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.



28629 1 OF 3



20629



NDA 20-629

DENAVIR™
(penciclovir cream),1%

Treatment of herpes labialis

DIVISION OF ANTIVIRAL DRUG PRODUCTS
CS0: JOHN MAHONEY
301-827-2335
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NDA 20-629
SEP 24 1998
SmithKline Beecham -
Attention: Edward M. Yuhas, Ph.D.
Cne Frankiin Plaza
P.O. Box 7929
Philadeiphia, PA 18101

Dear Dr. Yuhas:
Please refer to your October 16, 1995 new drug application submitted under
section 505 Ib) of the Federai Food, Drug, and Cosmetic Act for Denavir™

{penciclovir cream),1%.

We acknowledge receipt of your amendments dated:

January 16, 1996 June 12, 1996 (2} July 2, 1926

April 19, 1996 June 13, 1996 July 23, 1996

April 29, 1996 June 14, 1996 (2; August 1, 1996
May 6, 1996 June 26, 1996 August 8, 1996
May 17, 1996 June 27, 1996 September 9, 1996
May 28, 1996 July 1, 1996 September 13, 1996

This new drug application provides for the treatment of recurrent herpes labialis in
adults. !

t
We have compieted the review of this application including the submitted draft
labeling and have concluded that adequate information has been presented to
demonstrate that the drug preduct is safe and effective for use as recommended in
the September 9, 1996 draft labeling. Accordingly, the application is approved
effective on the date of this letter.

The final printed labeling (FPL) must be identical to the September 9, 1996 draft
ladeling. Marketing the product with FPL that is not identical to this draft labeling
may render the product miss branded and an unapproved new drug.

Please submit fifteen copies of the FPL as soon as it is availabie, in no case more
than 30 days after it is printed. Please individually mount ten of the copies on
heavy weight paper or simiiar material. For administrative purposes this submission
should be designated "FINAL PRINTED LABELING" for approved NDA 20-629.
Approval of this FPL is not required before it is used.



We also acknowledge your phase 4 commitment included in your September 13,
1996 letter.

Shouid additional information relating to the safety or effectiveness of the drug
becomes available, revision of the FPL may be required.

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
anv deficiencies that may occur.

Please submit one market package of the drug when available.

Under section 736 (al{1)(B){ii) of the Prescription Drug User Fee Act of 1992, this

letter triggers the remaining 50% of the fee assessed for this application. You will
recetve an invoice for the ainwunt due within the next month. Payment will be due
within 30 days of the date of the invoice.

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

Should you have any questions, please contact Mr. John Mahoney, Consumer
Safety Officer at {301) 827-2336.

Sincerely yours,

Qe
David W. Fedgal,
Acting Director

Office of Drug Evaluation IV X
Center for Drug Evailuation and Research

f’-zS‘-,;;
.D., M.P.H.



FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

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

PUBLIC.
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DRUG STUDIES IN PEDIATRIC PATIENTS
(To be completed for all NME's recommended for approvai)

DA # _20629  Trace (genenc) names _Denavir (penciciovir cream} 1%

Check any of the foliowing that apply and expiain as necessary, on the next page:

- 1. Aproposed claim in the iraft labeling is directed toward a specific pediatric iliness. The application
contains adequate and wa!l-controlled studies in pediatric patients to support that claim.

— 2. The draft labeling includes pediatric dosing information that is not based on adequate and well-controiled
studies in children. The application contains a request under 21 CFR 210.58 or 314.126(C) for waiver of
the requirement at 21 CFR 201 57(f) for ARWC studies in children.

— @ The application contains data showing that the course of the disease and the effects of the drug
are sufficiently similar in adults and children to permit extrapolation of the data from adults to
children. The waiver request should be granted and a statement to that eftect is included in the
action iefter.

— b The information included in the application does not adequately support the waiver request. The
request should not be granted and a statement to that effect is included in the action letter
{Complete #3 or #4 below as appropriate).

_X_ 3 Pediatric studies (e g.. dose-finding, pharmacokinetic, adverse reaction. adequate and well-controlled for
safety and efficacy) should be done after approvai. The drug product has some potential for use in
children. but there is no reason to expect early widespread pediairic use (because, for example, alternative
drugs are available or the condition is uncommon in children,

___a The appticant nas committed to doing such studies as will be required

1} Studies are ongoing.

2) Protocols have been submitted and approved.

3) Protocols have been submitted and are under review.

4) if no protocol has been submitted, on the next page axplain the status of
discussions.

e

—— b. ttthe sonsor is not wiliing te do pediatric studies, attach copies of FDA's written request that such
studies be done and of the sponsor's written response to that request.

- 4 Pedatnc studies do not need to be encouraged because the drug product has little potential for use in
children

— 5 Ifnone of the above apply, explain

Explain, as necessary, the foregoing items:

< -

M S \\\f\ L

Signature of Preparer — Date

cc: %NDA

HFD-530/Div File
NDA Action Package
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DEBARMENT CERTIFICATION

Pursuant to section 306(K){1) of the Federal Food, Drug and Cosmetic Act,
the applicant certifies that, to the best of its knowledge and belief, the
applicant did not and will not use in any capacity, in connection with this
application, the services of any person listed pursuant to section 306(e) as
debarred under subsections 306(a) or (b) of the Act.

000008
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Division of Antiviral Drug Products
Food and Drug Administratior
Rockville MD 20857

Date: September 18, 1996

To: David W. Feigal M.D., MPH.
Acting Director, Office of Drug Evaluation IV

b
From: Donna J. Freeman, M.D.Zm: 7/ ol
Acting Director, Division of Antiviral Drug Products

Subject: NDA 20-269
1% Topical Penciclovir Creaun (enavir)
SmithKline Beecham Pharmaceuticals

This memorandum accompanies the reviews and related materials for NDA 20-269 for 1% topical
penciclovir cream, Denavir, for the treatment of herpes labialis in immunocompetent adults. I concur
with the consensus of the reviewers that this NDA should be approved. This approval will represent the
first product approved for the treatment of herpes labialis in the United States.

The IND for topical penciclovir was filed in 1993, and the major clinical trials were undertaken shortly
thereafter. The NDA application was submitted on October 16, 1995, and was considered acceptable
for filing following a review team meeting. The applicant and the FDA had worked together prior to this
application to agree on the nature and methods for analysis that would be most appropnate.

Herpes labialis in the immunocompetent adult is a self-limited disease that for most patients is
inconvenient but not disabling. Some patients have very frequent lesions and severe recurrences, and the
availability of therapy for them may provide clear clinical benefit. As the clinical and statistical
reviewers have noted, the demonstration of a treatment effect in these fairly large placebo-controlled
studies has been achieved with statisticai significance, but the effect is modest in the overall population.
There is a suggestion that the benefit may be more noticible for those patients with lesions of longer
duration, as has been discussed in the statistical and medical reviews.

Please see the Team Leader’s memcracdum for commests oa the anzlyses and the way thc treatment
effect has been described in the labeling. It should also be noted that since that memorandum was
written there has been further discussion of the section of the label with regard to use in pregancy and in
nursing mothers. While the wording used may not be particularly clinically relevant in the topical
treatment of herpes Jabialis, the standard cautions have been retained. The infornation is relevant to the
data derived from systemic exposure to penciclovir and the refated prodrug, famciclovir; and the
inclusion of this wording is consistent with the labeling for other topical drug formulations, even in
instances where topical dosing does not lead to any systemic drug exposure.

DAVODP/HFD-530 « 5600 Fishers Lane * Rockville, MD 20857 = (301; 827-2330 » Fax: (301) 827-2510




MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES

PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
Center for Drug Evaluation and Research
DATE: August 27, 1996
FROM: Rachel E. Behrman, M.D. M.P.H@ 5 sz (56

Team Leader. Division of Antiviral Drug Products
SUBJECT: NDA 20-629

TO: Donna J. Freeman, M.D.
Acting Director, Division of Antiviral Drug Products

The review team for NDA 20-629 is pleased to recommend that penciclovir cream be approved
for the treatment of herpes labialis in adults. This recommendation is based or the re¢sults from
two adequate and well controlled studies that demonstrated a modest, but robust, clinical benefit
associated with penciclovir therapy. Patients randomized to active drug healed approximately
one half day more quickly than patients randomized to placebo. Applicaiions site reactions were
infrequent.

There are no outstanding issues, either preclinical or clinical, that impact on the proposed
approval action. However, there are several points that warrant comment.

Primary efficacy analysis

The primary efficacy analysis was based on duration of critical lesions stage. The discussions
that preceded this decision are detailed in the "Regulatory History” section of the medical officer
review. It is important to note that an equally valid analysis plan would have included some
measure of aborted lesions (that is lesions that never progress to the papule stage).

Labeling comments
[n the clintcal trials section. mean duration of time to healing is presented. This is not intended
to be seen as a precedent: it simply appeared to be the m~st accurate representation of the data.

In the pregnancy comments, the common statement about nisk benefit assessment has been
omitted. This is because when considering a topical agent, with little or no systemic absorption
intended 1o treat a self limited disease of little consequence, the typical statement was neither
appropriate nor informative. Similarly, there is no suggestion that a nursing mother consider
discontinuing nursing.

Acknowledgment

The review team (Dr. G. Chikami, Dr. P. Flyer, Dr. B. Davit, Dr. G. Sherman, Dr. M. Seggal, Dr.
D. Morse and Mr. J. Mahoney) are to be congratulated on completing this review in a timely
manner and on a smooth and productive NDA review process.



MEDICAL REVIEW OF NDA 20-629

Date Submitted: October 16, 1995

Date Received: October 16, 1995

Date Assigned: October 23, 1995

Draft MOR Completed: August 26, 1996
MOR Completed: September 3, 1996

Applicant: SmithKline Beecham Pharmaceuticals
One Franklin Plaza
P.O. Box 7929
Philadeiphia, PA 19101-7929

Drug: Chemical: 9-{4-hydroxy-3-(hydroxymethyl)butyljguanine
Generic: penciclovir
Trade: Denavir™

Formulation: 1% penciclovir in Cetomacrogol cream base
Indication: Treatment of recurrent herpes labialis in adults
Related NDA/INDs: NDA 20-363;

Abstract

SmithKline Beecha:a has submitted a New Drug Application for Denavir™ (penciclovir
cream, 1%) for the treatment of recurrent herpes labialis in adults. The core of the clinical datato
support this NDA consists of two phase 11, randomized, placebo-controlled, double-blind clinical
studies of 1% penciclovir cream for the treatment of recurrent herpes labialis in immunocompetent
adults. In addition two dermal irritancy studies that were conducted with 5% penciclovir cream,
using the formulation proposed for marketing, were included to provide additional data to support
the safety of the drug for the proposed use. The two phase III clinical trials demonstrated that 1%
penciclovir cream was associated with a statistically significant but modest decrease in the duration
of herpes labialis lesions (approximately one half day) and a similar decrease in the duration of
lesion nain  Resulte from the phase T studies and the derma’ ymitancy shidies demonstrated that
topical application of 1% penciclovir 1s sate for the proposed use. HBased on these results, the
reviewer has concluded that the application is approvable.

Background

Recurrent herpes implex labialis is a common disease that is characterized by repeated
attacks of vesicular eruptions most commonly on the lips and perioral skin. It is primarily due to
HSV type 1 (HSV-1). HSV type 2 (HSV-2) may uccasionally cause primary infection, but recurrent
orolabial discase dus to HSV-2 is rare. Transmission of HSV-1 is by direct mucocutaneous contact
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with infected secretions and the usual route of entry is via penetration of the oral mucosa. The
primary infection of the oral cavity may be either asymptomatic or manifested by gingivostomatitis,
Following primary infection, HSV-1 is thought to ascend through sensory nerve axons and establish
chronic, latent infection 1r: sensory ganglia, including those of the trigeminal, cervical and vagus
nerves. )

Recurrent herpes labialis most likely represents the consequence of reactivation of latent
virus in the sensory ganglia, followed by migration of the virions via the nerve fibers to the skin.
Reinfection of the epidermis occurs rapidly, most likely by a process of multifocal inoculation from
a single infected neuron, with maturation to fully developed vesicnlar herpes labialis lesions
occurring within 8 hours of onset of the papular stage. It is hypothesized that only 2-3 cycles of virus
replication are required at each microfocus before coalescence of the foci leads to a clinically
apparent lesion. As the infection develops and spreads to adjacent cells, immune factors such as the
neutralizing activity ~f antibody and complement, lysis of infected keratinocytes and suppression of
viral replicatior. by lymphocyte-derived interferon, come into play. The vanable outcomes of the
disease may be influenced by the quantity of virus delivered 1o the skan, the opportunity for viral
replication and the intensity of the immune resnonse.

