolites have been evaluated in
MRC-5 cells following exposure to 200 uM CDV for various times (up to 96 hours) (10).
CDV (HPMPC) levels increase over time with exposure (Figure 4). Leveis of CDVp and
CDVpp were 1 uM or less. Levels of the CDVp-choline adduct increased with time to
approximateiy 3 uM. Studies to assess the persistence of intracellular pools of CDV
indicate that CDV loss from cells is slow (1/2 removed by 6 hours). Half-lives of the
metabolites have been reported as follows: CDVp-8 hours; CDVpp-17 hours; and CDVp
choline adduct->48 hours in MRC-5 celis and CDVp-24 hours, CDVpp-85 hours; and
CDVp-choline adduct-87 hours in Vero cells.

Figure 4, Ho et al. (10) Conc. kM
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Uptake of CDV, and ultimately the concentrations of the CDV metabolites, are cell
type dependent. In a report by the sponsor (Mendel and Chen, Vistide™ NDA, Gileac
Sciences, Inc.), uptake and concentrations of CDV metabolites were assessed in four cell
types: MRC-5 cells (embryonic human lung fibroblast cell line), MDCK celis (canine kidney
cell line), A3.01 (human T cell line), and Jurkat cells (human T cell line). Cells were
exposed to 10uM [*HICDV for 24 hours at which time the cells were washed, and
concentrations of COV and its metabolites were assessed. Direct measurements of
intracellular concentrations of CDV and its metabolites are summarized ir Table 2.
Intracellular pool concentrations as calculated using mean cellular volume are summarized
in Table 3. Intracellular concentrations of CDV and its metabolites are significantly less in
T cell lines that in MRC-5 cells, with MDCK cell levels falling in between.

Table 2.  (Vistide™ NDA, Gilead Sciences, Inc.)

Metabolite
(pmoles / million cells)
Cell Line HPMPC HPMPCp HPMPCpp Choline Adduct
MRC-5 7 0.89 178 252
MDCK 041 0.44 mn 0.76
A3.0 0.16 0.03 0.11 0.26

Jurkat 052 0.05 1 ]| 0.70

Table 3. (Vistide™ NDA, Gilead Sciences, Inc.)

MRC-3 A

(M) (uM)
HPMPC 1.25 (£ 0.41) 0.14 (£ 0.03)
HPMPCp 0.40 (£ 0.14) 0.05 (£ 0.02)
HPMPCpp 0.70 (£ 0.27) 0.05 (+ 0.02)
HPMPUp-choline 1.U5 (£ 0.38) 0.19 (£ 0.03)
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% OF TOTAL META.

Based on reported Cmax serum concentrations (19.6 ug/ml) of the expected
clinical dose (5 mg/kg) administerad in conjunction with probenecid, the maximum
extracellular concentration of CDV is calculated to be 62 uM. Ho et al. (10) reported that
intracellular concentrations of CDV approached only 8% of extracellular CDV concentration
in MRC-B cells. Thus, an estimate of the intracellular concentration following a single
clinical dose would be 3.7 uM. Based on reported intracellular concentrations of COVpp
from studies outlined above, the estimated intracellular concentration would be of the
active metabolite CDVpp would be between 1 and 2 uM.

Experiments which examined the effact of other common anti-viral agents on the
metabolism of CDV demonstrated that neither AZT, ddl, ddC, GCV, ACV, nor foscarnet
altered the relative concentrations of CDV metabolites at 24 hours (Figures 5,8). Infection
of celis with HSV-1, HSV-2 or HCMV also did not significantly alter the metabolism of
CDV.

Figure 5. (Vistide™ NDA, Gilead Sciences, inc.) Figure 8. (Vistide™ NDA, Gilead
Sciences, Inc.)
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The purported mechanism of action for antiviral activity is inhibition of viral DNA
polymerase. CDVpp acts as both an inhibitor and alternate substrate for HCMV DNA
polymerase. CDVpp inhibits HCMV DNA polymerase with a Ki of 6.8 uM (Table 4). The
Ki values of CDVpp for human DNA polymerases a, # and y are 8-600 fold higher than for
viral DNA polymerases. Considering the Ki values for the human DNA polymerases and
the previously calculated estimates of intraceliular CDVpp concentration {1-2 uM: previous
paragraph), it is unlikely that the human DNA polymerases will be dramstically affected.
The Ki value and the Ki/Km ratio of CDVpp for DNA polymerase o suggest that although
utilization of CDVpp by DNA polymerase a is relatively weak, it can and does occur. In
fact, the Ki/Km ratio of COVpp for DNA polymerase a is not dramatically different (1.33 x)
than the Ki/Km ratio of 9 for HCVM DNA polymerase. The Ki/Km value of 120 for DNA
polymerase # suggests that DNA repair is not likely to be affected, Ki’/Km value of 1430
for DNA polymerase y indicates that effects on mitochondrial DNA synthasis should be
negligible.

Table 4. (Vistide™ NDA - Gilead Sciences, Inc.)

Inhibition Constants of CDVpp Against DNA Polymer- ses from HCVM, HSV, and Human
Ceils.

Ki (CDVpp) uM Ki/Km

HCMV DNA 0.72 6.6 9
polymerase”®

HSV-1 DNA 0.3 0.86 3
polymerase®

HSV-2 DNA 0.37 1.4 4

i Enzyme Km (dCTP) uM
polymerase®

|
|

DNA polyme.ase a® | 4.4 51 12
DNA polymerase g | 4.3 520 120
300

DNA polymerase y*©

ion et al.
*Ho et al. (10)
‘Cherrington et al. (4)

CDVpp is incorporated into the growing viral DNA chain. Human CMV DNA
polymerase was purified form normal human dermal fibroblasts following infection with
HCMV (Towne strain). Using synthetic DNA primer/template hybrids, the sponsor
determined that CDOVpp competes with dCTP for incorporation opposite a G unpaired
residue on the template. However, the kinetics of incorporation indicate that the
competition is less efficient for COVpp. Nonetheless, incorporation of a single rolecule of
CDVpp reduces the rate of DNA synthesis by 319%, but does not act as a DNA chain
terminator. Incorpora:ion of two consecutive CDVpp by HCMV polymerases effectively
stops DNA elongation; whereas incorporation of two CDVpp separated by one or two
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nucleotides slows the rate of synthesis by up to 90%. CDV cannot be excised from the
3’ end of the DNA chain by the HCMV DNA polymerase associated exonuclease activity.

Resistance
1._In Vitro Selection Studi

The sponsor performed in vitro selection studies with CDV or GCV drug pressure.
HCMV laboratory strain AD169 was propagated under increasing concentrations of CDV or
GCV for a period of 10 months. At that time, variants which could replicate in the
presence of 8 or 16 uM CDV or 300 uM GCV were selected. Ten plaque purified CDV
resistant strains and 2 plaque purified GCV resistant strains were assayed for susceptibility
to CDV, GCV, or foscarnet. All of the CDV resistant isolates demonstrated decreased
susceptibility to CDV (IC80s = 7-15 uM). Six of the ten CDV selected stains were also
screened for susceptibility to GCV and foscarnet. The 6 isolates were 5-14X more
resistant to GCV, but none exhibited significant resistance to foscarnet (IC50 = 80-180
uM) The two isolates selected under GCV pressure were highly resistant to both CDV
(IC50 =11-13 uM) and GCV (IC50 =267-300 uM), but remained susc*ptible to foscarnet
(IC50 = 100). The parent strain IC50 values for CDV, GCV and foscarnet were 0.5 uM, 7
uM; and 80 uM, respectively. Genotypic analysis of the resistant strains was not reported.

The sponsor also has summarized data personally communicated from Snoeck et al.
(22) for two strains of HCVM (parent strain AD165) salected following in vitro pressure
with CDV which are resistant to CDV (IC50 =7.6-16.2 uM) and are cross resistant to GCV
(IC50 = 23-55 uM) but not to foscarnet { IC50=120-190 uM). In addition, two GCV
resistant (IC50=47-51 uM) strains isolated following selective prassure with GCV were
cross raesistant to CDV (IC50 = 7.3-7.9) but not to foscarnet (ICE0 18-220 uM).

Reviewer Comment: In both studies, all of the CDV-resistant isolates selected
following in vitro pressure with CDV were cross resistant to GCV.

Although the majority of GCV resistant isolates contain mutations in gene UL97
which conters resistance to GCV but not to CDV, DNA polymerase mutations have been
described in some GCV resistant isolates. The exact frequency of occurrence of DNA
polymerase mutants in HCMV in patients with or without drug pressure is not known. To
date, the only reports of DNA polymerase mutations which resuit in GCV resistance also
result in resistance to CDV. Lurain et al. (15) isolated three GCV-resistant mutants
following in vitro exposure of strain AD169 to increasing concentrations of GCV. The
plaque-purified strains D8/3/1, D1/3/4 and D10/3/2 were resistant to GCV and CDV, but
remained susceptible to foscarnet. Genotypic analysis of the DNA polymerase gene for
each of the mutants as compared to wild-type reveaied point mutations which rasuited in
amino acid changes L501! for D1/3/4 and D6/3/1 and F412V for D10/3/2. Sullivan et al.
{27) reported a mutation in the DNA polymerase for strain 750'D100 which resulted in
amino acid change A987G and decreased susceptibility to GCV and CDV (note: the body
of the paper reported the substitution as A to G; whereas, the abstract reportad G to A).
No significant change was noted in the susceptibility to foscarnet.
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To date, two publishad studies have assessed the develupment of foscarnet-
resistant isolates following selection under fo::cornet pressure. A total of 5 isolates waere
examined in the two studies. Sulliven and Coen (268) reported isolation of two foscarnet
resistant strains following in vitro selection, both of which were resistant to foscarnet but
remained susceptible to GCV and CDV. Snoeck et al. (22) reported (in abstract form) that
serial passage of HCMV strain AD169 in the presence of increasing concentrations of
foscarnet resulted in the isolation of foscarnet resistant strains, but that these strains
remained susceptible to both GCV and CDV. The IC50 values were not reported in the
abstract. The sponsor, however, has provided a table (data obtained from the Snoeck, et
al.} which outlines IC50 values for three HCNiv strains isolated under selective drug
pressure with either foscarnet. The three ra;:urted foscarnet resistant isolates (IC50 = 770-
930 uM) remained sensitive to boith GCV (IC50=1.4-5.9 uM) and CDV (IC50=0.06-0,31
uM).

To summariza the i vitre " 'g selection studies with HCMV, isclates which are
cross resistant to COV and GCV havec b 'on detected. No CDV or GCV resistant isolates
which gre cross resistant to fose o:net hav. sean reported. All CDV resistant isolates
examined have been urnss resistant to GCV, but not to foscarnet. In addition, many GCV
resistar.i isolatec that have been examined (except UL97 mutants) have been cross
resictant to CDV, but not to foscarnet. Of the five reported, foscarnet-resistant isolates
selected under foscarnet drug pressure in vitro, none were cross resistant to GCV or CDV.

Cross resistant murine CMV isolates also have heen generated in vitro with
selective drug pressure. Smee et al. (20) characterized three MCMYV isolates deveioped
following pressure with foscarnet, COV, or GCV. The foscarnet resistant isolate was
sensitive to GCV and CDV. The CDV resistant isolate was sensitive to GCV and foscarnet,
but the GCV resistant isolate was cross resistant to both foscarnet and CDV.

2. Resigtance of clinical strains

Several studies have reported the isolation of HCMV strains which are cross
resistant to CDV, GCV and/or PFA from patients. The clinical significance of the isolation
of resistant viruses is not completely known, aithough several reports suggest that the
development of resistant isolates is associated with failure of drug therapy.

Table 5 (from Vistide™ NDA, Gilead Sciences, Inc.) summarizes cross resistance
detected in several studies. Cherrington, et al. (b) isolated a strain of HCMV (RDP-1)
from the retina of a patient who had been treated with GCV and PFA. The isolate was
cross resistant to GCV, PFA and CDV. DNA sequence analysis of the DNA polymerase
gerie revealed 8 amino acid substitutions and one amino acid insertion in the gene. The
changes hed not been reported previously to result in resistance to GCV, PFA or CDV.
Strain C9209 was isolatad from a patient with CMV retiniti= who had received GCV
therapy only and was resistant to GCV, PFA and CDV (7,9). A patient who had received
oral GCV followed by IV GCV and PFA developed an isolate (MR) which was resistant to
PFA, GCV and CDV. Another isolated obtained from an AIDS patient with CMV retinitis
who had received PFA treatment was resistant to PFA but not to GCV and CDV.
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Table 5. Susceptibility of PFA Resistant Clinical Isoiates to CDV and GCV
(Vistide™ NDA, Gilead Sciences, Inc.)

1Cy, (UM)

Polymerase
Strain CDV (IC,, GCV [IC,, PFA. [IC,, (UM)] | Genotype
(uM)) {uM))

| AD-169 0.5 5 80

| RDP-1 16 200 600 ABBST,

| D588N,
K513E,
NB85S,
P628L,
S655L,
insertion 884S

| 9209 [ 100 >400 ABBS5T,

: GB74R,

i L601F, LB9YOF,

l NB85S,

| N898D,

| S655L, Y751H

| MR- 1/93 0.4 5.2 78

| MR- 10/93 8.0 160 80

| MR-8/94 10 250 500

® Genotype includes differences relative to the AD169 strain.
© From Vistide™ NDA, Gilead Sciences, Inc.

Tatarowicz, et al. (28) demonstrated that plaque purification of a clinical isolate
from a patient prior to GCV therapy resulted in the isolation of two virus populations, one
which was sensitive to GCV and one which was resistant to GCV. The resistant isolate
was markedly resistant to CDV and somewhat resistant to PFA.

Stanat et al. (25) evaluated clinical isolates from 8 patients for susceptibility to
CDV, PFA and GCV. Although the isolates remained relatively susceptible to PFA and
CDV, a set of isolates obtained from one patient early and late on GCV were borderline
resistant to PFA and HPMPC, and the late isolate only was GCV-resistant.
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The development of resistance to cidofovir was assessed in study G5-92-102, a
phase |/ll dose escalating study in HIV- infected patients with asymptomatic CMV
infaction. GS-92-101 was designed as dose ranging study to assess the safety, tolerance
and pharmacokinetics of single doses of COV. The study was subdivided into two dose
escalation studies: 0.5, 1.0, 3.0 or 10.0 mg/kg/week of intravenous CDV alone and 3.0,
5.0 or 7.5 mg/kg/week of intravenous CDV plus probsnecid. The second series inciuded
extended dosing intervais and drug interruption for proteinuria. Semen was collected
weekly for assessment of anti-viral activity. From these samples, twenty-nine pairs of
isolates were obtained from 22 patients. Fifteen of these patients received a single
concentration of Cidofovir and 7 patients received two different concentrations of
Cidotovir (separated by a 6 month washout period). Table 6 describes the source of the
paired samples inciuding the amount of time between collections of samples for isolates
and the drug exposure of subjects from whom isolates were obtained. In general, the
longer the time between isolates, the more intermittent the therapy.

Table 6. Characteristics of sampling for paired Isolates

Dose (mg/Kg) Time Between Isolates Total # of CDV Doses

(weeks) Administered in the Time
Betweun Isolates

0.5 o 3-7 4-8

1.0 3-10 3-4

3.0* 3-34 3-19

5.0° 4-20 4-10
4-7 2-4

Figure 7 (Vistide™ NDA, Gilead Sciences, Inc.) outlines the time on therapy for
each patient and the IC50 for the paired isolates. Figure 8 (Vistide™ NDA, Gilead
Sciences, Inc.) represents the change in IC50 vaiues between the paired isolated isolates.
Follow-up isolates (denoted as pos* exposure on the chart) from 4 subjects showed a 2-4-
fold increase in IC50 values. Most follow-up isolates showed no change or a 2-3 fold
decrease in values.
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Reviewar comment: Current estimates for the development of ganciclovir
resistance following treatment are that only 8-10% of subjects will develop resistance
within sevaral months of initiating treatment. Most of those isolates will have mutations in
the UL97 gene, not in the DNA polymerase. While the fraquency of mutations in the DNA
polymaerase which are responsible for resistance to any of the CMV therapies is not
known, the frequency is widely believed to be less than that observed for the development
of mutations in ULB7 gene in response to GCV therepy. This clinical study (G8-82-102)
was not an ideal one for assessment of the development of resistance to CDV uniess
resistance develops rapidly in responss to CDV pressure. The duration of treatment was
insutficient for the developmaent of rasistant isolates. The sponsor indicates that the
madian duration of therapy between isolates was 8 weeks with a range of 3 to 36 waeeks.
Most follow-up isciates, however, wara obtained from specimens taken after only 3 to 10
weeks of treatment. For samples collscted at longer durations (greater time between
isolates), most therapy had been intermittant. Finally, several subjects receivad
subtherapeutic levels of COV which would dacrease the likelihood of isolation of resistent
virus following a short period of treatment. Thus, no reliable conclusions can be drawn
with respect to the lack of development of resistance to CDV in this phasel/ii trial, except
that it does not occur rapidly or with outstanding frequency.

In Vitro Studias from Clinical Trials with COV.

Three completed clinical studies have incorporated measurement of anti-HCMV
activity in vitro, Urine, seman and/or blood specimens ware cuitured for the presence of
virus, Assessments included qualitative cuiture with assessment of level of cytopathio
effects, quantitative culture with an estimate of the plaque forming units of virus in a
milliliter of test fluid, or culture with an immunologic assessment of HCMV viral antigen
expression (shell vial assay). In one study, HCMV was expertimentaily assessed by
branched chain DNA hybridization assays.

G8:92-101. This study was a phase 1/l dose escalating trial to evaiuate safety,
pharmacokinetics and anti-CMV activity of CDV in HIV-1 positive patients with
asymptomatic HCMV infection. Enrolled subjects were to have had positive urine and or
semen cultures on entry and no previous anti-CMV therapy. Thirty-five patients were
enrolied. Subjects received 0.5, 1.0, 3.0 or 10 mg/kg/week of CDV without probenecid or
3.0, or 8.0 mg/kg/wesk with probenecid, or 5.0 mg/kg q 2 weeks with probenacid (first
two doses weekly x2), or 7.8 mg/kg q3 weeks with probenecid. Results of this study
have been published (13).

Semen HCVM titers were quantitated by serial dilution onto fibroblast monolayers.
The sponsor reported that an antiviral positive response was defined as & 100 fold
reduction in HCMYV titer from baseline. The sponaor indicated that 80% (3/8) of patients
responded from the 3.0 mg/kg group (both with probenecid (3/8) and without (3/8)), 80%
(4/5) responded in tha 8.0 mg/kg group with probenecid, 100% (1/1) in the 7.8 mg/kg
group; and 100% (4/4) in the 10 mg/kg group. Actual titers which were supplied to the
NDA included, for the most part, only two time points; one pre therapy and one sither at
the end of therapy or at a followup point post therapy. As a result, the actual numbaer of
patients demonstrating a 2 log reduction in sach group was lower than reported by the
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sponsor. Howevaer, this difference may be due to sampling at different times, especially as
some of the post exposura isolatea were obtained whan subjects ware not receiving CDV.

Semen titars were assessed in a selected number oy patienta by branched chain
ONA assay. The virologic trendas assessed by DNA and by PFUs tracked in some patients
and diverged in others.

Urine cultures were performed by inoculating 1.0 mi of urine into a tube of
fibrobiasts. Antiviral activity was qualitatively determined by visual assessment of
cytopathic effects read at 8 weeks of culture., Attempts to quantitate the urine cultures
based on titer ware unsuccessful. A positive response was defined as conversion to
culture nagativity,

Reviewer Comment: The major problem with the definition of a response in this
etudy is the ambiguity in the persistencs and magnitude of the effect. For the semen
responses, presumably the definition of a 2 log,, raduction in viral titers referred to any
single time point as compared to baseline titers. Thus, the titer could fall below 100 foid
reduction only at one timepoint and raturn to baseline later, yet a positive response to
therapy would have been scored. For urine cultures, the definition is even more
ambiguous. In addition o the issue of timing of a response (occurring at any timepoint,
but not necessarily parsisting beyond ona time point), the definition of conversion to
culture negativity was based predominantly on viaual examination and subjective scoring
of positive or negative responses. Moreover, for those cuitures in which quantitative titers
have been assessed (based on dilution - 8tudy GS8-92-103), baseline PFU values from urine
were dramatically low (1-10 PFU/mI). Thus, positive cuitures may not have been "strongly
positive" at baseline, and conversion to rnegative cuiture could have fallen within the
experimental error of the atsay.

G5:92-103. This was a phase /il study of the safety, tolerance, pharmacokinetics
and anti-viral activity. Twaenty-one subjects were enrclied. The planned dosing regimen
was to compare the effecta (antiviral) when CDV was administerad 1x/week for four
weeks, 1x/week for three weeks over a twelve waek period (four doses), or once every
othar week (following two consecutive weekly doses) over a six week period (four dosea),
with probenecid.

Qualitative blood cultures were performed in duplicate by collecting the buffy cost
from 10 mi of heparinized bloods, resuspending the cells in 5.0 mi of phosphate buffered
saline, and inoculating 1.0 mi of the resuspension onto human ambryonic lung cells (MRC-
8). Qualitative urine cultures were performed by inooulating 0.2 mi of urine onto MRC-5
celis. Convaersion of blood cultures from positive to nagative did not occur, and 3 of 8
patients who were negative upon studv antry developed positive biood cultures while on
study or during follow-up. Several urine cultures from the patients who received higher
doses of CDV did convart to negative over time and most remained negative (Table 7)
(18)
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Table 7. Polis et al. {18} .

Qualitative CMV urine culture results for patients receiving eldofovir
- T Result 86 wh
Hewit e _
Pewedy T 3 )Y ¢ 8 4 7 8 % W Wo17oBoWo o8 W W B

Patunt*

e

e Pavena 11 ihrough 16 recarved § mg of cidofovit per kg weskly for 4 wesks Harng ot week 1. Petients 17 through 20 recesived 7.5 mg of cisoforit pt kg evety
¥ waaki for four desss Maning st week |

G8:-93-100. This is a phase lI/lil study of safety and efficaay of CDV for the
treatment of peripheral CMV retinitis in AIDS patients. Virologic endpoints included
measuring the effect of treatment of viral shedding in the blood, urine and/or semen. The
study comparad the sffect of immediato treatment with deferred treatment. Patiants
received ona dose of COV (8.0 mg/kg/week X2, then 5.0 mg/kg q 2 weeks pius
probenecid). CMV culture . ata were reported for blood and urine using both the stardard
culture methods and the shell vial antigen exprassion system. The sheil vial assay was
1888 sensitive in picking up positive cultures at baseline for urine. In contrast, although
the shell vial assay has been reported to be less sensitive than rtandard cuiture for
assessing viremia, in this study, 8 higher percentage of samples were positive at baseline
by the shell visl method. By the culture method, there was no difference over time in the
percentage of biood cultures which were positive in the immaediate trestment groups. In
contrast, with the shell vial method, a marginal response overtime was noted. Urine
cultures (assayed by both methods) from subjects enrolied to immaediate therapy showed
e trend towards a positive (aithough not complete) response. The same criticisms as
outlined for the previous studies would also hold for this study.

Two additional rtudies. which are sither not complete or not comniately analvzed,
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PACKAGE INSERT
Migrobiology Section of the Label Proposed by the Sponser
VIROLOGY

General

Cidofovir is a cytidine nucleotide analog with potent in vitro and in vivo activity against a
broad spectrum of herpesviruses, including human pathogens such as cytomegalovirus
(CMV), harpes simplex virug types 1 and 2 (HSV-1, HSV-2), varicells zoster virus (VZV),
Epstein-Barr virus (EBV), and human herpesvirus-8 (MHV-8). Cidofovir is also active
against adenovirus and human paplllomavirus . Many straing of HSV resistant to acyclovir,
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and CMV strains resistant to ganciclovir and foscamet are sensitive to cidofovir.

Mechanism of Action

Cidofovir suppresses CMV replication by selective inhibition of viral DNA synthesis.
Biochemical data support selective inhibition of HSV-1, HSV-2 and CMV DNA polymerases
by cidofovir diphosphate, the active intracellular metabolite of cidofovir. Cidofovir
diphosphate inhibits these viral polymarases at concentrations that are 8- to 600-fold lower
than those needed to inhibit human cellular DNA polymerases alpha, beta, and gamma .
Incorporation of cidufovir into viral DNA results in reductions in the rate of viral DNA
sy()thesis.

Cidofovir anters celis by fluid-phase endocytosis and is phosphoryiated to cidofovir
monophosphate and subsequently to cidofovir diphosphate. In addition, a cidofovir
phosphate-choline adduct is formed. In contrast to ganciclovir, the metabolism of cidofovir
Is nelther dependent on, nor facilitated by, viral infections. Prolonged antiviral effscts of
cidofovir are related to the half-lives of metaboliites; cidofovir diphosphate persists inside
cells with a halil-life of 17-65 hrs. Additionally, the phosphate-choline species has a half-life
of 87 hrs.

Antiviral Activity

In vitro, cidofovir is active against all members of the herpesviridae family tested (HSV-1 and
2. CMV, vZV, EBV, and HHV-8). Antiviral activity is seen at concentrations significantly
below those which cause death in cell monolayers. The in vitro sensitivities of a number of
viruses to cidofovir are shown in Table 1.

Table 1*

Cidofovir Inhibition of Virus
Multiplication in Cell Culture

Virus ICy (M)

Wild-type CMV isolates 0.7 (+0.6)
ganciclovir-resistant CMV 7.5(+4.3)
isolates 0.59 (¢ 0.07)
foscamet-resistant CMV isolates 12.7-13.7
HSV-1, HSV-2 0.7¢

vzv ** 0.03

EBV <63

HHV-8

¥-dala on file
** mean result for 4 human VZV strains (1)

Cidofovir is active at non-toxic doses in several in vivo v us ir:’8ciron models. ‘Munne CMV
(MCMV) infection of inmunocompetent and immunocomproi:»sed tnice can be reated
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successfully with cidofovir. Treatment with cidofovir generally was more effective than
equivalent doses of ganciclovir at decreasing viral burden and increasing survival time.
Cidofovir was significantly more active than ganciclovir against rat cytomegalovirus (RCMV)
infection, as measured by mortaiity, histopathological changes, and virus titers in
immunocompromised rats. The clinical relevance of thesa findings is not known, since
controlled clinical trials comparing cidofovir and ganciclovir have not been performed.

In the infection models in which efficacy is seen, infrequent dosing (e.g., once weekly, 50
mg/kg) of cidofovir in mice is at least as effective as fractionation of the same total dose into
daily or twice daily dosing schedules. Even single doses produced efficacy in these animal
models. Additionally, in contrast to ganciclovir which requires existing viral infection for
activation, the dosing of mice or rats prophylactically prior to challenge with virus is effective,
and the pruphylactic state induced can persist up to seven days.

In vivo activity against human CMV was confirmed with controlled clinical studies of cidofovir
for the treatment of CMV retinitis in patients with AIDS, which demonstrated statistically
significant delays in time to CMV retinitis progress - ) for patients on V!STIDE when
compared to control patients (see section CLINICA- STUDIES).

Thres clinical trials with VISTIDE have examined treatment-related anti-CMV activity through
the use of in vitro virology studies. Patient spacimens were cultured for viable virus in
studies GS-92-101, GS-92-103 and GS-93-106.

Study GS-93-101 demanstrated an antiviral effect of cidofovir at doses & 3 mg/kg in both
semen and unne of HIV-infected patients with asymptomatic CMV shedding and showed
that development of resistance did not occur under the drug exposure regimens used in this
clinical tnai. Study GS-92-103 confirmed the ant-CMV effect in urine from similar patients;
howaevsr, qualitative blood cultures obtained one to 3 weeks after a VISTIDE dose remained
positive for CMV. A quantitative anti-CMV effect may not have been observed in this
qualitative (+ or -) system. Data from study GS-93-108 obtained from blood and urine
cultures showed that VISTIDE therapy in patients with CMV retinitis was associated with pre-
treatment positive cultures tuming negative and pre-treatment negative cultures staying
negative in more instances than with no therapy (deferred group). Three of 4 (75%) pre-
treatment positive blcod cultures converted to negative following initiation of VISTIDE
therapy compared with none of 3 from patients receiving no treatment. Similar results were
obtained for pre-treatment urine cultures; 3 of 5 (60%) pre-treatment positive urine cultures
converted (o negative following VISTIDE therapy compared with none of 3 from patients
receiving no treatmant. The small number of observations in study GS-93-106 preclude
definitive assessment.

Post-treatment virologic msponses in patients receiving cidofovir at doses & 3 mg/kg
(studies GS-92-101 and GS-92-103) defined as conversion of pre-treatment positive urine to
culture negativity, or a greater than 100-fold (2 log,,) decrease in CMV infectious units
(semen), are shown in the following table:
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Comparison of virologic responsaes in patients receiving = 3 mg/kg vs. < 3 mg/kg of
cidofovir demonstrated stalistically significant dose-related effects in urine and semsan
(p<0.005 for each) (I alnren ot al). Persistence of ant-CMV effect was observad as well;
patients with CMV virunia receiving VISTIDE 5§ mg/kg/wveek for 4 consecutive weeks had
nagative urine cultures for 3 to 8 weeks post-dosing.

Viral Registance

Isolates from semen of 22 patients in & Phase I/l clinical trial (Study GS-92-101) were
assessed for in vitro susceplibility to cidofovir. Fifteen patients received VISTIDE at a single
fixad dose level dunng one exposure period. An additional 7 patients received VISTIDE at
different dose levels during two different exposure periods, the second exposure period
began between 1 and 32 weeks after the end of the first exposure period. Thus, 29 pairs of
Initial (pre-exposure) and follow-up (post-exposure) isolates were assayed. Initial isolates
were obtained immediately before VISTIDE was administered, and follow-up isolates were
obtained at a median of 8 (range, 3 to 36) weeks iater. The patients received a median
cumulative dose of 30 (range, 3 to 67) mg/kg over a median of 8 (range, 2 to 38) weeks per
exposure period. Nine patients (8 at 3 mg/kg and 3 at 8 mg/kg) received VISTIDE during
exposure periods of more than 12 weeks. Three patients received VISTIDE intermittently (in
2 exposure periods) for more than one year (ref GS-92-101 report). The overall ranges of
ICy, values were < 0.5-1.85 and < 0.5-2.0 uM for 29 initial and 29 follow-up isolates,
demonstrating no shift to reduced susceptibilty after drug exposure. A plot of susceptibility
changes from baseline (initial) also shrwed no particuiar trend; 21 follow-up isolates were
considered unchanged (< 2-fold) whereas 4 were increased (2- to 4-fold), and 4 were
decreased (2-to 4-fold) to a limited extent. Thus, no significant changes in susceptibilities to
cidofovir were found for human CMV isolates from patients who received vanous regimens
of VISTIDE in this clinical trial.

Following in vitro selection of ganciclovir-resistant human CMV isolates. cross-resistance
between ganciclovir and cidofovir was seen with ganciclovir-selected mutations in the CMV
DNA polymerase gene but not with mutations in the UL87 gene. No cross-resistance
between foscameat and cidofovir was seen with foscamel-selected mutants. Cidofovir-
selected mutants were cross-resistant to ganciclovir, but susceptible to foscamet.

Ganciclovir or foscamet-resistant viruses from clinical stuciies showed vanous cross-

resistance patterns. Most ganciciovir- resistant viruses w.re UL97 gene product
(phosphorylation defect) mutants and were susceptible to cidofovir and foscamet. However,
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unlike the in vitro findings, some higher level resistant mutants from patients treated long
term with ganciclovir or foscamet and, in some cases, with both ganciclovir and foscamet,
appeared to have resistance to all three agents (ganciclovir, foscamet and cidofovir). There
are inadequate deta at this time to assess frequency of such strains in the population being
treated. To date, no clinical isolate has exhibited decreased sensitivity to cidofovir as a
direct result of VISTIDE administration. In the few clinical isolates with resistance to
cidofovir obtained thus far. the resistance has been due to the existence of polymerase
mutations selected by in vivo clinical exposure to ganciclovir or foscamet, or both.

icrobiol
VIROLOGY
Mechan! { Act

Cidofovir suppreases CMV replication by - vlective inhibition of viral DNA synthesis.
Biochemical data support selective inhibition of CMV DNA polymarases by cidofovir
diphosphate the active intraceliular metabolite of cidofovir. Cidofovir diphosphate inhibits
these viral polymerases at concentrations that are 8- to 800-fold lower than thoss needed to
inhibit human celiular DNA pclymerases aipha, beta, and gamma. Incorporation of cidofovir
into viral DNA results in reductions in the rate of viral DNA synthesis),

In_Vitro Susceptibility: Cidofovir is active in vitro against a variety of laboratory and clinical
isolates of CMV-and other herpesviruses (Table 1). Controlied clinical studies of efficacy
have bean limited to patients with AIDS and CMV retinitis. IC50 vaiues (508 inhibitory
concentration) for laboratory and clinical isciates of CMV ranged from 0.5 to 2.8 uM.

Table 1

Cidofovir Inhibition of Virus
Multiplication in Cell Culture

Virus IC,, (1M)
Wild-type CMV isolates 0.7 (+0.6)
ganciclovir-resistant CMV 7.5(+43)
isolates 0.59 (+ 0.07)
foscamet-resistant CMV isolates 12.7-13.7
HSV-1, HSV-2 0.79

vzZv * 0.03

EBV <83

HHV-8

“mean resull Tor 4 human VZV strains (1)
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Resistance: CMV isolates with reduced susceptibility to cidofovir have been .elected in the
presence of high concentrations of cidofovir. IC50 values for selectad resistant isolates
ranged from 7-15 uM.

|

There are inadequate data at this time to assess the fraquency of the development of
resistant isolates following VISTIDE administration. In a small phase V/il, dose-ranging study
of short treatment duration, twenty-nine paired isolates from 22 patients who had received
one of five doses of VISTIDE have been assessed for in vitro susceptibility to cidofovir. Initial
isolates were obtained immediately before VISTIDE was administered and follow-up isolates
were obtained at a median of 8 weeks later. The overall IC50 values were <0.5 -1.85 uM for
the initial isulates and <0.5-2.0 uM for the follow-up isolates. A plot of susceptibility changes
from baseline showed that while most isolates were unchanged (< 2-fold) or were decreased
(2- to 4- fold), values for four pairs of isolates were increased (2 - to 4-fold).

Cross Resistance. Eight cidofovir-resistant isolates which had been selected in vitro following
exposure to increasing concentrations of cidofovir were assessed for susceptibility to
ganciclovir and foscamet. All were cross resistant to ganciclovir, but remained susceptible to
foscamet. Cidofovir-resistant isolates which are cross resistant to ganciclovir and to both
ganciclovir and foscarnet also have been obtained from patients following ganciclovir and/or
foscamet therapy. To date, the majority of ganciclovir resistant isolates are ULS7 gene
product (phosphorotransferase) mutants and remains susceptible to cidofovir. Reduced
susceptibility to cidofovir, however, has been reported for DNA polymerase mutants of CMV
which are resistant to ganciclovir. Clinical isolates which exhibit high level resistance to
ganciclovir, due to mutations in the DNA polymerase gene, have been shown to be cross
resistart to cidofovir. Cidofovir is also active against some, but not all, CMV isolates which
are resistant to forcamet. The incidence of foscarnet-resistant isoiates which are resistant to
cidofovir is not known. A few triple-drug resistant isolates have been described. Genotypic
analysis of two of these triple-resistant isolates revealed several point mutations in the CMV
DNA polymerase gene. The clinical significance of the development of these cross-resistant
isolates is not known,

CONCLUSIONS:

1. CDV is active in vitro and in several animal models against the herpesvirus subgroup,
cytomegaloviruses. It is also active in vitro against aeveral other species of herpesviruses.

2. In vitro drug interaction studies have not determined any antagonism between CDV and
several antiviral agents which may be administered concomitantly to the patient population for
which CDV will be indicated,

3. Mechanistically, CDV inhibits HCMV DNA raplication. Data indicate that this is the result
of activity against the HCMV DNA polymerase. The putative active metabolite is COVpp,
which competes with dCTP for incorporation into the DNA chain. Incorporation of a single
molecule of CDVpp into the growing DNA chain siows DNA synthesis. Incorporation of two
consecutive molecules effectively stops DNA slongation. If two CDVpp molecules are
separated by one or two natural bases, DNA synthesis is markedly siowed (90%).
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4. CDVpp is somewhat selective for the viral DNA polymerases. Enzyme inhibition studies
indicated that human DNA polymerasae a is inhibited, but to a lesser degree than is the
HCMV DNA polymerase. Human DNA polymerase 2 is inhibited weakly, and DNA
polymerase y, the mitochondrial DNA polymerase, is essentially unaffacted.

5. Development of resistance to CDV following clinical exposure has not been demonstrated
to date. Studies designed to assess the development of resistance were insufficient in
duration to adequately address whether viral resistance ton CDV arises after clinicai exposure.

6. In vitro selection studies clearly damonstrate the ability to select for CDV resistant
isolates following exposure in vitro to increasing concentrations of CDV. All CDV resistant
isolates tested have been cross resistant to GCV, but none have been cross resistant to
foscamet.

7. In vitro selection studies demonastrate that GCV resistant mutants which exhibit a mutation
in the DNA polymerase gene are cross resistant to CDV. HCMV isolates which are resistant
to GCV as the result of mutations in the ULS7 phosphotransferase gene remain sensitive to
chv.

RECOMMENDATIONS:

1. With respect to microbiology, NDA 20-838 (VISTIDE as a treatment of CMV retinitis is
AlDS patients) is approved pending final review of the label.