The frequency of recurrent outbreak is extremely variable, ranging from rare episodes every
five to 10 years, to monthly or more frequent outbreaks among a small proportion of individuals.
The seventy of recurrences is 2iso extremely variable, ranging from prodromal symptoms on the lips
without lesion formation to ‘classical’ herpetic lesions with vesicle, ulcer and crust formation
requiring five to 15 days for resolution. In approximately 25 percent of recurrences "classical”
lesions do not develop (aborted episodes), with about half of these being limited to prodromal
symptoms with or without erythema ("false prodromes™), and the other half progressing to the papuic
stage before resolving. In clinical studies, prodromal symptoms of pain, buming, or itching at the
site of the subseauent eruption preceded herpes labialis in 46% to 60% of lesions. Patients with
prodromzs have been reported to have more severe lesions than patients who do not expenence
prodromes.

Clinical mals for the treatment of recurrent herpes labialis have been undertaken with a
vanety of compounds. In two small trials of 49 and 30 patients respectively, some tenefits were
reported for a 5% acyclovir modified aqueous cream formulation. In these trials, analyses of per
protocol ponulations showed that acyclovir treatment was associated with reductions in time to
ccmpiete healing of one 10 twe days when compared to placebo. However, in two further
piacebo controlled trials, no statistically significant benefit attributable to acyclovir cream could be
detected. Oral acyclovir has aiso deimonstrated some activity in the treatment of herpes labialis.
Other topical agents have not been so extensively evaluated. Idoxuridine JU) in a topical
formulation with dimethyl sulfoxide (DMSO) was shown in one trial to reduce the time to healing
and the mean duration of pain, with the best results being obtained in patients who began treatment
in the prodromal or erythema lesion stages. Similar results have been reported for topical foscarnet
sodium.
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In the United States and Canada there are no approved treatments available for herpes labialis
in immunocompetent patients. Topical 5% acyclovir ointment is approved for the treatment of
limited, non-life threatening mucocutaneous herpss simplex infection in immunocompromised
patients. In Europe, 5% acyclovir crzam i5 approved for the treatment of recurrent herpes [obialis
it iminunocompetent patients.

Regulatory History

The clinical development of the topical formulation of penciclovir was initiated i fe.sruary
1993 with the submission of IND The clinical program has consisted of the foilowing
studies: 1) a study to assess the percutaneous absorption of topical penciclovir through abraded skin
in healthy volunteers; 2, five studies to assess the irritancy and scnsitization potential of topical
penciclovir in healthy volunteers; and 3) two phase III double-blind, placebo controlled trials to
determine the safety and efficacy of 1% penciclovir cream for the trcatment of recurrent herpes
labialis in immunocompetent patients.

On January 17, 1993 a pre-NDA meeting was heid to review SmithKline Beecham's proposed
package for an NDA for topical penciclovir. Several issues were raised regarding the definition of
primary efficacy endpoint in the phase 3 clinical trials and the proposed plan for analysis. The
proposed primary endpoint and the proposed analysis plan were not acceptable. The primary
endpoint of subjects who had lost crust by day eight would have excluded subjects whose disease
had resolved prior to crust formation. In addition, the proposed definition of the intent-to-treat
population was not acceptable because it would excluded a large number of subjects from the
analysis. It was stated that the agency prefers all subjects randomized included in the intent-to-treat
analysis. (n a telephone conference on February 21, 1995, this position was clarified. It was stated
that for the intent-to-treat analysis the agency expects that all subjects with the condition of interest
would be included in the analysis. This would include subjects who had recurrences but did niot
initrate therapy. These subjects would not have follow-up information on lesion duration. To
include these subjects in the analyses, it was agreed that the following procedures would be used:

a) assign all a duration of zero;
b) assign all the median value of the primary efficacy parameter;
¢} assign ail the maximum value of the primary efficacy parameter plus one day.

The primary endpoint was further ciarified 1a a eleconferencs on April £7, 1995, Dunag thai
teleconference representatives of the applicant and the division agreed that the primary endpoint
would be a duration analysis and that the time to event analysis will be considered secondary.

Related Regulatory Actions
Topical penciclovir 1% cream, under the Trademark Vectavir™, received approved for

marketing for the treatment of herpes labialis in the United Kingdom on February 28, 1996 and in
Denmark on March 28, 1996.
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Famciclovir, the oral prodrug of penciclovir, was approved for marketing in the United States
for the treatment of herpes zoster at a dose of 500 mg TID for 7 days on June 29, 1994. It was also
approved for the treatment of recurrent genstal herpes at a dose of 125 mg BID for 5 days on
September 29, 1995.

CLINICAL STUDIES

The applicant conducted two phase I1I studies to demonstrate the safety and effectiveness of
1% topical penciclovir for the treatment of herpes labialis infection in immunocompetent patients.
These studies are summarized in Table 1. Both of the trials were multicenter, vehicle-controlled,
double-blind studies in immunoco.:petent adults with recurrent herpes labialis. Eligible subjects
were randomized at the time of enrollment to either 1% penciclovir cream or vehicle control.
Subjects were instructed to initiate therapy with study medication within one hour of noticing the
first sign or symptom of a recurrence and to continue treatment every 2 hours while awake. Study
medication was to be applied for 4 days. The subjects were tc report to the clinic for assessments
within 24 hours of initiating study medication. Assessments of the primary endpoint (duration of
cnitical lesion stages) were to be made by the investigators for at least 4 duys or until the loss of crust.
The patients aiso recorded seif-assessments of the primary and secondary endpoints 4 times daily
until lesions had completely healed. A more detailed description of the study protocols is provided
in Appendix [.

Tabie ! - Phase [l Clinical Trials

_ Study 024 Staly 025
Dates 4721/93-1/8794 318931 14/94
Location United States - 31 centers Europe - 34 centers

Canada - § contens
Singapore - | center

Design fandomzed, double-blind, patient-initiated comparison of penticlovir to placebo for reatment of recurrent
herpes labialis
Femnulation 1% pen:iciovir Cetorracrogol cream

placelo - Cetomacrogol cream vehicle

R——

Regimen Study drug patient-mitisied within one hour of noticing the first sign or symptom of a herpes labislis recurmeny
and continue every 2 hours (while awake) for 4 days

, Folovi-up assesiments Clinic st for assessment of lessons snd svirptoms within 24 hotes ¢ inicating resumen?, daily chinic visits
' £ ot ieast d dnys o uonl ioge of crust; petent sl l-arscsments < lewes datty 'miil Iesions ned sompletery
healed, following joss of crust, QOD visits until skin was 2ssessed as normal;, daily viral cultuieg Sliained

during vesicle/pustule and ulcer stages
Pencickovir Piacebo Penciclovir Placebo
|_# Subjects randomused 1103 1106 177 1187

Apalysis Plan

After discussions between the applican’ and the division (see Regulatory History) 1t was
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agreed that the primary endpoint would be the duration cf cnitical stage lesions based on the
investigator assessments. The duration was calculated by subtracting the date at which the condition
was first reported (at ur after the start of study medication) from the date at which the condition that
was last reported, then adding one day. Subjects who never reported the condition (had not reported
a papule, vesicle, uicer/soft crust or hard crust} and had seen the investigator on at least four
occasions were assigned a duration of zero.

For the intent-to-treat analysis it was agreed that all subjects with the condition of interest
would be included in the analysis. This would include subjects who had recurrences but did not
initiate therapy, did not return to clinic or were lost to follow-up, or no efficacy assessments were
performed. These subjects would not have follow-up information on lesion duration. To include
subjec:s without follow-up data in the analyses, the following procedures were used:

a) Q1 - assign all a duration equal to the first quartile duration derived from all

subjects with a known duration;

b) Median- assign ali a duration equal to the median duration denived from all subjects

with a known duration;

c) Q3 - assign all a duration 2qual to the third quartile duration derived from all

subjects with a known duration.
Subjects with incomplete data (start date, but no end date for lesions) were assigned the maximum
observed duration plus one day.

The duration of the critical was analyzed by the permutation test, stratifying by
investigational center. The analyses were carried out using the statistical package StatXact Turbo
V2.11. Due to large number of subjects included in the analysis, a monte-carlo sample was used to
derive an estimate of the exact p-value.

RESULTS - EFFICACY
Subject Disposition

The disposition of the subjects who were enrolied in the clinical studies is shown in Table
2. 1573 (71%) of the subjects enrolled in study 024 and 1484 (63%) cnrolled in study 025 had a
recurrence and were known to have initiated trcatment with study medication. In study 024, there
were 70 subjecis 1n the peuciclovu group and 71 subjects w the placebo group wno had knewn
recurrences of herpes labialis but either did rot initiate treatment with study medication or did not
retwn for clinic visits. The numbers of subjects who had a recurrence in study 025 but did no initiate
study medication was higher, 117 in the penciclovir group and 108 in the placebo group.
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Table 2 - Subject Disposition
Study 024 Study 025
Penciclovir Piacebo Penciciovir Placebo
Randomized 1103 1106 1177 1187
I Initiated treatment .- 82 ™ ™ 750
Completed treatment 732 734 684 695
Withdrew 50 57 50 52
Did not initiate treatment k23] 318 443 437
No recurence 125 126 283 266
Lost 1o follow-up 84 84 38 44
Recurrence, bul did not initiate 71 66 117 108
(Other 36 - 34 5 19
Recurrence. but did not returmn 5 5

Study populations analyzed

The intent-to-treat population was defined as all patients randomized except those who did
not apply study medication were known not to have had a recurrence. The second population was
the knowntreated population which included all patients who were known to have applied study
medication. The table below shows the categories of subjects included in these populations. In both
studies, subjects who were know to have initiated study medication comprised approximately 80%
of the intent-to-treat population. This was similar in each of the treatment arms. The largest two
categories of subjects who did not initiate therapy in study 024 were subjects lost to follow-up and
subjects who had a recurrence but did not initiate therapy. In study 025, the largest catcgory was
subjects who had a recurrence but did not initiate therapy.

Table 3 - Populations Analyzed
Study 024 Study 025
. Penciclovir Placebo Penciclovir Placebo
lutent-to-trest population 978 980 594 ou
Knowa treated population 782 791 734 150
| (Initiated (reatment)
Did not initiate treatment 196 189 160 i7n
(included in intent-to-treat population)
Recurrence - did not initiate b 66 17 108
Recurrere - dic nod retem < < ‘ b | '9 X
Lust 1o toitow-uyp 84 84 38 } 44
[ Other l 36 34 J

Completeness of Follow-up

Follow-up data on lesion duration were obtained only on those subjects who initiated study
medication and who returned for follow-up clinic visits. This group comprised 76% to 78% of the
subjects 1n the studies. Subjects who had a recurrence but did not initiate treatment with study
medication. had a recurrence but did not retumn for follow-up clinic visits, were lost to follow-up or
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did not initiate study medication for other reasons did not have any foliow-up data collected. This
group comprised 22% to 24% of the intent-to-treat population in both studies ("1ble 4). All of these
categories were similar in both of the treatment arms in each study.

Table 4 - Subjects Included in Analyses: Complettness of Data
Study 024 Study 025
Penciclovir Piacebo Penciclovir Placebo

Subjects with complete dats T44 743 701 il
Lesion start date but no end date

Duration assigned  max+ i =19days 13 25 14 14
Had <4 visits, did not have critical lesion stages,;
incompilete data

Assumptions epphied® 25 23 19 26
# (%) with incomplete data 38 (5%) 48 (6%) 33 (4%) 40 (5%)
Applicant’s known treated population 782 791 gAY 750
No data - Assumptions applied*® 196 189 160 171
(Subjects who did not initiate therapy, excluding
those that did not have a recurrence - see Table 1}
# (%) with incomplete or missing data 234 (24%) 237 (24%) 193 (22%) 211 (23%)
FDA defined intent-to-treat population 978 980 894 921

Comparability of the Treatment Groups at Baseline

Fer both studies, the subjects enrolled population consisted of primarily white temales with
a mean age of approximately 40 years. The studies and the treatment groups in each study were
similar in regard to these characteristics (Table 5).

Table 5§ - Baseline Charactenistics
Study 024 T Study 025
Intent-to-treat Known wreated Inteni-to-treat Known treated
Pev Placeto Pcv Placebo Pcv Placebo Pcv Placeho
n=978 n~980 n=782 =79 =894 921 =734 =750
Gender '
Male 27 H 27 . 25% : 1% 26% [ 2% ; 279 2%
Female M 1 % 7% 0% 74% %% 73% 78%
Age (yrs}
Mtean 9 40 40 40 a8 37 39 37
Range 18-78 18-82 18-78 18-82 18-84 18-74 18-84 18-71
Race
White 95 ™% 95 6% 96 0% 96.0% 96.9% 97.0% 97.0% 96 9%
Black 0 7% 0 9% 0.5% 0.8% 0.2% 0.2% 0 03%
Other 16% 31.5% 15% 33% 2.9% 2.8% 3.0% 2.8%




Table 6 shows the baseline disease characteristics of population for beth studies. The
populations across studies and the treatment groups in each study were similar in regard to disease

history.

 Tabie 6 - Baseline Discase Characteristics (Intent-to-trest nopulstion)

Study 024 Study 025
Penciclovir l Placebo Penciclovir Placebo
| n=978 n=980 =894 ek 2]
Duration of herpes labialis (yrs)
Mcan 231 29 192 1.6
Pange 1-70 1-72 0-60 -6 |
# episodes dunng previous 12 months
Mean 56 56 57 56
Range 1-36 0-36 1-50 0-50
¥ episodes per year
Mean 6.2 6.1 62 6.1
Range 2-36 2-36 1-49 2-50
# subjects who had prodromes
Always 641 (65.5%) 661 (67.5%) 594 (66.4%) 637 (6% 2%)
Most of the time 298 (30.5%) 294 (30.0%) 273 (30.5%) 259 (28.1%)
Half of the ume 39 (4.0%) 24 (2.5%) 26 2.9%) 24 (2.6%)
Occasionally 0 1(0.1%)
Never I {0.1%) 0
# subjects who had classical lesions
Always 591 (60.6%) 632 (64.6%) 593 (66.3%) 624 (67.5%)
Mast of the time 352 (36.0%) 314 (32.1%) 275 (30.8%) 274 (29.8%)
Haif of the time 3 (34%) I3 C0.4%) 25 (2.8%) 23 (2.5%)
Occasionally 1{0.1%) 0 o
¥ subjects who had false prodromes
Never 631 {64.5%) 617 (63.0%) $69 (63.3%) 587 (63.7%)
Occasionally 3154 (35.3%) 359 (36.7%) 321 (35.9%) 324 (35.2%)
Always 2{0.2%) 1(0.1%) 2(0.2%) 1 (0.1%}
Hatf of the ume 0 2(02%) 1(0.1%) 6 (0.7%)
Most of the time 1 1 {(0.1%) 3 (0.3%)

Table 7 shows the patient-assessed lesion stage at the time of initiation of study medication.
In both studies approximately 50% to 55% of the subjects initiated study medication at the erythema
stage or earlier. An additional 26% to 34% of the subjects initiated study medication at the papule
stage. The distase stave 2t the unie ol intiaioo of study medicotion was simolar across the trsatinent

groups in both studies.



Table 7

Patient -assessed lesion stage at initiation of study medication

Study 024 Study 025
Penciclovir Placebo Penciclovir Placebo
=782 n=791 =734 750

Noemal skin 6 {0.8%) 3 (%) 4 {0.5%) 4(0.5%)
Prodrome 214 (35.0%) 28 msfm) 251 (34.2%) 257 (34.3%)
Erythema 137 (17.5%) 114 (14.4%) 161 £21.9%) 10 @2.7%)
Papule 253 (32.4%) 272 (34.4%) 197 26.8%) 195 (26.0%)
Vesicle/pustule 91 (11.6%) 95 (12.0%) 104 (14.2%) 105 (14.0%)
Ulcer/soRt crust 6 (0.8%) 8(1.0%) 1 (0.1%) 5{0.7%)
Hard crust 0 1(0.1%) 2(0.3%) ¢
Uninown 15 (1.9%) 17 Q.1%) 14 (1.9%) 14 (1.9%)

A comparison of the baseline characteristics of the all subjects who had a recurrence (intent-
to-treat) and those subjects who were knowrto have initiated study medication (known treated) shows
that these groups were similar in regard to these characteristics. This suggests that the subjects who
had a recurrence and did not initiate treatment with study medication were not different from the
subjects who had a recurrence and did initiate treatment. This is supported by tnformation on the
reasons that subjects did not initiate study medication, which was collected in study 024 and
recorded in monthly telephone logs (Table 8). The reasons for not initiating study medication are
shown in the table below. The reasons were similar for both treatment groups and did not appear

to be related to the disease process.

Tuble 8 - Reasons for Not Initiating Study Medication

| Penciclovir Plsoebo Missing
Unable to go to clinic ! 81 2
Too latc in the day | 42 pi|
Past prodrome [ 14 25
Inappropnate locafion 9 19
Medication not available 6 4
Other z 2

Treatment Compliance

Dosing information was collected in the patient diaries. The mean number of applications

were similar across the treatment groups in beth studies (Table 9).




Tabie 9 - Number of Applications per (Mean)
Study 024 Study 025
Penaciclovir Piacebo Penciclovir Placeho
PT56 63 =734 =750
[ T R —— e o — T B L, . bt JF ST ——
Day 1 6.3 6.3 58 58
Day 2 9.5 9.6 88 8.6
Day 3 89 89 82 8.2
Day 4 8.7 8.7 8.0 L.
Day § 40 4.1 4.6 48
Overall (Days | to 4) s 4 84 7.7 77

Duration of Critical Stage Lesions

10

The resuits of the applicant's analyses for the intent-to-treat population in studies 024 and 025
are shown in Table 10. The results from the anilyses using each of the different assumptions for the
inclusion of subjects with incomplete or missing data are shown.

Table 10 - Duration of Critical Lesion Stages {Intent-to-treat)
Study 024 Swdy 025
Senciclovir Placebo Penciclovir Placebo
= =978 n=980 n=894 =521

Assumption Mean {days) 4.2 4.7 4.2 45
o Median 3 4 3 k]

p value* <{0.0001 Nn.041 -
Assumption: Median Mean (days) 4.4 49 44 48

Median 4 4 4 4

p value® «<().0001 0.0325
Assumpuon Mean (days) 49 5.3 48 52
@ | Median 5 6 s 6

p value* <0.0001 0.0220

*p value from the permutation test.

For borh stdies, thers was a suatistically sigauficant difference Leiween the two eatmeni
groups 1n each of the analyses that the applicant performed. The difference in the mean durations
of the cntical stage lesions ranged from 0.3 to 0.5 days. The difference in the median durations

ranged from 0 to 1 day.

Comment: The imbalance in the number of subjects for whom there was incompl:te data and
were assigned a duration of 19 days in study 024 would bias the analysis in favor of
penciclovir. In this case, the applicant’s analyses are likely to overestimate the treatment
effect. The other categories of subjects for whom lesion durations were assumed were
‘ balanced across the treatment arms for both studies. This issue is addressed in the FDA
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analyses (see below).

The analyses performed for the know treated population is shown in Table 11. In the first
row, only those subjects for whom complete data were available and no assumptions were made in
regard to lesion duration were included. For subjects with partial follow-up information,
assumptions were applied as for the intent-to-treat population.

Table 11 - Duration of Critical Lesion Stages (Known treated)
Study 024 Swdy 625
Penciclovir Placebo Penciclovir Placebo
=157 n=768 n=715 n=724
Assumption: Mean {day.) 4.5 £2 4.5 5.0
None .
| Median 4 4 4 4
p value* <0.0001 0.0295
n=782 n=791 n=734 740
Assumption’ Mean (days) 45 5.1 4.5 49
1

@ Median 4 4 4 4

p value® <0.0001 $.0300
Assumption’ Mean (days) 4.5 s 4.5 49
Median ]

Median 4 4 4 4

p vajue* 0.0005 0.0335
Assumption: Mean (days) 4.6 52 4.6 50

3

Q Median 4 5 4 4

P value* «<0.0001 0.0305

*p value from permuation test

Similar to the analyses performed for the intent-to-treat population, there was a statistically
significant difference in the duration of lesions between the penciclovir and the placebo groups in
both of the studies. The observed difference in the mean duration ranged from 0.4 to 0.7 days. The
difference in the median duration ranged from 0 to 1 day.

FDA Analysis of the Duration of Critical Lesion Stages

The distnbution of lesion duration for studies 024 and 025 are shown in the tables on page
16 and page 17 of the FDA Statistical Review and Evaluation (Dr. Paul Flyer). As shown in the
graphs, the distribution of the lesion durations for the subjects randomized to the penciclovir groups
in both studies is shifted to the left, indicating that subjects randomized to treatment with topical
penciclovir had shorter lesion durations. The differences in the distributions are more apparent at
the longer times. The differences are less apparent around days 3 to 5. This distribution suggests
that subjects who had longer healing times were more likely to have benefitted from treatment with
1% penciclovir cream.
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The FDA's approach to the estimation of the treatment effect in the presence of missing data
was to set the difference between the treatment arms for subjects with missing data to zero and then
to combine the difference with the estimated difference for subjects with complete data using
weights proportional to the number of subjects in each subgroup (see Statistical Review and
Evaluation for this NDA). The results from this approach are likely to represent a lower bound on
the estimated treatment effect. The results are shown ini the Table 12. Both the analysis of the intent-
to-treat population and the know treated population are presented in the table.

Table 12 - FDA Analyses of Lesion Duration

Study 024 Study 025
Difference Difference
{placebo-penciciovir} 95% Cl {piacebo-penciclovir) 95% ClI
Know trested population® 0.39 0.17,0.61 0.36 . 0.08, 0.64
Intent-1o-treat population 0.42 0.18 0.66 0.32 0.08,0.56

*[ncludes subjects lost to follow-up.

For both studies, the results of these analyses showed a statistically significant difference in
the mean duration of critical stage lesions for the analysis of the intent-to-treat population and the
know treated population. For study 024 this difference was 0.42 days with a 95% Cl of 0.18 to 0.66
and for study 025 the difference was 0.32 with a 95% CI of 0.08 t0 0.56. These differences are
similar 1o the results reported by the applicant in their analyses where the difference in the mean
durations for the intent-to-treat population ranged from 0.3 to 0.5 days.

Lesion Pain

Assessment of lesion pain was a secondary endpoint in the protocol. The subjects recorded
their assessment of pain on a diary card. Subjects were to record their evaluation of lesion and lesion
pain 4 times a day at approximately six hour intervals. The actual time of the assassment was to
recorded with the scores. The following rating scale was used:

0 No pain i

1 The patient is vaguely aware of the cold sore. The affected arez is tender when
touched, but does not interfere with daily activities.

The subject is aware of the cold sore at all times.

[e discorafort interieres with daily activities (ie., eadny, drinking, wiking). There
is enough discomfort to cause sleep disturbance. The discomfort may seem to be an
unbearable irritation,

ta b2

The duration of pain was measures from the first report of lesion pain by the subject at or
after initiation of therapy to the last report of pain by the subject. Not all subjects were included in
the analyses of the duration of lesion pain. Only subjects who initiated therapy and who recorded
at least one pain assessment were included. Subjects who recorded "no pain" throughout the study
were assigned a duration of zero. Table 13 shows the number of subjects 1n each of the studies who
were included in the analysis of the duratior of pain, broken down by treatment group. The number



subjects who recorded no pain was similar across the treatment groups.

13

Table 13 - Subjects Included in Analysis of Lesion Pain

Swudy 024 Study 025
Penciclovir Placebo Penciclovir Placebo
| Subjects who initiated iherapy 182 _Is1 734 750
Subjects iscluded in analysis of duration of 166 774 120 736
lesion pain
Subjects who rucorded no pain 39 38 52 54

At the time of the initiation of study medication the subjects in the treatment groups in both
studies were comparable in regard to the severity of lesion pain. These results are shown in Table
14. Most subjects had mild lesion pain at the time they initiated study medication.

Table | 4 - Pain at [nitistion of Study Medication

-

0 | 2 k] Missing
Study 024 Penciclovir 167 AS4 130 14 338
Placebo 160 472 129 13 132
Study 025 Penciclovir 80 407 126 6 458
Placebo 176 429 120 11 451

In both studies subjects were instructed to initiate therapy within one hour of noticelsigns or
symptoms of a recurrence and to record the assessment of lesion pain at the time of initiating
therapy. Subjects were not specifically instructed 1c record signs or symptoms prior to initiating
study medication, therefore there is little information on the time between when the subject first
noticed signs or symptoms of a recurrence and when they actually started study medication. Some
subjects did recorded assessment of les*xgp._pam pnior to imitiating study medication. These data are
shown in the following Table 15. While does not appear to be a difference in the time between when
the subjects first noticed symptoms and when study medication was initiated, there were too few

subjects who recorded this information to draw any conclusions.

|

i Tabte *3 - Duranon of Fan #110s to 1 uladion of Sieay Medicat:on
- Study 024 Study 025
Penciclovir Placebo Penciclovir Placebo
g2 =04 149 n=i72
Mean (days) 0.08 0.09 0.07 007
Median (days) 0.03 0.03 0.02 0.02
L Range 0.0-0.6 0006 0.00.7 0.0-0.3
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The duration of lesion pain is shown in Table 16. In both studies there was approximately

a one half day difference in the duration of lesion pain.

Tabie 16 - Duration of Lesion Pain - Applicant's Analyyis
Study 024 Study 025
- Penciclovir Placebo Penciclovir Placebo
Mean duraiion of lesion pain 4 2 days 4.7 days 3.6 days 4.2 days
Difference 0.5 days (.6 days
Median duration of lesion pan 3.0 days 3.6 days 2.3 days 2.9 days
Difference 0.6 days | 0 6 days

Comment: The one half day difference in lesion pain between the treatment groups in both
studies is consistent with the one half day difference seen in the durztion of the critical stage
lesions. The duration of pain is shorter than the lesion duration. This would be expected since
pain would be primarily associated with the prodrome, papule, vesicle/pustule, and ulcer/soft
crust stages of the lesions and not the hard crust stage, which is included in the dura*'on of the
critical stage lesions.