2. The development of resistance of HCMV to Vistide in patients who have received therapy
is & concem and has not been adequately addreased. A phase IV commitment from the
sponsor is recommended to evaluate the development of resistance to cidofovir and the
development of cross resistance to other anti-CMV drugs. Specifically the sponsor should be
asked to:

a. Monitor the development of resistance to cidofovir in Vistide-treated patients.

b. Analyze ganciclovir and foscamet resistant clinical isolates for susceptibility to
cidofovir,

¢. Evaluate cidofovir resistant isolates (from in vitro selection studies and from clinical
samples) for susceptibility to ganciclovir and foscamet.
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NDA 20-638

Date Submitted: October 4, 1995

Date Assigned: October 6, 1998

Date Review Completed:. October 23, 1998
Assigned Reviawer: Pritam S. Verma, Ph.D.
B¥D-530

SPONSOR: Gilead Sciences, Inc.
353 Lakeside Drive
Foster City, CA 94404

DRUG: Trade Name: Vistide™
Genezic Name: Cidofovir NHo
Qthaxr Degsigoations;

i CDV,
HPMPC N
Code #: G8-0504 I
Chemical Name: (S)-1-(3- )_\
hydroxy-2- o N 0 . 2H20
(phosphonylmethoxy) propyl] "
cytosine O _~P—OH

CgHy,NyO,PO2H,0
' HO

i 315.21 as
dihydrate
Malting Point: 204-212°C
; White
crystalline powder
Solubility: > 75 mg/ml in water with pH near neutrality

DOSAGE FORM: Vistide is supplied
as a sterile, clear solution in vials containing 375 mg
of anhydrous cidofovir in S ml at concentration of 75
mg/ml. The formulation is pH adjusted to 7.4 with
godium hydroxide and/or hydrochloric acid and contains
no preservatives. Each single-use vial must be diluted
prior to intravenous administration.

ROUTE OF ADMINISTRATION: Parenteral administration by intravenous
infusion.

DOSAGE: Vistide must be diluted in 100 ml of 0.9% saline prior to
administration. To minimize potential nephrotoxicity,
probenecid and intravenous saline pre-hydration must be
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administered with each Vistide infusion.

Induction Treatmant: The recommended dose of Vistide is
§ mg/kg body weight (given as an intraverous infusion
at a constant rate over 1 hr) administered once weekly
for two consecutive weeks.

Maintanance Traatment: Following completion of
induction treatment, the recommended maintenance dose
of Vigtide is 5 mg/kg body weight (given as an
intravenous infusion at a constant rate over 1 hr)
administered once every two weeks.

INDICATION: Treatment of CMV Retinitis in Patients with AIDS.
RELATED INDs:
DMPFsa:

INTRODUCTION;

Cidofovir (HPMPC] is a phosphonate nucleotide analog of
d~n,ycytidine triphosphate (ACTP). The compound has been shown to

The
active intracellular metabolite HPMPC diphosphate (HPMPCpp) is
formed by cellular enzymes and has a long intracellular half-life
(17-65 hr) in cultured cells. The anti-CMV activity of HPMPC
appears to result from the high affinity of HPMPCpp for
inhibition of CMV DNA polymerase (Ki = 6.6 um). In so doing, high
concentrations of HPMPC and its phosphorylated metabolites may
potentially inhibit cellular DNA polymerases thus leading to
cytotoxicity. This is one possible mechanism for HPMPC-mediated
nephrotoxicity and carcinogenicity. Within kidney, high
concentrations of HPMPC mn{ interfere with other cellular
functions, possibly by inhibiting the transport of endogenous
anions or by depleting the intracellular pool of adenosine
triphosphate. Presently, the sponsor has submitted a NDA which
describes the development of HPMPC solution for the treatment of
CMV retinitis in patients with AIDS.
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BACKGROUND ;

HPMPC is a member of a class of compounds termed
phosphonomethylether nucleotide analogues. Unlike acyclovir and
ganciclovir which require intracellular activation by the viral
enzymacic machinery, phosphorylation of HPMPC in cells to HPMPCpp
is independent of virus infection. The two principal systemic
toxicities observed in animals are dose-limiting nephrotoxicity
and carcinogenicity. Tumors associated with HPMPC administration
have been observed in rats and were primarily limited to mammary
tissues. Additional tumors were observed on the neck, Zymbal'’s
gland and uterus. Other toxicities included effects on bone
marrow (erythroid and myeloid depletion) and testes
(hypospermia) . In preclinical studies, the tissue distribution,
pharmacokinetics and nephrotoxic potential of HPMPC were all
affected by the dose and schedule of HPMPC administration and by
concomitant administration of probenecid.

SUMMARY :

The review of the individual non-clinical toxicity studies can be
found in Appendix # 1.

Acute toxicity studiem: the minimum lethal single dose of iv
HPMPC was shown to be >800 mg/kg in rats and mice. In rabbits,
the lethal single dose of iv HPMPC was shown to be >1000 mg/kg.
The rabbits showed histomorphologic changes in the kidney (renal
tubular nephrosis) at single iv doses of >50 mg/kg. In monkeys,
the acute lethal single dose of HPMPC was estimated to be batwaen
40 and 75 mg/kg.

Multiple-dome toxicity atudiss: among the non-neoplastic changes,
nephrotoxicity was the major dose-limiting toxicity observed in
most repeat dose iv toxicity studies of HPMPC. These kidney
lesions were described as a renal tubular nephrosis characterized
by karyomegaly, degeneration, necrosis and/or regeneration of
individual proximal convoluted tubule cells. Among the neoplastic
changes, HPMPC administration resulted in a dose-related increase
in mammary aderocarcinomas in tema)e rats following subscapular
subcutaneocus injection (at doses of 0.6 mg/kg/weekly and higher)
or iv injections (at 15 mg/kg/weekly) and Zymbal‘'s gland
carcinomas in both male and female rats (at 15 mg/kg/weekly). In
the 6-month sc study, the first palpable tumor occurred after
adminigtration of as little as 6 doses of HPMPC. -

) , clino-pathological changes (high
consisted of reduced RBC, hematocrit, hemoglobin, reticulocyte
and lymphocyte counts, decreased total protein and albumin,
increased BUN and creatinine, and glucosuria and proteinuria.
Histopathologic evaluation identified nephropathy (tubular
necrosis) and bone marrow hypoplasia and lymphoid atrophy in mid
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and high doses. A dose of 0.3 mg/kg/day was identified as the
NOEL. On the baeis of a body surface area conversion factor, and
equivalent dose in humans would be 0.043 my/kg/day. Intravenous
injections to rats in a J-mopth toxicity gstudy resulted in the
death or sacrifice in extremig of 21/26 male and 15/20 female
rats (high). Histomorphologic findings included a dose-related
bone marrow erythroid depletion and renal tubular nephrosis (mid
and high). A dose of 3.0 mg/kg/weekly was considered the NOEL in
the rat study. On the basis of a body surface area conversion
factor, and equivalent dose in humans would be 0.43 mg/kg/weekly.
Intravenous injections of HPMPC in a §- 1 L¢ in
rats resulted in the formation of subcutaneous masses in high
dose emale rats beginning at week 12 of study and were located
primarily in areas consisting of mammary gland tissue

(cexrvical /axillary and inguinal areas). Additional subcutaneous
masses3 were present on the head near the ear canal in male rats
more frequently than in females. Mammary adenocarcinomas were
present in 22/44 high dose females. Zymbal’'s gland carcinomas
ware present in 3/44 (high) female and 6/44 (high) male rats.
Non-neoplastic lesions were present in the kidneys (karyomegaly)
in low, mid and high doses male and high dose female rats. A NOEL
could not ba identified in male rats. A dose of 3.0 mg/kg/weekly
may be considered the NOEL in female rats. On the basis of a body
surface area conversion factor, and equivalent dose in humans
(female) would be 0.43 mg/kg/weekly. In a }-

atudy in monkeys., histopathological findings included ranal
tubular nephrosis in the mid and high doses, lymphoid depletion
in the spleen, thymus and lymph nodes (high), and decreased bone
marrow density (high). A dose of 0.1 mg/kg/day may be considered
the NOEL. On the basis of a body surface area conversion factor,
and equivalent dose in humans would be 0.033 mg/kg/day. In & 3-

i , 5/5 male and 4/5 female monkeys (high) and 2/3
females (mid) were either found dead or were euthanized jin -
axtremia during weeks 3-12. Histomorphologic finding consisted of
renal tubular nephrosis and bone marrow erythroid depletion (mid
and high) and testicular degeneration, thymic depletion and lymph
node depletion (mid and high). Hepatocellular hypertrophy was
also present (mid and high). A dose of 1.0 mg/kg/weekly may be
congidered the NOEL. On the basis of a body surface area
convaersion factor, and equivalent dose in humans would be 0.33
mg/kg/weekly. In a subsequent J-month iv toxicity study in

ombination % D _RICDAne . U MO/ KT _OrAL, )y r R-QOHe in
monkeys, histomorphologic findings indicated that renal tubular
nephrosis was more severe in the group receiving HPMPC alone (S
mg/kg/weekly) than the group co-administered probenecid.
Decressed spermatogenesis was noted with or without probenecid
(mid and high). A dose of 1.0 mg'kg/weekly may be considered the
NOEL. On the basis of a body surface area conversion factor, and
equivalent dose in humans would be 0.33 mg/kg/weekly. In an

ongoing l-year iv toxicity study in combination with probenecid
in monkeys, an interim €-month cohort was sacrificed. No HPMPC-
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related effects were reported at dose level of 2.5 mg/kg/weekly
(high) in combination with probenecid. A dose of 2.5 mg/kg/weekly
may be considered the NOEL. On the basis of a body surface area
conversion factor, and equivalent dose in humans would be 0.83
mg/kg/weekly.

de opmantsa Xi¢ < ; in a
etudy in male ratg, drug-related effects were limited to reduced
body weight gains and tood consumption (high). The paternal NOEL
was 5 mg/kg/weekly. No gross external alterations in the F1
fetuses and no effect on fertility were observed at paternal dose
of 15 mg/ky/weekly. On the basis of a body surface area
conversion factor, and equivalent dose in humans would be 2.14
mg/kg/weekly. In a Segment I gtudy in female xats, maternal body
weights, body weight gains and food consumption were reduced at
doses of 1.2 mg/kg/weekly (low) and higher. The number of dead or
resorbed fetuses per litter and the number of early resorptions
per litter were increased at doses of 1.2 mg/kg/weekly and
higher. The maternal and developmental NOELs could not be
identified in the study. In a Segment II study in rats, maternal
effects included reduced body weight gains (mid and high) and
reduced food consumption (high). Fetal effects consisted of
reduced fetal body weights (mid and high) and reduced fetal
ossification (high). The maternal and fetal NOELs were 0.5
mg/kg/day. On the basis of a body surface area conversion factor,
an equivalent dose in humans would be 0.071 mg/kg/day. In a
Segment II study in rabbitg, maternal effects consisted of
reduced body weight gains, body weights and food consumption at
the 1 mg/kg/day dose level. Effects on the fetus consisted of
increased resorptions, reduced bcdy weights, retarded fetal
ossification and increased incidence of external, soft tissue and
skeletal malformations and variations at the 1 mg/kg/day dosage
(maternal toxic dose). The maternal and fetal NOELs were 0.25
mg/kg/day. On the basis of a body surface area conversion factor,
and equivalent doseé in humans would be 0.036 mg/kg/day. In a
Segment IIJ study in rats, no effects on mating behavior,
fertility or embryotoxicity were detected. In this study, the
NOEL for maternal, reproductive and developmental effects was 1.0
mg/kg/day. On the basis of a body surface area conversion factor,
and equivalent dose in humans would be 0.23 mg/kg/day.

i aqueous formulations of HPMPC (up to
1%) were not eye irritants in acute or subchronic studies in
rabbits, and failed to elicit a delayed type hypersensitivity
response in mice. When applied to the backs of rabbits as a
topical gel (0.3-5%), HPMPC produced a concentration -and
schedule-dependent dermal irritation following subchronic
exposure. HPMPC topical gels (1-5%) were moderafc-severe
irritants following acute exposure to rabbit penile mucosal skin.

Mutagenicity studies: in the Ames assay (at concentrations: 1.0-
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5000 pg/plate), no significant mutagenic effect was observed. Ip

\n_vi ) mphocyte assay system (at
concentrations: 12.5-100 ug/plate), a dose-related increase in
number of chromosome and chromatid breaks occurred. HPMPC was
tound to be clastogenic. In a mouge micropucleus agsay (at
concentrations: 1000-4000 mg/kg), HPMPC produced a significant
increase in polychromatic erythrocytes in both male and female
mice at doses of »2000 mg/kg.

For the summary of nonclinical pharmacokinetic and ADME studies,
please see Appendix 3.

CONCLUSIONS:

In the clinic, the test compound is being administered via iv
infusion at a dose level of 5 mg/kg per week for the first two
consecutive weeks followed by a maintenance dose level of 5 mg/kg
every two weeks. The kinetic data from subchronic/chronic
toxicity studies in rats and monkeys showed that the proposed
therapeutic dose of 5 mg/kg/once weekly produced a mean gteady-
state Cmax of 7.79 ug/ml. The corresponding mean AUC value at
this dose was 27.9 ug*hr/ml. The clinical exposure was found to
be considerably higher than that achieved in the nonclinical
toxicity studies at the NOAELs (rat = 4.86-fold; monkey = 3.56-
fold). Based on either the body surface area equivalence factors
or drug exposure (AUC values), the dosages used in the clinic are
higher than the NOELs/NOAELs identified in animal studies.

In a 19-week chronic study in rats, HPMPC was found to be a
potent carcinogen. In animal studies, non-neoplastic toxicities
were seen at doses that are comparatively much lower than those
used in the clinic. Therefore, the sponsor is requested to
moriitor the patient closely for the toxicities seen in animals.
In rabbits, treatment-related embryotoxicity and fetal
malformations were observed at HPMPC dosage of 1.0 mg/kg/day (on
the basis of the body surface area, an equivalent toxic dose for
humans would be 0.25 mg/kg/day]. This dosage also resulted in
significant maternal toxicity. Therefore, based on the results of
this study, HPMPC can not be categnrized unequivocally as a
teratogen because maternal toxicity was also seen at the same
dose level. HPMPC can be classified as Pregnancy Category C.
Vistide should be used during prugnancy only the potential
benefit justifies the potential risk to the fetus.

This NDA in its present form has provided adequate nonclinical
safety information to support its approval and labeling.
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Six appendices are attached. These are listed below.

1. Non-clinical toxicology, pharmacokinetics and
pharmacology.

2. Tabulated summary of animal toxicity studies.

3. Tabulated summary of animal pharmacorinetic studies.

4. Tabulated summary of human pharmacuiineotic studies.

L comparison of animal doses with the Luman therapeutioc
dose.

6. Comparison of human pharmacokinetic parameters with
rat, 4og and monkey

Pritam S. Verma, Ph.D.
Reviewing Pharmacologist

Concurrences:

’ q('
HFD-530/DFreeman QY“
HFD-530/JFarrellydD 7 #/1¥/4s

Disk:
HFD-530/JFarrelly

cC

HFD-530/NDA 20-638
HFD~-340
HFD-530/PVerma
HFD-530/DPratt
HFD+530/KStruble
HFD-530/AD'Sa
HFD-530/WDempsey
HFD-345/GJames
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Appendix # 1

Non-clinical toxicology, pharmacokinetics and pharmacology.
NON-CLINICAL TOXICOLOGY

Toxicity Studies Summary: The studies marked with an astrict were

conducted in accordance with the FDA Gond Laboratory Practice
Requlations.

:  Toxici 1
1, Acute Intravenous Toxicologic Studies in Mice and Rats,
41671-3 HPMPC, Lot # 27767-28,
July 7, 1989, «-21061/89019, 89021)*

2. Single Dose Acute Intravenous Study in Rats
Administered HPMPC Alone and in Combinatiou with
Cyclosporin and/cr Amphotericin B, Lot # 504A92-01,

June 18, 1993, 406-G@8S-
001-92)+

3. Comparative IV Lethality in Rats, BMY-41871 BPMPC, Lot #
27625-50-1 and BMY-43957-3, 98% R-isomer, Lot # 28593-97,
June 22: 19901
21598/590021) «

4. Acute Oral Dose-Range Toxicity Study in Rats 41671
!PMPCI Lot “ 268‘8'19‘2; - .
January, 1991, +21713/90059)

S. 5. Single-Dose Intravenous Nephrotoxicity Screening
Study in Male Rabbits, ‘41671 HPMPC, Lot # 27411-48-
, July 25, 1990,
(DAVI-TJ-21618/89076)

6. Single dose ocular toxicity study of cHPMPC and H¥MPC
following intravitreal administration in rabbits, Lot #
LY-803-18, Gilead Sciences, Inc., Foster City, CA,
August 22, 1995, (94-TOX-0504-013/HWA-6511-108)*

7. Single Dose Subcutaneous and Intramuscular Study in
Rabbits with HPMPC, test articles # NB-316-63-
001/002/003, .

March 27, )992 450A-@8-001-92)*

8. Histopathological Examination of Kidneys from HPMPC-
treated Monkeys (kidneys obtained from animals in the
PK 1 study: A Summary of Single-Dose and Multiple-Dose
Pharmacokinetics of C-EPMPC, Lot # 28648-7, in the
African Green Monkey,
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June 22, 1990, ( 25768/904- 41671-
01/02)

9. Single-Dose Intravenous Toxicity Studies in Monkeys,
40085 Lot # 27962-013, anrd 41671 HPMPC, Lot #
27411-48-1, March 6,
1990, 21499, 124005)

10. Comparative Single-Dose Intravanoua Toxicity Study in
the Cynomolgus Monkay, 41671 HPMPC (97:3 8,R-isomer
commercial bulk drug formulation) Lot # 27625-50-1 and

43957-3 (98% R-isomer) Lot # 285%93-97,
July 3, 1990,

21597/90025)*

11. Intravenous Single-Dose Pilot Study in the Monkey,
41671 HPMPC, Lot # 27767-30, aud 40085 PMEA, Lot #
27962"013" _ July'
1989, -21128/89026)

Multiple Dose Toxicity Studies

12. Multinle-Dose Intravenous Nephrotoxicity Study in Male
Mice, . -41671 HPMPC, Lot # C90D727,

April 13, 1991,
21830/90129)

13. 7¥Fourteen day Repeated Dose Toxicity study of HPMPC
Following Subcutaneous Injections tc Mice, Lot #
504b93-01, Gilead Sciences, Inc. Foster City, CA,
Septamber 22, 1995, (94-TOX-03504-014)

14. Intravencus Multiple-Dose (x35) Range Study in Rats,
41671, Batch # 26870-064 and -40085, Batch #
26870-059, Phosphonates,
. October 3, 1988, 320887/88032)

15. Report in preparation-summary: Two week repeated dose
toxicity study of HPMPC and cEPMPC administered via iv
injection to rats, Lot # 0254-TS, Gilead Sciences,
Inc., Foster City, CA, April 4, 1994, (94-T0X-0504-007)

16. Multiple-Dose Intravenous Pilot 8Study in Rats,

41671 HPMPC, Lot # 26870-64 and ‘40085 PMEA, Lot #
26870'0591 - \ J‘nu‘ry'
1989, 20971/88072)

17. FPFour waeek repeated dose toxicity study of EPMPC and
CHPMPC administered via iv or sc to rats, Lot # 0294-
TS, Gilead Sciences, Inc., Foster City, CA, June 23,
1994, (94-TOX-0504-008)
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

One-Month Intravenous Toxicity Stivdy in Rats, 41671
HPMPC, Identification # 27337-10, .s

January 11, 1990, 21461,
124004)"

Thirteen week repeated dose toxicity study of BRPMPUC
administered iv to rats, Lot # 504BS2-01,

April 1, 1994, (Study No.
2-P50, 50-93-230)*

A 6-month chronic toxicity study of HPMPC following
once weekly iv administration in rats, lot # 504-B93-
01,

September 12, 1995, (94-TOX-0504-016)*

A 6-month chronic toxicity study of HPMPC administered
sc to rats, Lot # 504K93-01,

September 15, 1995, (94-TCX-0504-003\2-
T70)*

Multiple-Dose Subcutaneous Naephrotoxicity Screening
Study in Male Guinea Pigs, BMY-4167)] HPMPC, Lot #
27411-48-1 and Probenecid Lot # 026-0293,

January 21, 1991,
21634/90047)

Multiple-Dose Subcutanecous Nephrotoxicity Study in Male
Guinea Pigs, -41671 EPMPC, Lot % 28648-7,

November 16, 1990,
21693/90077)*

Intravenous study in rabbits treated with HPMPC with
and without probenecid, Lot # S504A82-01,

November 13,
1992, 453-G8-001-92/T0504-0001S5) *

Final Report: Five day repeated dose toxicity study of
HPMPC administered iv with and without orally
administered probenecid in male rabbits, Lot # SO04A92-
01, . .-
September 21, 1995, 453-38-001-9. 504-00058)~

Multiple-Dose Intravenous Nephrotoxicity Screening
Study with Probenecid, Lot # 267-0293 and ~-41671
HPMPC, Lot # 27625-50-1 in Male Rabbits,

September 21, 1990,
21596/90001)

Multiple-Dose Intravenous Nephrotoxicity Screening
Study in Male Rabbits, 41671 BPMPC, Lot # 27625-50-
1l and 27411-48-1,

11
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28'

29.

30.

1.

32.

33.

3“

July 23, 1990, -21497/89092) «

Multiple-Dose Intravenous Pilot Study in Monkeys,
41671 HPMPC, Lot # 26870-64 and -40085 Lot #
26870-059, - January,
1989, 20954/88064)

Repeated Dose Oral Toxicity Study and Pharmacokinetics
of HPMPC Administered via Gavage to Cynomolgus Monkeys,
Lot # 504A92-01,

April 22, 1992 (2-J%7 57-92-77)*

Thirty day repeated dose sc toxicity study and
pharmacokinetics of HPMPC administered to cynomolaus
monkeys, Lot # 67-049-DK,

November 9, 1994, (2-N13/! 13-93-
43)

One-Month Intravenous Toxicity Study in Cynomolgus

Monkeys, 41671 EPMPC, Identification # 27327-20,
) _ January 11, 1990,
-21444, -124003)

Thirteen week repeated dose toxicity study of EHPKPC
adninistered intravenously to cynomolgus monkeys in
combination with orally administered probenecid. Lot #
13H0405,

December 9, 1994, (Study No. 2-T01/93-TO0X-0504-002
Report 01-94-89)"*

Thirteen week repeated dose toxicity study of EPMPC
admninistered iv to cynomolgus monkeys, Lot # 504893-01,

Maxrch 25, 1994,
(Study No. 2-PS1, 'P51-93-232)

A 12-month chronic toxicity study of EPMPC following
once weekly iv administration in cynomolgus monkeys
with an interim sacrifice at 6 months, Lot # 504-B93-
01,

Septaaberxr 18, 1995, (94-TOX-0504-015\86540)~

Special Toxicity Studiesg

3s.

360

Evaluation of HPMPC to induce delayed-type
hypersensitivity in BALB/cByJ mice, Lot # 1966-D-1,
August 20, 1992, (Report #
711-G8-001-93)

Acute toxicity study of EPMPU administered via
intravenous injection to Sprague-Dawley rats, Lot # NB
364-78, August
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7.

11, 1992, (2- .582-00001 69-92-94)*

Pour week repeated dose iv toxicity study of HPMPU in
rats, Lot # 883-3-28, Gilead Sciences, Inc, Foster
City, CA, August 17, 1995, (95-TOX-1582-001)

Reproductive Toxicity Studies

38.

39,

“0-

41.

42.

43.

Fertility and general reproduction study of BPMPC
administered iv to male rats (Segment I), Lot # 504K92-
1, November 22,
1994, (707-003/93-TOX-0504-005)*

Intravenous fertility and general raproduction study of
HPMPC in female rats, Lot # 504B9%3-01, )

Septeamber 15, 1998, (707-
00494-TOX-0504-019)

Developuental toxicity (embryo-fetal toxicity and
teratogenic pntential) study of HPMPC administered
intravenously to rats, Lot # 504K92-01,

April 4, 1994, (Report # 707-
001/93-TOX-0504-004)*

A toxicokinetic study of “C-labelled EPMPC after
multiple iv administraticns to presumed-pragnant rats,
Lot # JPS-881-32,

September 21, 1995, (94-TOX-0504-008/2-W49)"*

Developmental toxicity (embryo-fetal toxicity and
teratoganic potential) study of HPMPC administered
intravenously to New Zealand White rabbits, Lot #
S04B93-01,

November 21, 1994, (707-006/94-T0X-0504-003)*

Perinatal and postnatal reproduction study of RPMPC
administered sc to rats (Segment III), Lot # 504K93-01,

September 15,
1995, (94-TOX-0504-011/707-008)*

Mutagenicity Studies

44.

45.

Ames Microbial Mutsagenicity Assay and R, Coli WP2 uvrA
Reverse Mutaticn Asnsay, BMY-41671 HPMPC, Lot # 27411-
47-1, N Febxuary 21,
1990, 21203/89037)*

BEuman Periphberal Blood Lymphocyte Clastogenesis Assay,
41671 BPMPC, Lot # 827411-47-1, . '
. Decambar 12, 1990,
21539/89052)*
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46. Mutagenicity test on HPMPC in an in vivo mouse
micronucleus assay, Lot # 1966-C-8P,
July 25, 1995, (94-TOX-0%04-
012/16163-0-455)*

47. Primary skin irritation in rabbits Lot # C30D731,
. . July 31, 1992, (Report ¥ 92~
C-12628/12629/12569/12570/12571)

Qther Toxicity Studies
48. Primary eye irritation in rabbitsg, Lot # not available,
December 14, 1992, (Report # 421-G8-001/002/003-92)*

49. A penile irritation study in rabbits with EPMPC topical
gel, Lot # 504L92-02,
May 13, 1994, (93-TOX-0504-003,
Study No. 3337.1)v

50. A single dose penile irritation study in rabbits with
HPMPC topical gal, Lot # 3504L92-04, Gilead Sciences,
Inc., Foster City, CA, September 21, 1995, (94-TOX-
0504-010/8L8-3337.2)*

$1., 5-, 20- and 30-Day repeat dose dermal toxicity in
rabbit, Lot # 530-65-3,
August 27, 1992, (Repoxt # PH 431-G8-002-93)*

52. 30-Day repeat dose dermal toxicity Jn rabbit, Lot #
S04L92-02, » August 30, 1992,
(Report # 431-G8-001-93)*

33. Three day repeated dose ocular irritation study of
EPMPC and cHPMPC in rabbits, Lo:c # LY-803-356D, Gilead
Sciences, Inc., Fostexr City, CA, August 22, 199%, (94-
TOX-0504-004/BWA-6511-106) *

Toxicities Studies Review:

Acute Toxicity Studiesg

1. Acute " atravenous Toxicologic Studies in Mice and Rats,
41671-3 HPMPC, Lot # 27767-28,
July 7, 1989, '21061/89019, 89021)*

Two groups of male and female Sprague-Dawley (Crl:CD (8SD) BR)
rats (weight: 198 - 225.8 g male and 161.8 - 184 g female; age: 7
weeks, 5 anima. j/sex/group), and two groups of male and female
(CD-1 (Crl:CD-1(ICR)BR) mice (weight: 16.9 - 29.2 g; age: 5.5
weeks, 5 animals/sex/group) were administered HPMPC a single
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intravenous dose of 400 mg or 800 mg/kg. Control groups (5 male
and 5 female) of rat and mice received 0.9% sodium chloride under
identical experimental conditions. The objective of the study was
to investigate the acute intravenous toxicity of HPMPC in mice
and rats. All the animals were observed for 14 days for signs of
toxicity and changes in general health and behavior. Results: No
deaths were observedl in the treated rats or the mice. No clinical
signs of toxicity were observed in either group of mice. One
female rat (400 mg/kg) showed a tail lesion beginning on day 13.
Male rats (800 mg/kg) showed rough hair coats on day 6 and one
rat exhibited sporadic sniling for the remainder of the period.
One female rat (800 mg/kg) showed rough hair coat for 2 days
commencing on day 7. The male rats (800 mg/kg) exhibited lower
average body weight gains (12%) at the termination of the study
as compared to the controls. After intravenous administration of
HPMPC, the estimated single minimum lethal dose in male and
female rats and mice was > 800 mg/kg.

2. Single Dose Acute Intravenous Study in Rats Administered HPMPC
Alone and in Combination with Cycleosporin and/or Amphotericin B,
Lot # S04A92-01, June 18, 1933,
406-G5-001-92)

Groups of male and female Sprague Dawley rats (weight: 180-243 g;
5 animals/sex/group) received single iv dose of HPMPC (1.0, 3.0
or 10.0 mg/kg) either alone or in combination with cyclosporin
(50 mg/kg) and/or amphotericin B (0.5 mg/kg). There was no
control group for either drug. Animals were observed daily for 14
days post-dosing for signs of toxicity. The purpose of this study
was to evaluate nephrotoxicity in HPMPC (H) treated rats :
administered cyclosporin (C) and/or amphotericin B (A). Results:
animals receiving H and C (with or without A) showed signs of
clinical toxicity including decreased activity, dyspnea, abnormal
gait and stance, and red urine. No clinical signs were observed
after 24 hr post-dosing. No treatment related body weight changes
were measured. At necropsy, mottled kidneys were observed in all
H+C, H+ A, and H treated (3 mg/kg only) rats. Discolored
spleens were present in rats receiving C + H (1 and 10 mg/kg).
Male rats dosed with C, A and H (10 mg/kg) showed a small BUN
increase. Histopathology: rats receiving H alone had minimal
severity kidney lesions characterized as multifocal
nonsuppurative nephritis and tubular regeneration, occasionally
accompanied by tubular dilatation. The severity of nephrotoxicity
did not increase with increasing H dose. These kidney lesions
were increased in incidence and severity (ie, up to moderate) in
H + C rats with or without A. Kidney lesion severity (but not
incidence) was slightly increased in H + A group rats. Minimal-
to-moderats multifocal splenic capsulitis occurred in H + C
treated rats.

Comments: These data suggested that the administration of
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cyclosporin (50 mg/kg), and to a lesser extent amphotericin B,
could increase both the incidence and/or severity of the kidney
lesions in HPMPC-treated rats.

3. Comparative IV Lethality in Rats, ‘41671 HPMPC (97:3% 8,R-
isomer) Lot # 27625-50-1 and 43957-3 (98% R-isomer) Lot #
28593-97, June 22, 1990,

. +21598/90021)

Four groups of fasted .ale and female Sprague-Dawley (Crl:CD (SD)
VAF+ BR) rats (weight: 161 - 192 g male and 133 - 185 female;
age: 47 days, 5 animals/sex/group) were administered via the
caudal tail vein at a rate of 0.1 ml/sec HPMPC in a single
intravenous dose either ‘41671 or 43957-3 at 400 or 800
mg/kg in 0.9% sodium chloride. The control group (5 male and 5
female) received 0.9% sodium chloride for the injection under
identical experimental conditions. The objective of the study was
to investigate and directly compare the estimated minimal lethal
single doses of the commercial bulk drug formulations of .
41671 (97:3% §,R-isomer mixture) and of 43957-3 (98% R-
isomer) to the rats. Ragsulta: in the present study, no deaths
were reported. Male animals given ‘41671 at either dose gained
moderately less weight where as female rats (800 mg/kg) had a
slight reduction in weight gain. The estimated minimal lethal
intravenous single doses of 41671 and 43957-3 are greater
than 800 mg/kg in both the male and female rats.

Comments: The R-isomer of HPMPC is inactive and the animals
treated with thue isomer appeared clinically normal throughout the
study, and they were not different from the control group.

4. Acute Oral Dose-Range Toxicity Study in Rats 41671 EPMPC,
Lot # 26848-19-2 January,
1991, 21713/90059)

Three groups of fasted male and female Sprague-Dawley (Crl:CD
(SD) BR VAF/PLUS) rats (weight: 179 - 251.6 g male and 161.8 -
184 g female; age: 6 weeks, 5 animals/sex/group) were
administered HPMPC orally by gavage in a single dose (< 2.0
ml/100 g) of 500, 1000 and 2000 my/kg in salino. X control group
(5 male and 5 female) of rats received saline under identical
experimental conditions. The objective of the study was to
invectigate the acute toxicity of HPMPC in rats when given
orally. All the animals ware observed for 15 days for signs of
toxicity and changes in general health and behavior. Results: one
female rat (2000 mg/kg) died on day 13. Orally administered HPMPC
induces a gastrointestinal irritation which appears to be dose
liniting. The single dose of 500 mg/kg may be considered a NOAEL.

Comments: With a conversion hased on body surface area, the
equivalent oral NOAEL in humans would be 71 mg/kg.
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S. Single-Dose Intravenous Nephrotoxicity Screening Study in Male
Rabbits, 41671 HPMPC, Lot # 27411-48-1,
. July 25, 1990, 21518/85076)

Four groups of male New Zealand White rabbits (weight: 2.7-3.0
kg; age: unknown; 2 animals/group) were administered HPMPC by
intravenous injections at a rate of 0.1 ml/sec (via the lateral
ear vein) at doses of 10, 25, S50 and 100 wmg/kg in sterile saline
(<2 ml/100 g). A control group received sterile saline under
similar experimental conditions. The purposa of this study was to
assess the nephrotoxicity of HPMPC in the rabbits and to define a
single dose producing moderate to severe nephrosis in this
species. Ragults: a single dose of 50 or 100 mg/kg of HPMPC
produced a tubular nephrosis of minimal to slight severity in
this species. An IV dose of 25 mg/kg may be considered a NOAEL in
rabbits.

Comments: In the single dose IV study, with the dose conversion
based on body surface area, the equivalent NOAEL for humans
(based on renal effects) is 6.25 mg/kg.

6. Single dose ocular toxicity study of cEPMPC and HPMPC
following intravitreal administration in rabbits, Lot # LY-803-
18, Gilead Sciences, Inc., Foster City, CA, August 22, 1995, (94-
TOX-03504-013/HWA-6511-105)*

Six groups of male rabbits (3 animals/group) were administered
(using a 27-gauge needle] HPMPC at dose levels of 10 ug/eye (Gi),
100 ug/eye (G2) and 1000 ug/eye (G3) or cyclic HPMPC 10 ug/eye
(G4), 100 ug/eye (G5) and 1000 ug/eye (G6) as a single
intravitreal injection into the right eye of each animal. The
control material, 0.9% saline, was administered as a single
intravitreal injection into the left eye of each animal. The
purpose of the study was to assess the ocular inflammation and
pathological changes through 28 days in rabbits. Regultg: are
summarized Table 1. Microscopic changes noted in control and
treated eyes included vitreal hemorrhage and fibrillar
precipitates. These changes were considered to be due to the
mechanical aspects of the intravitreal injection procedure.
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Table 1
Single dose ocular toxicity of HPMPC and cyclic HPMPC following

intravitreal administration in rabbits
|

| S e T ————————— e

Group Drug Dose (ug/eye) | Major Findings
1 HPMPC 10 None B

2 HPMPC 100 Red conjunctivae, squinting, opaque eye, cloudy discharge, swollen
B _oyeitd (Days 4-12, 2/3 rabbits)

3 HPMPC 1000 Red conjunctivee, squinting, opaque eye, cloudy discharge, swollen
eyelid (Day 4-16, 3/3 rabbits); WBC in aqueous humor (Day 3, 1/3
rebbits); endophthaimitis (3/3), inflammation of the iris and
elevated intraccular pressure (Day 15, 2/3 rabbits). Wistological
findings: corneal edema, vascularization or inflasmation; hemorrhage,

fibrillar precipitate (3/3 rabbits)

3 CHPMPC 10 None

5 cnmg 100 None
é CHPMPC 1000 None

Comments: Based on the results of this study, a single
intravitreal injection of HPMPC (10 ug/eye) may be considered a
NOAEL in rabbits and the NOAEL for a single intravitreal
injection of cyclic HFMPC was considered to be 1000 ug/eye. Based
on the body surface conversion factor, a single intravitreal
injection of 3.2 ug/eye (HPMPC) or 322.5 ug/eye (cyclic HPMPC)
would be considered an equivalent dose in humans.

7. Single Dose Subcutaneous and Intramuscular Study in Rabbits
with HPMPC, test articles # NB-316-63-001/002/003,

Mazrch 27, 1992
450A-GS8-001-92)* ’

Groups of male albino New Zealand White rabbits (age: 8-12 weeks;
weight: 2.3-2.75 kg; 8 animal/group) were administered a single
dose of HPMPC (25, 50 and 75 mg/kg) via sc or im route in one ml
dose volume (2 sites x 0.5 ml). Following the dosing, 2 animals
from each group were sacrificed at 24, 48, 72 hr and 7 days after
the iniaction. The purpoase of the study was to evaluate the local
effects of single sc and im injections. At necropsy, all
injection sites and adjacent untreated sites were removed and
evaluated for histopathology. The xesults showed that HPMPC via
im and sc routes caused minimal to slight irritation at the
injection sites following 24, 48 and 72 hr after the treatment.
These changes were completely resolved at 7 days.
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8. Hiatopathological Examination of Kidneys from HPMPC-treated

Moakeys (kidneys cobtained from animals in the PX 1 study: A “

Summary of Single-Dose and Multiple-Dose Pharmacokinetics of "C-
BPMPC, Lot # 28648-7, in the African Green Monkey,
., June 22, 1990, -25768/904: 41671-

01/02)

The kidneys collected from 13 African green monkeys administered
a single 50 mg/kg dose of HPMPC (IV, IP or PO) and from 6 African
green monkeys administered single or multiple IV S mg/kg/day
doses of HPMPC were examined histopathologically. Results: when
HPMPC (5 mg/kg/day) was administered intravenously for 10
consecutive days to monkeys that were sacrificed after the 10th
dose, renal toxicity was observed in 2 of 2 monkeys. The
treatment-related nephrotoxicity was characterized by acute,
diffuse necrosis, vacuolar degeneration with loss of brush
borders and regeneration of tubule epithelial cells, primarily in
the proximal convoluted tubules of the renal cortex. No drug-
related histopathologic changes were observed in the kidneys of
the monkeys treated with a single dose of 50 mg/kg, regardless of
route of administration (IV, IP or PO).