Time to Cessation of Viral Shedding

In both studies, daily samples for viral cultures were to be obtained during the vesicle/pustule
and ulcer stages (stages 4 and 5). Viral cultures were performed at either a central laboratory or at
a local virology laboratory. The time to cessation of viral shedding was defined as the first
assessment at which a negative culture was reported (and a positive culture was not reported at any
subsequent assessment) after the initiation of study medication. Only those patients with at jeast one
pos:tive culture at or after study medication were included in the analysis. The results are shown in
Table 17.

Table 17 - Time to Cessation of Viral Shedding
Study 024 Spudy 023
Penciclovir Placebn Penciclovir Placebo
. 5|5 =512 n=418 =460
| ttdizn says) 3} ! 3 3 3
[ p value (log rank) 0.003 (.0002

In study 024, only 515 of the penciclovir group and 532 of the placebo group had a positive
culture. 60% of subjects had a positive culture at their final virology and were censored in the
analysis. Similarly in study 025, 418 in the penciclovir group and 460 in the placebo group had a
positive culture. 50% of the subjects had a positive culture at their final virology assessment and
were censored in the analysis. To address the issue of the large amount of censoring due to the high
proportion of subjects who had only a single positive culture, the applicant analyzed the subsets of
subtects with at least two cultures taken and subjects with at least 3 cultures taken. In study 024,



15

47% and 26% respective had a positive culture at the jast viral culture taken. In study 025, 39% and
24% of the subjects had a positive culture at their last assessment. The results of thesc anaiyse; were
similar to those cunducted on all subjects with a positive culture.

Comment: Decause HSV cultures were positive on only a subset of the subjects in both studies
and because of the high degree of censoring that resulted from the subjects who had a positive
culture at their last evaluation, the estimates of the time of viral shedding in both studies may
not provide an accurate estimate of the duration of viral shedding. Iu the analyses of the
subgroups of subjects who had at least two or at least three cultures taken, there was still a
substantial percentage of subjects who were censored because of a positive culture at the iast
assessment. In addition, these groups had fewer subjects. Therefore, theses analyses may also
not provide a accurate estimate of the duration of viral shedding.

_ Analyses of Early Versus Late Treatment Initiation

Early treatment was defined as initiation of study medication at the prodrome or erythema
stages and late was defined as the papule stage or later. This classification was based on the pauent-
assessed lesion stage at the time closest to the initiation of study medication. The analyses of lesion
duration were based on the investigator-assessed data. The applicant performed analyses applying
the same set of assumptions used in the primary analyses for the duration of cntical stage lesion:
assumption - none; assumption - Q1; assumption - median; assumption Q3. The results from the
three analyses were similar, so only the analysis using assumption - none will be presented. These
results are shown in Table 18.

B Tabie 18 - Duration of Critical Lesion Stages: Earty versus Late
Study 024 Study 025
Early Late Early Late
Pev i Placebo Pev ‘ Placebo Pcv Placebo Pcv Placebo
n=01 =390 n=347 J] w110 =406 n=420 n=304 =300
| Mean (days) 44 49 46 53 44 4:5 456 56
| Median (days) 4 4 4 5 4 4 4 5
p-value* 0.020% 0.0030 0.8970 0.0020 .

*n-vaiues fron permutasnn tes sranfed by investigatog

Compliers Versus Non-Compliers

Compliance with study medication was defined as having at least six doses each day cach
of the first four days. The know treated subject population was used for these analyses. For the
analyses of duration of critical lesion stages, the applicant applied the same assumptions as in the
primary analyses of this endpoint for the inclusion of those subjects with incomplete data. Only the
analvses in which no assumptions were made will be presented below (Table 19).
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Table 19 - Duration of Critical Lesion Stages: Complisnt ves sus Noncompliant

Studv 024 Seady 025
C liant Non-cotnpliant iant Non-coinplaint
Pev Placebo Pev ) Placebo Pov Placebo Pev Placebo
n=618 n=626 n=139 42 434 =464 =123 =260
Mean (days) 44 50 49 56 43 52 46 45
| _Median (days) 4 5 4 4 4 5 3 4
p-valuc* <0 0001 00430 0.0015 0930

*p-values from permutation test stratified by snvestigator

Comment: The baseline characteristics of the subgroups analyzed in the comparison of early
versus late initiators of study medication and subjects who were compliact with application
of study medication versus those who were not compliant is show in the tables in Appendix II.
The subgroups were similar in regard to demographic characteristics and disease history. The
analyses of early versus late initiation of study medication and subjects who applied study
medication six or more times a day are based o2 subgroups that were not prespecified and
therefore not accounted for as characteristics in the randomization. The differences ohserved
between tiiese subgroups may have been the result of a factor other than the randomization
and therefore, conclusions on the effectiveness of the study medication based on the ocbserved
differences may not be valid.

Summary of Efficacy

The two phase [II studies submitted by the applicant in support of the NDA are adequate and
well controlled. The randomization appears to have resulted in treatment groups that were
comparabie at baseline The self-initiation aspect of the design did not appear to introduce bias into
the study design as judged by the similarity in baseline characteristic of those subjects who had a
recurrence and initiated study medicati:n and those subjects who had a recurrence and did not
initiate study medication, and the apparent unrelatedness of reasons given by the subjects for not
initiating treatment with study medication and the disease process. Both applicant's and FDA's
analysis of the primary endpoint demonstrated a shorter duration of lesions in penciclovir group
when compared to the control group. The estimates of the treatment effect ranged from 0.3 t0 0.7
days, depending ::pon the assumptions used and the popwations analysed. However, regardless of
the assumptions appiied ot the popuiation analy zed, in both studies the differences were statisticaily
significant. The analysis of duration of pain produced an estimate of difference in duration of one
half day which was consistent with the effect on lesion duration.

The applicant also presented analyses of the suppression of viral shedding, the lesion
duration in subjects who initiated treatment with study medication early versus those who initiated
treatment late, and the lesion duration in subjects who complied with instructions for the application
of study medication versus those who did not. As discussed in the review, no clear conclusions may
be drawn from these analyses
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RESULTS - SAFETY
Background

In clinical trials conducted with famciclovir at doses of 250 mg TID to 750 mg TID for the
treatment of herpes zoster and 125 mg BID to 500 mg TID for the treatment of Lerpes genitalis, the
most frequently reported adverse events were headache and nausea. The incidence of headache was
approxumately 23% in these studies and the incidence of nausea ranged from 10% to 12%.

Drvg Exposure

The expected systemic exposure to penciclovir with topical application of the 1% cream is
small. When penciclovir 1% cream was applied repeatedly for 4 days to normal skin with occlusion
in 12 healthy male volunteers (Study 39123/108), no penciclovir was detected in plasma or urine.
Using the Tower limit of quantitation of the assay for penciclovir in urine (10.g/mL), an estimate of
the maximum systemic exposure to penciclovir from this treatment regimen would be approximately
0.5 mg/day.

All subjects who applied at least one dose of study medication were included in the safety
analyses performed for both studies 024 and 025. Table 20 shows the number of subjects included
in the safety data base and the duration of exposure. The mean and median duration of exposure
to penciclovir in both studies was approximately 4 days. The intensity of drug exposure is shown
in Table 8 (Treatment Compliance). The mean number of applications per day was approximately
8 in both studies.

[ . -
Tabie 20 - Durstion of Exposur. ]
Study 024 Sau'y 025
Penciclovir Penciclovu
mluded in safety analyses 182 134
Mean duration of exposure 1.8 days 3.7 days
Median duration of exposure 4 days 4 days
Range | w0 7 days | w9 days

Discontinuations Due to Adverse Events

Of subjects who initiated treatment with study medication, 96% in study 424 and 97% in
study 025 completed 4 days of therapy. The primary reason of discontinuation of study medication
were protocol violations. The data for both studies is shown in Table 21.




Table 21 - Discontinuations
Study 024 Study 025
Penciclovir Placebo Penciclovie Placebo

Included in safety analyses 782 ™1 734 750
Compieted 4 dayr. of therspy 751 (96%) 756 (9G%) 713 (9T%) T4 (9T%)
Did not complete therapy 3 s 11 26

Protocel violation 2 2 [} ] 23

Other 4 4 3 1

Lost to follow up 3 0 2

Adverse event | 3

Withdrawn by SB 1 2

Few subjects discontinued study medication because of an adverse event. In study 024, three
subjects in the penciclovir group and three in the placebo group were withdrawn from the study
because of adverse expeniences. In study 025 only one subject was withdrawn from the study
because of an adverse experience. These cases are summarized in the Table 22.

; Tsble 22 - Withdrawals Due to Adverse Experiences
Study Subject Onset of AE Resson for Withdrawa)
024 0527 - penciclovir after 3 doses Severe pain from lesion; resolved 2 days after ony . herpey labialis
1154 . penciclovir 4 days aﬂcf initistion of Dissociative disorder, sdmitied o psychistric hospital
medication
0450 - penciclovir 2 days after iast dose Severe abdominal pain, appendicitis diagnosed
10024 - placebo day 3 of reatment Rash, swelling of eye [ids; itis
0566 - placebo day 2 nf trestment Wossening of herpes labialis; subject used one day of study
medication the sw :iched 1o an OTC product
0791 - placebo day 3 of treatment Prneumonia, resolved afier course of erythremycin
025 300 - placebo day 4 of bemtment Mild malaise 1
Deaths

Only three d=aths were reported in subjects who were enrolled in either study and none were
attnouted tu study medicaiion. In study 624 no deatus were reported on study medication or withun
30 days foliowing the last dose of study medication. One death was reported for a subject who never
started study medication. The subject committed suicide two months after being randomized into
the study. In study 025, two deaths were reported for subjects randomized in the study. One subject
commuitted suicide 16 days after the last dose of study medication (penciclovir). The subject had
applied penciclovir for 5 days and had completed the study as planned. No other aaverse events
were reported for this subject. A death was reported in another subject who had been randomized
but never imnated study medication. The subject committed suicide three months after enrollment
in the study.
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Adverse Events

The Table 23 lists adverse events reported on therapy or within 30 days of the last dose of
study medication. Adverse events are included regardless of treatment attribution.

Table 21 - Adverse Events
Srudy 024 Study 025
Penciclovir Placebo Penciclovir Placebo
n=182 n=79] =734 n=750

Totsl with an AE 118 (15%) 146 (19%) 134 (25%) 205 (27%)
Headache 13 (3.6%) 22 (2 8%) 76 (10.4%) 89 (11 9%)
Application sit¢ reaciim - - 18 (2.5%) 23 {3.1%)
Lymphadenc-sihy 18(2.3%) 17 (2 1%)
Pharyngitis _7(09%) 9{1 1% 15 (2.0%) 7(0 9%)
URTI 10 (1 3%) G (I 1%) 12 (1.6%) 7(0.9%)
Hypesthesia - - 11 {1.5%) 18 (2.4%)
Herpes simplex - - 10 (1.4%) 9(1.2%)
Nausea 9(i.1%) 10 {1.3%) 10 (1.4%) 6 (0.8%%)
Dysmenorrhea - - 9(1.2%) 12 {1.6%,
Abdominal pan - - 7 (1.0%) 4 (0.5%)
Pain . - 7 {1.0%) 10 {I.3_9_6)____
Rhinitis - - 6 {0.3%) 9 (1.2%)
Sinusttis 7 (0 9%) 11 (1.4%) - 1

In study 024, two serious adverse events were reported in subjects within 30 days of the last
dose of study medication, both in the penciclovir group. One subject developed abdominal pain
diagnosed as appendicitis two days after the iast dose of penciclovir and another subject experienced
a episode of a personality disorder requiring hospitalization 4 days after the initiation of penciclovir.
Both of these adverse events were considered to be unrelated to application of study medication. In
study 025, two serious adverse events were reported, one in each treatment group. One subject
(penciclovir) was hospitaiized for s repeat stapedectomyv for otosclerosis. The evenr was conzidered
to be unrelated to study medication. The second subject (placebo) experienced a severe atlergic
reaction four days after the start of study medication. The subject was hospitalized overnight and
treated with epinephrine and diphenhydramine. The reaction was considered to be related to study
medication.

Comments:

1. Adverse events were more commonly reported in study 025 than in study 024. In sicdy 025
the overall rate was highest for Canada. Hcwever, the profile of adverse events was similar
to the overall profile for study 025. Headache was the most frequently reported adverse event
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(i7.7% in th: - group and 18.7% in the placebo group), followed by application site
reactions, wh ported in 4.4% of the penciclovir group and 5.5% of the placebo group.
2. More adverse events were reported for women than for men. The over all rate was 21.8%
for women in the penciclovir group versus 14.6% in men. Headache was the most commonly
reported adverse event for both men and women, occurring in 8.0% of women and 3.8% of
men.