9. Single-Dose Intravenous Toxicity Studies in Monkeys, -40085

PMEA, Lot # 27962-013, and 41671 BRPMPC, Lot # 27411-48-1,
March 6, 19950,

21499 ~-124005)+

Groups of male and female Cynomolgus monkeys (weight: 3.0 - 4.4
kg; age: adult; one animal/sex/group unless noted) were
administered a single intravenous injection of either HPMPC or
PMEA in a total volume of less than 6.41 ml in 1N NaOH: PMEA [75
mg (one female) and 175 mg/kg] and HPMPC (40 mg (one female) and
75 mg/kg]l . Monkeys were cbserved for toxic effects for a period
of time that ranged from 14 - 21 days. There were no control
animals for either of the test compounds. The purpose of the
study was to evaluate the potential toxic effects of the two test
compounds when administered once via intravenous injection to the
male and female Cynomolgus monkeys. Resultg: with HPMPC, one
female (75 mg/kg) died on day 21. Significant and progressive
elevations in creatinine and BUN were noted in the female after
the first week of treatment, and her condition continued to
worsen, before her death, with significant loss in body weight.
Transient body weight loss and decreased food intake were also
noted in the female (40 mg/kg) during the first week after the
treatment.. The male (75 mg/kg) had decreased defecation on day 4
and 11 and decreased urination on day 11. The female monkey given
40 mg/kg was observed to be hypo-active on day 3 and 7. With
PMEA, the male monkey given 150 mg/kg died on day 6 after the
treatment. Prior to his death on day 1 after treatment, the
animal had smesis, decreased activity, body tremors, hunched body
posture and decreased food intake. The single lethal dose of
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HPMPC and PMEA are between 40 - 75 mg/kg and 75 - 150 mg/kg,
respectively, when administered intravenously to Cynomolgus
monkeys.

Comments: PMEA and HPMPC were tested for their potential toxic
effects when administered once intravenous to Cynomolgus monkeys.
HPMPC was found to be approximately two times more toxic than
PMEA .

10. Comparative Sinale-Dose Intravenous Toxicity Study in the

Cynomolgus Monkey, _ 41671 HPMPC (97:3 S,R-iscmer commercial
bulk drug formulation) Lot # 27625-50-1 and -43957-3 (98% R-
isomer) Lot # 28593-97, July
3, 1990, -21597/90025) *

Two groups of fasted male and female Cynomolgus macague monkeys
(weight: 2.2 - 2.6 kg; age: unknown; 1 animal/sex/group) were
administered HPMPC, 41671 (97:3% S,R-isomer formulation) or
. 43957-3 (98% R-isomer) as a single intravenous injection (via
femoral vein) of 75 mg/kg in sterile saline (3.0 ml/kg and a dose
rate of 0.1 ml/second) during a two week toxicity study. There
was no control group in the study. The intent of this study was
to investigate and directly compare the single IV dose toxicity
of two isomeric formulations of HPMPC. The results of this study
were compared with data obtained in a previous toxicity study in
monkeys using an isomeric formulation (>99% S-isomer) in the
previous toxicological study (# 9). Results: No deaths were
reported. Signs of toxicity included transient, slight whole-body
blue skin color and transient lack of weight gain for the male;
weight loss, increased serum creatinine and decreased serum
phosphorus for the female; and pale kidney cortices at necropsy
for - +41671-treated monkeys. These changes were not observed in
the 43957-3-treated monkeys. The estimated minimal lethal IV
single doses for both the isomers in both the sexes are greater
than 75 mg/kg. In comparison, the previously reported minimal
lethal IV single dose of 41671-3 (>99% S-igomer) was
estimated to be greater than 40 mg/kg and less than 75 mg/kg. In
conclusion, -43957-3 (98% R-isomer) appears to be less acutely
toxic than ‘41671 (97:3% S,R-isomer), the present commercial
bulk drug formulation; and neither is mere acutely toxic than
‘41671-3 (>99% S-isomer), the formulation used in the
toxicological study (# 2), when given as a single IV dose of 75
mg/kg to the male and female monkeys.

Comments: The S-isomer (>99%) of HPMPC is more nephrotoxic than
the present commercial bulk drug formulation (97:3% S,R-isomer).
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11. Intravenous Single-Dose Pilot Study in the Monkey, 41671
HPMPC, Lot # 27767-30, and 40085 PMEA, Lot # 27962-013a,
July, 1989,

21128/89026)

Groups of male and female Cynomolgus monkeys (weight: 3.8 - 5.5
kg; age: unknown, 1 animal/group) were administered single
intravenous dose via a saphenous vein in a total volume of <6.5
ml/kg at a rate of 0.1 ml/sec of either HPMPC (150 or 400 mg/kg)
or PMEA (150 or 500 mg/kg) in 0.9% sodium chloride. A control
group was not included in this study. The objective of the study
was to investigate the acute toxicity of HPMPC and PMEA following
a single IV injection. Regults: with HPMPC, both single doses
were lethal within 5 - 6 days after the treatment. The single
lethal dose is, therefore, estimated to be less than 150 mg/kg.
With PMEA, single lethal dose is estimated to be greater than 150
mg/kg but less than 500 mg/kg.

Mulciole [ Toxicity Studi

12. Multiple-Dose Intravenous Nephrotoxicity Study in Male Xice,
‘41671 HPMPC, Lot # C90D727,
April 15, 1991, -21830/90129)

Groups of male mice (CD-1 (Crl:CD(ICR)BR)VAF-PLUS) (weight: 24 -
32.7 g; age: 4 - 5 weeks, 5 animals/group) were administered
HPMPC by intravenous injection at a rate of 0.05 ml per seconc
(via the caudal tail vein) as either a single dose of 200 mg or
1000 mg/kg, two doses of 100 or 500 mg/kg, or 5 consecutive daily
doses of 40 or 200 mg/kg, so that the total cumulative dose was
either 200 or 1000 mg/kg in ster:le saline (<2 ml1/100 g). Two
control groups received sterile saline under similar experimental
conditions. The objective of the study was to investigate the
nephrotoxic potential of HPMPC in mice following either a single
dose of 200 or 1000 mg/kg, 2 doses of 100 or 500 mg/kg, or 5
congsecutive daily doses of 40 or 200 mg/kg. Regultg: this study
showed that a cumulative drug exposure/time relationship, i.e.,
greater effects per body weight were apparent when the HPMPC dose
was divided into smaller doses with maximal effects noted with
daily doses. There were nc distinct cor consistent drug-related
macroscopic or microscopic alterations noted in the kidneys of
the treated groups.

Comments: Based on the morphologic findings, the mouse is not as
susceptible to the nephrotoxic effects of HPMPC as other
laboratory animal species tested including the rat, guinea pig,
dog and monkey. A low bioavailability (3%) of the drug in mouse
is observed in other experiments, suggesting that a high rate of
metabolism of the compound may be an issue in mouse
susceptibility.
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13. Fourteen day Repeated Dose Toxicity study of HPMPC Following
Subcutaneous Injections to Mice, Lot # 504b93-01, Gilead
Sciences, Inc. Foster City, CA, September 22, 1995, (94-TOX-050¢-
014)

Groups of male and female mice (5/sex/group) received sc HPMPC
either 0 (vehicle control), 3 (low), 10 (mid) or 30 mg/kg/day
(high) for 14 consecutive days, or 70 mg/kg/once weekly on study
days 1, 7 and 14. Resultg; all animals survived until scheduled
sacrifice. Clinical signs of toxicity observed were limited to
injection site lesions (redness, scab formation and roughness)
that were present in all mice receiving daily (but not weekly)
injections. Higtopathology: changes were present only at the
injection sites (epidermis, dermis and associated subcutaneous
tissues). The changes conoisted of chronic inflammation
characterized by mild-moderated acanthosis, dermal mononuclear
cell infiltration and fibrosis in both the control and sreated
mice. Epidermal ulceration and subcutaneous accumulation of
fibriilar eosinophilic material showed dose-dependent increased
severity (mild-severe) in daily treated animals. conclusion: a
NOEL could not be identified in this study.

14. Intravenous Multiple-Dose (x5) Range Study in Rats,

41671, Batch # 26870-064 and 40085, Batch # 26870-059,
Phosphonates, | October 3, 1988,
-20887/88032)

Groups of male Sprague-Dawley (Crl:CD (SD) BR) rats (weight: 136
- 160 g; age: 6 - 7 weeks, 5 animals/group) were administered
intravenously via the tail vein in a total volume of 0.25 ml/100
g at a rate of 0.05 ml/sec either HPMPC or PMEA in 0.9% sodium
chloride at a daily doses of either 10 (low), 100 (mid) or 250
mg/kg/day (high) for 5 consecutive days. Following treatment, the
rats were observed for 10 days. A control group (5 animals)
received 0.9% sodium chloride for injection under identical
experimental conditions. The objective of the study was to
investigate the toxicity of HPMPC and PMEA in the male rats.
Regults: 3 of the 5 rats died 4 - § days after treatment (high) .
Body weight losses or significantly decreased weight gains were
noted in the intermediate and high dose groups. Lose-related
nephrotoxicity (cortical tubular nephrosis) was apparent in the
intermediate and high dose groups. Other major findings included
a transient leukocyte reduction due to a decrease in lymphocytes
and slight lymphoid depletion at the high dose group, and a
slight increase in hepatocellular mitoses at the intermediate
dose level. At the end of the observation period, elevations in
ALT were evident in intermediate and high dose groups. In the
low-dose animals, a slight increases in hepatocellular mitoses in
one rat were detected. On the other hand in PMEA treated animals,
transient and duse dependent decreases in body wight gain
occurred during treatment in the intermediate and high dose
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groups. Nephrotoxicity was detected at the high dose level and
correlated with increased BUN. Other toxicity included slight
transient leukocyte reduction, decrease in neutrophils in both
the intermediate and high dose groups, slight lymphoid depletion,
reticulocytopenia, slight elevations in ALT and increased
hepatocellular mitoses in the high dose group. No toxicity was
observed at the low dose.

At necropsy, pale kidney cortices were noted for 4 intermediate
and 2 high dose HPMPC as well as 2 high dose PMEA-treated rats;
evidence of gastro-intestinal hemorrhage or ulceration and/or
liquid/watery intestinal contents were noted for 3 high dose
HPMPC and 2 high dose PMEA treated rats. Histopathological
finding included a dosage related tubular nephrosis in kidney
sections from the intermediate and high dose HPMPC and the high
dose PMEA-treated rats, lymphoid depletion in thymic and/or
splenic sections from 3 high dose HPMPC and 3 high dose-PMEA-
treated rats, and increased mitotic figures in liver sections
from one or more low and intermediated dose HPMPC and one of the
high dose PMEA-treated rats.

Comments: The death of high dose HPMPC-treated animals may be
attributed to tubular nephrosis. Nephrotoxicity appears to be
major dose limiting toxicity. A dose of 10 mg/kg/day for 5 days
treatment of R-isomer may considered a NOEL; however, a NOEL
could not be determined for the S-isomer. A dose of 10 mg/kg/day
of the S-isomer way be considered a NOAEL; an equivalent dose in
humans would be 1.4 mg/kg/day.

15. Two week repeated dose toxicity study of EPMPC and cHPMPC
administered via iv injectinn to rats, Lot # 0294-TS, Gilead
Sciences, Inc., Foar~r City, CA, April 4, 1994, (94-TOX-0504-007)

Groups of male Sprague-Dawley rats (5 animals/group) received
HPMPC via iv injections at dose levels of 0 (vehicle control,
saiine), 7 (low), 28 (mid) or 98 mg/kg/once weekly (high) or
cyclic HPMPC at a dose of 98 mg/kg/once weekly for two weeks.
Results: no treatment-related clinical signs of toxicity or
clinical pathology changes were noted in any treatment group.
Histomorphclcgical findings indicated that no test article-
associated nephrotoxicity or other systemic histomorphological
change occurred in any group administered HPMPC or cyclic HPMPC.

Comments: A NOEL of 98 mg/kg/once weekly was identified for this
study. Based on the body surface conversion factor, an iv dose of
14 mg/kg/once weekly cyclic HPMPC would be considered an
equivalent dose in humans.
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16. Multiple-Dose Intravenous Pilot Study in Rats, ‘41671
HPMPC, Lot # 26870-64 and -40085 PMEA, Lot # 26870-059,

January, 1989,
20971/88072)

Groups of male Sprague-Dawley (Crl:CD (SD) BR) rats (weight: 175
- 220 g; age: 43 days, 5 animals/group) were administered drug
intravenously for 14 consecutive days via the tail vein in a
total volume of 1.0 ml/kg at a rate of 0.05 ml/sec either HPMPC
(0.3, 1.0, 3.0, 10.0, or 50 mg/kg/day) or PMEA (1.0, 10.0 or 50
mg/kg/day) in 0.9% sodium chloride. Following treatment, rats
were observed for 10 days. Control groups received 0.9% sodium
chloride for the injection under identical experimental
conditions. The objective of the study was to investigate the
toxicity of HPMPC and PMEA treatment for 14 days and to select
appropriate dose levels for a one-month toxicity study in this
species. Regultg: with HPMPC, doses of 10 or 50 mg/kyg/day
resulted in a significant depression of body weight gain. Overt
toxicity consisting of hunched body posture, dehydration and
emaciation that occurred during the 2nd week of the drug
treatment at 30 mg/kg/day. Nephrotoxicity characterized by
tubular nephrosis was observed at doses of 3 mg/kg/day or more
and severity was dose-dependent. Elevations in BUN, creatinine
and AST and a decrease in bone marrow cellularity were apparent
at 10 and 50 mg/kg/day. Additional findings noted at 50 mg/kg/day
consisted of decreases in hematocrit, total leukocyte count,
percent and absolute lymphocyte and reticulocyte value and
lymphoid depletion. No evidence of toxicity was detected at 0.3
or 1.0 mg/kg/day. With PMEA, no overt toxicity was observed at
doses up to 50 mg/kg/day.

Comments: For both the isomers, a dose of 1 mg/kg/day for 10 days
may be considered a NOAEL. With a body conversion based on body
surface for humans, an equivalent dose will be 0.14 mg/kg/day.

17. Four week repeated dose toxicity study of HPMPC and cBPﬁPC
administered via iv or sc to rats, Lot # 0294-T5, Gilead
Sciences, Inc., Poster City, CA, June 23, 1994, (94-TOX-0504-008)

Grcups of male Sprague-Dawley rats (4 animals/group) received
once weekly iv injection of HPMPC at duse levels of 0 (vehicle
control, saline), 7 (low), 28 (mid) or 98 mg/kg/once weekly
(high) or once weekly sc injection at a 28 mg/kg/once weekly for
4 consecutive weeks. An additional group received iv injections
of cyclic HPMPC at a dose of 98 mg/kg/once weekly for 4 weeks.
Regults: no treatment-related clinical 8igns of toxicity were
observed. ALT and AST values were slightly elevated at the HPMPC
sc 28 mg/kg/once weekly dosage.

Comments: For cyclic HPMPC, a NOEL of 98 mg/kg/once weekly was
identified in this study. Based on the body surface conversion
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factor, an iv dose of 14 mg/kg/once weekly of cyclic HPMPC would
be considered an equivalent dose in humans.

18. One-Month Intravenous Toxicity Study in Rats, 41671
EPMPC, Identification # 27337-10,
January 11, 1990, ¢ -21461/\ L-124004)*

Three groups of male and female rats (Crl:CD BR) (weight: 227 -
279 g males and 159 - 195 g females; age: eight weeks; 10
animals/sex/group) were administered HPMPC by intravenous
injection (via lateral tail vein) 0.3, 1.0 and 5.0 mg/kg/day in
sterile saline (0.2 ml1/100 g) for a period of 29 - 30 consecutive
days. A contrcl group received sterile saline under similar
experimental conditions. This study was designed to investigate
the toxicological potential of HPMPC when administered
intravenously to the rats for a period of one month. Results:
four of ten high-dose males died or were sacrificed in extremisg
during the 3rd or 4th week of the treatment. Overt toxicity
including tremors, rough hair coat, hypothermia and respiratory
distress were noted in the high-dose group males during the 3rd
and 4th week of treatment. In both the males and females in high-
dose group, mean body weight, body weight gains and food intakes
were decreased significantly. Clinicopathologic changes in the
high-dose group consisted of reductions in red cell count, '
hemoglobin, hematocrit, reticulocyte and lymphocyte counts,
increase in serum urea nitrogen and creatinine, and decreases in
total protein and albumin levels. Glucose and elevated protein in
the urine were also observed. Pale kidneys, increased kidney
weights and decreased thymic weight were noted at the necropsy in
the high-dose group. Nephropathy with significant tubular
necrosis of renal tubules was detected microscopically and was
moderate at the high-dose in both male and female monkeys, and
minimal at the intermediate dose where only the males were °
affected. In addition, lymphoid atrophy was observed in the
spleen, thymus and mesenteric lymph node, and bone marrow
hyperplasia was present in the high-dose males. Mean
prostate/seminal vesicle weight in the high dose males was lower
(absolute weight p<«<0.01) than the control. Relative brain, heart,
liver and adrenal gland weight in the high-dose males and females
weve significantly higher (p<0.01) than in the control. However,
abnormal histopathological findings were not observed in these
organs. Conversely, upon microscopic examination, compound-
related lesions were found in the kidney, spleen, thymus, bone
marrow and mesenteric lymph node in the males of the high-dose
group. As to the clinical chemistry parameters, high mean AST and
cholesterol levels in the high-dose group males were apparently
treatment-related effects. No significant toxicity was observed
at a daily dose of 0.3 mg/kg.

Commer.ts: As evident from the macroscopic and microscopic
examinations, the kidney is the major organ affected by
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treatment with the drug. A dose level of 0.3 mg/kg may be
considered the NOAEL for this study. With a dose conversion based
on body surface area, the equivalent intravenous dose for humans
would be 0.04 mg/kg/day. Treatment-related minimal tubular
necrosis was seen in the males; the equivalent human dose at
which these lesions may be seen is 0.14 mg/kg/day for kidney.
Atrophy of the seminal vesicle was observed histologically. In
addition, lymphoid atrophy was observed in the spleen, thymus and
mesenteric lymph nodes; hypoplasia was present in the bone
marrow. Although, relative weight increases in brain, heart,
liver and adrenal were not accompanied by abnormal
histopathological findings; significant increases in AST and
cholesterol levels suggest that liver may be a possible site of
toxicity for the compound. Therefore, seminal vesicles, thymus,
bone marrow, spleen and liver may be possible sites of toxicity
in humans.
19. Thirteen week repeated dose toxinity study of HPMPC
administered iv to rats, Lot # 504R91-01,

April 1, 1994, (Study No. 2-P50/ -P50-93-
230)*

Four groups of male and female rats (strain: Tac:N(SD)£fBR; age:
3-5 weeks; 10-26 animals/sex/group) were administered HPMPC by
intravenous injection at dose levels of 0 (vehicle control), 3
(low), 15 (mid) or 60 mg/kg once per week (high) for a period of
13 weeks. In control and high dose groups, 10 animals/sex were
designated as recovery animals which were scheduled to receive 13
weeks of the test article administration followed by a 4-week
non-treatment recovery period. Regults: 2/16 females by week 12
(mid), and 21/26 males and 15/20 females by week 9 (high) died or
euthanized jin extremig (severe tail ulceration). The animals
(died or euthanized) revealed histomorphologic changes in the
kidney (minimal to mild tubular cell hypertrophy and degeneration
of renal tubules in males and minimal, multifocal degeneration of
tubular epithelial cells and segmental tubular collapse in
females), bone marrow (minimal to mild depletion of hematopoietic
cells in the epiphyseal region in both males and females) and
administration site (severe, focally diffuse, exudative
dermatitis with epidermal efifacement and an array of morphologic
changes of the epidermal cells in both sexes). Clinical
Observations: lesions of the tail ranging from erythema to
ulceration to missing anatomy were seen at all dose levels in
both sexes. Erythema, swelling, sloughing, necrosis, scabbing
and/or ulceration or the skin covering the tail of a number of
animals (mid and high) were seen.

ion: there was an obvious depression in weight gain in
males (15%) and females (21%) by week 4 and 45% and 27% by week 8
in males and females, respectxvely (high) . The body weight gain
(mid) was depressed (8% in the males and 5% in the females)
during the first weeks of .treatment as compared to respective
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ccatrol animuls. During the recovery period, some compensatory
weight gain was noted; the males and females still gained less
weight (13% and 11%, respectively) tkan the controls. Statistical
evaluation of mean food consumption values revealed a significant
depression in animals (high) as compared to the controls.

, a significant increase in platelet count on day 31 in
males (high); significant decreases in erythrocyte, hematocrit
ana/or hemoglobin values in male and/or female (high) on days 31,
38, 58, and 86 (recovery); increases in the mean cell volume
values in males (high) on day 58; significant increases in the
mean cell hemoglobin values in males (low, mid and high) on days
38, 58 and 86; and significant increases in mean cell hemoglobin
concentration values in males (low, mid and high) on day 86 were
observed. The absolute and percent polymorphonuclear leukocyte
values were significantly decreased in the mid and high dose
females on day 38 and in the high dose males on day 58. The
percent lymphocyte value was increased in the mid and high doses
females on day 38. i i ; statistical significant
changes were noted in the males included increases in
albumin/globin ratio (lew and mid); chloride values (mid and
high); creatinine, phospaorus and sodium values (high).
Significant decreases were noted for the following parameters:
triglyceride value in males (high); ALP value in males (mid and
high); ALT value in females (low, mid and high); and bilirubin
values in both sexes (mid and high). Qrgap Weightg: significant
decreases in absolute spleen weight in male (mid) and female
(high) were noted. The adrenal, liver and kidney-to-final body
weight values in females (high) were significantly increased
compared to the controls. Following the recovery period, male
mean and absolute and relative testes weights were significantly
decreased (high), mean relative kidney and adrenal weights were
significantly decreased (male, high), and relative heart weight
was significantly increased (female, high). Toxicokinetics: the
pharmacokinetic parameters are summarized in Table 2. There were
nc obvious trends in the pharmacokinetic parameters over the
course of the study at any of the dose levels tested. AUC values
following the first dose indicated apparent dose proportionality.
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Table 2
Non-compartmental Pharmacokinetic Parameters Following Once a
Week Administration of Cidofovir at 3, 15 and 60 mg/kg/week

Doss
mg/kg/day PK rarameters
1 4 8 12
AUC,. . (ug*hr/ml) 3,27 3.69 3.4 4.86
Clygg CL/hr/ke) 0.92 0.81 0.88 0.62
3 Vdsa_(i/kg) _28.63 5.83 4.43 11,62
Ty (hr) 31.2 12.1 8.9 27.7
Cmax (ng/ml) 0.46 0.76 0.79 0.87
AUC/Dose 1.1 1.23 1.13 1.62
AUCo . (up*hr/ml) 12.664 14.62 20.85 1" 12.64
Cling C1/hr/kg) 1.19 1.03 0.72 1.17
" vdss (1/kg) _ 2.3 2.65 3.18 6.83
Ty (hr) 5.16 ‘.13 2.2 11.16
Cmax (ug/ml) 2.7 3.2 5.8 2.6
AUC/Oose 0.84 _0.97 1.39 0.8
AUL, . (Kg*hr/mi) 46.38 40.59 51.69 64.22 i
Cling (L/hr/kg) 1.29 1.48 1.16 0.93 H
60
vdas (1/kg) 1.26 1.97 1.29 0.7 AAAH
T, (hr) 3.6 1 3.3 3.5 4.1 44“
Cmax (ug/mi) 12.7 9.22 14.64 ns H
AUC/Dose 0.77 0.68 0.86 1,07

' revealed changes similar to those seen
in the interim sacrifice (kidneys, bone marrow and administration
sites) with the addition of degeneration of testicular
seminiferous tubules and hypospermia in the males. By the end of
the recovery period, the lesions (high) were less severe than
noted following the treatment; however, the lesions were still
present in the bone marrow, administration site,
testes/epididymides and kidneys.

Comments: As evident from the macroscopic and microscopic
examinations, the kidney, hematopoietic system, administration
site and testes are the major organs affected by treatment with
the drug. A dose level of 3 mg/kg may be considered the NOAEL for
this study. With a dose conversion based on body surface area,
the equivalent intravenous dose for humans would be 0.43
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mg/kg/day.
Amendment to Study No. 2-PS0 P50-93-230, April 1, 1994.

Specific notations were made for the two animals which developed
mammary adenocarcinomas during the iv treatment of HPMPC. The
results are summarized in Table 3.

Table 3
Development of mammary adenocarcinomas in rats during the 13-week
iv treatment of HPMPC

Group Dose (mo/kg/day) ~ _Animal Ne, Number of Masses
~ Mid 15 115 1

40 142 3

Comments: Previously, the sponsor has made an attempt to
demonstrate sC route specific tissue distribution and alteration
in expected pharmacokinetic profiles of HPMPC in Sprague-Dawley
rats. The sponsor contended that specific higher HPMPC
concentrations in the axillary/thoracic mammary tissue via the sc
route led to the formation of adenocarcinomas in rats (Toxicology
study . The data submitted at that time did not
conclusively support the hypothesis. The pathology report of the
13-week iv treatment of HPMPC in rats, however, demonstrated that
the test compound induced the formation of mammary
adenocarcinomas via the iv route also. The test compound,
therefore, appeared to be a very potent carcinogen. The pathology
report further supported the assessment.

20. A 6-month chronic toxicity study of HPMPC following once
weekly iv administration in rats, lot # 504-B93-01

September 12, 1995, (94-TOX-
0504-016) +

Groups of Sprague-Dawley male and female rats (20
animals/sex/group) were administered HPMPC intravenously at dose
levals of 0 (vehicle control), 0.6 (low), 3.0 (mid) or 15.0 mg/kg
once weekly (high) for a period of 6 months. An additional
(10/sex) rats were assigned to the control and high dose groups
and were retained untreated for : 4-week recovery period
following the termination of treatment. A further cohort of rats
(14/sex/group) were included for the toxicokinetic evaluation.
Results: during tha treatment period, 4 deaths occurred (2 low
dose females, 1 mid dose male and 1 high dose female) due to
blood collection procedures. One (low) male was found dead during
week 23. The cause of death is unknown. Two males (one mid dose
with lymphosarcoma during week 23 and one high dose with severe
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discharge from a head mass during week 26) were sacrificed jip

1S . ini i ; masses were first detected at week 12
and persisted throughout the treatment and recovery phase. Total
incidence (palpable masses only) for all animals was (control to
high, respectively): 1/30, 1/20, 1/20 and 21/44 females, and
0/30, 0/34, 0/34 and 21/44 males. Multiple masses (2/5) were
present in 10/44 high dose females. Higtopathologically.
degeneration/atrophy of the tubular epithelium, epididyma
oligo/aspermia, cardiomyopathy, congestion and/or edema of the
lungs, atrophy of the optic nerve and hemorrhage of the thymus
and mediastinal lymph node were recorded. In addition, cutaneous
lesions not associated with the masses were noticed on the
cervical, scapular and thoracic regions in males and females from
all groups: 6/60 (control), 2/54 (low), 1/54 (mid) and 2/88
(high) beginning week 3 of treatment. The lesions were treated
with sterile water and Proviodina. The etinlogy of these lesions
remains unknown. Body Weights and Food Consumption: body weigh
gains were lower (p=0.05) in males and females (high) and were
considered to be HPMPC-related. Statistically significantly lower
weights (high) were recorded in males during the recovery phase.
Statistically significant lower food consumption recorded in
males (low and high) throughout the study and statistically
significant higher food consumption in males (mid) at week 13
when compared to the controls. Hamatology: test article-
associated changes in the high dose included reduced RBC,
hematocrit and hemoglobin; increased WBC, lymphocytes and
neutrophils. Segmented neutrophile were higher in females (high)
during the recovery period. Examination of the individual values
generally showed that leukocytosis correlated with the presence
of neoplasms. Clinical Biochemistry: statistically significantly
higher levels of creatinine, glucose, calcium, cholesterol,
chloride and lower levels of AST, total bilirubin, ALP, LDH and
potassium were observed in males and females (high) when compared
to controls. Many of these changes were also observed at lower
dose levels. Only higher creatinine and chloride levels and lower
LDH levels were significant during the recovery phase (high)
animals. Organ Weightg: testes waeights (high) were statistically
lower when compared to the controls (absolute, relative to body
weigh and brain weight) during the main study and recovery phase.
Texicokineticg: repeatad administration of HPMPC led to apparent
increase in AUC,, values from week 1 to 26. These changes were
greater at high 30;0 level (2.6-fold increase for males vs 1.9-
fold increase at the mid dose level). The data suggested that
repeated exposure to HPMPC led to a decrease in renal clearance
of HPMPC. The changes were greater for males than females. The
half-life of HPMPC (high) was not affected by the repeated
exposure. Gross and Histopathological Examinations: subcutaneous
masses (Table 4) were found in females (high) beginning week 12
and located primarily in areas containing mammary gland tissue
(cervical/axillary and inguinal areas). Additional subcutaneous
masses were present on the head near the ear canal and more
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frequently in males than females. By the end of the treatment
period (week 27), total mass incidence observed at necropsy, in
main study, toxicokinetics and recovery animals (control to
high), respectively, was 1/30 (3%), 1/20 (5%), 1/20 (5%) and
23/37 (62%) females, and 0/30 (0%), 0/20 !{0%), 0/20 (0%) and
10/32 (31%) males. Non-neoplastic lesions attributable to HPMPC
were present in the kidneys (karyomegaly), testes
(degeneration/atrophy), epidydmides (oligo-/aspermia) and uterus
(glandular epithelial hyperplasia). Dose-related kidney changes
were found in males and females (only high). Compared to the
severity of these kidneys lesions in males (high), renal changes
were less severe in females (high) or absent in females in the
recovery cohort, suggesting lesion reversibility.

Table 4
Incidence of selectea neoplastic findings in high dose-animals

Main study Recovery Toxicokinetics

L ® ¢ L ¢ 9
Mammary gland adenocarcinoms 0/20 9/20 0/10 T/10 0/2 6/7

lymbal’s gland carcinoma 2/20 20 2/10 0/10 22 I 744

skin squamous cell 1/20 0/20 0/10 0710 072 077
papi | { oma

Comments: HPMPC is a potent carcinogen. Non-neoplastic lesions
attributable to the test articles were present in kidneys,
testes, epididymis and uterus. The kidney and uterine tissue
lesions appeared reversible based on the lower severity and/or
incidence in high dose recovery cohorts. A NOAEL could not be
determined in this study. Based on the results from this study,
the NOAEL for kidney lesions was 3 mg/kg/week for females and
less than 0.6 mg/kg/week for males. The NOAEL for testicular
lesions was 3 mg/kg/week. Finally, a NOAEL for neoplastic lesions
was 3 mg/kg/week in male and female rats. With a dose conversion
based on body surface area, the equivalent intravenous dose for
humans would be 0.43 mg/kg/day.

21. A 6-month chronic toxicity study of HPMPC administerad sc to
rats, Lot # 504K93-01.
September 15, 1998, (94-TOX-0504-003\2-T70)+*

Four groups of male and female rats (20-30 animals/sex/group)
were administered HPMPC (solution in Sterile Water for Injection,
USP, 10 ml/kg) via once weekly subcutaneous injection at dose
levels of 0 (vehicle control), 0.6 (low), 3 (mid) or 15 mg/kg
(high) for a period of 26 weeks. The injections were being
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rotated among four separate administration sites in the scapular
region. Due to the presence of tissue masses, all main study
animals, toxicokinetic animals and animals designated for the
recovery phase were sacrificed after receiving 19 of 26 scheduled
weekly injections. Results: one (high) male was found dead on day
29 and one (mid) female was euthanized on day 100 in a moribund
condition due to tumor growth. Terminal body weights were reduced
in high dose males only. Absolute liver, kidney and testes
weights were decreased in high dose males. Treatment-related
changes in hematologic parameters were limited to decreased MCHC
in the low, mid and high dose groups. Treatment-associated
clinical chemistry changes consisted of increased creatinine,
calcium and ALT values in high dose males. Toxicokineticg: these
data showed that repeated sc administration of HPMPC in rats led
to a decreased absorption of the drug (Table 5). The rate of
absorption after 5 doses (high) was approximately 4-fold slower
than observed previously for a single 3 mg/kg dose. -

Table 5

Non-compartmental Pharmacokinetic Parametevs Following Once a
Week Administration of Cidofovir at 3, 15 and 60 mg/kg/week

Samp' e Periods (Weeks)

Dose
mg/kp/day PX Parameters

0.6 AC, . (mg*hr/ml) 0.14 049 0.58 "
Tmax (hr) 1 1 1
Cmax (ug/ml) 0.28 0.30 0.44
AUC, . (mg*hr/ml) 1.5 4.11 3.i8
_ Tmax (hr) 1 1 i,
3 Cmax (pg/ml) 1.06 1.72 1.94
AUC, .. (ng*hr/ml) 8.83 7.32 an

)

Non-neoplastic histopathologic changeg were observed in the skin
administration sites and bone marrow. A minimal severity zonal
bone marrow hypoplasia was present only in high dose males and
females. An analysis of the cell types in the bone marrow
suggested that it was a stem cell effect since both erythroid and
myeloid cell elements were minimally affected No treatment-
related hxstopathologic changes were observed in kidneys, liver
or testes. geg: several animals exhibited masses
that were anatomically located on the neck, chest, axillary
region, abdomen, administration site and tace Masses were not
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observed in the control animals. There was a dose-related
increase in the number of masses noted in females. The time of
first observation of a mass was day 43 (mid) in a female (Table
6) . The incidence of mammary adenocarcinoma was as follows: 0/30
(control), 4/20 (low), 7/20 (mid) and 12/30 (high). Serum
prolactin levels did not correlate with tumor incidence. Of the
twelve (high) females with adenocarcinomas, 5 were multiple
tumors classified histologically as mammary adenocarcinomas.
There was no relationship between the dose administered and the
size of the masses. A number of the masses located in the
axillary and abdominal region became ulcerated. Three males (mid)
each exhibited a mass on the chest, abdomen or face. There was no
relationship to dose administered or onset of these findings.

Table 6 :
Following the HPMPC subcutaneous administration, female rats per
group with mass(es) in the axilla, chest or abdomen

Week Control Low Nid High
{re30) (rw20) {n=20) {ns30)

H 0 0 i 0 0
6 0 0 1 i 0
7 0 0 1 0
8 0 0 1 '
9 0 0 3 0
10 0 1 3 2
1A 0 1 3 2
12 0 1 3 4
13 0 2 & 5
14 0 3 $ 6 “

RATHOLOGY NARRATIVE: Mammary glands: the majority of the tissue
masses were diagnosed as mammary gland adenocarcinoma associaced
with an inflammatory component. These occurred only in female
rats and the incidence was as follows: control=0; low=4; mid=7;
and high=12. The mammary adenocarcinomas diagnosed had neoplastic
epithelial cells that were arranged predominantly in an alveolar
pattern. Ductal and papillary structures were also present and
often in combination. Occasionally, alveoli with a single
epithelial cell layer were observed; most often the epithelium
was multiple-layered. These proliferating epithelial cells
obliterated the original alveolar architecture, yet a glandular
pattern was maintained. The neoplastic cells were composed of
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scant eosinophilic cytoplasm that was vacuolated to varying
degrees. Epithelial cells in single and/or double layers tended
to be elongated or rectangular compared to cells proliferating in
alveoli-forming nests where cells were more rounded with less
cytoplasm. Nucleoli were prominent in some cells but barely
visible in others. In some tumors there was a heavy population of
large vacuolated cells usually located near the basilar border of
proliferating cells. These large vacuolated cells were variable
in morphology; the majority were elongated and resembled
myoepithelial cells. This myoepithelial component was present in
all tumors. There were bands of fibrous connective tissues
transversing the tumor and were more prominent in larger tumors.
Mononuclear inflammatory cells were prominent in this connective
tissue. Polymorphonuclear cells were also present, particularly
near the surface when ulcerative skin lesions were present. The
tumor masses were generally circumscribed lesions expanding into
adjacent fat, but infiltration into underlying muscle was
observed in several cases. Axjllarvy lvmph nodes; there was no
evidence of metastasis in the lymph nodes. There was some
variation in size and some lymph nodes were considered more
"active" than others. Lymph nodes diagnoses as active appeared to
have germinal centers that were slightly more prominent than seen
in the majority of controls. Additional gross lesions: the facial
masses in a male and female (mid) were diagnosed as Zymbal'’'s
gland adenoma and carcinoma, respectively. The facial mass in a
male (high) was diagnosed as a chronic inflammatory focus. The
mass attached to the salivary gland in a male (high) was
diagnosed as anaplastic carcinoma. The skin lesions (mid, 2
females) were diagnosed as acute inflammation in the akin and
ulcerate dermatitis.

Comments: Based on these data, the sc administration of HPMPC to
rats resulted in a dose-related increase in mammary ’
adenocarcinomas in females rats. With regard to the pathology
report, only gross lesions have been evaluated
histopathologically. Secondly, no information is available
concerning pre-neoplastic lesions (hyperplasia, inflammation,
etc.) in non-tumor mammary glands. Finally, since the mammary
tumors were associated with an inflammatory component, the drug-
induced inflammation may have contributed to mammary tumor
formation in the study.