Local Adverse Events

Adverse events that occurred at the site of study medication application were coded under
a number of different terms. They included application site reaction, pain, pruritis, hypesthesia,
paresthesia, taste perversion, herpes simplex, rash and skin exfoliation. These events are shown in
Table 24.

_Table 24 - Local Adverse Events
Study 024 Study 925
Penciclovir Placebo Penciclovir Placebo
n=782 n=191 n=734 n=750

All local adverse events 9(1.2%) 26 (3.3%) 56 (7.6%) 72 (9.6%)
Application site reaction 2 4 18 23
Hypesthesia/Local anesthesia ! 3 12 18
Herpes simplex | 5 10 9
Pain H 1 7 19
Paresthesia 2 4 1 1
Taste perversion ¢ 5 3 0
Rash (crythematous) 0 1 2 2
Pruritis i 1 0 2
Skin discaloration 0 i
Skin exfoliation 1 i
Allergic reaction o - 0 3
Allergy - - 2 2
Dry skin 1 0 - -

p Commctdermariis _ L ___ O N e :

| Tongue paralysis 0 1 j - T - _I

Comment: Overall, reported local adverse events occurred at 1.2% to 3.3% in study 024 and
7.6% to 9.6% in study 025. The rates were similar between the treatment groups in both
studies.

Drug Interactions

The applicant compared the incidence of adverse events reported in subjects who were taking
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the ten most fiequent concomitant medications while the subjects were applying study medication
(1% penciclovir cream or vehicle controi). The ten drugs included in: the analyses were paracetamol,
ethinylestradiol, acetysalicviic acid, ibuprofen, norethisterone, estrogen (conjugated), vitamins,
ievonorgestrel, levothyroxiue sodium, and pseudoephedrine hydrochloride. There were no apparent
differences in the ircidence of adverse events reported between the treatment groups in subjects who
were taking any of these concomitant medications. The applicant concluded that the data support
the absence of any apparent drug-drug interactions when topical penciclovir is co-administered with
medications commonly used by subjects with herpes iabialis.

Comsment: No formal drug interactions studies have been performed, therefore, there are not
data on whether there may be a drug interaction between topical penciclovir and any
concomitantly administered drugs. The number of subjects included in the comparison of
adverse events for each of the concomitant medications varied and ranged from approximately
220 per treatment group for paracetamol, the r25s5{ commonly used concomitant medication,
to approximately 40 per treatment group for pseudophedrine hydrochloride. For most
comparisous, the numbers were too small to allow the conclusion that ne signficant drug-drug
interaction could may occur to be drawn.

Special Toxicity Studies

Of the five special toxicity studies that were conducted to determine the dermal irritancy and
potential for sensitization, only two, 042 and C44, used the carrier in the proposed formulation for
marketing, cetomacrogol 1000, cetostearyl alcohol, liquid paraffin, propylene glycol, purified water,
white soft paratfin. The other three studies were done with formulations that were considered for
development. With these formulations, both the drug product (containing penciclovir) and the
vehicle caused significant irritation. As a result these formulations were dropped from clinical
development. Only the resuits from studies 042 and 044 will be discussed in this review. The
designs of these two studies are shown in the Table 25.

! Table 25 - Special Toxicity Studies Using Formulation Proposed for Marketing

39123042 39123/044
Double-blind, placebo-controlled Double-blind, plactbo-controlted
Dates 4/6/92-4/30/92 6/15/92-8/10/92

uhiectiver 1 Osrma rnancy
2. Sensitization potential

Preliminary comparative desmal wmancy

Regimen Repeat application with occlusion Repeat application with occlusion
Drug 4% penciclovir, Cetomacrogot formulation 5% penciclovir, Catomacrogol formulation
5% acyclovir cream
N 90 19
Population Healthy volunteers Healthy volunteers
Age - Mega 36 yrs 35yrs
Range 18-53 21-48
Crender - Female | 24 (B

Male | 66 8
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Resuits

A total of 108 subjects were enrolled in the two studies. The proportion of subjects who
showed an irritancy rec,onse (visual irritancy score 21.0 for at least one of the patches for that
treatment) are shown 1n Table 26.

Table 26 - Visual Immitancy Results Studics 042 and 044

Pev only Placeho only Pev & Acv only Acv & Pov & acv Pev, acv & Total
placebo placebo placebo
N 108 108 108 19 19 19 19 108
# vith umitancy 19 (18%) i4 (13%;}) 21 (19%) 6 (32%) 1 (5%} 4(21%) 1(37%) T2(67.0
response

The applicant stated in their report that 51 of 108 (47%) subjects exposed to penciclovir had
a visual irritancy score cf 1.0 or greater as compared to 43 of 108 (40%) of subjects exposed to
placebo and 18 of 19 (95%) of the subjects exposed to acyclovir. Although the number of subjects
exposed to acyclovir was much smaller tnan to penciclovir and placebo, acyclovir 5% cream resulted
in a greater severity of irritancy and a arger proportion of subjects wiil an irntancy response.

Table 27 - Visual Immitancy Scores Studies 042 and 044
Penciclovir Placcbo Acyclovir
N 198 108 19
Mean (5D} 02(0.2) _ 0.1(0.2) 1.0{0.3)
Median (range) 0.1{0.0100.9) 0.0{0.0w 0.9) 1.1(021t01.5)

The mean visual irritancy scores for all subjects in studies 042 and 044 are shown in Table
27. The mean score; were similar for penciclovir and vehicle. No subject in study 042 bad a
maximal score greater than 1.0 for either penciclovir or vehicle. In study 044, one subject had a
maximal irritancy score of 2.0 for penciclovir. For acyclovir, eight of 19 subjects had a maximal
irritancy score of 2.0.

Since the mechanism for seasitization to an agent involves a systemic, immunological
component, sensitization data on both current and previous formulations were analyzed. In terms
¢t 1ts sensitizadon potential, 2 ot 260 subjects challenged showsd equivecally positive reacuons
penciclovir. These responses were felt to be due to mild irritancy and the applicant concluded that
penciclovir is unlikely to induce sensitization.

Phototoxicity

Phototoxic and photoallergic reactions are most commonly due to light in the UVA range,
however, UVB may occassionally be invoived. The UV absorption spectrumn of penciclovir has a
maximum at 252 nm and shows no absorption in the UVA band and some absorption in the UVB
band. It would be expected therefore, that penciclovir would have little potential for phototoxicity
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or photoailergenicity. The applicant has conducted a phototoxicity and photoallergenicity study in
guinea pigs with famciclovir which showed no evidence of phototoxicity or photoallergenicity. The
applicant also submitted the initial report of a clinical study in which phototoxicity was assessed in
12 healthy subjects in Japan (six randomized to topical 1% penciclovir cream and six to placebo).
No evidence of phototoxicity was seen.

Summary of Safety

The overall safety profile for 1% topical penciciovir was similar to that of the vehicle control.
There were few adverse events reported and none were consicdered to be related to study medication.
The most frequently reported adverse event in both phase 3 studies was headache. The incidence
was for the penciclovir and placebo groups in both study 024 and study 925. The incidence of local
adverse events was 1% to 3% in study 024 and 8% to 10% in study 025. The incidences was similar
across the treatment groups. Overall in the two phase 3 clinical studies, 1% topical penciclovir was
well tolerated. The results of the two dermal irntancy studies that were conducted with 5%
penciclovir in the Cetomacrogol formulation showed that the proposed marketing formulation of
penciclovir cream does not cause significant dermal imtation and is not likely to cause dermal
sensitization. The information submitted also supports the conclusion that topical penciclovir is not
likely to cause phototoxicity.

CONCLUSIONS

To support the efficacy of Denavir for the treatment of recurrent herpes labialis in
immunocompetent adults, the applicant has submitted the results from two phase III, randomized,
piacebo-controlled, double-blind studies. After review of the study reports and of the analyses of
the data conducted by the FDA Biostatistical Reviewer, this medical reviewer has concluded that the
studies are adequate and well-controlled and that the studies demonstrate that Denavir is associated
with a swatistically significant, but modest, decrease in the duration of herpes labialis lesions. This
decrease 1s approximately one half day in both of the studies. The studies also demonstrated an
approximately one half day decrease in lzsion associated pain in the subjects who were treated with
Denavir, consistent with the effect seen on lesion duration. In summary, the data presented support
the conclusion that Denavir been show to have a statistically significant, but modest effect in the
teaiment of recurrent herpes labialis in immunocompetent adults.

To support the clinical safety of Denavir for the treatment of recurrent herpes labialis in
immunocompetent adults, the applicant has submitted the results from the two phase 111 tnals, two
irritancy studies with the formulation proposed for marketing and data from an ongoing study of the
phototoxicity of 1% topical penciclovir in healthy volunteers in Japan. The safety data from the
phase I1I climical tnals demonstrated that, except for headache, adverse events were reported in 3%
or less of the subjects and that in regard to the frequency of reported adverse events, the treatment
groups were comparable. Local adverse events were comparable between the treatment groups in
both of the phase [I[ clinical trials. The imitancy studies conducted with the formulation proposed
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for marketing demonstrated that the 1% penciclovir Cetomacrogol cream formulation did not have
significant imitancy potential and did not induce sensitization. The information on the UV
absorption spectrum of penciclovir, the results of the phototoxicity study conducted in guinea pigs,
and the available data from the clinical study conducted in Japan support the conclusion that the 1%
penciclovir cream is unlikely to be associated with phototoxicity. In summary, the data presented
support the conclusion that Denavir is safe for the intended use.

The clinical trials contained in the NDA support the conclusion that 1% topical penciclovir
is safe and has a statistically significant, but modest effect on the duration of herpes labialis lesions.
Because of the self-limited nature of herpes labialis in the normal host and the relatively short
duration of the disease process, demonstration of larger decreases in the duration of the disease
process may be difficult. Therefore, u.ough modest, the demonstrated average decrease in the
duration of the disease process represents a reasonable clinical benefit and given. there are no
approved antiviral products for the treatment of herpes labialis in the normal host, it is the conclusion
of this medical reviewer that this NDA is approvable.

LABEL REVIEW

The proposed package insert included in NDA was reviewed. Comments were conveyed to
the applicant and an agreement was reached on the format and content of the package insert. (Please
refer to the final draft label included in the NDA package.)

RECOMMENDATIONS

It is the recommendation of the medical reviewer that this New Drug Application for
Denavir™ for the indication of the treatment of recurrent herpes labialis in adults be approved.

ary K. Chikami, M.D.
Medicai Officer, HFD-530

Concurrence:
HF'D-530/MTL/RBehrman/5 45 ¢, \.,-4,,
HFD-530/ADivDir/DFrecmaw a\\ \$



cc:

NDA 20-629
HFD-340
HFD-530/DivFiie
HFD-530/Feigai
HFD-530/Freeman
HFD-530/Behrman
HFD-530/Mahoney
HFD-530/Chikami
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Appendix I - Phase III Clinical Trial Design

The primary objective of the studies was to compare the safety and efficacy of 1% penciclovir
cream with placebo for patient-initiated treatment of an acute, recurrent episode of herpes simplex
labialis. The efficacy assessment as stated in the protocol was the proportion of subjects who had
lost crust by day 8. The loss of crust was used to represent the end of clinically significant lesion
stages (vesicle/pustule, uicer/soft crust, and/or hard crust) for classical lesions. Assessments were
to be made by the both subjects and investigators.

The secondary efficacy assessments included: the duration of pain for subjects with classical
lesions with pain; time to loss of crust, measured as duration of the clinically significant lesion
stages for classical lesions; the maximum lesion area of classical lesions; the proportion of subjects
who develop classical herpes labialis lesions and proportion of subjects who develop aborted herpes
labialis lesions; the proportion of subjects experiencing lesion pain; the duration of viral shedding
among subjects with positive cultures; the proportions of subjects who have positive viral cultures
for HSV; the duration of individual lesion stages (vesicle/pustule, ulcer/soft crust, and/or hard crust).

The entry critenia included: males or females aged 18 years or older in good general health;
subjects with a clinically diagnosed history of recurrent herpes simplex labialis infection; recurrences
at a rate of three or more per year with greater than 50% of the episodes preceded by prodromal
symptoms and resulting in classical lesions; an accepted method of birth control for female subjects
of child beanng potential.

Subjects who met the entry criteria were randomized to either penciclovir 1% w/w in
cetomacrogol cream base or placebo (cetomacrogol cream base). Study medication was to be
initiated therapy within 1 hour of recognizing the initia! symptoms and/or signs of a recurrence of
their herpes labialis. Subjects were to apply study medication every 2 hours while awake for 4 days.
A minimum of 6 applications were to be applied on the first day. Subjects were required to report
to the clinic within 24 hours of initiation study medication. Daily clinic visits were to continue until
loss of crust. Thereafter, the subjects were to be seen in clinic every other day until the skin was
assessed as normal. Subjects who initiated therapy based on prodromal symptoms were to followed
for only four visits if no lesion developed. Subjects whose lesions progressed to the papule stage
after four consecutive visits continued every other day visits until the skin was assessed as normal.
At each visit. symotom and !esion assessments were performed. Daily viral cultures were nerformad
during the vesicle/pustuie and uicer stages.