Jsas consulted to review the
histopathology slides of cervical-thoracic masses and facial
masses in rats 2-T-70 Toxicity Study). According to
his analysis, the vast majority of tumors were mammary
adenocarcinomas with varying degrees of tissue invasion. A few
tumors were from Zymbal’s glands (aud:tory sebaceous glands) and
possibly preputial/clitoral glands. He commented that the test
article should be considered a potent carcinogen. A NOAEL could
not be identified in this study.
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22. Multiple-Dose Subcutaneous Nephrotoxicity Screening Study in

Male Guinea Pigs, -41671 HPMPC, Lot # 27411-48-1 and
Probenecid Lot # 026-0293, -
January 21, 1991, '21634/90047)

Four groups of normal male guinea pigs (Hartley) (weight: 294 -
345 g; age: 5 weeks; 3 animals/group) were administered HPMPC at
2.5, 5, 10 or 25 mg/kg/day. In addition, HPMPC at 5 mg/kg/day
with 15 mg/kg/day probenecid injected subcutaneously into the
dorsal median posterior lumbar area in sterile saline (<4 ml/kg)
for five days. A control group received sterile saline under
similar experimental conditions. The purpose of this study was to
evaluate the nephrotoxicity of HPMPC in the guinea pigs, and to
determine if multiple doses (5 days) would induce moderate to
severe nephrotoxicity in this species. Results: HPMPC induced a
nephrosis in guinea pigs similar to that observed in other
species and this toxicity appeared to be dose-limiting. -
Microscopically, nephrosis was moderate at 2.5 mg/kg/day and
severe at doses of 5 mg/kg/day or more. Due to the overwhelming
nephrotoxicity induced by a 5 mg/kg/day Aose, it was not possible
to evaluate the potential amelioration ot this toxicity by
probenecid. Based on the results of this study, the sponsor has
chosen the dose of 2.5 mg/kg/day to evaluate with multiple dose
levels of probenecid.

Comments: Guinea pigs is the most sensitive species known to the
nephrotoxicity of HPMPC. The sponsor has chosen a dose level of
2.5 mg/kg/day to study the nephrotoxicity. With a conversion
factor based on the body surface area, an equivalent dose in
humans would be 0.42 mg/kg/day.

23. Multiple-Dose Subcutansous Nephrotoxicity Study in Male
Guinea Pigs, 41671 BPMPC, Lot # 28648-7,
- . November 16, 1990, 21693/90077)

Four groups of normal male guinea pigs (Hartley) (weight: 302 -
375 g; age: unknown; 5 animals/group) were administered HPMPC
subcutaneously in sterile saline (<5 ml/kg) into the dorsal
median posterior lumbar area. Dosing regimens were (1) single 25
mg/kg dose administered on day 1 with sacrifices on day 8 and day
15; (2) single doses of 12.5 mg/kg administered on day 1 and day
4 with a sacrifice on day 8; (3) single doses of 6.25 mg/kg on
day 1, 4, 8 and 12 with a sacrifice on day 15 and (4) daily doses
of 5 mg/kg for 5 consecutive days with a sacrifice on day 8. A
fifth and a sixth control groups received sterile saline under
similar experimental conditions. The purpose of this study was to
investigate different dosing reJimens on the nephrotoxicity
induced by HPMPC in the guinea pig. Results; the regimen employed
had a marked effect on the severity of the nephrotoxicity induced
by the subcutaneous administration of a total dose of 25 mg/kg of
HPMPC to guinea pigs. For example, 25 mg/kg as a single dose
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induced minimal nephrotoxicity and 25 mg/kg subdivided into equal
fractions and given in 2, 4 or 5 doses induced greater
nephrotoxicity, the severity of which, in general, was directly
proportional to the number of doses.

Comments: Clearly, the results suggested that HPMPC-induced
nephrotoxicity was regimen dependent. In other words, the
toxicity depended on the duration of the drug exposure (AUC)
rather than on the drug intensity (C,,).

24. Intravenous study in rabbits treated with HPMPC with and
without probenecid, Lot # 504A92-01,

November 13, 1992, - 453-GS-
001-92/T0504-00015)

Groups of male New Zealand White rabbits (5 animals/group) were
administered HPMPC via the iv route at dose levels of 0-(vehicle
control, I), 25 mg/kg (II), 25 mg/kg + 3 ml/kg probenecid via
oral gavage once daily (III) or 25 mg/kg + 3 ml/kg probenecid via
oral gavage tid (IV) for 5 days to evaluate the local effects of
iv injections. Regults: no clinical signs were observed in any
animal in any dose group during the study. A statistically
significant increase in CK and chloride (IV), and a statistically
significant decrease was observed in lymphocytes (III and 1V).
Terminal necropsy revealed mottled kidneys in one animal (I),
four animals (II and III) and in all animals (IV).
Histopathology: treatment-related changes of the kidneys and
liver could not be determined because of a lager number of
lesions in the kidneys and livers which were compatible with a

concurrent protozoan disease, Encephalitozoon cuniculi.

Comments: Because of the histopathological discrepancies, this is
not a valid study. The sponsor was requested to repeat the study.

25. Fipal Report: Five day repeated dose toxicity study of HPMPC
administered iv with and without orally administered probenecid
in male rabbits, Lot # 504A92-01,

September 21, 1995, ( 453-GS-
001-92a/T0504-00058)

Groups of male New Zealand White rabbits (5 animals/group) were
administered HPMPC via the iv route at dose levels of 0 (vehicle
control, I), 25 mg/kg (II), 25 mg/kg + 150 mg/kg probenecid via
oral gavage once daily (III) or 25 mg/kg + 50 mg/kg probenecid
via oral gavage tid (IV) for S5 days to evaluate the local effects
of iv injections. Results: no clinical signs were observed in any
animal in any dose group during the study. A minor but
statistically significant increase in chloride and a decrease in
urea nitrogen was observed in II and IV, respectively when
compared to the control. Terminal necropsy revealed pale kidneys
in all 5 animals (II) and (IV) and 4 animals in (III).
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Creatment-related changes were present in the
kidneys of 3 rabbits (II), 3 rabbits (III) and in all five
rabbits (IV). The kidney changes were characterized by a minimal
slight tubular degeneration (nephrosis) and minimal to moderate
tubular dilatation. In one rabbit (IV), a focal are of
heterophils (polymorphonuclear leukocytes) was present.

Comments: The study data indicated that no significant
differences exist between the three groups of HPMPC treated
rabbits (with or without probenecid) with respect to the type of
kidney lesions or the severity of these lesions.

26. Multiple-Dose Intravenous Nephrotoxicity Screening Study with
Probenecid, Lot # 26P-0293 and -41671 HPMPC, Lot # 27625-50-1

in Male Rabbits, September 21,
1990, -21596/90001)

Four groups of normal male New Zealand White rabbits (weight: 2.9
- 3.5 kg; age: unknown; 3 animals/group) were administered HPMPC
by intravenous injection at a rate of 0.1 ml/sec (via the
marginal ear vein) with 25 mg/kg/day in sterile saline (<2 ml/100
g) and total daily probenecid doses of 0, 25, 50 or 150 mg/kg/day
for five days. These dose levels provided for probenecid: HPMPC
dose ratios of 0:1, 1:1, 2:1 and 6:1, respectively. A fifth group
of animals received only probenecid at the highest dose of 150
mg/kg/day and a sixth control group received sterile saline under
similar experimental conditions. The intent of this study was to
determine whether daily probenecid treatment would ameliorate
nephrotoxicity resulting from the five daily doses of HPMPC in
rabbits. Regults: HPMPC (25 mg/kg/day) - induced nephrotoxicity
under a five day regimen in the rabbit was completely prevented
by probenecid when co-administered with the test compound at a
ratio of 6:1, and partially ameliorated at a 2:1 ratio. But, the
percent urinary recovery of HPMPC were decreased with the co-
administration. The mean percent HPMPC decreased from 71.5% to
9.8% as the dose of probenecid increased from 25 - 150 mg/kg.

Comments: Percent urinary recovery of HPMPC were decreased with
increasing doses of probenecid; thus, this may suggest that
prcbenecid inhibits the renal transport and urinavy excretion of
HPMPC. Further, an accumulation of HPMPC can occur with the co-
administration since HPMPC is primarily excreted unchanged in the
urine after an IV injection.

27. Multiple-Dose Intravenous Nephrotoxicity Screening Study in
Male Rabbits, 41671 HPMPC, Lot # 27625-50-1 and 27411-48-1,

July 23, 1990,
21497/89092)

Four groups of normal male New Zealand White rabbitsg (weight: 3 -
3.7 kg; age: unknown; 2 animals/group) were administered HPMPC by
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intravenous injection at a rate of 0.1 ml/sec (via the marginal
ear vein) 10, 25, 50 and 100 mg/kg/day in sterile saline (<2
ml/100 g) for a period of 5 consecutive days. A control group
received sterile saline under similar experimental conditions.
The intent of this study was to investigate the multiple dose
nephrotoxicity to rabbits and to establish a dose regimen for
further screening studies. Both the animals receiving HPMPC at
100 mg/kg/day were sacrificed on day 5 of the study due to
decreased food intake and laboratory test results indicative of
nephrotoxicity. All other animals were sacrificed on study day 8.
Resultsg: food consumption was markedly reduced in animals treated
with HPMPC at 25, 50 and 100 mg/kg/day. No other drug-related
clinical signs of toxicity or changes in body weight occurred.
The group mean serum urea nitrogen and creatinine values were
slightly increased on day 5 for the group given 100 and on day 8
for group given 50 mg/kg/day of the test compound. In conclusion, .
rabbits given HPMPC intravenously at dosages of 10 mg/kg/day or
more for 5 days developed a dnse-related nephrotoxicity
characterized microscopically by degenerative, necrotic, atrophic
and/or regenerative changes in the proximal convoluted tubules of
the kidneys.

Comments: A NOAEL could not be determined in this study.

28. Multiple-Dose Intravenous Pilot Study in Monkeys, -41671
HPMPC, Lot # 26870-64 and 40085 PMEA, Lot # 26870-059,

January, 1989,
20954/88064)

Groups of male and female cynomolgus monkeys (weight: 2.4 - 4.9
kg; age: unknown, 1 animal/group) were administered either HPMPC
(0.1, 1.0, 10.0 or 50 mg/kg/day) or PMEA (1.0, 5.0, 10.0, 25.0 or
50 mg/kg/day) in 0.9% sodium chloride intravenously for 14 '
consecutive days via a saphenous vein in a total volume of <5.0
ml/kg at a rate of 0.1 ml/sec. Control groups received 0.9%
sodium chloride for injection under identical experimental
conditions. The objective of the study was to investigate the
toxicity of HPMPC and PMEA and to select appropriate dose levels
for the subacute IV toxicological evaluation to support an
initial clinical trial in man. Resultg: with HPMPC, significant
nephrotoxicity (acute tubular necrosis) occurred at doses of 1.0
mg/kg/day or more. Ten or 50 mg/kg/day was lethal within 7 - 9
days and nephrotoxicity was considered to be the major
contributing factor. Overt toxicity and death occurred after
doses of 10 mg/kg/day or more. At the 10 and 50 mg/kg/day dose
levels, decreased activity was apparent in both monkeys on the
7th day of treatment. The 50 mg/kg/day monkey was found dead the
following morning while the 10 mg/kg/day monkey died after the
9th dose. Severe nephrotoxicity characterizéd morphologically by
acute tubular necrosis was detected in both the monkeys.
Significant elevations in creatinine and BUN were also detected
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prior to death. Other drug-related findings consisted of necrosis
of mucosal crypt cells in the colon and/or duodenum at 10 and 50
mg/kg/day, pulmonary congestion along with intra-alveolar
hemorrhage and edema, depletion of lymphocytés in lymphoid
tissues, lymphopenia, and degeneration and necrosis of gastric
mucosa of the stomach at 50 mg/kg/day. With PMEA, no drug-related
toxicity at 1 mg/kg/day and slight swelling of hepatocytes at 5
mg/kg/day were observed in animals. At 10 mg/kg/day, no
clinicopathologic evidence of toxicity was detected after 14 days
of treatment. At 25 mg/kg/day beginning on 10 day of treatment,
animals developed significant skin lesions. At S0 mg/kg/day, the
animals developed significant epidermal lesions consistent with
toxic epidermal necrolysis requiring &n early sacrifice after 12
days of dosing. Lymphoid depletion and slight testicular
degeneration were observed at this dose level. Marked inappetence
and nephrotoxicity (vacuolar degeneration and dilatation of
tubules) were algso noted. -

Comments: Based upon the results of these range finding studies,
a dose of 1.0 mg/kg/day may be considered the NOEL for PMEA.
Based upon the observation of toxicities at 25 and 50 mg/kg/day,
a high dose between 10 and 25 mg/kg/day PMEA dose levels should
be selected for subchronic nonclinical safety studies in monkeys.

29. Repeated Dose Oral Toxicity Study and Pharmacokinetics of
HPMPC Administered via Gavage to Cynomolgus Monkeys, Lot #
504A92-01, April 22,
1992 (2-357. -J57-92-77)

Four groups of male and female cynomolgus monkeys (weight: 3-4
kg; 2 1imals/sex/group) were administered HPMPC via oral gavage
at 0, 1, 5 and 25 mg/kg twice-a-week for two weeks. The objective
of the study was to determine the potential toxicity of the'drug.
Repults: one female (25 mg/kg) was found dead on the morning of
day 15. Beginning on day 12, the animal was noted as pale, -
hypothermic, anorexic, dyspneic and had a watery diarrhea. There
was an increased incidence of diarrhea, scant feces, and/or no
feces in other animals of the same group. In summary, the oral
administration of a 5-25 mg/kg dose of HPMPC over a two-week
reriod te male and female monkeys was responsible for a number of
changes. In particular, at 25 mg/kg/day, depressed body weight
gains, serum chemistry changes indicative of renal and hepatic
alterations as well as changes in serum electrolyte values,
enlarged kidney weights, gross and microscopic evidence of tissue
alterations involving the large intestines, small intestines and
kidney were seen. At the dose level of 5 mg/kg/day,
histopathological changes were in the rectum, cecum, colon and
jejunum in both males and females.

Comments: A dose of 1 mg/kg/day may be considered a NOAEL. Based
on the body surface area factor, an equivalent dose in humans
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would be 0.33 mg/kg twice a week for a 60 kg person.

30. Thirty day repeated dose sc toxicity study and
pharmacokinetics of HPMPC administered to cynomolgus monkeys, Lot
# 67-049-DK, November 9,
1994, (2-N13 13-93-43)

Groups of male and female cynomolgus monkeys (weight: 2.9-3.4 kg;
3 anlmals/sex/group) were administered HPMPC via subcutaneous
injection at dose levels of 0 (vehicle control), 0.5 (low), 1.5
(mid) or 7.5 mg/kg (high) twice per week (total of 9 injections)
for a period of 4 weeks. Clinical Obgervationg: an increased
incidence of soft, white or mucoid feces were observed in males
(mid) . There was an increased incidence of erythema at the
injection site (males, high) and one male (high) displayed
indication of compromised health such as abnormal feed
consumption, pale mucous membranes, dehydration and emaciation.
In the females, some animals from each group including the
controls dlsplayed erythema at the injection site and a dose-
related increase in the incidence of soft, mucoid and/or colored
feces (low, mid and high). Body Weight and Food Consumption: mean
body weight change values revealed that males and females (high)
lost 0.4-0.5 kg mean body weight The high dose group animals
appeared to be less consistent in food consumption as compared to
the other groups of animals. Clinical Biochemigtry: there was a
general depression in the red blood cell mass (erythrocyte count,
hemoglobin an hematocrit values) in the males (statistically
significant) and females (no statistical slgnlflcance) on day 30.
On day 14, mean clinical chemistry values in the males revealed a
significant depression in phosphorus value (high) and significant
elevations (high) in creatinine and chloride values. On day 30,
there was a significant elevation in creatine and AST values and
significant depression in the mean phosphorus value (males,’
high) . In the females, the mean phosphorus value was
significantly elevated and the mean chloride value was depressed
(high) compared to the controls. Qragan Weights: statistical
evaluation of mean organ weight data revealed significantly
elevated absolute and relative kidney weights and liver to final
body weight values (females, high). Gross Pathology: at necropsy,
there was a greater incidence of pale kidneys (malas and females;
mid and high) and a increased incidence of yellow/pale foci in
the epidermis (1n3ectzon site) of males (high). Histopathologic

- drug-related alterations of the renal
cortex, in the form of a tubular nephropathy, were observed in
males and females (mid and high). The nephropathy was
characterized by a number of alterations in proximal convoluted
tubules of the cortex. Microscopic changes observed included
occasional karyomegaly of tubular cells. A moderate diffuse
tubular dilatation affecting nearly all tubules of the renal
cortex was observed in one male (high). Glomerular changes were
not seen in any of the kidneys affected with the nephropathy.
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Bone Marrow; mild to moderate depletion of erythroid cellular
elements was observed in both the femur and the sternum in 2/3
males (high). Myeloid (granulocytic) elements appeared unaffected
in number in all of the affected males (high). Skin,
Administration Site: changes consisted of hemorrhage, epithelial
necrosis, acute inflammation and chronic inflammation. Focal
hemorrhage in sc tissue was observed in 1-3 monkeys/sex in all
groups, except females (mid). Migcellaneous; other changes
included granulomas of the colon and cecum in several monkeys.

Comments: The results suggested that the major target organs of
HPMPC toxicity were kidney, liver, skin and bone marrow. The low
dose level used in the study, 0.5 mg/kg twice per week, may be
considered a NOEL. For the low dose, based on the body surface
area, an equivalent dose in humans would be 0.16 mg/kg twice a
week for a 60 kg person. In the clinic, HPMPC is not being
administered to patients via the im route. -
31. One-Month Intravenous Toxicity Study in Cynomolgus Monkeys,
‘41671 HPMPC, Identification # 27337-20 '
Januvary 11, 1990, 21444/ 124003)

Three groups of normal male and female Cynomolgus macagque monkeys
(weight: 2.9 - 3.6 kg males and 2.7 - 3.4 kg females; age:
unknown; 2 animals/sex/group) were administered HPMPC by
intravenous injection (via saphenous vein) 0.1, 0.25 and 1.0
mg/kg/day in sterile saline (1.0 ml/kg and a dcse rate of 0.1
ml/second) for a period of 30 - 31 consecutive days. A control
group received sterile saline under similar experimental
conditions. This study was designed to investigate the
toxicological potential of HPMPC when administered intravenously
to monkeys in a one month sub-chronic toxicity study. Regults:
one male in the high-dose group was sacrificed jin extremis during
the treatment period (week 2). This animal exhibited severe signs
of toxicity including hypo-activity, tremors, hypothermia,
shallow and labored respiration, and decreased food consumption.
One female in the high-dose group had decreased food consumption
throughout the majority of the treatment period. Animals in the
high-dose group lost significant weight as a result of drug
treatment. The absolute and relative kidney weights weve
increased in the males and females of the high-dose group at the
4th week of treatment. In addition, pale kidneys at the necropsy
(2 of 4) and renal tubular nephrosis (4 of 4) were observed in
the high-dose group. Significant differences in serum chemistry
that were treatment-related consisted of decreases in phosphorous
levels and increases in creatinine levels at the high-dose. Aside
from the kidney, lesions that appeared to be treatment-related in
the high-dose group were found in bone marrow, lung, lymphoid
tissues in males and in thymus in females. The lung lesion
consisted of minimal to mild alveolar edema. Lymphoid atrophy
involving the lymph node, spleen and/or thymus was noted in 3 of
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4 animals at this dose.

At the week-4 evaluation, the mean glucose levels in the low- and
mid-dose groups males were significantly (p<0.05) below the
control group mean and the mean chloride level in the mid-dose
group female was significantly (p<0.05) below the control group
mean. The mean ALT levels appeared to be slightly increased in
the high-dose group females. The urine of one male and one female
in the high-dose group were positive (+3 and +2) for glucose. No
treatment-related differences were apparent in hematologic
parameters or ophthalmologic findings between the control and the
treated groups. In the mid-dose group, minimal renal tubular
necrosis was observed that was treatment-related. At the low-
dose, no adverse effects were observed for systemic toxicity in
the monkeys.

Comments: As evident by renal tubular nephrosis, pale kidneys at
necropsy, increased kidney weights, elevated creatinine levels,
lower phosphorous levels and glucose in the urine, the primary
target organ is the kidney for the systemic toxicity of the test
compound in the monkeys. A dose of 0.1 mg/kg/day of HPMPC may be
considered the NOAEL in this study. With a dose conversion based
on body surface area, the equivalent intravenous dose for humans
would be 0.03 mg/kg/day. A treatment-related (0.25 mg/kg/day)
minimal tubular necrosis was seen in one monkey; the equivalent
human dose at which these lesions may be seen is 0.08 mg/kg/day.
This study ccn..irms the results seen in the 4-week study in the
rats and suggests that the kidney is a potential site of toxicity
in human. Additionally, there is sufficient evidence for lung,
liver, thymus, bone marrow and spleen as probable sites of
toxicity in humans. The observed toxic effects may be due to
renal failure and limited clearance of the drug.
32. Thirteen week repeated dose toxicity study of HPMPC
administered intravenously to cynomolgus monkeys in combination
with orally administered probemnecid, Lot # 13E040S5,
December 9, 1994, (Study No. 2-
01/93-TOX-0504-002, '01-94-89)

Six groups of normal male and female cynomolgus monxeys (weight:
3.8-4.2 kg males and 2.4-2.7 kg females; age: unknown) were
administered HPMPC via intravenous injection and/or probenecid
via the oral route once a week for 13 consecutive weeks at dose
levels indicated in the study design (Table 7). Two monkeys per
sex per group from Groups 2 and 5 were designated as a 4 week
post-dosing recovery group.
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Table 7
Study Design
Group ¥ # of animals Treatment
o [} HPWPC; iv; (mg/kg/once s Probenecid; po; (mg/kg/once s

_ week) week)

1 2 e 0 0

2 3 $ 0 30

3 3 3 1.0 ] 30 :ﬂ

4 3 3 2.0 30
E 5 5 5 5.0 30 “

é 2 2 - 5.0 0

Deaths: one male (group 3) was found dead during the first week
of study and was replaced. Clinical Obgervations: treatment-
related increased incidence of pigmentation of the skin was noted
in male and female monkeys (groups 3, 4, 5 and 6). There was an
increased incidence of soft feces/diarrhea in animals treated
with HPMPC. Other clinical observations roted included abrasions,
scabbing, ulcerations, apparent bleeding, apparent dried blood,
epistaxis, and/or gaping incision. These lesions were principally
mild in nature and posed no threat to the animals. ] ;
the mean body weight gain in the group 6 males and females was
considerably less (20%) than that seen in the respective group 1
control animals Clinical Pathology: revealed the absence of
apparent significant drug-related changes in any of the treatment
groups as compared to the respective control groups Qrgan
Heights: evaluation of mean organ weight data revealed a ,
significant elevation (p=0.5) in the group 6 male and female mean
absolute kidney weight values as compared to group 1 respective
control values. In addition the groups 2-6 male mean absolute
and relative thyroid gland weights were significantly deceased as
compared to the control values. Pathology: at necropsy, an
examination of the animals revealed an increased incidence of
pale kidneys in 2/2 group 6 males and females and in 1/3 group 2
females. In the group 6 animals, the grossly observable pale
kidneys correlated microscopically with nephropathy; however, the
grosg finding in the group 2 female had no microscopic correlate.
Histomorphologic examination of the tissues revealed apparent
drug-related changes in the kidneys and testes. In the kidpneys, a
nephropathy, characterized by epithelial cell hypertrophy and
marked karyomegaly of cells lining of the convoluted tubules in
the renal cortex was seen in 2/2 group 6 males and females. In
the group 5 animals, a minimal degree of karyomegaly was seen in
3/3 males and 2/3 females. In the recovery group 5 animals,
minimal karyomegaly was noted in 1/2 males and females. In the
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tegtes, a decrease state of spermatogenesis was seen in 3/3 group
4 males, 2/3 group 5 males and in 1/2 group 6 males. Minimal to
moderate decrease in spermatogenesis was also seen in 2/2 group S
recovery males. The decreased spermatogenesis was characterized
by seminiferous tubules which contained fewer numbers of
spermatozoa, spermatocytes and spermatogonia. In the groups 4, 5
and 6 males which did not display these changes, it was apparent
that these particular animals were somewhat sexually immature.
Lesions noted microscopically at the adminigtration site were
comprised of fibrosis, hemosiderosis, chronic inflammation
(lymphocytes and macrophages), acute inflammation (neutrophils),
mineralization and hemorrhage. The lesions were typically seen
surrounding the saphenous vein and extended intoc the subcutaneous
tissue of a number of the animals from groups 1, 2, 5§ and 6.

indi i unique microscopic findings were seen in a group
2 terminal sacrifice female, and included: (1) extramedullary
hematopoiesis (primarily erythrocytic) in the liver (mild),
spleen (mild), kidneys (cortical interstitium, minimal),
pancreatic lymph node (mild) and mandibular lymph node
(decreased, mild); (2) marked erythroid hyperplasia and mild
myeloid hypoplasia in femoral bone marrow; and (3) bilateral
decease in adrenocortical vacuolation of the zona fasciculate.
Additionally, pigment consistent with hemoglobin-derived pigment
was moderately increased in the red pulp of the spleen and mildly
increased in Kupffer cells of liver sinusoids. No treatment-
related microscopic findings were observed in mammary glands of
males and females in groups 1-6.

Comments: Based on the data, it may be concluded that the iv
administration of HPMPC affected the testes and kidneys of
cynomolgus monkeys. At a dose level of 5 mg/kg/once a week of
HPMPC, the effects on the kidneys were considered to be mild to
marked. When the same dose level of HPMPC was preceded by the
oral administration of 30 mg/kg/once a week Probenecid, the
effects on the kidneys were significantly reduced and considered
to be minimal in severity. Concurrent therapy with Probenecid did
not reduce the effects of HPMPC on the spermatogenesis as this
effect was sean in males administered 2 mg/kg/once a week of
HPMPC preceded by an oral administration of 30 mg/kg/once a week
Probenecid. A dose of 1.0 mg/kg/once a week ot HPMPC preceded by
an oral administration of 30 mg/kg/once a week Probenecid may be
considered as a NOEL. On the basis of body surface area
conversion, an equivalent dose of HPMPC in humans would be 0.33
mg/kg/once a week.

33. Thirteen week repeated dose toxicity study of HPMPC
administered iv to cynomolgus monkeys, Lot # 504B93-01,
March 25, 1994, (Study No. 2-PS1
51-93-232)

Four groups of normal male and female cyncmolgus monkeys (weight:
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2.9-3.6 kg males and 2.7-3.4 kg females; age: unknown; 3-5
animals/sex/group) were administered HPMPC via intravenous
injection at dose levels of 0 (vehicle control), 1.0 (low), 5
(mid) or 20 mg/kg 2nce per week (high) for a period of 13 weeks.
In low and high dose groups, 3 animals/sex/group were designated
as recovery animals which were schedules to receive 13 weeks of
treatment followed by a 4-week recovery period. Deaths:; 2/3
females by week 12 (mid), and 5/5 males and 4/5 females by week
12 (high) died or euthanized jin extremis. Common necropsy
findings included discolored (pale) kidneys, livers and spleens,
mottled livers and dark discoloration of various lymph nodes, In
some animals, red foci or areas were noted along cardiac
surfaces, the external tunics of the gallbladder, the gastric
mucosa, within miscellaneocus lymph nodes and at the
administration site. Due to the high mortality (high), the
recovery period was eliminated. Clinical Opbservationg: consisted
of pale mucous membranes, abnormal food consumption, dehydration,
thin and ruffled coat (low); ruffled coat, vomit, pale mucous
membranes, abnormal food consumption, dehydratxon, thin/emaciated
appearance, oily fur, hunched posture, lethargy, prostrate and/or
tremors (mid and high). Body Weight and Food Consumption: in the
males, mean body weight gains were noted in all groups until day
43 when the mean absolute body weights (mid and high) d:splayed a
decrease and a levelling out thereafter. Average food consumption
was generally less (high) in both sexes compared to the controls.

; a significant depression in the erythrocyte
count, hematocrit and hemoglobin values in males and females was
seen (high) Sctatistically significant differences included an
increase in the mean cell hemoglobin concentration in males and
females (high), an increase in the anisocytosis value in females
(high), and an increase in the absolute polymorphonuclear
leukocyte values in females (mid). Serum chemistry evaluations
displayed biologically relevant increases in urea nitrogen ‘and
creatinine values and a significant decre:ze in mean phosphorus
value in males and females (high). Significant decreases were
seen in the albumin and albumin/glob;l;n values in females (mid
and high} Urine chemistry evaluati: » revealed significant
decreases . . the urine sodium values .n both sexes (low, mid and
high) . Organ. Weights: significant increases in absolute and
relative kidney weights (male, mid) and significant decreases in
absolute and relative testes weights (male, low and mid) were
noted. Patholoqgy: at termination, there was an increased
incidence of discoloration of the lymph nodes, liver, spleen and
kidneys in both sexes (mid and high). Microscopic changes were
noted in the bone marrow (depletion of hematopoietic cells in mid
and high dose males), kidneys (toxic tubular nephrosis in mid and
high dose males and females), liver (hepatocellular hypertrophy
in mid and high dose males and females), testes (degeneration of
the germinal epithelium of the seminiferous tubules (mid and high
dose males), and thymus and lymph nodes (lymphoid depletion in
mid and high dose males and females)
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Comments: The results suggested that the major target organs of
toxicity include those tissues which have a cellular component
which rapidly proliferates such as the hematopoietic system
(thymus, lymph nodes, bone marrow) and germinal epithelium of the
seminiferous tubules in the testes, and the organs involved in
the metabolism or excretion of the test article (liver and
kidney). A NOEL could not be determined in the study. The low
dose level used in the study, 1 mg/kg once per week, also
displayed slight changes in testes weight and general health
status (pale mucous membranes, dehydration, thin, ruffled coat)
of the animals. For the low dose, based on the body surface area,
an equivalent dose in humans would be 0.33 wmg/kg once per week.

34. A 1l2-month chronic toxicity study of HPMPC following once
weekly iv administration in cynomolgus monkeys with an interim
sacrifice at 6 months, Lot # 504-B93-01,

\ September 18, 1995, (94-TOX-
0504-015\86540) *

- this portion of the study
consisted of 1 treated group and 1 control group each consisting
of 5 male and 5 female monkeys. The treated animals received
probenecid (30 mg/kg/dose) via oral gavage approximately 1 hr
prior to being given the iv bc tus dose of HPMPC at a dose level
of 2.5 my/kg/once weekly. The control animals received an oral
dose of sterile water approximately 1 hr prior to being given the
iv bolus dose of the saline vehi<tle. Remultg: there were no
deaths. Incidental clinical signs seen in the control or treated
animals included liquid feces, emesis, skin scabs or lesions,
thin fur cover of the hindlimb, forelimb, dorsal thoracic or
lumbar regions or tail or swollen hindlimb/hindpaw. There were no
clinical signs seen which were considered treatment-related.
Hematology: during week 13, statistically significant decreases
were seen in eosinophil values of the treated males and in red
blood cell counts and hematocrit values of the treated females
when compared to the control animals. A statistically significant
increase was seen in segmented neutrophils of the treated
females. Clinical Biochemistry: during week 13, a statistically
significant increase was seen in ALP values of the treated males
and in sodium values of the treated females, while a
statistically significant decrease was seen in potassium values
of treated males when compared to the controls. Higtopathology:
no treatment-related effects.

Comments: Toxicokinetic data were not submitted. Based on results
from the present study, the NOEL for HPMPC when treated in
combination with orally administered probenecid given to monkeys,
was below 2.5 mg/kg/week. On the basis of body surface area
conversion, an equivalent dose of HPMPC in humans would be 0.83
mg/kg/once a week.
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ial Toxici Studi

35. Evaluation of HPMPC to induce delayed-type hypersensitivity
in BALB/cByJ mice, Lot # 1966-D-1,
August 20, 1992, (Report # 711-G8-001-93)

HPMPC was evaluated for its capacity to induce a delayed-type
hypersensitivity (DTH) response in mice. In the induction phase,
groups of mice (10/group) received at the base of the tail
intradermal injections (0.1 ml/injection) of test or control
article administered once a week for three weeks. Test article-
treated animals received either 0.2, 0.6 or 3.0 mg/kg of HPMPC in
Complete Freund’s Adjuvant (CFA; Groups 3, 4 and 5, respectively)
or without CFA (Groups 6, 7 and 8, respectively). Control
article-treated mice received either sterile water for injection
(vehicle negative control; Group 1) or ovalbumin (OVA positive
control; Group 2) in CFA. One week after the last injection, mice
were challenged with intradermal injections (0.03 ml each) of
test and vehicle control articles delivered to the pinna of the
right and left ear, respectively. Ear swelling was measured 24 hr
following the challenge injection. Resultg: compared to the
vehicle control response, the OVA (0.5) challenge caused a
significant positive ear swelling reaction |p<0.001) in OVA-
induced mice. In contrast, the test article (0.5%) challenge
failed to elicit a positive ear swelling response in any group of
HPMPC-induced mice. Copnclusion: under the conditions used in this
study, HPMPC failed to induce a DIM response in mice.

36. Acute toxicity study of HPMPU administered via intravenous
injection to Sprague-Dawley rats, Lot # NB 364-75,
August 11, 1992,
69-92-94)

One group of 5 male and 5 female rats were administered a single
iv bolus of HPMPU at a dose level of 100 mg/kg to characterize
the potential acute toxicity of the drug. Regults: following 14
days of observation after the administration, there were no
abnormal cageside/clinical observations noted in any of the
animals throughout the duration of the study. At necropsy,
macroscepic examirations of tissues failed to reveal any apparent
test article-related abnormalities. No histopathological
examinations were performed. Conclusion: based on the data, it
would appear that there is no acute toxicity associated with a
single iv administration of 100 mg/kg HPMPU to rats.

37. Four week repeated dose iv toxicity study of HPMPU in rats,
Lot # 883-3-28, Gilead Sciences, Inc, Fuster City, CA, August 17,
1995, (95-TOX-1582-001)

Four groups of male rats (3/group) received iv HPMPU ([GS-1582;
the principal degradation product of the test compound] at dose
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levels of 0 (vehicle control), 15 (low), 60 (mid) or 120
mg/kg/once weekly (high) for 4 weeks. Resultg;: no sign of
toxicity were noted in any animal throughout the study.
conclugion: based on the resulcs, a dose of 120 mg/kg/once a week
may be considered a NOEL. On the basis of body surface area
conversion, an equivalent dose of HPMPU in humans would be 17.14
mg/kg/once a week.

R juctive Toxicity Studi

38. Fertility and general reproduction study of HPMPC
administered iv to male rats (Segment I), Lot # 504K92-1, -

November 22, 1994, (707-003/93-
TOX-0504-005)

Groups of male and female rats (strain: Crl:CD BR VAF/Plus;
25/group) were administered HPMPC intravenously at dose levels of
0 (vehicle contrel), 1.0 (low), 5.0 (mid) or 15.0 (high) mg/kg
once per week for 10 weeks. Following the treatment, the male
rats were assigned to a 21-day cohabitation period with un:treated
female rats. Results: two animal were found dead (1 low and 1
mid) . Chromorhinorrhea occurred in 4 (controls), 6 (low), 7 (mid)
and 8 (high) rats. Body Weightg: average body weights were
51gn1f1cancly reduced (p=0.05 to p=0 01) in the high dose animals
for the entire pre-cohabitation 1n3ectlon period (days 1-70).

Food Consumption; absolute feed consumptlon values were
significantly reduced (high) for the entire pre-cohabitation

period. Mating and Fertility: were unaffected by dosages of the
test compound Terminal Body Weights: were significantly reduced
(p=0.01) in the high dose rats. Brain weights were comparable
among the four dosage groups. The high dose animals had
significantly reduced (p=0.05 to p=0.01) absolute welght of the
left epididymis, individual testes and the left testis minus the
tunica albuginea. Mating and Fertility: were unaffected. Sperm
Evaluation: the high dose male rats has significantly reduced
(p=0.05) average for coiled flagellum. Female ratg: untreated
female rats mated with the treated male rats demonstrated no
statistically or biologically important differences among the
four dosage groups. Fetal Gross Qbgervations; included a
depressed eye bulge and agnathia (1 fetus, mid), a hematoma on
the neck (one fetus, mid) and low set ears, open eyelids, ectopic
eyes, a split snout, astomia and agnathia (one fetus, high).

Comments: On the basis of these results, an iv dose of 5 mg/kg
per week and 15 mg/kg per week may be considered maternal and
developmental NOELs, respectively. On the basis of the body
surface area, equivalent maternal and developmental NOELs for
humans would be 0.71 and 2.1 mg/kg per week, respectively. In the
absence of a dose-response curve, the gross external alterations
in fetuses might not be related to the test article. The
significant reduction in the absolute weights of male sex organs
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(high) might be interrelated with the significant reduction in
the high dose group terminal body weights because the ratios of
the weights of these organs to the terminal body weights were
unaffected.

In a phase 2/3 (GS-93-106) study of the safety and efficacy of
HPMPC, the test compound is being administered via iv infusion at
a dose level of 5 mg/kg per week for the first two consecutive
weeks followed by a dose level of 5 mg/kg every two weeks. In the
Segment I study in rats, toxicities were seen at doses that are
comparatively lower than those used in the clinic. Therefore, the
sponsor is requested to monitor the patient closely for the
toxicities seen in animals.

39. Intravenous fertility and general reproduction study of HPMPC
in female rats, Lot # 504B93-01, .
September 15, 1995, (707-00494-TOX-0504-019)

Groups of female rats (25/group) received iv HPMPC at dose levels
of 0 (vehicle control), 1.2 (low), 6 (mid) or 30 mg/kg (high) for
a minimum of 6 and a maximum of 8 weekly injections beginning 15
days before cohabitation with breeder male rats. All rats were
sacrificed by carbon dioxide asphyxiation on day 20 of presumed
gestation and Caesarean-sectioned. Regult8: single clinical and
necropsy observations occurred in two (high) dams with resorbed
litters. One had a perivaginal substance on gestation day (GD)
20, and the other had a green viscous substance present in utero.
i for the entire gestation period (GD 0-20)
tended to be reduced (low and mid) and was significantly reduced
(p=0.01) in high dose rats. Maternal body weight gains were
significantly reduced (p=0.0l1) in mid and high dose animals. High
dose animals had essentially no weight gain after GD 13. As a
results of these effects on maternal body weight gains, mid:and
high dose rats has significantly reduced (p=0.01) body weights.
Absolute (g/day) and relative (g/kg/day) i v
for the entire 14-day precohabitation period were significantly
reduced (p=0.01) in high dose animals. During gestation, absolute
feed consumption values tended to be reduced (low and mid) and
was significantly reduced (p=0.01) in high dose animals for the
entire gestation period. Egtrous cyciing was unaffected. High
dose animals has a slight non-statistically significant reduction
in pregnancy (2%). Low through high dose animals had dosage-
dependent increases in resorption (embryo deathsg) that resulted
in reduced live litter sizes, and reduced fetal body weights.
This parameters was statistically significant (p=0.01) in mid and
high dose groups. The high dose group had significantly reduced
(p=0.01) litter averages for corpora lutea and implantations,
observations indicative of impaired ovulation and/or pre-
implantation loss and possibly interrelated with the previously
described reduced fertility (high). There were statistically
significant differences (p=0.01) in additional endpoints
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associated with embryo death: a significant increase (p=0.01) in
the number of dams with all conceptuses resorbed and a
significant reduction (p=0.01) in the number of dams with viable
fetuses. There were only five litters with live fetuses in high
dose animals.

Comnents: Based on these data, maternal and developmental NOELs
could not be identified in the study. HPMPC at a dose level of as
low as 1.2 mg/kg [equivalent dose in humans = 0.17 3/kg] had
significant toxic effects on conception rates and early and late
stages of gestation in female rats.

40. Developmental toxicity (embryo-fetal toxicity and teratogenic
potential) study of HPMPC administered intravenously to rats, Lot
# 504K92-01, April 4,
1994, (Report # 707-001/93-TOX-0504-004)

Four groups of presumed pregnant rats (25/group) were
administered HPMPC intravenously at dose levels of 0 (vehicle
control), 0.5 (low), 1.5 (mid) or 3 mg/kg/day (high) once daily
on days 6-15 of gestation. All rats were sacrificed on day 20 of
gestation. Dam Body Weights & Food Copsumption: reduced body
weight gains were observed late in the injection period (days 12-
16) in mid and high dose animals; with the reduction significant
at P<0.05. Body weight gains (mid and high) continued to be
reduced after completion of the injection period (day 16-20);
with the high dose group reduction significant at P<0.01. The
absolute feed consumption tended to be reduced early in the early
injection period (high); after completion of the injection
period, the feed consumption values were significantly reduced
(P<0.05). Live Fetal Body Weightg: were reduced in mid (P<0.05)
and high (P<0.01) groups. The number of late resorptions tended
to be increased (high) as compared to controls. There was one
dead fetus in the litter (high). Delayed fetal ossification was
seen (high). These variations were evident as significant
increases (P<0.05 to P<0.01) in the incidence of litters and
fetuses with reversible delays (variations) in ossification of
the ribs (wavy ribs and incompletely ossified ribs) and vertebrae
(incompletely ossified or not ossified centra or arches in the
thoracic c¢r lumnbar vertebrae) and reduced litter averages for the
number of ossified centers in the caudal vertebrae (P<0.01),
sternum (sternal centers and xiphoid, P<0.0l1), metacarpals
(P<0.01), metatarsals (P<0.05) and hind limb phalanges (P<0.01).
Reflecting these events, the number of fetuses with any
alteration observed and the mean percentage of fetuses with any
alteration were significantly increased (P<0.01) in the high dose
group.

Comments: The maternal and developmental NOEL for HPMPC is 0.5
mg/kg/day. The observed skeletal alterations were not dosage-
dependent. No gross external or soft tissue malformations or
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variations were noted.

41. A toxicokinetic study of “c-labelled HPMPC after multiple iv
administrations to presumed-pregnant rats, Lot # JPS-881-32,

September 21, 1995, (94-TOX-
0504-005/2-W49)*

Thrge groups of presumed-pregnant female rats (14/group) received
iv "C-HPMPC (3 uCi/kg/day) at dose levels of 0.5 (low), 1.5

(mid) or 3 mg/kg/day (high) during the presumed gestation period
corresponding to day 7 through 16 for a total of 10 days. All
animals were euthanized on study day 11. There was no control
group. Results: there were no abnormal clinical observations or
body weight changes during the study. Following 10 consecutive
days of treatment, the mean HPMPC recoveries were 0.004, 0.013
and 0.028 ug-equivalents/g of tissue at the low, mid and high
dose levels, respectively. The mean litter size, mean litter
weight, mean C recovery/litter, and mean percent dose
recovered/litter were comparable at all three dose groups. The
plasma HPMPC clearance profiles were similar at all dose levels.
The Cmax was comparable following the day 1 and day 10 dose
administrations and was observed at 2 min following the treatment
for each dose group.

42. Developmental toxicity (embryo-fetal toxicity and teratogenic
potential) study of HPMPC administered intravenously to New
Zealand White rabbits, Lot # 504B93-01,

. November 21, 1994, (707-006/94-TOX-0504-002)

Four groups of presumed pregnant rabbits (20/group) were
administered HPMPC intravenously at dose levels of 0 (vehicle
control), 0.05 (low), 0.25 (mid) or 1 mg/kg/day (high) on days 6-
18 of gestation. Regultg: two (control) does and one (high)'doe
aborted on day 23 to 27 of gestation. One (mid) doe and one
(high) doe prematurely delivered on day 29 of gestation. Clinical
Qbservations; included abnormal feces, dental problems (missing
or broken incisors) and localized alopecia on the limbs (high).
Materpal Body Weights: gain (high) for the entire dosage period
was reduced (37%) as compared to the control values. Absolute
(10%) and relative (12%) feed consumption values (high) for the
entire dosage period were reduced as compared to the control
values. Litter Obgervationg: the litter averages for late
resorptions and percent resorted conceptuses and the number of
does with any resorptions were significantly increased (p=0.01)
in the high dose group. One doe (high) had a litter conslstlng of
only resorted conceptuses. These effects of drug resulted in
sxgn:flcant reductions (p=0.01) in the average for total litter
gize and live litter size. The high dose also had significantly
reduced (p=0.01) live fetal body weights. Fetal Malformations:
the high dose group had significantly increased (p=0.01) litter
and/or fetal incidence of domed head and associated large
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anterior and posterior fontanelles and holes in the frontal and
parietal bones, microphthalmia, opaque area and/or opaque white
ring in the eye, angulated hyoid alae, broad, short and/or
thickened ribs, bent radius and ulna and bent tibia, fibula and
femur. Additional fetal alterations generally classified as
malformations and occurring only in the high dose group, but not
statistically significant incidence included a meningccele, short
snout with associated protrusion of the tongue and short nasal
premaxillary and maxillary bones, abdominal distention, barrel
chest, edematous hindlimbs, short hyoid alae, and bent humerus.
The high dose group also had significantly increased litter
and/or fetal incidence (p=0.01) of skeletal alterations that were
generally identified as reversible retardations in ossification
interrelated with the significantly reduced (p=0.01) fetal body
weights in this group (not ossified pubes) or compression
deformations associated with in utero compression (rotated
hindlimbs) . Incomplete ossified parietal bones and not ossified
sternal centra, delays in ossification that also were considered
interrelated with significantly reduced (p=0.01) fetal body
weights (p=0.05) occurred in the high dose group. Analysis of
fetal ossification sites (high) fetuses revealed additional
delays in ossification, interrelated with the significantly
reduced (p=0.01) fetal body weights. Significant reductions
(p=0.01) occurred in the litter averages for numbers of
ossification sites per fetus in the hyoid, metacarpal, forelimb,
phalangeal, tarsal and hindlimb phalangeal bones.

Comments: On the basis of these results, an iv dose of 0.25
mg/kg/day may be considered both maternal and developmental
NOELs. On the basis of the body surface area, an equivalent
maternal and developmental NOEL for humans would be 0.06
mg/kg/day. Treatment-related embryotoxicity and fetal
malformaticns were observed at HPMPC dosage of 1.0 mg/kg/day [on
the basis of the body surface area, an equivalent toxic dose for
humans would be 0.25 myg/kg/day). The dosage also resulted in
significant maternal toxicity. Therefore, based on the results of
this study, HPMPC can not be categorized unequivocally as a
teratogen because maternal toxicity was also seen at the same
dose level.

43. Perinatal and postnatal reproduction study of EPMPC
administered sc to rats (Segment III), Lot # 504K93-01,

September 15, 1995, (94-TOX-
0504-011/707-005) *

Four groups of FO presumed pregnant female (25/group) rats
received sc HPMPCT at dose levels of 0 (vehicle control), 0.1
(low), 0.3 (mid) or 1.0 mg/kg/day (high) on days 7-24 of presumed
gestation or day 21 postpartum. "Postweaning day" observations
were recorded beginning day 22 postpartum. At approximately 90
days of age, the Fl1 generation male and female rats from the same
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dosage group, with the help of a table of random units, were
assigned to cohabitation. Mating of the F1l generation rats was
confirmed by observation of pregnancy. The F1 generation female
rats were Caesarean-sectioned on day 20 of presumed gestation.

FQ gepneration rats and Fl generation litters: one (low)
rat dled on day 21 of gestation during parturition and one rat
(high) was sacrificed jip extremis on day S of lactation due to a
prolapsed uterus. Maternal body weights and body weight gains and
feed consumption values were unaffected by the treatment. Dosages
of the test article did not affect the duration of gestation, the
duration of delivery per pup per litter and the duration of
parturition per pup. The average numbers of implantation sites
per delivered litter were comparable among the groups. Averages
for the numbers of dams with stillborn pups or with all pups
dying during lactation, the numbers of liveborn pups, the weaning
indices, pup sex ratios, viability, survival and body weights
were comparable among the groups and did not differ
significantly. Fl geperation ratg: sexual maturation in the F1
generation male and female rats, learning, short-term retention,
long-term retention or response inhibition were unaffected.
Mating and fertility of Fl1 generation were also unaffected by the
administration of HPMPC to the FO dams. The averages for the
numbers of days in cohabitation, the numbers of rats mating and
the percentages of male rats siring litters and impregnated
female rats were comparable among the groups and did not differ
significantly. Caesarean-sectioning observations (Fl1 generation)
rats were unaffected. There were no dead fetuses, and no dams
resorbed all conceptuses. Conclusion; based on these data, the
maternal and reproductive NOELs for HPMPC were 1.0 mg/kg/day. The
NOEL for viability and growth in the offspring through day 21 was
1.0 mg/kg/day. The developmental NOEL was 1.0 mg/kg/day. On the
basis of body surface area conversion factor, equivalent
maternal, reproductive, developmental, and viability and growth
NOELs for humans would be 0.14 mg/kg/day.

Mutagenicity Studies

44. Ames Microbial Mutagenicity Assay and E. Coli WP2 uvrA

Reverse Mutation Assay, ‘41671 HPMPC, Lot # 27411-47-1,
February 21, 1990,

21203/89037)*

An Ames microbial mutagenicity assay and an E, coli reverse
mutation assay were performed to determine the potential of HPMPC
to induce base pair substitution of frameshift mutations in
Salmonella typhimurium (his-) strains and E. goli strains. The
compound was tested with and without exogenous metabolic
activation using the S-9 fraction of a rat liver homogenate in
the mutation assay at five nominal concentrations (312.5, 625,
1250, 2500 and 5000 ug/plate. In conclusion, the results
indicated that HPMPC is not mutagenic in the Ames microbial
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mutagenicity assay or the E, ¢gli reverse mutation assay up to a
concentration of 5000 ug/plate.

45. Human Feripheral Blood Lymphocyte Clastogenesis Assay,
41671 HPMPC, Lot # S27411-47-1, )
December 12, 1990, 21539/89052)

Based on the results of a preliminary assay with no metabolic
activation in which human lymphocyte cultures were HPMPC-treated
at levels of 1.55 - 200 ug/ml for 48 hr, levels of 12.5, 25, 50
and 100 ug/ml were selected to determine the potential nf HPMPC
to induce chromosomal aberrations. Appropriate positive and
negative controls were included; ganciclovir, a new anti-viral
agent, was used as reference compound. In the full assay, human
peripheral blood lymphocytes from 2 donors exposed to HPMPC for
the last 48 hr of a 72-hr culture period. A total of 400
metaphase cells for each dose group were examined microscopically
for aberrations. The results of the chromosome aberration
analysis indicate that HPMPC exhibits a statistically significant
clastogenic effect in the human peripheral blood lymphocyte
chromosome aberration assay at the highest dose tested.
Metaphases examined at the three lower doses tested showed
elevations above the vehicle control frequency. The reference
agent, ganciclovir at 50 ug/ml, caused significant elevations in
the frequency of cells with chromosome aberrations and was
slightly more clastogenic than HPMPC at the 100 ug/ml. The
positive control, Mitomycin C at 0.05 ug/ml was clastogenic
causing greater than a seven-fold increase in the frequency of
cells with chromosome aberrations. The untreated and solvent
(0.1N NaOH) controls were not statistically differen. from each
other and were within the expected ranges for this assay.

Comments: HPMPC exhibited a significant clastogenic effect ‘at the
highest dose tested. At this dose level the mitotic index was
depressed to approximately one-half of the negative control
value. At the three lower dose levels, there were increases in
the frequencies of chromosome aberrations which appear to be
dose-related. Thus, all four dose levels of HPMPC tested
increased both the percentage of damaged metaphases and the
numter of aberrations per cell in a concentration dependent
manner.

46. Mutagenicity test on HPMPC in an in vivo mouse micronucleus
assay, Lot # 1966-C-8P, July 25,
13995, (94-TOX-0504-012/16163-0-455)*

Groups of male and female mice (3 animals/sex/group) received a
single ip HPMPC injection at dose levels of 1000 (low), 2000
(mid) or 4000 mg/kg (high) to study the mutagenicity of the test
compound in an in vivo mouse micronucleus assay. The animals
dosed with the test compound were euthanized approximately 24, 48
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and 72 hr after the dosing for extraction of the bome marrow. Due
to the excessive mortality observed in the high dose females, a
Trial II was conducted testing females at 3500 mg/kg for unly the
high dose group. Regsults: HPMPC (a2 2000 mg/kg) induced a
significant increase in micronuclei in bone marrow polychromatic
erythrocytes under the conditions of the assay. Conclusion: HPMPC
was found to be genotoxic under the conditicus of this study.

1

ot Toxicity Studi

47, Primary skin irritation in rabbits, Lot # C90D731,
July 31, 199°. (Report # -92-C-
12628/12629/125€9/12570/12571)

Four groups of 6 healthy albino New Zealand White rabbits were
evaluated for primary skin irritation with four different lots of
HPMPC. A 0.5 ml portion of the test article was topically applied
to the intact and abraded skin of the rabbits and left in place
for 24 hr. Test sites were graded for erythema and edema at 24
and 72 hr after the single sample application. Regylts: under the
conditions of this study, no irritation was observed on the skin
of the rabbits. Thus, the test article would not be considered a
primary irritant to the skin.

48. Primary eye irritation in rabbitsg, Lot # not available,

December 14,
1992, (Report # 421-G8-001/002/003-92)

Groups of New Zealand White male and female rabbits (age: 8-12
weeks; weight: 2.3-3 kg; 6 animal/sex/group) were administered
HPMPC at 0.2, 1 or 5% at a dose level of 0.1 ml/eye (right). The
left eye of each animal remained untreated and served as the
control. Ocular observations were recorded at 1, 24, 48 and'72 hr
after the treatments. No positive ocular responses were observed
at 0.2, 1 or 5% in any animal at any observation period. Hence,
HPMPC was determined not to be an eye irritant at the doses
studied.

49. A penile irritation study in rabbits with HPMPC topical gel.
Let # 504L92-02,
May 13, 1994, (93-TOXx-0504-003 Study No. 3337.1)

Groups of male rabbits (3 animals/group) were applied HPMPC
topical gel (0.2 ml) to the penis and surrounding prepuce at dose
levels of 0 (vehicle control), 0.3% (low), 1.0% (mid) or 5.0%
(high) once daily for 3 consecutive days. Test sites were
subsequently examined and scored for dermal irritation on study
days 1, 2, 3, 4, 7, 10 and 14. Following dermal observations on
study day 14, all animals were euthanized and the penis and
surrounding prepuce were removed and evaluated. Regults: varying
degrees of mucosal irritation were observed both macroscopically
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and microscopically in all animals during the study. The response
was dose related with low levels of subacute inflammation
observed in the control group and increasing levels of mucosal
irritation that included cellular infiltrates, hyperplasia, edema
and epithelial erosion and/or ulceration noted in the low, mid
and high dose groups. The most notable response was observed in
the high dose group which included generally higher degrees of
the above findings as well as minimal to mild urethritis.

50. A single dose penile irritation study in rabbits with HPMPC
topical gel, Lot # 504L92-04, Gilead Sciences, Inc., Foster City,
CA, September 21, 1995, (94-TOX-0504-010/SLS-3337.2)*

Three groups of male rabbits (6/group) were applied HPMPC topical
gel on the penile tissue at dose levels of 1% (low), 3% (mid) or
5% (high) to evaluate the potential irritant and/or corrosive
effects of the test compound. At approximately 8 hr postdose, the
residual HPMPC was removed from 3 animals in each grcup with dry
gauze followed by a distilled water rinse. A similar procedure
was performed on the remaining 3 animals per group at
approximately 24 hr postdcse. Test sites were subsequently
examined and scored for dermal irritation up to study day 34. All
animals were euthanized and the penis and surrounding prepuce
were removed for histopathological evaluation. Regultsg;: all
treatments resulted in a moderate to severe irritation rating. A
slight dose response relationship was evident between the
irritation response produced by low, mid and high concentrations.
Comparison of the effects of an 8 hr or 24 br rinse did not
reveal any notable differences in the resulting tissue response.
In all groups, treatment-related erythema and edema was generally
maximal at days 7-14 postdose, and diminished progressively until
study termination (day 34). Histopathology: the penile mucosa
from all groups had inflammatory changes. The inflammation
involved primarily the penile epithelium which was often more
severe at the level of the fornix. Varying numbers and
distribution of polymorphonuclear infiltrates were present in the
epithelial layer. The submucosal vessels were often minimally to
mildly congested and mononuclear infiltrates were present in
nearly all specimens. The urethra often contained small
mineralized concretions. Zonclugion: under the conditicns of the
study, HPMPC was found to be a porent irritant and corrosive
agent to the penile tissue of rabbits.
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51. 5-, 10- and 30-Day repeat dose dermal toxicity in rabbit,
Lot # 530-65- . August 27, 1992,
(Report i 431-G8-002-93)

Fourteen groups of male albino New Zealand White rabbits (weight:
2.18-2.75 kg; age: young adult; 4/group) were applied HPMPC
Topical Gel to intact skin sites on the clipped backs for periods
of 5, 10 or 30 consecutive days to evaluate subchronic dermal
irritation and systemic toxicity (Table 8). The test article and
control article (lacking HPMPC) formulations were applied at
volumes of 0.1 ml/application/site for approximately 8 total hr
per day. Each rabbit had one treatment site. Skin . ¢

gontrols - erythema and/or edema were observed in Group 11 (20%
PG) on day 1-13, and in control group 12 (0% PG) on day 2-19. The
irritation observacions included scores as high as moderate to
severe erythema and slight edema. HPMPC at 0.03% (20% PG) -
erythema . " edema were ohserved on days 2-14 and all animals
returne¢ - normal on day 15. HPMPC at 0.1% (20% PG) arythema
and/or ¢ .ma generally were observed on day 1-2 with necrosis
beginning between day 16 and 17. Fissuring of the skin occurred
on day 15 (Group 8) and day 20 (Group 3) and sloughing on day 28
(Group 8) and day 25 (Group 3). The incidence in severity of skin
irritation was grater in Group 3 (tid) when compared to Group 8
(qd) . HEMPC at 0.3% (20% PG) - animals (Group 2) exhibited
erythema and/or edema on day 1, necrosis by day 16 and an
increase in severicy of irritation to maximum scores as the study
progressed. Erythema and/or edema occurred on day 2-28 (Group 1)
with necrosis beginning on day 15. The incidence and severity of
irritation were less in GroiLp 7 with erythema and edema first
occurring on day 1 and 20, respectively, and necvnsis cn day 23,
Figsuring of the skin at the application site generally occurred
a few days before the onset of necrosis in all three dose groups
while sloughing was noted a few days after the onset of necrosis.
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Table 8
Dermal and Systemic Toxicity Study of HPMPC Topical Gel in
Rabbits

Days of Treatment Oays of Recovery

Concentration | Cumulative Exposure
(%) (")

0.3
_ 0.3
0.1

0.03
1.0

1.0

0.3

0.1

0 e I~ o W e e N

0.3 (0% PG)
0.3 (0% PG)

Control (20%
PG)

-
o

Control (0%
o)

0.3

1.0

- in Group 9, erythema and/or edema was
observed on day 2 with necrosis beginning on day 15 and
continuing for the remainder of the study. Fissuring of the skin
occurred on day 14 and sloughing on day 28. In Group 10, erythema
was observed on day 1-12. HPMPC at 1% (20% PG) - the onset of
irritation observed was similar in both Groups 5 and 6 (day 1 for
erythema, day 15-16 for necrosis). Fissuring of the skin in Group
5 began on day 38 and slcughing on day 12. In Group 6, the
irritation increased in severity to maximum scores by day 17 and
continued to study termination. Clinical Observations: one rabbit
(Group 4) exhibited clinical signs of decreased a-tivity,
abnormsl gait, abnormal stance, tremors and/or dyspnea on day 5-
7. Moriality: one animal (Group 4) was sacrificed moribund on day
7. Necropsy of this animal revealed hemorrhagic ares on the
serosal surface of the colon and cecum, lymphoid depletion in the
sacculi rotundas and appendix, small spleen and a
gastrointestinal tract with watery contents and distended with
gas. Necropsy: skin - lesions at the treated skin sites were
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observed in all dose groups except for the Groups 4, S5 and
control ( Group 12). The following lesions were noted at the dose
sites: crusted red and/or fissured surface in one animal (Groups
2 and 3); moist erythematous and/or erythematous surface in three
animals (Groups 6 and 9), two (Group 8) and one (Group 7);
crusted surface or slightly crested surface in two animals
(Groups 2, 3 and 9) and one animal (Group 8 and 14); and scaly
surface and/or slightly scaly surface in two animals (Groups 7,
10 and 11) and in one animal (Groups 1, 3, 6, 8, 9 and 14).

' - lesions observed included the following: bilaterally
mottled and/or bilaterally slightly mottled in two animals (Group
5) and one animal (Groups 2 and 12); bilatevally pale or left
kidney pale in two animals (Groups 6 and 7), three animals (Group
11) and one animal (Group 4, 10, 13 and 14); left and right
scattered subcapsular cysts in one animal (Group 1); and an
anterior pale indent in one aniral (Group 7). Testes -
bilaterally small testes were observed in one animal (Groups 6
and 9) and a slightly small right testis was observed in one
animal in Group 13. Other findings included multiple and/or
bilateral cysts on the epididymides of one animal (Group 5 and
9). Histopathology: topical administration of 0.03, 0.1, 0.3, or
1.0% HPMPC for up to 30 days, once (gqd) or three times a day
(tid), resulted in a dose-related increased severity of skin
lesions at the treatment site in the rabbits receiving 0.1, 0.3
and 1.0% HPMPC. These treatment related skin changes varied with
dose regimen and formulation. When applied at 0.3% and 1.0% (with
20% PG) for 10 days, tid and qd respectively, and evaluated after
the 21 day recovery period, the treatment related skin changes
were almost completely resolved. When applied once a day at 0.3
and 1.0% HPMPC (with 20% PG) for 5 days and evaluated after the
14 day recovery period, the treatment related skin changes were
almost completely resolved in the rabbits receiving 0.3% but
persisted in the 1.0% group. No treatment related changes were
present in the testes or kidneys of any of the rabbits receiving
HPMPC regardlees of dose level, treatment regimen or formulation.
When compared to the control (Groups 11 and 12), an increased
skin irritation was present in the rabbits in Groups 2, 3, 6, 7,
8, and 14. Severe skin lesions witli ulcerations of the treatment
site were present in the rabbits in Groups 2, 3, 6, 7, 8 and 9.
The skin changes in Groups 1, 4, 5, 10 and 13} were comparable to
the changes present in the gkin of the control rabbits. The skin
changes at the treated sites of the rabbits receiving 0.1, 0.3
and 1% HPMPC were characterized by ulceration, dermal fibrosis,
vesiculation (epidermis), edema of the dermis, subacute
dermatitis and multifocal epidermatitis. When the treated skin
site was not completely ulcerated, varying degrees of
hyperkeratosis and epidermal hyperplasia (acanthosis) were
present at the treated area.

Comments: A NOEL could not be determined in the study. Topical
administration of 0.03, 0.1, 0.3 or 1.0% HPMPC topical gel
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resulted in moderated to severe skin irritation the rabbits in
all test article-treated dose levels with the onset and severity
of irritation generally greatest in the higher dose levels of
HPMPC administered three times daily for thirty days.
Additionally, toxicity appeared to be schedule-dependent; as
noted above, 0.3% topical HPMPC administered three times daily
appeared to be associated with prolonged toxicity relative to
1.0% topical HPMPC administered once daily.

52. 30-Day repeat dose dermal toxicity in rabbit, Lot # 504L92-
August 30, 1992, (Repor’ #
431-GS-001-93)

Groups of male and female albino New Zealand White rabbits
(weight: 2.04-2.43 kg; age: adult; 4/sex/group) were administered
topically HPMPC Gel at concentrations of 0.3, 1.0 or 5% (Groups
low, mid and high, respectively). The Gel was applied topically
three times daily for 30 consecutive days to the clipped backs of
the animals. The test article was applied for approximately 8 hr
total per day to the same site and at a volume of 0.1
ml/application/site. Control animals received the control
formulation. Hal® of the animals in each group had intentionally-
abraded treatment sites and the other half had intact treatment
sites. Skin Irritation: treatment-related erythema was observed
in all test article dose groups beginning day 2 (male) and 5
(female) . The irritation increased in severity with repeated test
article application and in a dose-dependent manner. The time of
onset of skin lesions (ie, fissuring of the treatment site) was
also dose-related, appearing earliest in the high dose males (day
11) and females (day 10), and latest in the low dose males (day
20) and females (day 13). By day 30, skin sloughing was observed
in all test article treatment groups in the majority of animals
(both male and female). Treatment site necrosis was present'in <
50% of females in all test zrticle dose groups and in one low
dose male. The control animals also showed some mild signs of
irritation including occasional scores as high as very slight
edema and well defined erythema. Necropsy: lesions at the treated
skin sites were observec in all dose groups except for the
control group. The following lesions were noted at the dose
sites: erythematcus and crusted area in one mid dose and three
high dose males and in all low, mid and high dose females;
erythematous and moist area in two low and two high dose males.
No significant differences of dermal irritation were observed at
intact or abraded sites. Relative to controls, three low dose and
all mid and high dose group males had smaller testes. Other
findings included pale kidneys in one high dose male, yellow
nodules in the mesentery of one control female, cysts adjacent to
the ovaries in one low and one mid dose female, and a clear,
fluid-filled cyst in the fallopian tubes in one high dose female.
Qraan weightg: compared to the control group values, absolute
mean testes weights, relative testes-to body weight ratios and
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relative testes to brain weight ratios (in all test groups) were
statistically lower and reduced in the mid and high dose groups
in a dose-dependent manner. Histopathology:. HPMPC Topical Gel
(0.3, 1.0 or 5.0%) administration for 30 days resulted in
moderate to severe skin irritation at all three dose levels. The
skin irritation was characterized by ulceration, dermal fibrosis,
epidermal vesiculation, edema of the dermis and subacute
dermatitis. These were accompanied in almost all of the rabbits
by minimal to slight hyperkeratosis and/or acanthosis (epidermal
hyperplasia) of the skin adjacent to the treated area. When
abraded and unabraded treated skins were evaluated as a combined
group, there was dose-related increased severity of ulceration
and dermal fibrosis and a reciprocal decreased severity of
epidermal vesiculacion and edema of the dermis in the low, mid
and high dose groups. Slight to moderate subacute dermatitis was
present in all of the treated sites without any dose-related
pattern. There were no consistent or remarkable differences
between the skin reactions in the males versus females or in the
abraded treated skins versus the unabraded treated skins.

Slight to moderately-severe nephrocytomegaly and karyomegaly of
the outer cortical tubules of the kidneys were present in all
males and females rabbits (high). In the more severely affected
kidneys, there was a loss of renal tubules in the vuter cortical
region of the kidney. These changes were representative of a
hypertrophy of cortical renal tubular cells without any signs of
hyperplasia or neoplasia. There was no apparent difference
between the animals with intact skin and abraded skin.

Spermatogenesis was absent or reduced in the testes of the four
males (high) and 3 or 4 males (mid) dose groups. No testicular
tissue effects were present in low dose group. Normal follicular
activity was present in the treated females. ‘

Comments: A NOEL could not be determined in the study. Studies
performed in rabbits treated for 30 days have provided further
evidence of a toxicity profile for copical HPMPC that is
consistent with the systemic administration; the target organs
are skin, kidney and testes. The dermatitis which eventually
developed in all animals appeared to be dose-dependent; that is,
treatment with 5% topical HPMPC was associated with faster onset
of local toxicity than with lower concentrations. Systemic
toxicities occurred at exposure concentrations of 1.0 and 5.0%
HPMPC t.opical gel. Decreases in testes weights and microscopic
evidence of reduced spermatogenesis were observed in the 1.0 and
5.0%¥ HPMPC treatment groups. Nephrotoxicity, characterized by
nephrocytomegaly and karyomegaly of the outer cortical tubules,
was observed in the 5% HPMPC treatment group.
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53. Three day repeated dose ocular irritation study of HPMPC and
CHPMPC in rabbits, Lot # LY-803-56D, Gilead Sciences, Inc.,
Foster City, CA, August 22, 1995, (94-TOX-0504-004/HWA-6511-106)

Five groups of albino rabbits (3/group) received 0.1 ml of
control material (sterile water), HPMPC (0.3% or 1%) or cyclic
HPMPC (0.3% or 1%) into the everted lower lid of right eye to
determine the relative level of ocular irritation of the test
materials. The left eye served as the untreated control. Clinical
observation were conducted daily for 36 days. Resgults: all
animals in all groups appeared clinically normal throughout the
study. There was no statistically significant difference in mean
body weight between control and treated groups. The irritation
observed in the eyes of the animals treated with 1% HPMPC and
0.3% cyclic HFMPC was very minimal in nature and generally
confined to the conjunctiva. The eyes of the animals treated with
the control material appeared normal throughout the study.

i a few minimal to slight lymphocytic infiltrates
occurred in the periductal tissues or conjunctiva of the right
nasolacrimal duct of animals given 0.3% or 1% of HPMPC which did
not occur in control animals.

Comments: From the results of this study, it appeared that HPMPC
(0.3% or 1%) was an irritant to the eyes in rabbits. However, the
sponsor believes that the ocular administration of HPMPC was not
associated with any macroscopic or microscopic findings in the
nasolacrimal duct or lacrimal glands. The sponsor stated that
because the occurrence of lymphocytic infiltrates in the
conjunctiva of animals was a common background finding due to the
exposure of the ocular membrane to environmental and other
external influences and because of the overall erratic occurrence
of this finding in the animals, the occurrence of lymphocytic
infiltrates in and around the nasolacrimal ducts was not '
considered important.

ABSORPTION, DISTRIBUTION, METABOLISM, EXCRETION (ADME)
Summary of ADME Studies:

1. Pilot Studies of the Urinary Excretion and
Pharmacokinetics of HPMPC in the Mouse and Rat,
July 2, 1990,
-25476)

2. Pharmacokinetics and excretiom of '‘c-mpMpc following
single dose intravenous or subcutaneous administration
to Sprague-Dawley rats (Study No. 94-DDM-0504-002).

3. Tissue distribution of “C-BPIPC following single dose
intravenous or subcutaneous administration to Sprague-
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Dawley rats (Study No. 94-DDM-(0504-003).

4. Tissue distribution of “C-HPHPC at 6 and 24 hr after

~ single dose subcutaneous administration to female
Sprague-Dawley rats, Gilead Sciences, Inc., Foster
City, CA, September 8, 1994, (94-DDM-0504-004)

5. Cidofovir concentrations in plasma samples from a
thirteen week repeated dose toxicity study of EPMPC
administered to rats, Lot # 504B92-01, Gilead Science,
Inc, Poster City, CA, December 21, 1994, (GSI #93-TOX-
2-P50-BA)

6. Concentration of HPMPC in plasma samples from 1 26-week
repeated dose subcutaneous toxicity study in Sprague-
Dawley rats, Gilead Sciences, Inc., Foster City, Ca,
September 8, 1994, (2-T-70/94-TOX-0504-003-BA)

7. Pharmacokinetics nf HPMPC in a six-month chronic iv
toxicity study in rats, September 12, 1995, (94-TOX-
0504-016/P0504-00052)

8. Pharmacokinetics, bionv5§lnbility, metabolism and
tissue distribution of "C-cyclic HPMPC in Sprague-
Dawley rats (94-DD#-0930-002).

9. Absolute bioavailnbiliﬁy and tissue distribution ot
three formulations of C-HEPMPC following intravenous
or topical administration to New Zealand white rabbits,
Lot # DB-579-89,

July 1, 19%,
Report

10. Intraocular distribution of radiocagtivity following
single iv or intraocular doses of “H-HPMPC in rabbits,
October 14, 1993, (93-DDM-0504-001/PE-845GS-001-
93/P0504-00007)

11. Effect of probenecid on the tissue distribution of ‘‘c-
radiclabelled HPMPC following iv admianistration to

rabbits, June, 15, 1995, (93-DDM-0504-002/X -T04 -~
94-36)
12. JMnalysis of data from . study 2-TQ4: Effect of

probenecid on the tissue distribution of C-HPMPC
following iv administration to rabbits, August 2, 1995,
(93-DDM-0504-002/P0504-00015)

13. Oral bioavailability of HPMPC and cyclic HPMPC in
beagle dogs, June 7, 1995, (94-DDM-0930-006).
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14.

15.

16.

17.

18.

19.

20.

21.

22.

A Summary of Single- Jose and Multiple-Dose
Pharmacokinetics of C-HPMPC, Lot # 28648-7 and 28701-
18-1 in the African Green Monkey,

, July 31, 1991, 257/904
41671-01/02)

Cidofovir concentrations in serum samples from a 13-
week iv toxicity study in cynomolgus monkeys(a report
on partial analysis of samples from toxicity study 2-
P51), Lot # 504B93-01, Gilead Science, Inc., Foster
City, CA, March 8, 1995, (93-TOX-2-P51-BA/P0504-00036)

HPMPC concentrations in serum samples from a 30-day sc
toxicity study of HPMPC in monkeys, April 18, 1995,
(94-TOX-2. '‘0504-0038)

Effect of probenecid on the urinary excretion of Ye-
HPMPC following iv administration to monkeys, April 22,
1994, (2-T03/P0504-00012)

Effect of probenecid on the urinary excretion of “c-
HPMPC following iv administration to monkeys, June 27,
1994, (93-DDM-0504-003/P0504-00018)

Cidofovir concentrations in serum samples from a 13-
week iv toxicity study in cynomolgus monkeys(a report
on partial analysis of samples from toxicity study 2-
P51l), Lot # 504B93-01, Gilead Science, Inc., Foster
City, CA, March 8, 1995, (93-TOX-2-P51-BA/P0O504-00036)

Isolation and identification of a metabolite of '‘C-
HPMPC from kidney of rat following iv admiaistration,
(in progress, not submitted) '

Concentration of HPMPC in plasma samples from a 26-week
repeated dose subcutaneous toxicity study in Sprague-
Dawley rats, Gilead Sciences, Inc., Foster City, CA,
September 8, 1994, (2-T-70/94-TOX-0504-003-BA)

Protein Binding of Cidofovir, Cycliec BPMPC, PMEA and
PMPA in Human Plasma and Serum, Cidofovir Lot # 1966-C-
9P), Gilead Sciences, Inc., Foster City, CA, June 9,
1995 (PO504-00039/95-DDM-XXXX-001)
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ADME Studies Review:

1. Pilot Studies of the Urinary Excretion and Pharmacokinetics of
HPMPC in the Mouse and Rat,
July 2, 19%0, . -25476)

Urinary recovery of HPMPC in the mouse,

Mice were dosed with 25 mg/kg HPMPC either IV, IP or PO and urine
collected and analyzed for HPMPC content. Ihg_;ggnl;a are shown
in Table 1. For both IV and IP routes, the recovery of unchanged
drug is extensive (80 and 65%, respectively, by 6 hr), and more
than 90% of that recovered is present in the 0 - 4 hr sample.
With oral dosing, the urinary recovery is by contrast low (8%).
From the limited urine data, an oral biocavailability of about 10%
can be calculated in mouse.

Comments: The low urinary recovery of the unchanged drug by oral
route and the presence of single drug peak in the HPLC profile of
the drug suggest that HPMPC is poorly absorbed from the G.I.
tract and most of the drug is excreted in to the feces; thus,
resulting in the poor oral biocavailability in mouse.

Table 1
Urinary Recovery of HPMPC in the Mouse after the Single
Administration (25 mg/kg) via Different Routes

m Percent Urinary Recovery in Mouse

Th.3 3.3

Rats were dosed either IV or PO with '“C-HPMPC at & mg/kg, and
urine collected for 24 hr. The recovery of the dose estimated to
be 60% from the IV dose and 1.8 percent from the oral dose. From
the urine data, the cral biocavailability of HPMPC was 3%. The
radiocactivity in urine from a PO dosed rat eluted from the HPLC
as a single peak at the retention time expected for HPMPC

Comments: The low oral biocavailability observed in the earlier
experiment (23% in African Green monkeys) and 3% in the present
study (rat) may be due to an incomplete absorption of the

compound rather than due to extensive metabolism of the drug in
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liver since HPMPC was eluted as the single peak from the HPLC.