Assessments of symptoms and lesion charactenistics were ‘o be recorded by the subjects in
a diary every six hours. The information in the diary was transcribed into the case report form by
the investigator. Physician assessments were performed at each clinic visit. The anatomical location
was documented on a orofacial diagram contained in the case report form. The duratior of the
lesions stages (prodrome, erythema, papule, vesicle/pustule, ulcer/soft crust, hard crust, residual
swelling/dry flaking and normal skin) was assessed by clinical findings and patient history. Lesions
that developed within the first 24 hours were considered part of the primary lesion complex
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regardless of distance from the primary lesion. After 24 hours, lesions appearing within 1 centimeter
of the primary lesions were considered part of the pnimary lesion complex. Lesions appearing
greater than one centimeter from the primary lesion were considered new lesions. The maximum
lesion area for the primary lesion complex was determined by measuring the greaiest length, then
measuring the greatest perpendicular width. Only the raised area was included in the measurement.
If there were lesions or parts of a lesion at different stages, the stage covering the largesi surface area
was followed for assessment. Lesion stages were assigned the following codes:

No lesion/symptoms

Prodrome

Erythema

Papule

Vesicle/pustule

Ulcer/soft crust

Hard crust

Residual swelling/dry flaking
Normal skin (including erythema)

Q0 ~3 O Lh B b = D

The following rating scale was used by the subjects to assess lesion pain:

None No pain

Mild The patient is vaguely aware of the cold sore. The affected area is tender when
touched, but does not interfere with daily activities.

Moderate The subject is awarc of the cold scre at all times.

Severe The discomfort interferes with daily activities (i.¢., eating, drinking, talking). There
is enough discomfort to cause sleep disturbance. The discomfort may seem to be an
unbearable irritation.

Daiiy viral cultures were obtained during the vesicle/pustule and ulcer stages (stages 4 and
). Viral cultwes were performed at either a central laboratory or at a local virclogy laboratory. The
protocol for performing viral cultures were reviewed by the virology laboratories of the applicant
pnor to initiation of the study. All herpes simplex isolates were stored at -70°C and sent to a central
laboratory.

The pnmary efficacy variaple was defined as the proportion of subjects losing hard crust by
day 8 and the pnmary comyanson was to be between the penciclovir-treated group and the placebo-
treated group. The proportion of subjects with healing by day 8 was to be analyzed using the
Cochran-Mantel-Haenszel test, stratified by center. The nuil hypothesis of no difference between
the treatment groups was to be tested against the alternative hypothesis with a nominal type | error
of 5% (two tailed).

For the proposed analyses the protocol defined two study populations. The "intent-to-treat”
population was defined as all subjects who used coded study medication. The protocol-evaluable
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population was defined as subjects who: fulfilled all protecol requirements; applied at least six doses
of study medication each separated by at least two hours for four successive days; developed
classical lesions; initiated treatment in the prodrome/erythema stage.

Secondary efficacy variables inciuded: the duration of pain experienced by subjects with
classical lesions who had pain; time to loss of crust, expressed as the duration of clinically significant
lesion stages for classical lesions; maximum area of the classical lesions; proportion of subjects who
developed classical lesions and the proportion of subjects who develop aborted lesions; proportion
of subjects experiencing lesion pain; duration of viral shedding among subjects with positive
cultures; proportion of subjects with positive viral cultures for HSV; duration of lesion stages for
classical lesions.

Evaluation of safety data was to include all subjects who received a least one dose of study
medication. The evaluation included tim< io onset, severity, study medication and investigator
reported relationship of the clinical event to study medication. Subjects were evaluated at each clinic
visit for the occurrence of any adverse event. Relation to study medication will be assessed as
unrelated, probably unrelated, possibly related and related. The severity of adverse events were
graded according to the following scale:

Mild An adverse event easily tolerated by the subject, causing minimal discomfort and not
interfering with everyday activities.

Moderate An adverse event which is sufficiently discomforting t interfere with normal everyday
activities.

Severe An adverse event which prevents normal everyday activities.

The protocols for studies 024 and 025 were similar expect for minor differences noted below.

|. Exclusion Criteria -
Study 024 included the exclusion criteria that subjects who had participated in a previous
famciclovir or penciclovir study would be excluded from the study. This was not specified
in the protocol for study 024,

2. Monthly Phone Calls - Both protocols specified that subjects enrolied in the studies would be
contacted on a monthly basis to remind them that they were participating in a clinical trial. However,
the following instructions were included in the protocol for study 024, but not in study 025:
a) If recurrence occurs in the evening or during the night or if it is first noticed in the papule
or later stage, it was recomrnended to the subject that medication be started at the next
recurrence.
b) Subjects were asked if they have had a recurrence, and if so, was study medication
initiated. [f the subsect initiated study medication and did not call for an appointment, he/she
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was 10 be queried as to why not.
¢) Specific instructions were given in regard to storage of study medication and inspection
of study medication for changes due to improper storage.

3. Clinical Gbservations and Procedures - )
a) The protocol for study 024 specified that subjects were to be reminded not to apply study
medication immediately before the clinic visit. This was not stated in the protocol for study
025.

b) Subjects whose lesions had progressed to the papule stage were to continue alternate day
visits until the skin was assessed as normal. This was not specified in the study 025 protocol.
Appendix A of study 025 specifies that for patients whose lesions did not progress further
than the papule stage no further visits beyond visit 4 were required. .
4. Assessments of Lesions -
In study 024 if a lesion two distinct stages or there were two lesions in different stages, the
lesion or part of the lesion that covers the largest surface area was followed for assessment
purposes. This was not specified in the study 025 protocol.

5. Laboratory Procedures -
In study 024 the method of birth control used by female patients of child bearing potential
was to be recorded in the case report form. This was not specified in the study 025 protocol.

6. Storage -
More detailed information on storage of study medication was provided in the protocol for
study 024 and instructions were t¢ be provided to the subjects if the study drug became
inhomogeneous.

7. Statistical Methods, Comparison of Interest -
In study 024, the demographic characteristics history of herpes simplex infections of patients
who initiate treatment was to be compared with those who had not initiated therapy. This
comparison was not specified in the protocol for study 025.



APPENDIX II - BASELINE CHARACTERISTICS OF SUBGROUPS ANALYZED

Early Versus Late Initiators
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Table 28 - Demographic Charscteristics

Study 024 Study 025
Early Late Early Late
Pev Placebo Pev Placcbo Pev Placebo Pev Placebo
r=d | | =395 n=350 n=176 v |2 i 27 =304 =300 |
Mean age (yrs) 193 186 394 402 383 374 392 37.3
Gender
Female 304 284 264 252 293 kyxi 231 249
Male 107 111 86 124 119 104 73 56
Race
Black 1 2 2 ] [} 1 0 ]
White 199 382 134 362 404 413 290 297
(ther 11 11 14 1! 3 13 14 7
Tabic 29 - Baseline Disease Characteristics
Stdy 024 Study 025
Early Late Eartly Late
Pev Placebo Pov Placebo Pev Pacebo Pev T Paccbo
n=d]] =395 =350 m3176 re=d |2 =427 =304 =300
Duration of herpes 233 218 1.8 24.1 19.0 1982 194 19.0
fabialis
# episodes dunng last 56 60 6.0 54 58 5.7 53 5
Year
# episodes per year 61 6.5 6.5 59 6.3 &1 61 6.0
W subsects who had
prodromes
Always 275 i6b 210 258 286 295 203 206
Must 120 120 123 110 118 126 91 N
Half of time 16 9 17 11 3 ] 10 3
# sibrects with classical
iecions ! 1 !
Always 247 150 210 245 2713 287 200 205
Most 147 136 130 14 |24 133 94 91
Half of ime 17 9 10 17 10 7 9 9
Occasionally 1
# subjects who had false
prodromes
Always 1 i
Most of time | 1 3
Half of ume 1 2 1 3
Occasionally 144 47 133 140 144 143 18 12
Never 267 148 216 235 263 282 13! 136




Compliant Versus Noncompliant
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Table 30 - Demographic Characteristics

Study 024 Study U125
imnt A - iamt Noncompliant
Pev Placeho Pcv Placebo Pev Placebo Pev Pisceto
n=620 n=619 =162 m=162 n=t89 =466 nn245 n=284
Mean age (y13) 90 392 414 40.6 39.2 317 316 365
Gender
Female 456 438 17 14 n 370 163 213
Male 154 191 45 48 117 96 12 11
Race
Black 2 H 2 ] 0 1 0 1
White 597 607 154 152 474 452 228 278
Other 21 2i ] 5 15 13 7 3
-
Tabie 31 - Baseline Disexse Charscteristics
Study 024 Study 025
liant Noncomplian Compliant Noncomplisnt
Pev Piscebo Pev Placebo Pev Placebo Pev Placebo
=620 n=519 w62 |62 =439 =466 n=245 284
Durstion of herpes 21 27 250 243 19.6 19.7 184 139
Iabialis
# episodes during last $7 57 59 3.5 53 56 57 5.6
| year
¥ episcdes per year 64 6.2 6.5 6.1 6.2 $9 61 62
¥ subjezis who had
prodrome:
Always 193 419 108 100 n 318 166 19
Most 202 174 46 51 142 137 76 #5
Half of time 25 16 $ 4 15 11 3 ]
# subjects with classical
letions
i Alweys 371 any i 19! 197 330 3 15 ! 161
Most 126 205 56 47 147 138 78 39
Haif of ume 23 19 5 [ | 1 12 3 4
Occaswonally |
# subjects who hal false
prodromes
Always | | 1
Maost of e | 1 2
Half of tirne | \ 2 4
Occaionally 23 pa L 57 57 176 165 93 97
Never 396 93 105 1 105 31l 291 151 180
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APPENDIX 111 - Design of Studies 042 and 044
Study 042

Study was a double-blind, placebo-controlled (within subject comparison), repeat insult patch
test. Subjects received nine repeat topical patch applications over a period of 22 days. Dosing was
on days 1, 3, 5, 8, 10,12, 15, 17, and 19. On each dosing day, subjects received two topical
applications, one loaded with penciclovir 5% cream and tie other loaded with placebo. Patches were
left in place for 48 to 72 hours. A randomized code allocated a treatment to either the left or night
side of the subject's upper back for the duration of the study. Once the initial patch was applied, the
comers of each patch were marked with a waterproof marker to facilitate re-application to the same
site. Patches were occluded with waterproof tape. To assess sensitization potential, applications of
penciciovir 5% cream and placebo were applied at new sites under occlusive patches on day 36 (after
a 14 day washout period). Patches were left in place for 24 hours before assessment.

The patch sites were assessed for irmitancy and sensitization by visual inspection using a
rating scale for ervthema and edema. The assessment was made 15 minutes after the removal of the
patch from the pnor application and was made by the same blinded evaluator throughout the study.
The assessor was not involved in the application of the study medication.

The following scale was used to rate the skin reaction:

0 No visible reaction. (Included superficial responses such as glazing, peeling, cracking)

1 Mild erythematous reaction. Faint pink to pink over 25% or more of the patck site
IE Mild erythematous reaction with papules and/or edema
2 Moderate erythematous reaction {definite pink to red erythema similar to sunburn)

2E  Modcraie erythematous reaction with papules and/or edema

3 Strong erythematous reaction (beet red)

3E Strong erythematous reaction with marked eden:a, papules and/or few vesicies
4 Severe reaction with erythema, edema, papules and vesicles (may be weeping)
5 Bullous reaction

The visual assessment scores for dermal irritancy and sensitization responses from any subject
receiving at least one application of each treatrnent were considered valid for the analvses of clinical
sdfel, and toietabiity. e amitancy and seusiizaton phases were anaiyzed separately. A subject
was considered a responder if they had a score of greater than or equai to 1.0 at any time.



Study 044

The study was a double-blind, placebo-controlled, randomized, within-subject comparison
of penciclovir 5% cream (Cetomacrogol cream base), placebo (Cetomacrogol cream base) and
acyclovir 5% cream. Subjects received 9 repeat topical applications of each study raedication with
occlusion ondays 1,2, 3, 4,5,6,8,9, and 10. Each patch remained in place for 24 to 48 hours. A
randomized code was used to allocate the treatments to the left, middle or right upper back. Visual
assessments of the application sites were made at least 15 minutes after removal of each patch. The
assessments were made by two independent blinded assessors. The assessors remained the same
throughout the study and were not involved in the application of the study medications. The
following scale was used to grade the reactions observed at the application sites:

No visible reaction (including superficial skin responses e.g., glazing, peeling, cracking)

5  Mild erythematous reaction over less than half of the patch site
Mild erythematous reaction. Faint pink
5 Moderate erythematous reaction. Definite pink

Moderate erythematous reaction. Definite red (stmilar o sunbum)

Strong erythematous reaction. Beet red.

Severe reaction with erythema, edema, papules and vesicles (may be weeping)
Bullous reaction

(LR RS e =

After cach visual assessment, skin blood flow was measured using an Oxford laser doppler
flowmeter. Blood flow was tecorded over 30 seconds and an average of the output signal was
recorded. Control measurements were obtained at an adjacent site on the subject's upper back.

The average of the two scores for each assessor was calculated for each assessment. A
responder was defined as a subject with at least one score greater than or equal to 1.0 over the nine
patches for that treatment. The number of responders to each treatment alone and to all three
treatments was tabulaied. The maximum score over all nine patches for each subject and each
treatment was calculated and a frequency table was constructed for the maximun score by treatment.

To determine whether the proportion of responders was influenced by treatment, Cochran's
Q test was performed using the average scores, The average score over all nine patches for a
particular treatment for each subject and treatment was c7'culated. These average patch values were
analy«ed us:ng tie Wilcoxen matched pairs method of 2sca oi the pair wise compansois with
penciclovir.



Statistical Review and Evaluation

SEP |7 19%
NDA#: 20-629
APPLICANT: SmithKline Beecham Pharmaceuticals
NAME OF DRUG: Denavir™ (Penciclovir Cream) 1%
INDICATION: Treatment of Recurrent Herpes Simplex Labialis Infection

DOCUMENTS REVIEWED: V.1.110,1.122,1.136, 1.147
Responses to Request for Informati-n: 5/13/96, 6/12/96

MEDICAL INPUT: HFD-530: G Chikami

A. Iatroduction

Two studies have been consideizd tor the proposed indication for the treatmen: of recurrent herpes
simplex labialis infection: 024 and 025, These studies followed patients over vie course of lesions
produced by heipes simplex labialis infections. Assessments were made both by the medical
investigators and by patients using a diary. Lesions were scored over time using the following
classification system.

17,
(]
9
[¢]

Stage
no lesion or symptoms

prodrome

erythema

papule

vesicle/pustule

ulcer/soft crust

hard crust

residual sweliing/dry flaking
normal skin (including erythema)

- B RV I I S )

The duration of critical lesion stages (papules, vesicles/pustules, ulcers/soft crusts and hard crusts),
as assessed by the investigator, was identified during discussions between the medical division and
the applicant @s being of primary interest. [t wwas agieed tiat derction would be deitned as the
number of days of any stage of a critical lesion. The use of critical lesions as the primary endpoint
differs from the protocol specified primary endpoint where classical lesions were defined as being
one of the following: vesicles/pustules, ulcers/soft crusts and liard crusts. The patient’s assessment
of critical lesion stages was treated as supportive.

During preNDA discussions with the applicant, two analysis populations were considered. The first
population is made up of all subjects known to have started study therapy and the second excludes
only subjects known not to have had a recurrence regardless of therapy status. The first analysis



population (known treated) was defined in the protocol while the second was requested by the
Division of Antiviral Drug Products (DAVDP) as an intent-to-treat (ITT) population.

B. Summary of the Designs
Study 024

Protoco! Title: “A Prospective, Randomized, Double«Blind, Multicenter, Patient-Initiated Study to
Compare the Efficacy of Topical 1% Penciclovir Cream with Placebo in Patients with Recurrent
Herpes Simplex Labialis Infection” (11/25/92)

This is a double-blind study of patient-initiated therapy for the treatment recurrent herpes labiai's
infections. To be eligible, patients were to historically have at least three recurrences per year.
Approximately 2,000 subjects were to be randomized to one of the following treatment arms:

Penciclovir 1% penciclovir cream; or
, Placebo placebo cream.
Randomization was to take place within each of 35 centers located in the United States.

After randomization, paticits retumned home with their assigned medication and were to begin
therapy within | hour of the first sign or symptom of herpes labialis. Treatment was to be applied
topically every 2 hours for four days to the affected or perioral areas. [t was expected that 232
subjects per arm would initiate therapy.

Patients were to have had their first clinic visit within 24 hours of initiating therapy. Daily visits
were to be made until loss of crusts. Thereafter, alternate day visits were to be made until complete
healing. Patients initiating therapy on the basis of prodromal/erythema were to be followed for only
four consecutive visits if no lesions cccurred.

Each patient was to be cowracted at least once a month by a study nurse to determine if a recurrence
had taken place. If therapy was not initiated, the reason for this was recorded by the study nurse.

The primary efficacy analysis was to be based upon the proportion of patients who have lost crusts
{vesicle, pustule, ulcer, soft crust, or hard crust) by day 8. This assessment was to be made both by
the patient and the investigator.

The protorol specifies that an intent-to-treat anzlysis wovld be conducted. The Cochran-Mantel-
Haenszel test was to be used to compare the treatments for the primary endpoint with stratification
by investigator.

Study 025

Protocol Title: “A Prospective, Randomised, Double-Blind, Multicentre, Patient-Initiated Study to
Compare the Efficacy of Topical 1% Penciclovir Cream with Placebo in Patients with Recurrent
Herpes Simplex Labialis Infection™ (8/12/92)

=Y
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This is a double-blind study of patient-initiated therapy for the treatment recurrent herpes labialis
infections. To be eligible, patients were to have had 3 or more recurrences per year. Approximately
2,000 subjects were to be randomized to one of the following treatment arms:

Penciciovir 1% penciclovir cream; or
Placebo placebo cream.
Randomization was to take place within each of approximately 40 centers located worldwide.

Patients returned home after randomization with their assigned medication and were to begin therapy
within | hour of the first sign or symptom of herpes labialis. The assigned treatment was to be
applied topically every 2 hours for four days to the affected or perioral areas. It was expected that
232 subjects per arm would initiate therapy and be evaluable (50% deveiop herpes labialis, 75%
comply with protocol, and 75% develop classical lesions and 75% initiate early treatment).

The schedule of follow-up and definition of primary endpoints were consistent with study 024. The
protocol for study 025 has a more extensive description of secondar;, cndpoints than the protocol for
study 024. Pain was to be assessed by the patient using diary cards to be completed every six hours
with the following rating scale: none, mild, moderate and severe. Viral cultures were to be obtained
during the blister (vesicle/pustule) and ulcer stages.

The protocol specifies that an intent-to-treat analysis would be conducted. The Cochran-Mantel-
Haenszel test was to be used to compare binary cutcome variables with stratification by investigator,
Outcome measures based upon duration were to be analyzed using the Wilcoxon rank sum test.

B. Applicant’s Results
Study 024

The study report 1s based upon subjects enrolled between 4/21/93 and 7/8/94 in 31 centers. Two-
thousanc. two-hundred nine subjects were randomized with 1573 known to have initiated therapy.
The remaining 636 are kncwn to have not initiated therapy or are of unknown treatment status.
therapy. The following table provides the distribution of subjects randomized by treatment (using
permuted blocks of size 8) and follow-up status. There is no apparent difference between the
treatment groups in the distribution of subjects with respect to follow-up.



Subject Disposition (n)

Penciclovir Placebo

Total Randomized 1103 1106
Initiated Therapy 782 791

1) Compiete Follow-up 744 743
. 2) Incomplete Follow-up . 38 48
No Therapy Recorded 321 315

3) No Recurrence 125 126

4) Lost to Follow-up 84 84 |

5) Recurrence 76 71

6) Other 36 34

Source: Tables 3,4, 14 V. 1.110

Of the subjects that initiated study therapy, approximately 50% initiated therapy prior to developing
a papule (based upon patient assessment) while the remaining 50% initiated therapy at or after the
papule phase. The treatment arm: siowed little difference in the time of inmitiation (Table G, V.
1.110).

As discussed earlier, both the known treated and ITT analyses exclude subjects known 1> have not
had a lesion. The known treated and ITT analyses exclude 29% 2nd 11% of the subjects randomized,
respectively. Of those subjects included in the ITT population, 20% were excluded to create the
known treated population.

The appiication presents a comparison at baseline between the known treated population and the ITT
population (Table 8, V. 1.11C). Subjects not initiating therapy (i.e., subset of the ITT population}
tended to have fewer lesions during the previous year as well as fewer episodes per year. The
average was about /2 episode fewer per year for both treatment amms. Other clinical conditions
were comparable at baseline between the known treated population and the remaining subjects in the
ITT population (Tabte 11, V. 1.110).

As no endpoint data were collected for subjects not initiating therapy, the study rcport conteins a
number of analyses based upon excluding subjects with missing data or assigning one of the
following vaiues to subjects with no duration data: zero, lower quartile, median, upper quartile and
maximum+1. VYalues were assigned without regard to treatment status. Three additiona! strategies
were also emploved which treated the study arms differently (other approaches were included in the
NDA, but the results are consistent with the approaches described and will not be discussed further).
The first assigned a value of the maximum+] to the subjects receiving penciclovir and a value of 0 to
supjects assigned (o placebo. This is a “worst case” analysis. The second assigns the median to the
penciclovir subjects and 0 to the placebo subjects. The third assigns the third quartile to penciclovir
and the first quarti'e to placebo. These strategies were developed with the cooperation of the
DAVDP prior to an examination of the study results.

Duration of Critical Lesions
As shown previously, a number of subjects who initiated therapy had incomplete follow-up

information. The NDA breaks these subjects into two groups (Table 14, V. 1.110). 35 subjects (13
and 22 for penciclovir and placebo, respectively) who had a critical lesion start date with unknown
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end date and 48 subjects (25 and 23 for penciclovir and placebo, respectively) for whom treaiment
was initiated without a critical lesion. The imputation strategy previously described was used for the
48 subjects in the second group. For the 35 subjects who initiated therapy but had critical lesions at
the time follow-up was discontinved, the maximum over subjects + 1 with complete follow-up was
imputed for all analyses.

The following table summa.izes the results of the comparisons between the treatment groups for the
various ways of imputing missing data described previously. The first row of this table contains the
results for subjects known to have received therapy with either complete follow-up or the
maximum+1 imputed (these subjects are labeled the “exclude” approach because subjects with no
lesion data are excluded from the analysis). The remaining rows of this table contain the results for
the intent-to-treat population. Note, that all but three comparisons favor penciclovir when the mean
is used o compare the treatments.

Duration of Critical Lesions

[ imputation Mean Median

Approach p-value Penciclovir Placebo Penciclovir Placebo

Exclude <.001 4.5 5.2 4 4

13t Quartile <001 472 4.7 3 4

Median <.00] 4.4 49 4 4

3rd Quartile <001 49 53 ) 6

Max+1/0* <.001 7.1 4.0 5 4

Median/0** 014 44 4.0 4 4

Q3/Q1*** 234 49 4.7 5 4

Source: V. 1.110, Tabje 15, V. 1.135, Table 5

*maximum+1 assigned to penciclovir and 0 assigned to placebo

**median assigned to penciclevir and 0 assigned to placebo

***third quartile assigned to penciclovir and first quartile assigned to placebo

The p-values in the above table were calculated using StatXact (Version 2.11). A Monte Carlo
approach was used to caiculate the permutation p-value (i.e. no scoring was used as would be done to
calculate the log-rank or Wilcoxon test). This procedure is based upon comparing the total over
subjects for one treatment arm to that which would have been expected if there was no treatment
difference. Stratification based upon in\ estigator was used.

Duration of Pain

The duration of pain analyses were limited to subjects initiating therapy and recording data in their
diaries at some point during follow-up. For each subject, the number of days with mild to severe
pain was determined by counting the days where any pain was recorded in the patient’s diary. Only
values recorded after the initiation of therapy were included in the analysis. [f a patient was
experiencing pain as of the last visit, the number of days was set to the maximum+1 found using
subjects with complete data. A test of significance was conducted based upon the number of days
with pain using the Mann-Whitney rank test stratified by investigator. There was approximately .5
days less pain for the penciclovir arm with a p-value <.001. The following table summarizes the
results of these analyses.
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Duration of Pain - Patient Assessment (Diary)

Penciclovir Placebo
Number Starting Therapy 782 791
Diary Not Used* 16 17
Included in Analysis 766 774
- mean 4.2 47
median 3.0 3.6
interquartile range 1.5,5.3 1.9, 6.1

Source: V.1.110, Table 19
NDA indicates 32 such subjects in total, table values found by subtraction

The applicant also presented analyses based upon the time until loss of pain using a Cox model and
log-rank test. This analysis differs from that conducted for the duration of pain in that subjects
recording no pain were excluded from the analysis (38 placebo and 39 penciclovir). Additionally,
the time untii loss of pain corresponds to the diary entry where 1o pain was first recorded rather than
the day of last recorded pain. The results of the analysis based upon time to loss of pain is consistent
with the duration of pain analysis. A significant reduction in the time to the end of pain was reported
for penciclovir (p=-001) with a hazard ratio of 1.22 (95% C.I.: 1.09-1.36).