Male rats were dosed with a single bolus IV injectionuinto the
tail vein to provide a dose of 4 mg (84.8 uCi)/kg of 'C-HPMPC.
Blood samples were cbtained at 0, 5, 15, 30 min, 1, 1.5, 2, 4, 8,
12, 16 and 24 hr after dosing. Concentration of the drug
decreased biphasically with a terminal half-life estimated to be
8.8 hr and C,, was 1200 ng-eq/ml. The AUC,, was calculated to be
3.5 ug-eq.hr7hl; total body clearance and Vd estimated to be 19
ml/min.kg and 1.6 L/kg, respectively.

c ! : ¢ MQ'HE“E: i R K.i

fwo rats were given a single bolus IV injection of a solution of
C-HPMPC at 4 mg (84.8 uCi)/kg. After 24 hr, the kidneys were
removed from each rat. The results are shown in Table 2.

Table 2
Concentration of HPMPC in Blood and Kidneys after the Single IV
Bolus Injection (4 mg/kg) to Rats.

''C-HPHPC (ng-eq/g) -

2 6375 1.9

The mean concentration of '‘C-HPMPC in the kidney 24 hr after
dosing was 6500 ng-eq/g; whereas, the concentration of the drug
in the blood after the dosing was 13 ng-eq/g.

Cooments: These results suggest that 24 hr after the
administration, HPMPC is concentrated in the kidney and only a
regligible amount of the drug present in the blood at that time;
thus as a result, the clearance of the drug from the kidney may
be slow.

2. Pharmacokinetics and excretion of “C-BPNPC following single
dose intravenous or subcutaneous admirnistration to Sprague-Dawley
rats (Study No. 94-DDM-0504-002).

Groups of female rats (3/group) received a single dose of “e-
HPMPC (3 mg/kg, 400 uCi/kg) either via the iv or sc route to
study the pharmacokinetics and excretion of total radioactivity.
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Animals were placed in metabolic cages; urine, feces and plasma
were collected over the next 24 hr. Regylts: plasma
concentrations declined in an apparent multi-exponential manner
for both tle routes of administration. Mean : S.D. C_, ' values
were 10.23 + 1.59 pug-equiv/ml and 2.74 + 0.47 ug- equlv/ml for iv
and sc routes, respectively. The corresponding T, for the sc
route was 0.33 + 0.14 hr. The apparent absorption half-life of
the sc dose was approximately 12 min; and the mean + S.D.
terminal elimination half-lives were 6.6 + 1.4 hr and 4.5 + 0.4
hr for the iv and sc injections; respectively. The sc
bicavailability was 91.5 + 15.8%.

Comments: The results of this study suggest that the
biocavailability of the 3c dose was essentially complete and that
absorption from the site of injection was relatively fast.

3. Comparison of the tissue distribution of “C-HPHPC following
single dose intravenous and subcutaneous administration to female
Sprague-Dawley rats, Gilead Sciences, Inc., Foster City, CA,
September 8, 1994, (94-DDM-0504-003)

Groups of female rats (4/group) received a single dose of ‘‘c-
HPMPC (3 mg/kg, 400 uCi/kg) either via the iv or sc route to
study the tissue distribution of total radiocactivity. Following
the dosing, animals were sacrificed at 20 min, 6 hr and 24 hr.
Results: following the jv injection, concentrations within
mammary tissues were homogeneous, and all were equivalent to the
plasma concentrations for the first 6 hr. Thereafter, the tissues
levels declined at a slower rate than p.asma. Following sc
iniection (Table 2), rats showed evidence of two distinct
distribution patterns: one in which distribution was equivalent
to the iv route (2/4 rats) and one in which the axillary/thoracic
mammary tissue concentrations were elevated (2/4 rats). The'
elevated drug concentrations were confined to the left side of
the animal (the same side as the injection) and were as much as
14 fold higher than for iv administration. At 20 min post-dose,
26% of the radiocactive dose remained at the site of injection in
rats with low mammary exposure and 6-10% of the dose in rats with
high mammary tissue exposure. Similar elevations of
axillary/thoracic levels relative to iv aduinistration was
evident at 6 hr post-dose (1/3 rats). At 24 hr post-dnse, the
mean concentrations of left ax111ary/thorac1c mammary tissue were
0.028 and 0.034 ug-equiv/g for sc and iv routes, respectively.
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Table 2
Mean concentrations of total radioactivity in left
axillary/thoracic mammapry tissue after single dose
C-HPMPC to female rats

administration of

Concentrations at various times after adainistration (ug-equiv/g)

20 min 6 hr 24 hr
sc 2 0.708 0.050 0.030
2 8.41 0.795 0.026

1.325

_0.055

Comments: Following the single sc administration of 1"(:-I-IPMPC,
distribution of the radioactivity within the left
axillary/thoracic mammary tissue was not uniform (total 4 rats).
At 20 min post-dose, 2/4 rats showed radioactivity concentrations
in the tissue similar to the values for iv administration,
whereas 2/4 rats showed 6-fold higher levels of radiocactivity in
the tissues than the iv rats. These two sc rats continued to show
higher drug concentrations in the tissues for the next 6 hr post -
dose. However at 24 hr post-dose, mecan HPMPC concentrations of
the tissues via either sc or iv route were essentially similar.
The results clearly showed that there was no drug accumulation
and no reservoir for the drug in the region via the sc route.

4. Tissue digtribution of “C-BPMPC at 6 and 24 hr after single
dose subcutaneous administration to female Sprague-Dawliey rats,
Gilead Sciences, Inc., Foster City, CA, September 8, 1994, (94-
DDM-0504-004)

The distribution of radiocactivity into the left and right -
axillary/thoracic and inguinal mammary, tissue was compared at 6
and 24 hr after sc administration of "C-HPMPC to the left dorsal
region (caudal to the scapular region) of twelve female Sprague-

Dawley rats per time point. The resgults are summarized in Table
3.
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Table 3
HPMPC Concentrations in Rat Mammary Tissues Following sc and iv
Administrations
F—n—__—m
Concentration in Tissues (ug-equiv/g)
Masmary Tissue Route Measn ¢ SD (range)
6 hr 26 hr
sc 0.161£0.135 (0.041-0.551) 0.61520.328 (0.025-1.146)
i Left Axillary/Thoracic (n=12, 24 samples) (n=12, 4B samples)
— iv 0.052:0.024* (ne4, 8 samples) 0.03420.003 (ns4, 8 semples) <H
Left Inguinat sC 0.0462£0.011* (n=12, 24 0.02520.004 (n=12, 48 samples) ﬂ
samples)
Right Inguinal sc 0.03910.011** (ne12, 24 0.02320.005 (n=12, 48 samples) II
sﬁln)

*Significantly different from levels in left/axillary thoracic
mammary tissue following sc administration (P=0.032).

**Significantly different form levels in left/axillary thoracic
mammary tissue following sc administration (F<0.001).

Comments: Following the observation (study # 94-DDM-0504-003) of
non-uniform concentrations of HPMPC in axillary/thoracic mammary
region of rats (4), the present study was designed to further
investigate the phenomenon of variable tissue distribution in
greater numbers of rats following sc administration, and to
further examine whether or not sc dosing resulted in high local
concentrations of drug in the axillary/thoracic mammary tissue.
The present study of sc administration of HPMPC to rats showed
higher drug concentrations in the left axillary/thoracic mammary
tissue than those found in the inguinal mammary tissues of the
same animals. Secondly, drug concentrations in the left
axillary/thoracic mammary tissue via the sc route, varied greatly
between animals, and were as much as 20 to 30 fold higher than
those found in the same tissue after iv administration.

5. Cidofovir concentrations in plasma samples from a thirteen
week repeated dose toxicity study of HPMPC administered to rats,
Lot # 504B92-01, Gilead Science, Inc, Foster City, CA, December
21, 1994, (GSI #93-TOX-2-P50-BA)

Four groups of normal male and female rats (strain: Tac:N(SD)fBR;
age: 3-5 weeks; 10-26 animals/sex/group) were administered HPMPC
by intravenous injection at dose levels of 0 (vehicle control), 3
(low), 15 (mid) or 60 mg/kg once per week (high) for a period of
13 weeks. Plasma samples were obtained over the course of 12 hrs
on weeks 1, 4, 8 and 12. The samples were analyzed using a
validated HPLC method. Regultgs: the pharmacokinetic parameters
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are summarized in Table 4. There were no obvious trends in the
pharmacokinetic parameters over the course of the study at any of
the dose levels tested. AUC values following the first dose
indicated apparent dose proporticnality.

Table 4
Non-compartmental Pharmacokinetic Parameters Following Once a
Week Administration of Cidofovir at 3, 15 and 60 mg/kg/week

Comments: Clearance was significantly lower at the 3 mg/kg/week
dose level than the 60 mg/kg/week dose level. This might be due

to underestimation of AUC values at the low dose where plasma
levels approached the limit of detectionm.

mg/kg/dsy PK Parameters = :
1 4 8 12
AUCo. (ug*hr/ml) 3.2 3.69 3.4 ves |
Clygy (1/hr/ke) 0.92 0.81 0.88 0.2 |
3 Vdss (1/kg) 28.63 5.83 4.43 " o2
T, (hr) 3n.2 12.1 8.9 2.7
Cmax_(ug/ml) 0.46 2.76 0.79 0.87
AUC/Dose 1.11 1.23 1,13 1,62
AUCo. (ug*hr/mL) 12,66 14.62 20.85 12.64
N Clygg (U/he/ke) 1.19 1.03 0.72 1.17
vdss (1/kg) 2.33 2.65 3.18 6.83
T, (hr) 5.16 7.15 12.21 11.16
Cmax_(xg/ml) 2.7 3.2 5.5 2.6
AUC/Dose 0.8 0.97 1.39 0.8 H
M. (NG*hr/ml) 46.38 40.59 $1.69 64’ 22
o Cligy (U/hr/kg) 1.29 1.48 1.16 093 |
Vdss (1/kg) 1.26 1,97 1.29 0.71
T, (hr) 3.6 3.3 3.5 4.1 “
Crax_(ug/ml) 12.7 9.22 14,64 ns g
ALC/Dose 2.77 0.63 0.86 1.07
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6. Concentration of EPMPC in plasma zamples from a 26-week
repeated dose subcutaneous toxicity study in Sprague-Dawley rats,
Gilead Sciences, Inc., Foster City, CA, September 8, 1994, (2-T-
70/94-TOX-0504-003-BA)

HPMPC concentrations were determined in plasma samples obtained
from a 26-week sc toxicity study in rats. Groups of rats were
administered HPMPC via sc route at dose levels of 0 (vehicle
control), 0.6 (low), 3.0 (mid) or 15.0 mg/kg/weekly (high).
Plasma samples werze obtained at 0, 1, 2, 3, 4, 6 and 12 hr post-
dogc at week 1, 5 and 14 using 4 rats per time point. Samples
vere analyzed using a validated bicanalytical method for HPMPC in
rat plasma. Results are shown in Table 5.

Table 5
Pharmacokinetic Parameters for HPMPC following Repeated
Subcutaneous Administration to Male Rats

Dose Parameter Week of Study
(mg/kg/weekly) (Plasma) u
1 S 14
L.6 AUC (ag*hr/ml) 0. 0.49 0.5%5
Cmax (ug/ml), 0.2810.03 0.3020.21 0.4420.09
NeansSD ] 1 )
Tmax (hr)
3.0 AUC (xg®hr/ml) 1.3 4.1 3.18
cmax (sg/ml), 1.0610.10 1.72:0.27 1.9420.11
Nean:$D 1 1 1
B Tmax (he)
15.0 AUC (pg®hr/ml) 8.48 - T.32
Cmax (ng/ml), 6.7021.28 2.38¢0.14
Mesrt§D 1 2
Tmax (hr) '

{ommants: This study demonstrated that repeated sc administvration
of HPMPC over the course of 14 weeks to rats, did not result in
an accumulatior. of the tust compound at the high dose.
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7. Pharmacokinetics cf HPMPC in a six-month chromnic iv toxicity
study in rats, September 12, 1995, (94-TOX-0504-016/P0504-00052)

Groups of Sprague-Dawley male and female rats (20
animals/sex/group) were administered HPMPC intravenously at dose
levels of 0 (vehicle control), 0.6 (low), 3.0 (mid) or 15.0 mg/kg
once weekly (high) for a period of 6 months. An additional
(10/sex) rats were assigned to the control and high dose groups
and were retained untreated for a 4-week recovery period
following the termination of treatment. A further cohort of rats
(14/sex/group) were included for the toxicokinetic evaluation.
Blood samples were obtained prior to dosing and at 5, 30 min and
at 1, 2, 4 and 6 hr post-dose on weeks 1, 5, 13 and 26.
Concentrations of HPMPC were determined by a validated HPLC
method. Results: the pharmacokinetic parameters are listed in
Table 6. Repeated adminigtration of HPMPC led to apparent'
increases in AUC values from week 1 to 26. These changes were
greater at the high dose level (2.6-fold increase in the AUC for
males vs 1.9-fold increase for females at the dose level).

Table 6
Pharmacokinetic parameters of HPMPC in a 26 week iv toxicity
ctudy in rats

T . s 4y - *
Low dose Mid dose
barameter Week
¢ 4
1 1.5% 6.27
Co (ug/ml) S 1.62 ) 8.7
13 1.73 10.?
26 2.3 1.4
1 nd 2.62
AUC, S ) 3.3%
g*hr/ml
(ug™hr/al) 13 nd L. 41
26 nd 6.89 30.%
1 nd nd 2.3
Te (hr) ] nd nd 2.7%
13 nd nd 2.08
P it ta
20 nd nd 2.07
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7. Pharmacokinetics of EPMPC in a six-month chronic iv toxicity
study in rats, September 12, 1995, (94-TOX-0504-016/P0504-00052)

Groups of Sprague-Dawley male and female rats (20
animals/sex/group) were administered HPMPC intravenously at dose
levels of 0 (vehicle control), 0.6 (low), 3.0 (mid) or 15.0 mg/kg
once weekly (high) for a period of 6 months. Ar additional
(10/sex) rats were assigned to the control and high dose groups
and were retained untreated for a 4-week recovery period
following the termination of treatment. A further cohort of rats
(14/sex/group) were included for the toxicokinetic evaluation.
Blood samples were obtained prior to dosing and at S, 30 min and
at 1, 2, 4 and 6 hr post-dose on weeks 1, 5, 13 and 26.
Concentraticns of HPMPC were determined by a validated HPLC
method. Regults: the pharmacokinetic parameters are listed in
Table 6. Repeated administration of HPMPC led to apparent
increases in AUC values from week 1 to 26. These changes were
greater at the high dose level (2.6-fold increase in the AUC for
males vs 1.9-fold increase for females at the dose level).

Table 6
Pharmacokinetic parameters of HPMPC in a 26 week iv toxicity
study in rats

Paramster
Co (re/m\) .
1.73 10.7 63 $4.3 ]
2.36 11.4 55.5 59.1
nd 2.62 11,6 13.3
AUC,, 3.38 19.2 19.3
(kohr/ab) 4,41 27.2 22.8
4.89 30.5 26.8 4&
nd 2.23 1.63 J
nd 2.7 2
nd 2.08 1.8 !
| nd 2.07 1.89 I
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Comments: The data suggested that repeated exposure to HPMPC led
to a decrease in renal clearance of HPMPC. The changes were
apparently greater for nales than for females. The present study
demonstrated that males rats displayed greater changes in HPMPC
pharmacokinetics than females. Histopathological evaluation of
kidney tissue from rats exposed to iv HPMPC once weekly for 26
weeks indicated that a dose-dependent toxicity (characterized by
karyomegaly only) was present in males at all dose levels. In
females, the dose-dependent toxicity occurred only at the high
dose level. Therefore, the greater decrease in renal clearance
in male rats compared to female rats reflects the greater
nephrotoxicity observed in males.

8. Pharmacokinetjics, bioavailability, metabolism and tissue
distribution of C-cyclic EPMPC in Sprague-Dawley rats (94-DDM-
0930-002) .

Three groups of 4 male rats received a single dose of 1"C-cyclic
HPMPC (5 mg/kg; 330 uCi/kg) by the iv, sc or oral rojtes and a
fourtk group of 4 rats received a single iv dose of C-HPMPC (5
mg/kg; 330 uCi/kg) to compare the phigmacokinetics and
¢istribution of "C-cyclic HPMPC and "C-HPMPC. In a second stqu,
two additional groups of four rats received a single dose of C-
cyclic HPMPC (5 mg/kg; 600 uCi/kg) by the iv or oral routes.
Seri.l blood samples were obtained over the course of 24 hr and
were processed for the analyses. The animals were euthanized
after the last sample; selected tissues were removed, from animals
in the first study for the analyses. Regults; total ' C-activity
in plasma following the iv administration showed a multi-
exponential decline for both the drugs with similar terminal
elimination half-lives of 9-12 hr. The pharmacokinetic and tissue
distribution parameters are shown in Tables 7-9.
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Table 7
Mean concentration of total Fadxoactxv;ty in thgues (ng- eqUIV/g)
following administration of ‘c- cyclic HPMPC or C-HPMPC via

different routes in rats at 5 mg/kg (n=4)

c-cyclic WPMPC ‘4C- HPMPC
Tissues
fv sC oral iv
Adrenal glands - 20
Aguecus_humor - - - - -
Brain 2 - - 9
Cecum 26 - 159 72
Colon _ 40 - L) a9
Ducdenum 19 - 8 19
Meart 13 ) 3 1 33
1leun 15 - 12 35
Jo junum 15 - 7 26
'r K i dney 343 351 108 6610
“ Liver 294 292 19 368
“_ Lung 42 29 4 56
u; Lymph 1.0de 53 - -
Fancreas 28 - - 40
Roctun 50 - 169 59
Skelotal muscle 7 13 9 - 24
skin 26 36 5 . 45
Spleen i 56 4S , 4 82 i
Stomach 12 - 18 24
Testes 16 - - 17
Thymus 27 - - _ -
Vitreous humor
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Table 8". W
Mean pharmacokinetic parameters for C-cyclic HPMPC and C-HPMPC

at £ mg/kg (n=4) in rats
"*C-cyclic NPMPC 'C- HPMPC
Parameters

iv sC oral iv
AUC (ug-eq/kg) 4.6 3.8 0,16 6.47
Cmax (ug-eq/mi) - 5.6 0.05 -

I tmax (b - 0.5 0.6 .
H MRT (hr) 0.3 0.65 3.02 3.68
ﬂ CL (l/kg/hr) 1.1 - - 0.79
‘l vdss (1/kg) 0.32 - - 2.96
l[ Ty (hr) ] 0.53 0.43 2.07 9.26
F (%) - 82.7 3.5 -

Table 9
Relative abundance of radiolabelled met:aboliﬁes in tigsues of a
ingle rat at 24 hr after administration of C-cyclic HPMPC or

C-HPMPC at (5 mﬁ/kﬁi 330 ECi/kg)

Percent of total radioactivity attributed to a compound
Tisgue Compound ‘*C-cyclic HPMPC '4C-HPMPC
iv “oral iv
CHPHPC 1.4 - -
i Kidney NPHPC 44.3 - 35.3
Metabolite I 54.3 - 59.6
Metabolite 11 - - 5.1
CHPMPC 4.5 - -
Liver HPMPC 44.5 - 64.7
Metabolite I 51.1 - 28.6
Metabolite 11 . - 6,7
CHPMPC 5.8 - ] -
tung HPMPC 50.7 - -
d Metabolite I 43.5 - -
Metabolite 11 - - -
cHPHPC - 0.7 - y
Colon HPMPC 100 97.4 91.2 H
Metabolite |
Metabolite 11

11
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Comments: The total plasma clearance of cHPMPC (1.1 1/hr/kg) was
higher than the published value for the GFR in rats (0.6
1/hr/kg) . Total clearance is the sum of renal clearance and other
clearance mechanisms, including metabolism. The corrected plasma
AUC for cHPMPC accounted for 96.1% of the AUC of total
radioactivity in plasma. Therefore, 3.9% of the administered dose
of cHPMPC was metabolized to HPMPC following iv injection (i.e.,
metabolism accounted for 3.9% of the clearance of cHPMPC). Since
this value is small, the observed total clearance of cHPMPC must
be close to the renal clearance of the drug and reflects
significant tubular secretion. The percent of renal clearance
attributed to active secretion (calculated as 100 * (Clr -

GFR) /Clr) was therefore approximately 43% for cHPMPC.

9. Absolute bioaupilability and tissue distribution of three
formulations of C-HPMPC following intravenous or topical
zdministration to New Zealand white rabbits, Lot # DB-579-89,

July 1, 1994, (2-T39/93-
DDM-0504-004, ‘T39-94-69)

Four groups of male rabbits (4 animals/group) were used to
compare the absolute biocavailability and tissue ﬂistribution of
two topical formulations of HPMPC labelled with 'C. Group 1
received a single intravenous administration of HPMPC at a dose
of 1 mg/kg. Group 2 received 1% w/w HPMPC formulation in a gel
prepared from propylene glycol (PG) and hydroxyethylcellulose
(HEC) as a single topical apnlication to an abraded skin site
(0.7 mg/kg). Group 3 received the same 1% w/w gel formulation of
HPMPC in PG/HEC as a single topical application to a normal skin
site (0.7 mg/kg). Group 4 received a 1% w/w HPMPC formulation in
a gel prepared from HEC alone as a single topical application to
a normal skin site (0.7 mg/kg). Regults: a tabulated summary of
significant mean tissue distribution and plasma concentrations
data are summarized in Table 10.
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Table 10
Summary of significant mean tissue distribution and plasma
concentration data of HPMPC in rabbits

T , Topical tec_

L e e oo L oer | on ] om

24 hr feces recovery (X} <0.07 <0.07 <0.07 <0.07
24 hr urinary recovery (X) 77.5 2.0 21.6 0.6
%X dose in kidney at & hr 32.0 0.3 21.7 0.2
X dose in kidney at 24 hr 7.7 0.3 3.0 0.1
% dose in testes at 6 hr ) 0.1 0.0 0.1 0.01
X recovery at administration site - 80 27 54.7
rinse at 6 hr
% recovery at administration site . 8.6 - 14.8
at &6 hr
% recovery at administration site - 81 52 1.7
rinse at 24 hr
% recovery at administration site - 10.6 - 18.5
at 24 hr
Cmax (ug/mi) 3.55 0.02 0.25
Tmax (hr) 0.1 6.0 2.0
AUC (ug*hr/ml) 3.7 0.05 1.0
Bioavailability (X) 100 2.1 41.0 -
7,8 (hr) 5.4 - . -
vas (ml/kg) 710.5 - -
Cl, (mi/hr/ke) 262.7
MRT (hr) 2.7 - - -

At 5 min following the iv administration, the mean circulating
HPMPC plasma level was 3.55 ug/ml and decreased steadily during
the study period. Following the topical administration of PG/HEC
gel to abraded skin, the first quantifiable plasma HPMPC level
was observed at 30 min post-treatment and peaked at 2 hr post-
treatment at 0.25 ug/ml. Following the topical administration of
PG/HEC gel to normal gkin, the first quantifiable plasma HPMPC
level was not observed until 4 hr post-treatment, after which the
pPlasma level peaked at 6 hr post-dose before dropping lelow the
quantifiable level by 8 hr post-dose. The topical administration
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of HEC gel formulation to intact skin produced no quantifiable
plasma level of HPMPC at any timepoint during the 24 hr post-dose
period.

Comments: A comparisonuof the groups that received a topical
administration of the C-HPMPC PG/HEC gel formulation to normal
or abraded skin indicated that HPMPC absorption was enhanced by
the abrasion process. Secondly, since no measurable plasma HPMPC
levels were seen following HEC formulation of HPMPC to normal
skin, it appeared that this formulation demonstrated lower
absorption than the PG/HEC gel formulation when applied to normal
skin of New Zealand white rabbits. Finally, significant
percentage of the total dose of HPMPC was recovered in the
kidneys and skin sites. This finding is consistent with the
observation that these organs have been identified as major
target organs in rats and monkeys ‘nonclinical safety studies)

10. Intraocular distribution of radioactivity following single iv
or intraocular doses of "H-HPMPC in rabbits, October 14, 1993,
(93-DDM-0504-001/PH-845GS-001-93/P0504-00007)

fhree groups of male rabbits (6/group) received a singe dose of
H-HPMPC (20 uCi) on one occasion by intraocular dosing at 2 mg
(G1), iv dosing at 5 mg/kg (G2) or iv dosing at 5 mg/kg with 90
mg/kg probenecid (G3). Two rabbits per group were sacrificed by
carbon dioxide inhalation at 0.25, 1 and 4 hr post-dose. Results:
all rabbits in G2 and G3 exhibited severe irritability. No
additional signs were observed from these rabbits during the
remainder of study. Maximum mean plasma radioactivity
concentrations of B8.52 and 13.2 ug-eq/ml were observed at 0.25 hr
post-dose for Gl, and (G2 and G3), respectively. Following both
the iv treatments (G2 and G3), mean plasma radiocactivity levels
were higher than the concurrent concentrations observed in the
ocular and brain tissues but lower than the kidney tissues. After
the intraocular administration, systemic levels were only
quantifiable in one ratbit at 0.25 hr post-dose, and the
concentration was less than 1/300th of the concurrent
concentrations for either iv treatment. The highest levels of
ocular radioactivity following the iv administration were found
in the agueous humor ard retina. Following the io adwministration,
cornea radioactivity levels were the highest for all ocular
tissues. The lowest level of radioactivity in the ocular tissues
for all groups and at most time points was typically found in the
vitreous humor. Radioactivity concentrations in the kidneys
following the io dosing were relatively constant throughout the 4
hr post-dose sampling period and were less than 1/100th of those
following either iv administration.

Comments: The route of administration and the presence of co-
administered probenecid did not seem to alter the ocular
distribution of radioactivity. However, probenecid may contribute
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to lower levels of HPMPC in the kidneys.

11. Effect of probenecid on the tissue distribution of Ye-
radiolabelled HPMPC following iv administration to rabbits, June,
15, 1995, (93-DDM-0504-002, '04-94-36)

Six groups of male rabbﬁps (2/group) were utilized to compare the
tissue distribution of C-HPMPC (100 uCi/kg) when administered
as a single dose of 15 mg/kg iv injection to rabbits. Table 11
summarizes the study design.

Table 11
Study design
Group # | # of males Treatment Route | Blood sample | Urine/feces sample Tissue “
- - sample
1 2 15 mg/kg 'C-HPMPC iv 30 min 0-30 min 30 min "
2 2 15 mg/kg '‘C-NPMPC iv 6 hr 0-6 hr 6 hr “
3 2 15 mg/kg '‘C-HPMPC iv 24 hr 0-24 hr 24 hr
4 F 90 mg/ky probenecid oral 30 min 0-30 min 30 min
15 mg/kg '‘C-HPMPC iv
5 2 90 mg/kg probenecid oral 6 hr 0-6 hr 6 hr
15 mg/kg '‘C-HPMPC iv
6 2 90 mg/kg probenecid orat 26 hr 0-24 hr 24 hr
15 mg/kg '*C-HPMPC iv
M

Results: at 30 min post-dose, rakbits (G1) had the greatest
percentage of the radioactivity present in the kidneys, skeleton
muscle, skin and blood/plasma. Rabbits (G4) had the greatest
percentage of recovered radiocactivity present in the skeletal
muscle, kidney and blood/plasma. At 6 hr post-dose, the mean
recovery of radioactivity in the urine was 83.9% in animals given
HPMPC alone and 111.2% in animals given oral probenecid prior to
HPMPC administration. The mean concentration of the radioactivity
in the kidney was 4399 ug-eq/g in animals given HPMPC alone and
599 ug-eq/g in animals given oral probenecid prior to HPMPC
administration. At 24 hr post-dose, the greatest percentage of
the radioactivity was present in the urine, kidney and skeletal
muscle of all animals. The mean recovery of radioactivity in the
urine was 98.3% in animals given HPMPC alone and 109.4% in
animals given oral probenecid prior to HPMPC administration. The
mean concentration of HPMPC in the kidney was 268 ug-eq/g in
animals given HPMPC alone and 125 ug-eq/g in animals given oral
probenecid prior to HPMPC administration. These data suggested
that cle - . -e of HPMPC from the kidney might have been faster in
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the presence of probenecid.

Comments: The above data indicated that a single oral dose of
probenecid had no discernible effect on the aggregate
distribution of radiovactivity at the initial time point (30 wmin).
However, clearance of radioactivity from the cortex of the kidney
following the iv administraticu of iradioactive HPMPC appeared to
have been accelerated by pretrearment with oral probenecid at a
90 mg/kg dose.

12. Analysis of datic “von atudy‘Z-TO4: Effect of
probenecid on the t’ ' ue c¢istribution of C-HPMPC following iv
administration te »: -~ ilts, August 2, 1995, (93-DDM-0504-
002/P0504-00015)

Thrae cronps (2/45voup) of male rabbits were dosed iv with Yoo
HPM®¢ (15 mg/xg; 100 uCi/kg; alone and LLkree groups of animals
received the same one hr after oral administration of probenecid
(90 mg/kg) . Results; are described in Table 12 and 13. Highest
concentrations of radioactivity were present in kidney (700 ug-
eq/g at 30 min postdose). The concentrations in all tissues
declined over 24 hr period. Initial clearance from the kidney was
slower than from other tissues. No phosphorylated metabolites of
HPMPC were detected in kidney or liver samples, regardless of
probenecid regimen. Analysis of urine and kidney tissue revealed
an unknown metabolite, apparently co-eluting with the unknown
metabolite observed previously in monkey urine following iv
administration of HPMPC.

Table 12
Effect of probenecid gn distribution of radioactivity following
iv administration of "C-HPMPC to rabbits

e )

Concentration of total radicsctivity (sg-eq/g) in tissues

Tissue Without probenecid with probenecid
30 min 6 hr 24 hr 30 min 6 hr 24 hr
| Kidney 671.3 498.8 267.8 751.8 598.6 125.4
| Liver 9.2 3.4 2.0 7.4 2.7 1.9
H skin 20.6 0.9 0.6 18.6 2.9 0.8
Skeletal muscle 7.4 0.2 0.3 11.5 1.12 0.7
Testes 3.0 1.3 0.4 3.1 1.7 0.4
Plasme . 1.0 0.2 40.4 1.1 0.2
3.9 9.3 109.4
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% Table 13
Relative abundance of "C-HPMPC metabolites in urine and kidney
of rabbits

_
Species Mean X dose present as species
(retention time

Location in min) Without probenecid with probenecid
! _ 30 min 6 hr 24 hr 30 min 6 hr 24 hr
Urine unknown (6.4) - 1.2 2.2 - 0.9 1.5
HPMPC (11.3) - 98.8 97.8 - 99.1 98.5
Kidney unknown (6.4) 1.1 2.7 2.3 3.0 4.2 2.0
HPMPC (11.3) 98.9 97.4 97.8 97.1 95.8 98.1

Comments: Autoradiography indicated that initial levels (30 min
post-dose) of radioactivity achieved in the cortex of the kidney
were reduced almost 2-fold by the presence of concomitant
probenecid. This suggested that the initial high concentrations
of piobenecid were sufficient to block active tubular secretion
<L HPMPC, leading to a decreased accumulation of the drug in the
proximal tubular cell of the renal cortex. These data supported

the clinical use of probenecid as a nephro-protectant during the
HPMPC therapy.

13. Oral bicavailability of HPMPC and cyclic HPMPC in beagle dogs
(94-DDM-0930-006) .

Two groups of dogs received a single oral dose of CHPMPC (10
mg/kg) or HPMPC (10 mg/kg); followed by a two weeks of washout
period, the same animals received a single iv dose of cHPMPC (10
mg/kg) or HPMPC (10 mg/%g) for the determination of the oral
bioavailability in dogs. Plasma concentrations of CHPMPC and
HPMPC were monitored over the course of 24 hr by a validated HPLC
method. Results;: following the iv administration of cHPMPC,
concentrations of cHPMPC declined in an apparent mono-exponential
manner. Following the oral or iv cHPMPC administration, there
were no quantifiable levels of HPMPC present in any of the plasma

samples. The mean pharmacokinetic parameters are summarized in
Table 14.
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Table 14

Mean Pharmacokinetic parameters for cHPMPC (10 mg/kg) and HPMPC
(10 mg/kg) following iv and oral administrations to dogs (n=5)

Parameters CcHPMPC HPMPC "
Ocal, F (X) 21.9 21.3 “
) Oral, Cmax (ug/mi) 1.51 1.37
Orail, Tmax (hr) 1.5 1.3
MRT (hr) 0.79 2.59
Cly(L/hr/kg) 0.35 0.29 “
vdss (l/kg) 0.27 0.76
T, (hr) 0.68 5.7

Comments: The total body clearance of cHPMPC was slightly greater
than that observed for HPMPC. Both drugs were actively secreted
by the kidney. Although, cHPMPC was less nephrotoxic than HPMPC
in the animals. This may be the result of a more efficient efflux
of cHPMPC from the kidney cells into the tubular lumen.
Conversion of cHPMPC to HPMPC was undetectable in the present
study. However, data in rats and monkey suggested that 5-10% of
an iv dose of cHPMPC was ultimately converted to HPMPC within
cells. These data suggested a low extent of ccnversion from
CHPMPC to HPMPC in dogs.

14.“A Suumary of Single-Dose and Multiple-Dose Pharmacokinetics

of "C-EPMPC, Lot # 28648-7 and 28701-18-1 in the African Green

Monkey July 31, 1991,
-257/904 -41671-01/02) '

single Doge stydy irp Mopkeys

This was a three part study to determine the pharmacokinetics of
the drug after IV, SC and oral administration, as well as to
determine the concentration of the drug in the kidneys at various
times after the IV administration. Thirteen fasted anc lightly
sedated monkeys were administered a single dose of C-HPMPC at

50 mg (26.1 uCi)/kg. Blood samples were taken at 0, 5, 10, 20, 40
min, and 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 4b, 72, 96 and 120 hr
after the dosing. After the IV dosing, one monkey was randomly
selected at 1, 6, 24 and 72 hr after the dosing and sacrificed
for the kidney removal. The drug concentration was determined in
the plasma and kidney samples by a combination nf combustion and
a liquid scintillation counting method. Regults: the terminal
half-life was estimated from a least gyuares, linear regression
calculation of bloocd concentration vs tiwe. The AUC was
calculated by the trapezoidal rule and the clearance was
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estimated from the dose divided by the AUC after the IV
administration of the drug. The Vd was estimated from the
clearance multiplied by t,/0.693. The mean single dose
pharmacokinetics parameters for the drug in monkeys are
summarized in Table 15 and the concentration of the drug measured
in the kidney and corresponding plasma sample after a single IV
administration are shown in Table 16. The oral bioavailability
of the drug is low (23%); whereas, sc administered is almost
completely biocavailable (91%). The concentrations of the drug
measured in the kidney and corresponding plasma samples after a
single IV dose (Table 16) show that the concentration of the drug
in the kidney decreased from 1212 ug-eqg/ml at 1 hr to a mean
concentration of 17.2 ug-eq/ml at 120 hr; whereas, the plasma
concentration of the drug decreased from 34.7 ug-eqg/ml at 1 hr to
a mean concentration of 0.015 ug-eq/ml at 120 hr.

Comments: Subcutaneous administration of HPMPC may be a viable
alternative to the IV for frequent parenteral administration. The
clearance (216 ml/hr.kyg) of the drug after the IV dose is higher
than the nominal GFR in the monkey (180 ml/hr.kg). The terminal
half-life after oral an¢ SC administrations are about 0.7 times
that determined after IV dosing (32.¢ hr), suggesting an
increased metabolism of the Jdrug via these routes. Also, these
data suggest that the elimination of the drug in the kidney
occurs with a half-life of (23 hr), which approximates the plasma
half-life. No drug-related histopathologic changes were observed
in the monkeys when dosed with the either routes.

Table 15 1“
Summary of Pharmacokinetics Parameters for C-HPMPC after the
Single Dose Administration to African Green Monke

Cr cly Ao
{p9-eq/ml) {(ml/hr.kg) (ng-
_ g.hr/ml)

v 174.62 0.08 33s 2162 10.32 209.92 10u
3.4 12.9 4.3 17 2.1 15.3
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" Table 16
Concentration of "C-HPMPC in Plasma and Kidney after the Single
IV Dose (43.4 mg/kg) Administration to African Green Mongg

Time Cone. in Kidney Cone. in Plasma Ratis

(n9-eq/9) (hg-oq/al) Kidney/Plasma
| . . . ‘
| 1212 35
ﬁ 6 ™ . K , 122 _
g 2 308 0.3 98 o
_ 72 49 _ 0.03 1 1617
120 20 0.02 1040

In the multiple dose study, 4.9 mg (16.6 uCi)/kg for 10 days) of
the drug was injected to the monkeys. Blood samples were taken at
0, 5, 15 and 30 min, and 1, 1.5, 2, 4, 6, 8, 12 and 24 hr after
administration of the first dose. On days 4, 6, 8 and 10 a single
blood sample was taken immediately before administration of the
next dose. In addition on day 10 of the study, blood samples were
taken from 4 monkeys at the same time points used on the first
day of the study. Rasults: the pertinent information from the
study is summarized in Table 17 and a summary of the mean

multiple dose pharmacokinetics parameters are summarized in Table
18.

Comments: The mean trough concentrations (C,,) of the drug
measured and the AUCs on day 1 and 10 indicafed that there is an
accumulation of the drug. The mean AUC on day 10 of the study is
about twice that determined for the first day of the study (13.4
#g-eq.hr/ml) . The total clearance in the multiple IV dose study
(275 ml/hr.kg) is about 33% greater than the Cl, in the single
dose IV study (207 ml/hr.kg). In the multiple Ib dose study, the
increase in Cl, and the decrease in elimination t, (27 hr) are
not, however, consistent with the observed accumulation (elevated
Cain &nd AUCa) of HPMPC. Secondly, the concentration of the drug
in the kidneys and corresponding plasma samples from the monkeys
administered multiple IV doses, on day 1 and 10 of the study, are
comparable; suggesting that there appeared to be no additional
accumulation of the drug in the kidney. However, in the monkeys
that were sacrificed after the 10th dose, renal toxicity was
observed in 2/2 monkeys. Thus, there is a discrepancy in the data
presented and it is not clear which factor(s) contribute to the
accumulation.
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Tabla 17 "

Mean Trough, Plasma and Kidney Concentrations, and AUC of C-
HPMPC after the Multiple IV Administration (4.9 mg/kg/day) to the
African Green Monkeys for 10 days

Trough Conc. MK Cong. in Kidney Conc, in Plasme
tan-su/ml) - o1 /mi) (kg -syml) (ug-oq/ml)

1 0,024 13.4, Neé §2.6, Nst 0,001

Table 18
Summary of Multiple Dose Pharmacokinetics Parameters (after
pdministration of the last dose) after the IV Administration of
C-HPMPC (4.6 mg/kg/day) to African Green Monkeys for 10 days

15. Cidofovir concentrations in serum samples from a 1ll-week iv
toxicity study in cynomolgus monkeys(a report on partial analysis
of samples from toxicity study 3-P51), Lot # 504393-01, Gilead
S8cience, Inc., Poster City, CA, Maxrch 8, 1998, (93-TOX-2-PS1-
BA/PO504-000136)

Four groups of normal male and female cynomolgus monkeys (waight:
2.9-3.6 kg males and 2.7-3.4 kg femalea; age: unknown; 3-8%
animals/sex/group) were administered HPMPC via intravenous
injection at dose levels of 0 (vehicle control), 1.0 (low), §
(mid) or 20 mg/kg once per week (high) for a period of 13 weeks.
Plasma samplec were obtained from surviving animals at 1, 2, 3,
4, 6 and 12 hr post dose on day 1 of waeks 1, 4, 8 and 12. The
samples were analyzed from 2 male and 2 female monkeys f£or each
low (weeks 1 and 12) and high (weeks 1 and 4) dosage groups only.
Results are summarized in Table 19 and 20.
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Table 19
Non-compartmental Pharmacokinetic Parameters for Cidofovir
IV Administration in Monkeys (Mean of 2 Animals)

Paramsters

Weak 1:¢ Wesk 1:¢ Meek 12:¢ Week 1:¢ Week V¢ weesk biv H

Eﬁﬁ AC,, (hg®hr/m) | 3.7 1.87 1.56 W | e 9 _g
MY (hr) n_ i | own 1.4 1,49 2.92
L o o 1 e s s % 306 101

vdss (mi/kg)

Ty (hr)

_Cmax tap/mt)

Table 20
Dose Normalized AUC Valuas

Comments: Clearance of Cidofovir (high) appavently decreased by
week 4 of the study; at the same time, the AUC value was 1.9
times greater than week 1. The apparent decraase in clearance of
Cidofovir following 4 weeks of dosing (high) may be a consequence
of the nephrotoxicity observed in this dose group.

16. EFNPC ccncentrations in serum samples from a 30-day ac
toxicity study of EPMPC in monkeys, April 18, 1995, (94-T0X-2-
N13-BA/P0504-0028)

Grougl of male and female cynomolgus monkeys (weight: 2,9-3,4 kg,
3 an male/iex/grou?) vere administered HPMPC via subcutanecus
injection at dose levels of 0 (vehicle control), 0.5 (low), 1.5
(mid) or 7.5 mg/kg (high) twice per week (total of 9 injections)
for a period of 4 weeks. Serial blood samples (high) were
obtained at day 1 and day 28. Ragults; are shown in Table 21.
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Mean AUC values showed no apparent sex difference at the high
dose.

Table 21
Non-compartmental Pharmacokinetic Parameters for Cidofovir
SC Administration in Monkeys at 7.5 mg/kg bi weekly

Paramiters

AUC, o (Mg*hr/mi)
MAT (hr)

€L, (ml/hr/kyg)

Vdss (ml/kg)
a thr)

CRMax (ug/mt)

Comments: There was a significant increase in exposure to HPMPC
at day 28 in both male and female animals. This increase in
exposure appeared to have resulted from a significant decrease in
total body clearance of the drug at day 28.

17. Effect of probenecid on the urinary excretion of '‘C-xPXPC
following iv administration to monkeys, April 22, 1994, (2-
T03/90504-000123)

Two groupg of male and femalae wonkeys (1-2 animal/sex/group)
received "C-HPMPC (100 uCi) at a dose level of 10 mg/kg via a
single bolus iv injection. One of the groups received an oral
administcation of 30 mg/kg probenecid (G2) one hr prior to the iv
administration of HPMPC. Regulty: in Gl, 4 hr following iv
administration of HPMPC, circulating HPMPC placma levels were
1.37 and 1.03 ug-eq/ml in male and female animals, respectively.
In the G2 animals, circulating HPM.C levels were 1.91 and 0.86
pg-eg/ml in male and famale monkay, respectively. The urine
excretion data (Gl) showed that rhe total radiocactivity recovered
atter 168 hr of urine collectior following the administration of
HPMPC were 102.96% and 85% for mala and female monkeys,
raspectively. In G2, the total recoveries ware 80.47 and 103% for
male and female animals, respect vely.

18. Bffect of probenecid on “ne urinary excretion of “c-mepmpc
following iv aduinistrotior 1o monkeys, June 27, 1994, (93-DDM-
0304-0G3/70504-00018)
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excretion of “&~HPMPC was examined in monkeys. Animals were
dosed iv with "C-HPMPC (10 mg/kg; 100 uCi/kg) alone or one 1r
after oral administration of probenecid (30 mg/kg). Urine samples
were cage collected over 7 days post-dose. Ragulta: are
summarized in Table 22-24. Analysis of urine samples by HPLC
revealed the presence of an unknown metabolite of HPMPC in urine
of all animals. Excretion of the unknown metabolite was
essentially complete by about 72 hr post-dose. This metabolite
accounted for 1.9% and 2.2% of the administered dose recovered in
urine of animals given HPMPC alone or with probenecid,
respectively.

Table 22
Effact of probenecid on urinary
following iv administration of

yrecovery of total radioactivity
C-HPMPC

X '‘C-dote recovered in urine

Animai 24 hr ? days
. (-) probenecid | _ (+) probenesid {-) probenecid (*+) probenecid
__imle 87.1 1.7 102.9 0.5

2 ale 72.1 118.7 lQ,! 128.6

3 female 9.7 7 8.6 91 o

— g n ~ 86 2 28.8 9.4 4 1.3 94.4 1 ;5 .
Table 23

Effect of probenecid on terminal elimination half-life of total
radiocactivity in urine following iv administration of

%o HPMPC

Terminal haté-L{

Animal without probenecid With probenecid H
1 male 4.0 30,4 ﬁ
n 2 fermle 31.3 20.¥_

23.?

2.2

33.3 5 10.6

.b 25

A}
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1Pb1' 24
Relative abundance of 'C-HPMPC metabolites in urine
[N . PRI _ - m
Specim MHaan X dose excrated as speciss
(retention time in min) ) i Bl
— without probenecid with probenecid
unknown (6.4) 1.9 2.2
~ MPMPC (11.3) 80.% 92.1

Comments: The present study represented the first time that an
extracellular metabolite of HPMPC had been formed in vivo.
Probenecid had no statistically significant effect on the rate or
extent of recovery of total radioactivity in urine following iv
administration of radiolabelled HPMPC. In addition, probenecid
had no effect on the rate and extent of urinary recovery of HPMPC
or its unknown metabolite.

19. Cidofovir concentrations in serum samples from a 13-week iv
toxicity study in cynomolgus monkeys(a report on paxtial analysis
of samples from toxicity study 2-PS1), Lot # 504B93-01, Gilead
Science, Inc., Yoster City, CA, March 8, 1995, (93-TOX-2-PS1-
BA/POS04-00036)

Four groups of normal male and female cynomolgus monkeys (weight.
2.9-3.6 kg males and 2.7-3.4 kg females; age: unknown; 3-5
animals/gsex/group) vere administered HPMPC via intravenous
injection at dose levels of 0 (vehicle control), 1.0 (low), §
(mid) or 20 mg/kg once per week (high) for a period of 13 weeks.
Plasma samples were obtained from surviving animals at 1, 2, 3,
4, 6 and 12 hr post dose on day 1 of weeks 1, 4, 8 and 12. The
samples were analyzed from 2 male and 2 female monkeys for each
low (weeks 1 and 12) and high (weeks 1 and 4) dosage groups only,
Begults are summarized in Table 25 and 26.
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Table 25
Non-compartmental Pharmacokinetic Parameters for Cidofovir
IV Administration in Monkeys (Mean of 2 Animals)

S 1 mg/ky/week 20 mg/kg/woek N
o Week 1:¢ Week 1:9 | Week 12;¢ ek 1:o Week 1:¢ WVeeak 4:d

MCoo (ugthr/ml) 3.7 1.87 3.5 104 89,2 192

MAT (hr) i 1,73 1.12 1,21 1.4% 1.49 2.92

___Cly (m/hr/ke) 0 548 284 19 306 101
vdas (mi/kg) 472 624 139 282 473 205 H
Ty (hr) 1.29 0.93 0.93% 1.07 1.04 1,56 “

Cmax (ug/m) 1,88 1.84 2.48 6.4 9.2 82.0

Table 26
Dose Normalized AUC Values
Dose (mg/kg/week) Sex o Waek —_AMC/Dose 7

1 ) male 1 ] 3.7 “
1 fomale ) 1.87
1 _Male 12 1.3
20 male 1 5,18
20 fomale ) 1 . 3.46

K 20 1 ?.95

Comments: Clearance of Cidofovir (high) apparently decreased by
week 4 of the study; at the same time, the AUC value was 1.9
times greater than week 1. The apparent decrease in clearance of
Cidofovir following 4 weeks of dosing (high) may be a consequence
of the nephrotoxicity observed in this dose group.

21. Concentration of EPMPC in plasma samples from a 26-week
repeated dose subcutanecus toxicity study in Spragus-tawley rats,
Gilead Sciences, Inc., Yoster City, CA, Septeambar 8, 1994, (2-T-
70/94-TOX-0504-003-BA)

HPMPC concentrations were determined in “»larmz samples nbtained
from a 26-weaek 8C toxicity study in rat.. ~toups of rat~- were
administered HPMPC via sC route at dose leve’s ¢ 0 ;vehicle
control), 0.6 (low), 3.0 (mid) or 15.0 i:g/kKg, ‘2ekly ‘'high).
Plasma Samples wera obtained at 0, 1, 2, 3, 4, % ¢n< 12 hr post-




NDA 20-638 PHARMACOLOGIST’S REVIEW PAGE 91

dose at week 1, 5 and 14 using 4 rats per time point. Samples
were analyzed using a validated bioanalytical method for HPMPC in
rat plasma. Regults are shown in Table 27.

Table 27
Pharmacokinetic Parameters for HPMPC following Repeated
Subcutansous Administration to Male Rats

Dose Patameter Week of Study
(mg/kg/weekiy) (Plasma) I
i § . Y4
0.6 AUC (ug*hr/ml) 0.14 0.49 0.5%
Cmax (gg/ml), 0.28¢0.0% 0.30:0.21 0.4410.09
Heans $0 1 1 1
Tmax (hr) B S
3.0 AUC (ug*hr/ml) 1% 3 4.1 3.8
Cmax (ug/mi}, 1.06:0.10 V. 7210.27 1.9410, 11
Means 5D 1 1 1
Tmax (hr)
5.0 AUC (ng*hr/ml) a.a3 7.32 an
Cmax (ug/ml), 6.7021.26 2.3820.%4 4,6020.41
Means§D 1 2 2
Tmax (hr)

Comments: This study demonstrated that repeated sc administration
of HPMPC over the course of 14 weeks to rats, did not result in
an accumulation of the test compound at the high dose. However,
the spornsor contended that the results demonstrated an alteration
of the expected pharmacokinetic profile of the compound, and such
might have attributed to altered physiology and absorption at or
near the site of injection.

42. Protein Binding of Cidofovir, Cyclic EKPMPC, PNEA and PMPA in
Human Plasma and Serum, Cidofovir Lot # 1966-C-9P), Gilead
Sciences, Inc., Yoster City, CA, June 9, 1995 (PO504-00039/95-
DDM-XXXX-001)

The protein binding of cidofovir, cyclic HPMPC, 9-(2-
phosphonylmethoxysthyl) adenine [PMEA] and 9-(2-
phosphonylmethoxypronyl) adenine [PMPA] was determined in human
plasma and serum using a centrifugation and ulitrafiltration
method. Five concentrations of each compound were prepared in
phosphate buffered saline (PBS), human plasma and serum over the
range of 0.6 to 25.6 ug/ml for cidofovir and cyclic HPMPC, 0.1 to
25.1 ug/ml for PMEA and 0.01 to 25.01 for PMPA. Reasultp: are
shown in Table 28. All the four compounds showed a very low
protein binding (< 6%) in either human plasma or serum.
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Table 28
Percent Unbound (SD) Cidofovir, Cyeclic HPMPC, PMEA and PMPA in
Human Plasma and Serum

Mean Percent Unbound (50) -
¢ A -
Himan Plasma Himan Serum PRS

Cidofovir 94.8 (3.8) 990.9 (3.%) _ 100.6 (1)

L Cyclic HPMPC — 6.7 (3.9) 95f77(5.2) 99.3 (4.2)

ﬁfﬁ PHEA va.g (6.3) 100.8 (7.2) 100 (1.%)

ll PMPA 990.3 (3.3) 92.8 (3.4) P9.8 (2.3)
mmm

PHARMACOLOGY STUDIES

Cardiovascular System Safety in the Rat, BMY-41671 HEPMPC, Lot #
27408-69, July 2,
1991, (50017/PSA 89203)*

One group of normal male and female Sprague-Dawley (OFA) rats
(weight: 263 - 323 g males and 253 - 302 g females; age: eight
weeks;, 5 animals/sex/group) were administered HPMPC by an
intravenous injection (via lateral tail vein) with 5.0 mg/kg in
sterile saline (0.1 ml/100 g) at the rate of approx.mately 0.05
ml/sec (bolus dose). Twenty-four to 48 hr before the day of the
experiment, the rats we:e anesthetized with an intraperitoneal
injection of chloral hydrate (300 mg/kg) and surgically prapared
for recording arterial blood pressure and heart rate. The famoral
artery was cannulated with an indwelling polyvinyl tube which
exited externally at the nape of the neck. During the recovery
period, rats were monitored for general health and satisfactory
arterial pressure pulse and heart rate. A control group received
sterile saline under similar experimental conditions. This study
was performed to investigate the potential acute effect of a
single intravenous dose of HPMPC on the cardiovascular system in
the conscious rat. There were no substantial or consistent
etfacts roted in systemic pressure and heart rate in the combined
male and female rat groups with vehicle or HPMPC. Conclusion:
HPMPC administered to rats by a single intravenous doss of 5
mg/kg did not produce effects on the cardiovascular function.
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Appendix # 2

Tabulated summary of animal toxicity studies.

Table 1
Summary of acute iv toxicity studies

Species Dose level (mg/hy) Apr-onimete LO% (mg/kg) Approx. NOAEL (mg/kg)
400
Mice " »800 400
i 800
400 ] »800 400
Rats
800
10
Rabbits 25 7 100 25
30
100
Monkeys 40
73 40
73
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Table 2

Summary of subchronic/chronic iv toxicitx studies
R M ~ - .

study Dose level Laboratory findings Post mortem findings & NOALL
(mg/kg/wankly)
0.3 my/kg/day Migh: reduced RBC, Mid & High: nephropathy (tubular
1-month rats hematocrit, hamoglobin; necrosis); bone marrow hypoplasia &
(without 1.0 decreased total protein, Lymphoid strophy
probenecid) albumin; {ncreased BUN,
5.0 croatinine, glucosuria & NOAEL: 0.3 mg/kg/day
. proteinuria il
Hee
3-month rats 3 Mid & highs incrested Mid & high: bone merrow erythroid
(without atbumin/globin ratio, depletion; renal tubular nacresis;
probenacid) 15 creatinine, K, Na; testicular degeneration
depression in myeloid &
60 erythroid parameters NOAEL: 3.0 mp/kg/weekiy
6-month rats 0.6 Hight lower testes weights; Hight @ masmery adenncarcinomas 22/44;
(withour T reduced RBC, hemetocrit, o lywbal‘s gland carcinomas 3/44; Low,
probenaecid) 3 hemoglobin; increased WBC, Mid & High o: kidmy-karyomegaly,
) crestinine, Cl, Ca; tower testes deganeration/strophy
, 18 bilirubin, X NOAELS 91 3; ¢1 <0.6 mg/kg/weekiy
k 6-month rats 0.6 Low, Mid & High: decressed 9: Dose-related mammary adenocarcinomas
19wk MCHC; Nigh: {ncressed 4/20-Low; 7/20-Mid; 12/30-High; o;
interim; sc 3 creatinine, Ca, ALY Zymbal 's-Mid & High; High: zonal bone
{without marrow hypoplasis
probenecid) 15 NOAEL: not identified.
1-month 0.5 ma/kg/twice o High: decreased REC, Mid & High: nephropathy; Migh: bone
monke & whekiy hematocrit, hemogisbin; ¢ & marrow cepletion
113 9 increased ASY, CL,
{without 1.3 creatinine NOAEL: 0.5 mg/kg/twice a week
probenecid) -

7.% -
1-month 0.1 - Mo significent affect on High: tubular nephropathy; decreased
monkeys hematology or clinical spermatogenesia; minimal severity

(with 0.25 chemistry parameters tasticu’ ir effect at Mid
probenecid)

1,0 NOAEL: 1 mg/kg/weekly
3-month 1 Mid & Hight increased BN, Nid & Nigh: rensl tubular necrosls;
monkeys creatinine; decreased Ci, bone marrow erythroid depletion;
(without 5 K, albumin; decressed testicular degeneration, thymic

probenacid) srythroid parsmeters (RBC, depletion, Lymph node cdepletion;

20 hemoglobin, hematocrit) hepatocel lular hypertrophv

NOARL: 1 mg/kg/once weskly
12-month 0.1 Mo significant effect
monkoys: & No significant effect
month NOABL: 2.5 mg/kg/once weekiy
interim 0.5
(with -
probenecid- 2.5
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Table 3
Carcinogenic potential of HPMPC in animal chronic toxicity
studies

m’ - _ -
Specims | Route Dose Duration | ¢: Incidence of masmary adenocarcinoms d: Jymbal's gland
(mg/kg/week) (wewk) + lymbal's gland carcinoma carcinoma
15 0. 19 4720 -
3.0 19 7720 + 1720 Zymbal’s gland carcinoma 1/20
Rat 15.0 19 o 12/30 -
fv 0.6 26 0/20
3.0 26 0720 -
15.0 . 26 22764 + 3744 2ywbelte gland carcinoma 6/44
iv 0.1 26 None None
Monkey 0.5 26 None Nona
2.5 26 None None
S S RS Y
Table 4

Reproductive toxicity of HPMPC in rats and rabbits

Study Dese level Laboratory findings NOAEL & (Body surfece equivalent doar
(mg/kg/weekly) in humens)
Segment | 1 Wight reduced body weight Paternal NOAFL: 5 mg/kp/weekly
(¢ rat) geins & food comumption; (humans = 0,71 mg/kg/waekly
S no effect on fertility in
the study Developmental NOAEL: 15 mg/kg/weekly
15 (humens © 2.1 mg/kq/weakiy
Segment | 1.2 Low, Mid & High: decressed Maternal & Developmental NOAEL could
(v rat) maternal body welights and not be identified; <1.2 mg/kp/weekly
L food consumption; incressed (humana: 0.17 mg/kg/ueekly significant
resorptions, cead fetuses toxic effects on conception rate &
30 i sarly & late gestation,
Segment 11 0.5 Mid & Highs meternal Waternal & Developmental NOAELs; 0.$
(pregnant affects reduced body weight mg/kg/day
rats) 1.5 gsins, recuced food
i conausmption; fetal effecta: (humans = 0.07 mg/kg/day
3 roduced ossification (Migh)
Segment |} 0.05 High: Maternal-reduced body Maternal & Developmental NOAELs: 0.2%
(pregnant waights, food consumption; ng/kg/day
rabbits) ad - fetal-increasad recorprion,
0.2% reduced weights, retarded (hmans = 0,036 mg/kg/day
fetal ossification;
increased incidence of soft
tissue & skateton
lL 1.0 melformat. on (maternal
toxic doce)
Segment 111 No toxic sffecta Naternal, Developmental & Reproductive
(rats) NOAELs: 1.0 mg/kg/day
(Mmang = 0,33 mg/ky/day)
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Appendix # 3

Tabulated summary of animal pharmacokinetic atudies.

Table 1
Single dose pharmacokinetics of iv HPMPC in nonclinical studies

Doae (mg/kg) AUC Co (mgsmt) vd (l/ka) ci, T™H (hr)
(ug*hr/ml) (i/hr/kg) -
Rat 3 5.9 10.2 0.87 0.6 6.6
5 6.47 12.62.96 2.9 | 0.7 9.26
13 11.6 ar.4 2.33 1.29 5.2
ﬂ Ratbit 1 3.88 3.5% o.M 0.24 5.4 “
bog 10 34.4 5.9 0.76 _0.29 5.7 "
African 4.9 13,4 15.3 - ) 0.%37 . "
green monkey
43 210 178 - 7 9.28 R
Cynomoigus 1 3,7 - 0.47 0.28 1.3
monkey o
0.19 1.4

Table 2
Repeated dose pharmacokinetics of iv HPMPC in nonclinical studies
_ MY
Specias Dose (mg/kg) | Period (week) Co (Ng/mt) vd (1/ke) cl, ™ (hr)
(i/hr/kg)
15 1 . 2.33 1.19 5.16
12 - 6.8 1.17 1.2
) 1 . 1.26 1.29 3.6
Rat 9 - 0.7 0.93 4.08
0.6 1 1.98 . - .
26 2.36 . - -
3.0 1 6.27 - 1.13 .
26 11,4 - 0.61 -
15.0 Y .4 - 1.20 2.3
7 26 8.5 - 0.49 2.07
Cynore L gus 1 1 . 0.47 0.28 1.29
0 0.93
1
1




NDA 20-6138 PHARMACOLOGIST'S REVIEW PAGE 97

Table 3
Bioavailability of HPMPC

m, e
VSpectu ) Dosze (mg/kg) _ K f {sc) i X f (oral)
Mouse 100 - 10
3 91.5%
Rat
S - 3
Dog — 10 - . ! 21l —_—
African Green monkey 43 9 23
s =y S S S

Table 4
Urinary recovery of iv P¢MPC in nonclinical studies

Species Dose (mg/kg) Time C(hr) Urinary Recovery (X of X of recoversd drug
dose) - unchanged
Mouse 100 6 80 nd
Rat 5 24 60 nd
3 24 ] 39.1 nd
Rabbit 1% 6 43.9 98.8
18 2 98.3 97.8
7 1 3 7.5 7 nd
Cynomol gus 10 24 79.6 99,38
monk ey
10 168 91.4 99.2
‘m

Table 3§
Effect of probenecid (30 mg/kg; oral) on pharmacokinetics of
HPMPC in monkeys

Parameter Mean vatue (with Mean value (without

pmpg_n_gc!d) probenscid)
C, (ng/ml) week 1 4.8% 8.04
__week 13 7.48 7.5
weekly (ag*hr/mt) _ week 13 7 11.6 ) 10.8

Kalt-Life (hr) 3.3

1
2.19 2
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Appendix # 4

Tabulated summary of human pharmacckiunetic studies.

Table 1
Mean single dose pharmacokinetic parameters for iv HPMPC without
probenecid

Paramaters
| Cmax (ug/mt)
AUC, , (kg*hr/ml) 8.3 B 19.946 8.3 o8
Cly (mi/he/kg) 150 152 B W
ClL, (mi/hr/kg) 129 129 149 124 _
MRY the) _ 7 _ 3.5 3.2 3.5
Vas_(mi/kg) A ! 333 1) LAl
E— T, B (hr) 1.4 2.7 2.4 3.14
L 24 hr urinary recovery 98.3 8.9 8.9 9.7
. (X of dose) |

Table 2
Mean multiple dose pharmacokinetic parameters for iv HPMPC with
probenecid and hydration

Doss (mg/kg)
Parameters

ﬁ 3.0 3.9 R 7.8
! o Cmax (sg/ml) 8.08 26,07 42.9%
AUCo . (agthr/ml) 19.87 30.36 79.67

€L, (mi/hr/kg) 15 100 107

CL, (mi/hr/kg) - n %

MRT (hr) 3 2.6 2.8
vas (mi/kg) 457 261 Y01

T, & (hr) 2.4 é.2 ) 2.6

2k hr urinary recovary (% of - .7 2.4

dose)
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Table 3
Mean multiple dose pharmacokinetic parameters for iv HPMPC with
probenecid and hydration in the maintenance phase

Paramaters

Cmax (MQ
Ay, (BE™hr/ml)
Cly (nllhrf/i!)

Cl, (mi/he/ky)

MRY (hr)
ves (ml/kg) L]
Ty 8 (hr) — 4.96

24 hr urinary recevery 74.3 7

Table 4
Mean multiple dose pharmacokinetic parameters for iv HPMPC at §
mg/kg dose level with or without probeanecid and hydration in the
maintenance phase

Farameters " ”
With proberweid Without prebenecid

Conx_(ug/mt) 9.79 11,6
) M}._F(n'hr/nn : 8.7 _ 8.3
Cly (mi/ne/kg) 124

Cl, (mi/hr/kg) , 0.1
MY (hr) 1,44

vis (ml/kg) 431
i. [{.13] o ia‘ﬁ_
74,3
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Appendix # §

Comparison of animal doses with the human therapeutic dose.

Table 1

Comparison of kinetic data from subchronic/chronic rat and monkey
toxicity studies with the human therapsutic dose [5 mg/kg/once

weekly; AUC & 27.9 ug*hr/ml; Cmax = 9.79 ug/ml)
Dose level Co of AUC MOEL/ 8SA: AUCH i
% ftudy (mg/kg/once Cmax (sgthr/mi) NOAEL Equivalent tquivatent |
] weekly | (ug/mt) ) dose_in man dose in men &
, Rat 1-month 0.3 . . 3 "
: {without g/ kg/day _ 0. 0.
! probensc id)
; 1.0
I
- 5.0 — ’
i Rat 3-month 3.0 0.87 6.0 )
: {without ] 3.0 0.43 0.%2
‘ probenscid) ‘5.07 . 3.8 12,66
_ 40,0 14,84 6,22 , 7 - ,

L Rat 6-month 0.8 2.3 " 3.0 " 0.43 v 0.52
} (without )
I  probenecid) 1.0 1.4 LYY ) ¢ <0.6 e «0.09
f 18.0 5.5 | «30.8;02¢ -
| nat 6-month 19- 0.6 0.4 0.59 net
g wk tdent i
| interim; oc; 3 1.9% 3.18 od ) )
(without
| Probenecid) 15 “h an ,
| Wonkeys 1-month; 0.8 . .
; 0.3 0.17 . i
i we; (without 1.3 _ -
| probenscid) ;
3 , 7.5 3 70
5 T } i
| Monkeys 1-month 0.1 . . f,
i (with 1.0 0.33
| probenecid) 0.83 ;
l 1.0 *

Honkeys 3-month i) 1.3 3.56 ;

(without ) ] 1.0 0.33 0.12
probenecid) 5 -
, 20 [ ¥ 199
Monkeys 12- 0.1 -
month: h-month - 2.5 0.83 -
interim 0.9 - -
sacrifice (with

proengs id -4

2.9
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Appendix ¢ 6

Compariscn of human pharmacokinetic parameters with rat and
monkey

Table 1
Comparison of repeated dose pharmacokinetics of animals with man

Species & Dose
Parameters
kot Human Honkey (3
(13 _mp/kg/week) {3 my/kg/weekiy) ng/kg/weekly)
teax (ug/mt) . _ i 11.6 .
AL, o (ia*he/ml) ) 4.8 28.% 11.8

Cly (mi/hr/ky) 1.17 \r? ) 0.23

_ él.ﬁ thtlhr/ig) - . i 1}' —
AT (hr) i : 3.2
Ves (mi/ke) ' ) 9356
Yy B (hr) . 2.42

¢4 hr urinary recovery (X 2.9
of dose)
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Date Assigned: January 23, 1996

Date Review Completed: January 31, 1996
Apligqu Reviewer: Pritam 8. Verma, Ph.D.
HyD--530

SPONSOR: Gilead Sciences, Inc.
353 Lakeside Drive
Foster City, CA 94404

DRUG: Trade Name: Vistide™ — §
Gaparic Name: Cidofovir NHa

Chemical Name: (§)-1-(3- )\
hydroxy-2- o
(phosphonylmethoxy) propyl) I
cytosine 7 MO~ ~
CyH1 N0, POZH,0 OH

i 315.21 as HO
dihydrate

Melting PoinL: 204-212°C
Rhyaical Appaarance: White
crystalline powder
Solubilicy:

. > 75 mg/ml in water with pH near neutrality

DOSAGE YORM: Vistide is asupplied
as a sterile, clear solution in vials containing 375 mg
of anhydrous cidofovir in 5 ml at concentration of 75
mg/ml. The formulation is pH adjusted to 7.4 with
sodium hydroxide and/or hydrochloric acid and contains
no preservatives. Each lingle-uuo vial must be diluted
prior to intravencus administration.

ROUTE OF ADMINISTRATION: Parenteral administration by intravenous

infusion.

DOSAGE: Vistide must be diluted in 100 ml of 0.9% saline prior to

administration. To minimize potential nephrotoxicity,
probenecid and intravenous saline pre-hydration must be
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administered with each Vistide infusion.

ue The recommended dose of Vistide is
5 mg/kg body weight (given as an intravenous infusion
at a constant rate over 1 hr) administered once weekly
for two consecutive weeks.

Maintsnance Treatment; Following completion of

induction treatment, the recommended maintenance dose
of Vistide is 5 mg/kg body weight (given as an
intravenous infusion at a constant rate over 1 hr)
administered once every two waeks.

INDICATION: Treatment of CMV Retinitis in Patients with AIDS.
RELATED INDs
DMFs

INTRODUCTION:

Cidofovir [HPMPC] is a phosphonate nucleotide analog of
deoxycytidine triphosphate (dCTP). The compoura has been shown to

",

s. The
active intracellular metabolite HPMPC diphosphate (HPMPCpp) is
formed by cellular enzymes and has a long intracellular half-life
(17-65 hr) in cultured cells. The anti-CMV activity of HPMPC
appears to result from the high affinity of HPMPCpp for
inhibition of CMV DNA polymerase (Ki = 6.6 um). In so doing, high
concentrations of HPMPC and its phosphorylated metabolites may
potentially inhibit cellular DNA polymerases thus leading to
cytotoxicity. This is one possible mechanism for HPMPC-mediated
nephrotoxicity. Within the kidney, high concentrations of HPMPC
may interfere with other cellular functions, possibly by
inhibiting the transport of endogenous anions or by depleting the
intracellular pool of adenosine triphosphate. Presently, the
sponsor has submitted an Information Amendment-
Pharmacology/Toxicology.

BACKGROUND;

HPMPC is a member of a class of compounds termed
phosphonomethylether nucleotide analogues. Unlike acyclovir and
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ganciclovir which require intracellular activation by the viral
enzymatic machinery, phosphorylation of HPMPC in cells to HPMPCpp
is independent of virus infection. The two principal systemic
toxicities observed in animals are dose-limiting nephrotoxicity
and carcinogenicity. Tumors associated with HPMPC administration
have been observed in rats and were primarily limited to mammary
tissues. Additional tumors were observed on the neck, Zymbal’'s
gland and uterus. Other toxicities included effects on bone
marrow (erythroid and myeloid depletion) and testaes
(hypospermia). In preclinical studies, the tissue distribution,
pharmacokinetics and nephrotoxic potential of HPMPC were all
atfected by the dose and schedule of HPMPC administration and by
concomitant administration of probenecid.

NON-CLINICAL TOXICOLOGY

Toxicity Studies Swimary: The following study was conducted in
accordance with the FDA Good Laboratory Practice Regulations.

A 12-month chronic toxicity study of HPMPC following once waekly
iv administration in cynomolgus monkeys with an interim sacrifice
at 6 months, Lot # 504-B93-01,

January 11, 1996, (94-TOX-0504-015\86540\T0504-
00069)

Groups of male and female monkeys (5 animals/group/sex with an
additional 2 animals/sex/group in the control and high groups as
recovery animals), received an iv bolus injection of HPMPC at
dose levels of 0 (vehicle control), 0.1 (low), 0.5 (mid) or 2.5
mg/kg/once weekly (hligh); an additional group received probenecid
(30 mg/kg/dose) via oral gavage approximately 1 hr prior to being
given an iv bolus injection of HPMPC at a dose level of 2.5
mg/kg/once weekly for 52 consecutive weeks. The control animals
received an oral dose of sterile water approximately 1 hr prior
to being given the iv bolus dose of the saline vehicle. Results:
there were no deaths. Incidental clinical signs seen in the
control or treated animals included liquid feces, emesis, skin
scabs or lesions, thin fur cover of the hindlimb, forelimb,
dorsal thoracic or lumbar regions or tail or swollen
hindlimb/hindpaw. There were no clinical signs seen which were
considered treatment-related. There were no treatment-related
effects on appetency, ophthalmology, hematology or bone marrow
parameters. An overall lower body weight gain was seen in males
(high without probenecid). CQlinical Biochemistyy: treatment-
related increases were seen in BUN and creatinine values of males
and females (high without probenecid) and ALP values of males
(high without probenecid) Urinalvses: treatment-related increases
in glucose and protein concentrations were seen in males and
females (high without probenecid) when compared to the controlr.
Qxgan waightg: a statistical significant decrease in spleen
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weights (absolute) was seen in males (high without probenecid)
and testes (absolute and relative to brain weight) of males (high
with/without probenecid). A statistically significant increase in
liver weights relative to body weight was seen in males (high
without probenecid) and in kidney weights relative to body weight
of males and females (high without probenecid) when compared to
the controls. Grogs pathology: included bilateral pallor of the
kidneys of the 5/5 males and 4/5 females (high without
probenecid) . Small testes and/or epididymides were also seen in
some animals.

Comments: Toxicokinetic and histopathology data are pending.
Based on these preliminary results, the NOAEL for HPMPC when
treated in combination with orally administered probenecid given
to monkeys, was 2.5 mg/kg/week. On the basis of body surface area
conversion, an equivalent dose of HPMPC in humans would be 0.83
mg/kg/once weekly. The dosage of 0.83 mg/kg/once weekly is
approximately 3-fold lower than the proposed humaa dosage of 5
mg/kg twice weekly. The NOEL for HPMPC when given without an oral
dose of probenecid was 0.5 mg/kg/once weekly. On the basis of
body surface area conversion, an equivalent dose of HPMPC in
humans would be 0.i7 mg/kg/once weekly.

CONCLUSIONS:

No regulatory actions or communications are necessary at this
time.

DNepdreyra

Pritam S. Verma, Ph.D.
Reviewing Pharmacologist
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DIVISION OF ANTIVIRAL DRUG PRODUCTS
Review of Chemistry, Manufacturing and Controls Section

NDA # 20-638
CHEMISTRY REVIEW # #1 LRATE REVIEWED: 3/20/96
Original 9/29/95 10/4/95 1012095
NC 1171095 11/13/95 11/15/95
BC 12/13/95 12/14/95 12/20/95
Amendment 2/16/96 2/16/96 220/95
NC 2/29/96 3/4/96 3/16/96
BZ 3/8/96 3/11/96 3/13/96
NAME/ADDRESS OF APPLICANT:
Gilead Sciences, Inc.
346 Lakeside Drive
Foster City, CA 92037
RRUG PRODUCT NAME
Proprietary: Vistide
Non proprietary: Cidofovu
Code Name/#: GS-0504
PHARMACOLOGICAL CATEGORY: emAntviral
INDICATION: CMYV Retinitis Infection
DOSAGE FORM/STRENGTH: Injection; 75.0 mg/mL, 5 mL per
vial (375 mg of anhydrous
Cidofovir).
ROUTE OF ADMINISTRATION: Intravenous infusion
NH, HPMPC: 1-(S)-[3-hydroxy-2-

é)hosphonylmeﬂmxy)propyl]cytosmc
idofovir

Molecuiar formula:
CgH 14N306P+2H20

Molecular weight: 315.22

Anhydrous Molecular Weight: 279.19
Thecretical Water Content: 11.4%
CAS:149394-66
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PATENTS: Patent # 5,142,051, Exp. date
8/25/2009 for drug substance
Cidofovir, and for drug reduct
Vistide. P tent is owned by Institute
of Organic Chemistry and Bio-
Chemistry, Riga, Represented by
Gilead Sciences, CA.

Letter of Authorization from dated 4/10/95
to review Type I DMF ¢
Letter of Authorization fron, dated 6/28/95 to review Type I DMF #

Facimile dated 12/12/96 (from Gilead on Microbial Contamination Lots)

Facimile dated 12/13/96 (from Gilead on Microbial Contamination Lots)

Facimile dated 2/13/96 (from FDA to Gilead on Methods and General Product
Clarifications )

Facimile dated 3/6/96 (from Gilead to FDA on Established Name)

Facimile dated 3/6/96 (from Gilead to FDA on proposed Established Name)

Facimile dated 3/6/96 (from Gilead to FDA on proposed Carton Label)

Facimile dated 3/6/96 (from Gilead to FDA on Established Name)

Facimile dated 3/8/96 (from Gilead to FDA on Analytical Methods)

Facimile dated 3/10/96 (from Gilead to FDA on Final Carton Label)

Facimile dated 3/11/96 (from Gilead to FDA on Acceptance Established Name)
Facimile dated 3/12/96 (from Gilead to FDA on Analytical Methods)

Facimile dated 3/18/96 (from FDA to Gilead on Specifications for Drug Substance and
Drug Product)

Facimile dated 3/19/96 (from Gilead on to FDA Package Insert)

Facimile dated 3/19/96 (from Gilead on Package Insert, Handling and Disposal)
Facimile dated 3/20/96 (from Gilead to FDA on Specifications)

Facimile dated 3/21/96 (from Gilead to FDA on Specifications)

Facimile dated 3/22/96 (from Gilead to FDA on Commiment on Impurity Profile and
Residual Solvents)

Facimile dated 3/22/96 (from Gilead to FDA on Specifications)

Facimile dated 3/22/96 (from Gilead to FDA on Final Specifications for Drug Substance
and Drug Product)

Telecon dated 3/28/96 (FDA and Gilead agree on final specifications, storage temperature
conditions drug product and red dilution statement on carton and label)

RELATER DOCUMENTS:

Pre-IND letter dated 11-25-91

IND

IND

IND

IND

IND _—
IND

CONSULT REVIEWS:
Consult Review of Established and Trade Name by Daniel Boring, Ph.D_, R.Ph., dated
11/8/95

Co/gszt;lgkeview on Sterilization Validation by Microbiologist Paul Stinavage, Ph.D., dated
11/22/95)
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Consult Review-1 on Environmental Assessment (EA) by Nancy Sager, EA Team Leader,
dated 102295

Consult Review-2 on Enviroumental Assessment (EA) by Nancy Sager, dated 2/12/96
COMMENTS:

Background

During a pre-IND consultation with DAVDP, the sponsor was provided a letter detailing

our requirements and recommendations for their _froposcd IND on HPMPC (cidofovir).

The sponsor submiited IND (March 1992), which incorporated almost all of our
requests regarding chemistry, manufacturing, and controls. Chemistry recommendations
on the IND were provided to the Applicant

All of these recommendations were taken into account while submitting this NDA and the
Treatment IND In between the NDA and the IND the following changes have
occurred:

Changes Since Initial IND:

3) Two new analytical laboratories are added: Gilegd Sciences, Foster City, CA, and
NAmSA, Irvine, CA. "
4) Two new warehouses are also included.

5) The formulation strength has changed from ‘o 75 mg/mL (5
mL/vial)from the first submission of the IND to the current NDA.
6) The container and closure

addressed it adequately.

Drug substance Sat/sfactory
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Drug Product Satisfactory

Vistide™ (cidofovir injection) is a clear solution packaged in single-use $ mL USP Type
glass vials. Each 5 mL vial contains 375 mg (75 mg/mL) of cidofovir (anhydrous).
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Environmental Assessmant (EA): Satisfactory

The EA review was completed, and the deficiencics were coimmunicated to the applicant
(reviewer, Nancy Safer, EA Team Leader, HFD-004). The responses were reviewad and
found 1o be acceplable. The EA (with FONSI) was compicted on 2/8/96.

Methods Validation: Pending

The analytical methodology is adequately describad and includes adequate validation. The
methods validation package, covcnnglioth the drug substance und the drug product is
being submitted to the San Francisco District and to the Division of Drug Analysis (St
Louis). As of March 25, 1996, validation of analytical methods i1s not complete.

Labeling: Sat/sfactory

The CDER Labeling and Nomenclature Committee have found “Vistide (cidofovir
injection)” to be ncceﬁuble, The Applicant has sgreed to provide carton labels for cidofovir
drug substance, which shouid reflect the new nori‘ge coaditions of -10 to -20°C. As of
3/29/96, no label has been provided. A fucsimile of drug product carton &nd vial labels
have been provided. In wlecon dated 3/28/96, the applican: agreed 10 add a dilution
statement, (Dilute hefore use in a red box) on the carton and container label in the next
grimingr . *ls are currendy printed). The issue concerning the storage conditiqn

or the drug product needs to internally resolved within COER . The carton label indicates
storage of (15-30°C), while the current stability protocol is for 25 ° C. In telecon dated
3/28/96, the applicant agreed to change the storage statement i 20-25 °C on the vial label,
carton and in the package insert at the next printing.

Establishment Inapaction: Pending

‘The following facilities were ‘msgcwd and found acceptable under the Treatmeit IND
in September-October 1995:

3) Gilead Sciences, California (analytical testing laboratories).

An acceptable EIR (EER submitied 10/30/95) for all three facilities for this NDA was
received on 3/16/9. The facilities were found acceptable based on profile.

Microbial contamination was reported underthe IND | foronelotat On

further probing at the time of the treatment IND and under the current NDA, the following

actions and observations are noted: (1) Thomas Arista, the inspector, had been briefed by

this reviewer to investigate the microbial contamination at the treatment IND inspection; (2)

the inspector had some reservations about in his 9/95 Treaunent IND inspection; but

under urgent timeline he didn't have the time to go back to see the implementation of certain

comective measures that promised to make; (3) the microbial contamination had L
continued to occur in . according to an amendment to (ilead's IND not their '
NDA (applicant has been asked to submit all relevant information o the NDA); and (4)

Compliance had not ordered a re-inspection ol for the NDA (apparently not knowing

the seriousness of the situation).

As of 3/22/96, fnur of the eight representative lots of drug substance have been found
contaminated; three with microbes and one chemically. Information pertaining to microbial
contamination has been submitted (o the IND and not the NDA. (sec attached telecons, and



E-mails). The cause of the contamination is unknown, The inspection at for the

treatment IND was satisfactory. Based on the recurrence of this problem the following

sgeciﬁcau‘ons and ston,_e conditions have been put in place for cidofovir drug substance:

a) tight microbial specification for bacteria . -
b) tighter control for moisture )

" ¢) storage conditions of

The following lots were contaminated:

Lot # 1966-C- 10P contaminated with aspergillus fumig;tus;

Lot # 1966-C-7P contaminated with Cephalosporium, Tricoderma, Penicillium;
Lot #1966-C-9P contaminated chemically; an

Lot # 1966-C-13P contaminated with Penicillium fellutanum (different species).

CONCLUSIONS AND RECOMMENDATIONS:

The NDA application and accompanying amendments provide adequate information on the
chemisiry, manufacturing axd controls tor Vistide (cidofovir injection). The sterilization
validation is qu:e and satisfactory. The Environmental Impact Assessment is compiete
and satisfactory. manufacturing facilities have table current GMP status based on
profile of the facilities. Howevey, | 10 be reinspcted to verify
implementation of process validations for cleaning and environmental monitoring to
determine the cause of and 1o prevent microbial contamination in the drug substance. The
new tighter microbial and moisture specifications, coupled with sub-zero (

storage conditions for the drug substance do minimize microbial contamination. Pending
Satisfactory reinspection of this NDA, as amended, is
recommended for approval from the chemistry perspective,

e
A, s
Albinus M. D'Sa, Ph. D., Review Chemist
Concurrence:
HFD-530/CChen CBCHw S8
ce: o
Orig. NDA 20-638 HFD-53(VDFeigal HFD-530/PVerma o
HFB-SZ&OIDW. File HFD-530/CChen HFD- 530/KStruble
HFD-83(V Div. File HFD-530/DPratt HFD-530/

HFD-83(/ E Sheinin HFD-530/WDempsey File: 020-638.002
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REVIEW
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DIVISION OF ANTI-VIRAL DRUG PRODUCTS
(HFD-530)

CENTER FOR DRUG EVALUATION AND RESEARCH

DATE COMPLETED: OCTOBER 21, 1995



EA Review #1, NDA 20-659 Page 1

Date:

ENVIRONMENTAL ASSESSMENT

EA dated: August 1995
Consult: October 12, 1995

CSO: Kim Struble

Name of applicant/petitioner:

Gilead Sciences

ADEQUATE

Address:

353 Lakeside Drive
Foster City, California 94404

ADEQUATE

Description of the proposed action:

a.

Requested Approval: -"<

The applicant is filing a new drug application for FDA
approval. The drug will be administered by injection
and contains 75 mg/mL.

The applicant has filed an abbreviated EA under 21 CFR
§ 25.31a(b) (3) based on the infrequent se of Vistide
which would result in low maximum yearly market volume.

The estimated U.S. patient population is 1

' which would result in
approximately of drug substance being used.
ADEQUATE

Need for Action:

Used in the treatment of peripheral retinitis caused by
cytomegalovirus (CMV) infection in patients with
Acquired Immunodeficiency Syndrome (AIDS).

ADEQUATE




EA Review #1, NDA 20-659 Page 2

Production Locations:

i. Proprietary Intermediate(s):
Based on the list of starting materials, it does
not appear that any proprietary intermediates are
used.

ii. Drug Substance:

iii. Finished Dosage PForm:

Facility Description & Adjacent Environment:

A brief description has been provided for each of the
facilities.

ADEQUATE "

Expected Locations of Use (Drug Product):

Hospitals and homes. ADEQUATE

Disposal Locations:

Returned drug goods will be incinerated. The
facilities and permitting information have been
provided.

ADEQUATE

Identification of chemical substances that are the subject
of the proposed action:

Drug Substance: Cidofovir

Chemical Name: 1-[(S)-3-Hydroxy-2-

(phosphonomethoxy) propyl] cytosine
dihydrate (IUPAC)



EA Review #1, NDA 20-659 Page 3

(8)-1(2-(4-amino-2-o0x0-1(2H) -
pyrimidinyl) -1- (hydroxy-
methyl) ethoxylmethyl] phosphonic acid,
dihydrate (CAS)

CAS #: 149394-66-1

Molecular Weight: 315.22

Molecular Formula: CyH,N,O,P ° H;0

Structural PFormula: provided in EA

Physical Descrip.: White to off-white crystalline powder

Additives: No information provided

Impurities: no information provided

DEFICIENT Information regarding impurities and additives
should be provided

Introduction of substances into the environment: PFor the
site(s) of production:

a. Potential Emitted substances:
A list of chemical substances associated with the drug
substance and drug product production is provided.
There are no chemicals listed that are of unusual
concern.
ADEQUATE.

b. Controls (Air, Liquid Effluent, Solid):
Information has been provided for both facilities. The
information provided adequately describes the air,

liquid and solid emission controls used to limit entry
into the environment.

ADEQUATE

c. Compliance with Federal, State and Local Emission
Requirements:

Compliance statements from both manufacturers are
provided.

ADEQUATE
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7.
8.
9.

10,
11.

12.

13.

14.

15.

d. Effect of Approval on Compliance with Current Emissions _
Requirements:

This is not addressed for either manufacturing site.
DEFICIENT
e. Estimated Expected Emitted Concentration/Quantities:

Only a production estimate is required for an
abbreviated EA filed pursuant to 21 CFR § 25.3l1a(b) (3).
An estimate of " was provided. There is no
expectation that production, disposal or use of this
small quantity will adversely impact the environment.

ADEQUATE

Fate of emitted substances in the environment:
Environmental effects of released substances:
Use of resources and energy:
a. Preoduction:
b. Effect on Endangered/Threatened Species:
c. Effect on Properties Listed/Eligible for National

Register of Historic Places:
Mitigation measures: 7
Alternatives to the proposed action:

e

7-11 N/A

List of preparers, & their qualifications (expertise,
experience, professional disciplines) and consultants:

The preparer is identified. ADEQUATE

Certification:

An appropriate certification .s provided. ADEQUATE

References:

References are provided. ADEQUATE

Appendices:

6 Appendices are listed. An MSDS is provided. -—
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DRAFT DEPFICIENCY LETTER

Format item 5: Any additives or impurities in the drug
substance that are found at environmentally significant
levels should be listed.

Format item 6: Although both manufacturers indicate that
they are in compliance with the appropriate
emission/environmental requirements, the effect of approval
on compliance with current emissions requirements was not
addressed (see 21 CFR § 25.31a(b) (3) "format item 6").

As required by regulations issued by the Council on
Environmental Quality, the environmental assessment will be
made public by FDA. You should provide a non-confidential
version of your environmental assessment suitable for public
release. Confidential business information such as
production volumes, marketing estimates, impurities and the
chemicals used to manufacture the drug substance may be
redacted from the document. Information that may be
redacted is that considered confidential by CDER under
Freedom of Information Act procedures.

<
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EA Review #1, NDA 20-659 Page 6
Endorsements:
f
| CC: Original NDA 20-638/KStruble copy to NDA/HFD-530

|

EA File 20638

File: 20628e00.rns
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REVIEW
OF
ENVIRONMENTAL ASSESSMENT

FOR

NDA 20-638

VISTIDE™
(cidofovir injection)

75 mg/mL

DIVISION OF ANTI-VIRAL DRUG PRODUCTS
(HFD-530)

CENTER FOR DRUG EVALUATION AND RESEARCH

DATE COMPLETED: February 12, 1996
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Summary:
A FONS1 15 recommended.

Cidofovir is a synthetic drug which will be administered
intravenously in the treatment of peripheral retinitis caused by
cytomegalovirus (CMV) iafection in patients with acquired
immunodeficiency syndrome (AIDS). Based on the low expected
patient population patients) and active moiety use

an abbreviated EA was submittted pursuant to 21 CFR §
25.31a(b) (3). There is no evidence that extraordinary
circumstances exist that would require the submission of
additional environmental information.

Precautions taken at the sites of manufacture and the methods of
disposal are expected to minimize occupaticnal exposures and
environmental release.
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ENVIRONMENTAL ASSESSMENT

1. Date:
EA dated: August 1985
Consult: Oc*ober 12, 1995
Review #1: October 21, 1995
EA dated: December, 1995
Consult: December 21, 1995

CSO: Kim Struble

2. Name of applicant/petitioner:
Gilead Scienc=s

3. Address:

353 Lakeside Drive
Foster City, California 94404

THE FOLLOWING ARE IN RESPONSE TO THE DEFICIENCY "FAX" OF OCTOBER
23, 1995:

1. Format item S5: Any additives or impurities in the drug
substance that are found at environmentally significant
levels should be listed.

RESPONSE: There are no impurities that are found at
environmentally significant levels. 1In response to the
request regarding additives the applicant responded
that all materials are listed in format S.

2. Format item 6: Although both manufacturers indicate that
they are in compliance with the appropriate
emission/environmental requirements, the effect of approval
on compliance with current emissions requirements was not
addressed (see 21 CFR § 25.3la(b) (3) "format item 6").
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RESPONSE: Based on the production volume, the approval will not
effect the state of compliance. ADEQUATE

Environmental Quality, the environmental assessment will be
made public by FDA. You should provide a non-confidential
version of your environmental assessment suitable for public
release. Confidential business information such as
production volumes, marketing eatimates, impurities and the
chemicals used to manufacture the drug substance may be
redacted from the document. Information that may be
redacted is that considered confidential by CDER under
Freedom of Information Act procedures.

' 3. As required by regulations issued by the Council on
|
|

RESPCINSE: An acceptable FOI copy is provided. ADEQUATE
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FINDING OF NO SIGNIPFPICANT IMPACT
NDA 20-638
Vistide™

(cidofovir intravenous)

The National Environmental Policy Act of 1969 (NEPA) requires all
Federal agencies to assess the environmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product
applicatio.s as an integral part of its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this action and has concluded that this action will not
have a significant effect on the quality of the human environment
and that an environmental impact statement therefore will not be
prepared.

In support of their new drug application for Vistide™, Gilead
Sciences, Inc. has prepared an abbreviatad environmental
assessment in accordance with 21 CFR 25.31a(b) (3) (attached)
which evaluates the potential environmental impacts of the
maniufacture, use and disposal of the product.

Cidofovir is a synthetic drug which will be administered
intravenously in the treatment of peripheral retinitis caused by
cytomegalovirus (CMV) infection in patients with acquired
immunodeficiency syndrome (AIDS). The drug substance will be
manufactured by : and
the drug product will be manufactured at

The finished drug product will be used in
hospitals and home care settings.

Cidofovir may enter the environment from excretion by patients,
from disposal of pharmaceutical waste or from emissions from
manufacturing sites. The projected maximum yearly market volume
is low based on the expected patient population and therefore no
adverse environmental effects are expected.

2



Disposal may result from production waste such as out of
specification lots, returned goods and user disposal of empty or
partly used product and packaging. Pharmaceutical waste will be
disposed of by the manufacturer at a licensed incineration
facility. At U.S. hospitals or in home care situations, empty or
partially empty packages will be disposed of by health care
professionals in accordance with standard procedures.

Precautions taken at the sites of manufacture of the bulk product
and its fipal formulatlon are expected to minimize occupational
exposures and environmental release.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Adverse effects are not
anticipated upon endangered or threatened species or upon
property listed in or eligible for listing in the National
Register of Historic Places.

—— . [ 4
DATE PREPARED BY
Nancy B. Sager
Acting Supervisor
Environmental Assessment Team
Center for Drug Evaluation and Research

A/ 16 . Ao
DATE CONCURRED J
Roger L. Williams, D
Deputy Center Director for Pharmaceutical Science
Center for Drug Evaluation and Research

Attachment: Environmental Agsessment
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ENVIRONMENTAL ASSESSMENT REPORT FOR
VISTIDE™ (cidofovir intravenous)
Abbreviated Assessment

NON-CONFIDENTIAL VERSION

1. Date
December, 1995

2. Name of Applicant
Gilead Sciences, Inc.

3. Address

353 Lakeside Drive
Foster City, California 94404

4. Description of Proposed Action

This abbreviated environmental assessment report is submitted in support of the New Drug
Application for Vistide™ (cidofovir intravenous). This submission is pursuant to

21 CFR 25.31a(b)(3) on the basis of an infrequent use of Vistide™ (cidofovir intravenous)
which'would result in a low maximum yearly market volume.

Vistide™ (cidofovir intravenous) contains 75 mg/mL equivalent of anhydrous cidofovir. It is
intended for the treatment of peripheral retinitis caused by cytomegalovirus (CMV) infection
in patients with acquired immunodeficiency syndrome (AIDS). Currently, ganciclovir is the
leading therapy for the treatment of CMV retinitis in AIDS patients in the United States. A
low maximum yearly market volume of Vistide™ is determined based on an infrequent use of
Vistide™ as specified in the product package insert, and an assumption that Vistide™
achieves a 100% replacement of the Ganciclovir L.V, treatment rate, which is derived from a
confidential market place analysis.

C 003
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5. ldentification of Chemical Substances That Are the Subject of the Proposed
Action

a. Drug Substance — Cidofovir
Generic Name (USAN):  Cidofovir

Chemical Names: l-[(S)e3-Hydroxy-2-(phosphonomcthoxy)propyl]cylosinc
dihydrate (IUPAC)

| (5)-[[2-(4-amino-2-0x0-1 (2H)-pyrimidinyl)- 1 -(hydroxy-
methyl)ethoxy]methyl]phosphonic acid, dihydrate (CAS)

CAS Reg. No.: 149394-66-1
‘ Molecular Formula: CgH14N306P - 2 H,O
Formula Weight: 315.22
Chemical Structure:
NH,
NZ

.‘\OCHzp(OH)z . 2 Hzo

OH
Physical Description: Cidofovir is a white to off-white crystalline powder.
Dissociation Constants: pKaj = 1.7 pKaz=4.7 pKa3=6.9
Partition Coefficient: Log P (octanol/aqueous buffer, pH 7.1) = 3.3
Solubilities: Cidofovir is sparingly soluble in dimethyl sulfoxide at
12 mg/mL and is practically insoluble (<0.1 mg/mL) in most
organic solvents, including acetone, dichloromethane, methanol,
ethanol, 2-propanol and N,N-dimethylformamide. It is slightly

soluble in water at 8.4 mg/mL (apparent pH ~3.5). At pHs above
6. the solubility is greater than 170 mg/mL.

Acute Aquatic Toxicity:  Daphnia magna, ECso: 881 mg/L; 48 hours

. 006
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b. Starting Materials for the Cidofovir Drug Substance Manufacture

The starting materials used in the manufacture of cidofovir drug substance are listed in the
confidential version of the environmental assessment report for Vistide™ (cidofovir
intravenous).

c. Solvents/Reagents Used in Cidofovir Drug Substance Manufacture
The solvents and reagents used in the manufacture of cidofovir drug substance are listed in

the confidential version of the environmental assessment report for Vistide™ (cidofovir
intravenous).

d. Substances Used in Drug Product Formulation

The following substances are used in the manufacture of * istide™ (cidofovir intravenous)
drug product.

Hydrochloric acid, NF CAS[7647-01-0)
Sadium hydroxide, NF CAS[1310.73-2)
Water for Injection, USP CAS[7732-18-5)



Vistide ™ (Cidofovir intravenous) ' Gilead Sciences. Inc.
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6.

Introduction of Substances into the Environment

Vistide™ will be used throughout the entire United States; however. concentrations of
affected populations occur in several major urban areas. The approval of the application for
this new drug will not significantly affect the quality of human health or the environment as
defined in the National Environmental Policy Act (NEPA).

Manufacturing controls, applicable regulations and acts, and permit information are described

'~ helow for the drug substance manufacturing site,

A letter of compliziice from the management of included in
Appendix 2. Contained in the Abbreviated Environmental Assessment Repont
(Appendix 1) are manufacturing controls, applicable regulations and acts, permit information,
and compliance statements for the manufacture of Vistide™ drug product at

Based on the low maximum yearly market volume of
Vistide™, the approval of this new drug application will not affect the state of compliance
with respect to current emission.and environmental requirements at bot,

The Material Safety Data Sheet for cidofovir is given in Appendix 3.

a. Drug Substance Manufacturing Site —

Information pertaining to licenses or permits heid by the waste disposal and
transportation contractors providing services to is provided in
Appendix 4,

(1) Air Emissions

Potential air emissions consist primarily of solvent vapors, fugitive dust and acid

vapors. Exhausted plant air from drying rooms is discharged through filters into the

environment. Exhaust gases are scrubbed by two counter current gas scrubbing

towers, run in series. Hydrogen evolved from the process is vented 1o the atmosphere
* with a nitrogen dilution. '

Air emissions in are regulated undet Environmental Protection and
Enhancement Act, which encompasses the previously effective Clean Air Act; All air
releases are reported to the Environmental Protection Services of Alberta Environment.
Appendix 5 is a License to Operate or Use issued by Environment for the .
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Vistide ™ (Cidofovir intravenous)

Gilead Sciences. Inc.

Chemicals site'relating to the Clean Air Act. The license number is 93-AL-102 and the
license expires on May 1, 1998.

(2y Wastewater

The wastewater discharges from i are regulated by the

. “ Protection and Enhancement
Act, which encompasses the previously effective Clean Water Act. Wastewater from
the cidofovir process is in two categories: norhazardous and hazardous aqueous
wastes. The former consists of mainly clean water used through condenser coils, and
water used in equipment cleaning which may contain detergents. These nonhazardous
aqueous wastes are discharged to th- city sanitary sewer following the
guidelines set in the

The hazardous aqueous wastes, which consist primarily of inorganic salts and minor
quantities of solvents, inelude neutralized aqueous wastes (neutralized acids and bases,
brine solutions, etc.), diluted suspensions of spent charcoal or Celite™ from the
process, scrubbing tower effluents, and plant sumps effluents. Hazardous wastewater
is packaged and shipped for deep-well disposal. This service is currently provided by

the a full member of the Environmental
Services Association of Alberta (EISA).

(3) Hazardous Chemical Wastes

Disposal of hazardous chemical wastes is regulated underthe Environmental
Protection and Enhancement Act. Hazardous chemical wastes from the cidofovir
process occur as halogenated liquid wastes, non-halogenated liquid wastes, and
hazardous solid wastes. Halogenated and non-halogenated liquid wastes are mainly
spent solvent streams from the process, and they are bulked separately and sent off-site
for incineration. This service is currcml“y provided by

Hazardous salid wastes are mainly unused raw materials
and by-products from the process, and they are packaged and shipped off-site for
incineration. This service is currently provided by )

Both firms are full members of the EISA.

v | | . 009



Vistide ™ {Cidaofovir intravenous)

Gilead Sciences, inc.

(4) Solid Wastes

Solid wastes such as candle filters and centrifuge cloths that have been exposed to
chemicals are water washed before being disposed of off-site as non-hazardous solid
waste in a commercial landfill. This service is currently provided by

which is also a full member of the EISA.

(5) Occupational Exposure

Health hazards control methods employed a consist of engineering
controls, administrative controls, and personal controls. Engineering controls include
ventilation controls, process equipment selection, and isolation/enclosure of hazards.
Administrative controls include sound safety programs, standard work procedures,
training and educating the workers, and following preventative maintenance schedules.
The personal controls include the use of personal protective equipment specified in
operating instructions and the following of proper personal hygiene practices.

follows guidelines set by
Statute and Regulations. Most prominent are the Chemical Hazards Regulations

Regulation 393/88 with amendments up to and including Regulation
303/92), and General Safety Regulations Regulation 448/83 with amendments
up to and including . Regulation 348/84).

7. Fate of Emitted Substances in the Environment

Under 21 CFR 25.31a(b)(3), information on the environmental fate of emitted substances is
not required for an abbreviated Environmental Assessment Repont.

8. Environmental Effects of Released Substances

Under 21 CFR 25.31a(b)(3), information on the environmental effects of released substances
is not required for an abbreviated Environmental Assessment Report.

9. Use of Resources and Energy

Under 21 CFR 25.31a(b)(3). information on the use of resources and energy is not required
for an abbreviated Environmental Assessment Report.

0
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10. Mitigation Measures

Under 21 CFR 25.31a(b)(3). information on mitigation measures of refeased substances is
not required for an abbreviated Environmental Assessment Report.

11. Alternatives to the Proposed Action

Under 21 CFR 25.31a(b)(3), information on aliematives to the proposed action is not
required for an abbreviated Environmental Assessment Report.

12. Preparer

Appendix 6 contains the curriculum vitae of the preparer, Taiyin Yang, Ph.D., Director of
Analytical and Quality Operations, Gilead Sciences, Inc.

13. Certification

The undersigned official certifies that the information presented in this Environmental

Assessment is true, accurate, and complete to the best of the knowledge of Gilead Sciences,
Inc. :

-t .
JM»\?,\—.A.- %——-I Jec . $‘: / q q 5"'

Taiyin Yang, Ph.D. Date

Director

Analytical and Quality Operations

Gilead Sciences, Inc.

, | | - 011
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14.

10

References

No references are included.

. Appendices

Appendix |:
Appendix 2:
Appendix 3:
Appendix 4:

Appendix 5:
Appendix 6:

Abbreviated Environmental Assessment fo

Letter of Compliance for

Material Safety Data Sheet for Cidofovir

Permit Information for Disposal and Transportation Contractors

License to Operate or Use fo.
Curriculum Vitae of Preparer
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Appendix 3

Material Safety Data Sheet for Cidofovir
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Gilead Sciences, Inc.
353 Lakeside Drive
Foster City, CA 94404

Telephone: 415/573-4867
Facsimile: 415/573-4818

MATERIAL SAFETY DATA SHEET

CIDOFOVI1
PRODUCT IDENTIFICATION |
Synonyms: (5)-1-[3-hydroxy-2-(phosphonylmethoxy)-
propyljcytosine, GS-0504 (HPMPC), HPMPC
Drug Substance, Cidofovir
Formula CAS No.: 149394-66-1
Molecular Weight: 31522
Chemical Family: Nucleotide Analog
Chemical Formula: - CgH14 N30OgP * 2H20
Hazardous Ingredients: Not Applicable
PRECAUTIONARY MEASURES

Wear gloves and protective clothing when handling material. Avoid direct contact with
the substance. Promptly remove material on skin, eyes or clothing by rinsing thoroughly
with water. Avoid breathing powder.

If skin contact occurs, wash with water and detergent. Remove contaminated clothing.
If eye or mouth contact occurs, wash with plenty of water. Seek medical advice, if
appropriate.

White to off-white powder

Appearance:

Odor: None

Solubility: Less than 10 mg/ml in water as free acid
>100mg/ml at neutral pH.

Boiling Point: Not applicable

Melting Point: Decomposes above 290° C

Density: Not applicable

Vapor Pressure Not applicable

Evaporation Point:

Not applicable

SECTION 2: Fire and Explosion Hazard

Not a fire hazard

Fire:
Explosion: Not an explosion hazard; may be flamnmable as
adust
Fire Extinguishing Media: Use appropriate means for extinguishing
Special Information: None
lof3
August 1995
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MATERIAL SAFETY DATA SHEET
CIDOFOVIR

SECTION 3: Reactivity Data

Stability:

Hazardous Decompaosition Products:
Hazardous Polymerization:
Incompatibilities:

--------------------------------------------------------

Stable under ambient conditions
None

Will not occur

None kinown

SECTION 4: Spill Dispoeal Information
Spills:

Disposal:

----------

A. Exposure and Health Effects

Inhalation:
Ingestion;

Skin Contact:

Eye Contact:
Reproductive Effects:
Mutagenic Effects:

- Chronic Exposure:

Wear gloves and other suitable protective
clothing. Rinse area with water and detergent.
Dispose of in accordance with local, state, and
federal laws.

Health hazards have not been thoroughly
investigated.

No information available

May be harmful if swallowed

Minimal effects; may cause irritation
Minimal effects; may cause irritation
Teratogenic in rabbits, embryotoxic
Negative in Ames test. Positive in PBL
clastogenesis and mouse micronucieus assays.
In humans, systemic exposures of 3mg/kg
weekly resulted in no obvious toxicities.

Aggravation of Pre-existing Condition: No information available

B. First Aid
Inhalation:
Ingestion:
Skin Exposure
Eye Exposure:

C. Toxicity Data

Acute Toxicity:

If'adverse symptomns occur, contact a physician

No data available; avoid inhalation

Avoid ingestion

Immediately wash skin with soap and copious
amounts of water

Wash thoroughly with running water

The.toxicological properties of this molecule
have nrot been fully characterized. Because of
this, it is suggested that conservative handling
practices be employed at all times,

Minimum lethal IV dose is >800 mg/kg in CD-1
mice and in Sprague-Dawley rats and >40 but
less than 75 mg/ kg in the cynoowolgus monkey

20f3
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MATERIAL SAFETY DATA SHEET

CIDOFOVIR
C. Toxicity Data (cont.)
Subacute Toxicity: The major subacute toxicities target the kidney
(renal tubular nephrosis) and testicles (reduced
weight and spermatogenesis).
Carcinogenicity: Mamumary tumors were inducedin rats when

treated subcutaneously or intravenously
Thaerefore, cidofovir should be considered a

potential carcinogen for humans.
SECTION 6: Occupational Control Measures
Airborne Evposure Limits: Not determined
Ventilation System: Use with adequate ventilation
Personal Respirators: Use if required to avoid inhalation
Sikin Protection: Required
E/e Protection: . Wear safety glasses

-----

SECTION 7: Storage and Special Information

Store at room temperature.

eereswsnmesnvana - “ra -

---------------------

The above information is believed to be correct but is not purported to be al] inclusive and shall
be used only as a guide. Gilead Sciences shall not be held Liable for any damage resulting from
handling or from contact with the above product.

dof3
August 1995

029






Vistide™ (Cidofovir intravenous) Uilead Sriences, Inc.

N_’ﬂ‘

Appendix 6

Curriculum Vitae of Preparer

o037



Vistide ™ (C idofovir intravenous)

Gilead Sciences. inc.

TITLE

RESPONSIBILITIES

1

EpucaTION

EXPERIENCE

1994 - present

1993 - 1994

1992 - 1993

1987 - 1992

1983 - 1987

1980 - 1983

AFFILIATIONS

Q‘llﬂ&lllm_"i.!u_qt_zm

TAIYIN YANG, Ph.D.

Director, Analytical and Quality Operations
Gilead Sciences, Inc., Foster City, CA

Ph.D., Organic Chemistry, 1980
University of Southern California

BS., Chemistry, 1974
National Taiwan University

Director, Anatytical and Quality Operations
Gilead Sciences, Inc., Foster City, CA

Director, Analytical Chemistry
Gilead Sciences, Inc., Foster City, CA

Director, Chemical Analysis i
Syntex Research, Palo Alto, CA

Responsible for analytical development, Process control, quality control,
stability studies, environmental analysis and registration acuvities for new
chemical entities and recombinant proteins.

Department Head, Methods Development
Syntex Research, Palo Alto, CA

Responsible for analytical development, quality control, stability studies
and registration activities for pew chemical entities.

Research Section Leader, Methods Development
Syntex Research, Pajo Alto, CA

Staff Researcher, Methods Development
Syntex Research, Pajo Alto, CA

American Association of Pharmaceutical Scientists
International Society for Pharmaceutica) Engineering
Society of Quality Control

Drug Information Association

American Chemical Society

Chinese American Chemical Society

Sigma X
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Curriculum Vi [P
TAIYIN YANG, Ph.D.
TITLE Director, Analytical and Quality Operations
Gilead Sciences, Inc., Foster City, CA
RESPONSIBILITIES Analytical development, process control, quality control, stability studies,
quality assurance and registration activities for new chemical entities and
pharmaceutical products.

EDUCATION Ph.D., Organic Chemistry, 1980
University of Southern California

B.S., Chemistry, 1974
National Taiwan University

EXPERIENCE
1994 - present Director, Analytical and Quality Operations
Gilead Sciences, Inc., Foster City, CA
1993 - 1994 Director, Analytical Chemistry
Gilead Sciences, Inc., Foster City, CA
1992 - 1993 Director, Chemical Analysis i

Syntex Research, Palo Alto, CA

Responsible for analytical development, process control, quality control,
stability studies, environmental analysis and registration activities for new
chemical entities and recombinant proteins.

1987 - 1992 Department Head, Methods Development
Syntex Research, Palo Alto, CA

Responsible for analytical development, quality control, stability studies
and registration activities for new chemical entities.

1983 - 1987 Research Section Leader, Methods Development
Syntex Research, Palo Alto, CA

1980 - 1983 Staff Researcher, Methods Development
Syntex Research, Palo Alto, CA

AFFILIATIONS American Association of Pharmaceutical Scientists
[nternational Sociery for Pharmaceutical Engineering
Society of Quality Control
Drug Information Association
Asmerican Chemical Society
Chinese American Chemical Society
Sigma Xi
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS LABELING COMMENTS

NDA: 20-638 REVIEWER: Kellie S. Reynolds, Pharm.D.
DRUG: Cidofovir intravenous DATE: 12-15-95
APPLICANT: Gilead Sciences.

The following is a suggested outline for the Pharmacokinetics section under the CLINICAL
PHARMACOLOGY heading in the cidofovir intravenous label. The applicant should submit
a revised label, following this outline for the Pharmacokinetics section.

General labeling commants follow the outline.

Pharmacokinetics
State that cidofovir is administered with probenecid and that the effecis of probenecid on
cidofovir pharmacokinsetics are described in the drug interaction section.

Population in whom cidofovir pharmacokinetics have been studied
Doses at which pharmacokinetics have been investigated

Brief comment regarding extent of distribution

8rief comment regarding mechanism of elimination

Dose (in)dependence of pharmacokinetics; state dose range

AUC at clinical dose

Cmax at clinical dose

Total clearance at clinical dose

Statement regarding (lack of) accumulation

Distribytion:

Volume of distribution

Protein binding

Blood/plasma ratio

Biood brain barrier penetration

Metabolism:
Indicate any metabolites identified in human plasma and urine
Indicate any /n vitro findings regarding cidofovir metabolism in humans

retion:
Percent of dose excreted unchanged in urine
Percent of dose excreted as parent drug plus metabolites
Report renal clearance and the contribution of ranal clearance to total clearance
Describe renal excretion (glomeruiar filtration, active secretion, etc.)
State that due to the fact that renal elimination is a significant (or major) pathway of
cidofovir elimination, dose adjustments are needed. Include: (see DOSAGE AND
ADMINISTRATION).

Drug-Drug Interactions
Use this section to describe the effect of the 4 g probenecid regimen on the
pharmacokinetics of cidofovir.

Describe the results of any drug-drug interaction investigations involving cidofovir.
Provide reference to PRECAUTIONS or DOSAGE and ADMINISTRATION sections as
needed.



Special Populations:

Renal Hici :

State that cidofovir pharmacokinetics have not been investigated in patients with renal
insufficiency.

State known/expected relationship between renal ciearance and creatinine clearance.

Stata that the effect of dialysis on cidofovir pharmacokinatics is not known.

Please include the following four headings. |If appropriate, state that the pharmacokinetics
have not been investigated in a particular population.

Geriatric:
Pediatric:
Gender:
Race:

GENERAL COMMENTS:

1. In the Pharmacokinetics section, indicate the cidofovir dose and the sample size for all
parameters reported. Report parameters determined at the clinically relevant dose
wherever possible. Do not include the study number within the text of the
Pharmacokinetics section.

2. The review of the pharmacokinatic results is ongoing. Comments regarding the
pharmacokinetic results will be submitted to the applicant as the review progresses.
Changes to the general outline of the Pharmacokinetics section may also be made at a later
date.

3. In the Drug Interactions section under the PRECAUTIONS heading, include the dose of
probenecid.

4, Comments for DOSAGE and ADMINISTRATION will follow at a later date.

N TY M’ W 12-15-9S
Kellie S. Reynolds, Phatm.D.

Reviewer
Antiviral Drugs Section, DPEII
Office of Clinical Pharmacology and Biopharmaceutics

: S 1 )15)95
Concurrence: Janice B. Jenkins, Ph.Dﬂ"-

Acting Team Leader
Antiviral Drugs Section, DPEIll
Office of Clinical Pharmacology and Biopharmaceutics

cc:  HFD-530 NDA 20638
/MO/DPratt
/CSO/KStruble
/Biopharm/KReynolds
/SBiopharm/JJenkins
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