Time to Cessation of Viral Shedding

A time to event analysis (Cox regression znalysis stratified by center with treatment as the covariate)
was conducted for the time until the last positive culture. An “event” was determined to have
occurred as of the last positive culture when the positive culture was followed by a negative culture.
Only subjects starting therapy and having at least one positive culture were included in this analysis.
Any subject with a positive culture at the last study visit (i.e., no negative culture) was treated as
censored. The foliowing table contains the disposition of subjects for this analysis.

Viral Assessment

Penciclovir | Placebo

Number Starting Therapy 782 791
No Positive Culture on Study 267 259
Positive Culture on Study 515 532

Approximately 60% of subjects with a positive culture on study had a positive culture as of their last
visit. A number of these subjects had only a single culture available (i.e. the culture result used for
inciusion in the viral shedding analysis). As such, thesc subjects could never beceme negative icr
this analysis. Because of this, the application contains additional analyses including only subjects
with at least two and also with at least three culturc results. The main study report describes the
results for all subjects with at least one culture and at least three cultures. The analysis based upon
subjects with at least 2 cuitures is reported as consistent with the other analyses and will not be
discussed further.

The following table summarizes the resuits of the Cox regression analysis conducted for the time
untii the cessation of viral shedding. Based upon this analysis the apphcant has concluded that
penciclovir is associated with a shortening of the time until the cessation of shedding.



Cessation of Shedding

Ever Positive Ever Positive & 23 cuitures
Penciclovir Placebo Penciclovir | Placebo
n 515 532 223 232
median 3 3. 3 3
interquartile range 2,3 2,4 2,3 2,4
Cox hazard ratio 1.35 1.26
95% C.1. 1.10, 1.64 1.26,1.59
p-value 003 048

Source: Table 21, V. 1. 110

Study 025

The study report for study 025 is based upon subjects enrclled between 3/18/93 and 8/14/94 in 43
centers from 10 countries (Canada, United Kingdom, Polard, Beigium, Netherlands, France,
Switzerland, Sweden, Denmark and Singapore). Two-thousand three-hundred sixty-four subjects
were randomized with 1484 known to have initiated therapy and 880G not known to have initiated
therapy. The following table provides the distribution of subjects randomized by treatment (using
pcrmuted blocks of size 4) and follow-up status. There is no apparent difference between the
treatment groups in the distribution of subjects with respect to follow-up.

Subject Disposition (n}

Penciclovir Placebo

Total Randomized 1177 1187
Initiated Therapy 734 750

1) Complete Follow-up 701 710

2) Incomplete Follow-up 33 40
No Therapy Recorded 443 417

3) No Recurrence 283 266

4) Lost to Follow-up 38 44

5) Recurrence 122 127

Source: Tables 4, 5,15 V. 1.136

Of the subjects that initiated studv therapy, approximately 57% initiated therapy prior to developing
a papuie (based upon patient assessment), 41% initiated therapy at or after the papule phase and 2%
were of unknown initial stage. The treatment arms showed little difference in the time of initiation
(Table 10, V. 1.136).

Duration of Critical Lesions
As was discussed for study 024, two analysis populations were considered. The first population is

made up of all known to have began si.dy therapy and the second excludes only subjects known not
to have had a recurrence regardless of therapy status. These two approaches exclude 37% and 23%
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of the subjects randomized, respectively. Of those subjects included in the ITT population, 18%
were excluded to create the known treated population.

The application presents a comparison between subjects at baseline between the known treated
population and the ITT population (Table 9, V. 1.136). Subjects not initiating therapy tended to have
fewer episodes during the previous year as well as fewer episodes per year. The average was about
1/3 episode fewer per year for both treatment arms. Other presenting conditions (table 12, V. 1.136)
were lower for the known treated population (41% had some presenting condition) than subjects not
initiating therapy (32%).

As with study 024, no endpoint data were collected for subjects not initiating study therapy. The
same strategies were used in study 025 as were previously described for study 024. Similarly,
StatXact {Version 2.11) was used to carry out the statistical analyses using a Monte Carlo approach
to caiculating the permutation p-value for duration

The following table summarizes the results of the comparisons between the treatment groups as was
previously presented for study 024. Note, all but the last three comparisons favor penciclovir.

Duration of Critical Lesions

Imputation Mean Median
Approach p-value Penciclovir Placebo Penciclovir Placebo
Exclude 030 4.5 5.0 4 4
15t Quartile 041 4.2 4.5 3
Median .033 4.4 48 4 4
3rd Quartile 022 43 5.2 5 6
Max+1/0* <.001 74 39 5 3
Median/Q** 012 44 3.9 4 3
Q3/Q1*** 045 48 4.5 5 3

Source: Table 16, V1.136 and Table 5, V. 1.158

*maximum+ | assigned to penciclovir and 0 assigned to placebo

**median assigned to penciclovir and 0 assigned to placebo

***third quartile assigned to penciciovir and first quartile assigned to placebo

Duration of Pain

The duration of pain analyses were limited to subjects initiating therapy and recording data in their
diarics at seme point quiing follew-up, For each subject, the number of days witk mild 10 severe
pain was determined by counting the days where any pain was recorded in the patient’s diary. As
with study 024, only those values recorded after the initiation of treatment were included in the
analysis. If a patient was experiencing pain as of the last visit, the number of days was set to the
maximurm+| found using subjects with complete data (i.c., followed to the cessation of pain). A test
of significance was conducted based upon the numoer of days with pain using the Mann- Whitney
rank test stratified by investigator. There was an approximately .5 day reduction in the duration of
pain associated with the use of penciciovir with a p-vaiue <.001. The foliowing table summarizes
the resuits of these analyses.



Duration of Pain - Patient Assessment (Diary)

Penciclovir Placebo
Number Sﬁ?ting Therapy 734 750
Diary Not Used 14 14
Included in Analysis 720 736
mean 16 42
median 2.3 29
interquartile range 1.0,4.2 1.2,5.2

Source: Table 20, V. 1.136

As for study 024, the applicant also presented analyses based upon the time until loss of pain using a
Cox model and log-rank test. The analysis based upon time to loss of pain is consistent with the
duration of pain analysis. A significant reduction in the time to the end of pain was reported for
penciclovir (p=<.001) with hazard ratio of 1.26 (95% C.1.. 1.12-1.41).

Time to Cessation of Viral Shedding

As for study 024. a time to event analysis was conducted using the data from study 025 for the time
until the last positive culture. Only subjects starting therapy and having at least one positive culture
were included in this analysis. Any subjects with a positive culture at the last study visit were treated
as censored. The following table contains the disposition of subjects for this analysis,

Viral Assessment

[ Penciclovir | Placebo
Number Starting Therapy 734 750
No Positive Culture on Study 316 290
Positive Culture on Study 418 460

Approximately 50% of subjects with a positive cuiture on study had only a single culture available
(t.e. the culture result used for inclusion in the viral shedding analysis). As such, these subjects
could never become negative for this analysis. Because of this, the application contains additional
analyses including only subjects with at least two and also with at least three cuiture results. The
main study report describes the results for ail subjects with at least one culture and at least three
cultures. The analysis based upon subjects with at least 2 cultures is reported as consistent with the
other analyses and will not be discussed further.

The following table summarizes the results of the Cox regrussion analysis conducted for the time
unti! the cessation of viral shedding. Based upon this analysis the applicant has concluded that
penciclovir is associated with a shortening of the time until the cessation of shedding.



Cessation of Shedding

Ever Positive Ever Positive & 23 cultures
Penciclovir Placebo Penciclovir Placebo

n 418 460 208 243
Median 3 3 3 3

Interquartile Range 2,3 2.4 2,3 2.4
Cox Hazard Ratio 1.47 1.46

95% C.1. 1.20, 1.80 1.16, 1.85
p-value <.001 002

Source; V. 1.136, Table 22

Summary of the Applicant’s Analyses

The applicant has presented a number of statistical analy<es of studies 024 and 025 to demonstrate
that topical penciclovir is associated with a reduction in the time until the healing of lesions brought
about by herpes labialis. These analyses compensated for incomplete follow-up using a variety of
different approaches. These approaches generally showed topical penciclovir to be associated with a
reduction in the time until healing of approximately .5 day. Secondary analyses were presented for
the duration of pain as well as the time of viral shedding. These analyses also showed
approximately a .5 day reduction in the number of days with pain and viral shedding.

D. Reviewer's Comments
1} Assessment of the Applicant’s Analyses
Duration of Critical Lesions

Comparison of the Imputation Strategies

The applicant’s analyses were based upon a stratified permutation test with stratification by
investigator. Though not stated explicitly, the applicant has compared the two treztment arms on the
sum of the durations over subjects conditioning upon the number of subjects assigned to each
treatment by investigator. This procedure is algebraically equivalent to comparing the treatment
arms using mean duration.

Tne applivant presented anaiyses tor ihe guration of cnitical lesions for both the known tireated and
the FDA requested intent to treat population. For both populations, a number of imputation
strategies for missing data were used.

The majority of the imputation strategies assigned the same value for missing data regardless of
treatment assignment. These analyses demonstrated that if the same values are imputed for both
penciclovir and placebo, penciclovir has a shorter mean duration of critical lesions. This is true for
both studies 024 and 025.



The remaining imrputation strategies imputed longer durations for the penciclos;ir arm. These
analyses favored plicebo. This change in the direction of the treatment effect reflects the number of
subjects missing data both due to loss to follow-up and subjects not starting therapy.

Based upon the pattern of missing data, it appears that the imputation strategies which differentially
penalize penciclovir relative to placebo may be excessively biasing the treatment comparison. As
this was a double-blind study, there is no eviderce 10 suggest that subjects failing to start medication
differ between the two aims. This implies that for subjects never starting medication, there was
likely to have been no treatment effect rather than an effect in favor of placebo.

If the conclusion that the analyses treating penciclovir and placebo the same for imputation are the
preferred approaches, it is not clear which of these imputation strategies leads to the best estimate of
the treatment effect. It should be noted that though the imputation strategies lead to different
estimates of the mean duration for cach treatment arm, the mean differences between the treatment
arms are comparable for each imputation strategy treating penciclovir and placebo the same. Slight
differences are present due to the small differences in follow-up between the two treatment arms.
The calculation of a single treatment effect for the ITT population will be discussed later in this
TevIEw.

Choice of a Population: Known Treated versus ITT

The choice of which population, known treated versus ITT, best represents the treatment effect is
unclear. There: has been a long standing tradition in clinical trials that the intent to treat population
should always be analyzed and that the ITT population should include all subjects randomized to
therapy. This issue is complicated for the studies contained in this application by the fact that
treatment was only to be initiated by the subject if a lesion developed.

The principal of including all subjects randomized in the ITT population has been modified in anti-
infective trials. In these trials, confiration of the disease of interest can not be made at the time of
randomization but it is necessary to begin therapy as soon as a clinical diagnosis is made (ie.,
presumptive disease). Subjects for which laboratory confirmation ts not established are later
exciuded from the [TT analysis. This approach is consistent with the principles outlined by Tsiatis
(1990, Intent-10-Treat Analysis, JAIDS ) in which conditions existing prior to randomization can be
used to validly exclude subjects from an ITT analysis.

The analcgous population for the present trials are those subjects never cxperiencing a lesion. These
subjects have been excluded from the ITT analyses conducted for these studies. The rationaie for
this exclusion 1s that development of a lesion will not be affected by the act of randomization and is
cnlyv a finzton of each patient’: condilion ai the t'me of candomization. The ITT pupulation s
therefore made up of those subjects with a herpetic lesion for which treatment should have been
started.

The known treated population described in the application excludes subjects from the [TT population
who were not known to have started therapy. The exclusion of these subjects is more problematic
than subjects never developing a lesion. It was specified in each protocol that each of these subjects
should have initiated therapy. It is conceivable that the types of lesions experienced by these
subjects may have differed from lesions for which patients initiated therapy. The difference between
the response to pencicliovir and placebo may differ ior the types of lesions and 1t may not be
reasonable 1o assume that the patient experience for one population can be extrapolated to the other.




The population covered by the ‘known treated” subgroup can therefore only be described as being
made up of subjects with recurrent herpes who initiated therapy under the conditions imposed by the
clinical trials. This population is somewhat poorly specified since no information is available as to
why some subjects initiated therapy while other failed to initiate therapy. Still. the double-blind
nature of these studies and the apparent similarity between the treatment groups suggest that the
applicant’s analyses may have produced valid treatment comparisons for this subpopulation.

Assignment of the Maximum+1 -

The application contains a number of imputation strategies for dealing with subjects with no follow-
up data. A different approach was used for the relatively small numher of subjects with partial
follow-up data. These subjects were known to have had a lesion and started therapy, but were lost to
follow-up prior to resolution of the lesion. [n every analysis presented in the application, subjects
with partial follow-up were assigned a value of the maximum+1i. For study 024, this appears to have
exaggerated the treatment effect since 13 subjects for the penciclovir arm weis treated this way while
22 were treated this way for the placebo arm (the original application has 25, but this was later
corrected to 22). The treatment effect for subjects with complete follow-up is .52 days (4.31 vs.
4.83) while the treatment effect when the value of 16 is imputed is .64 {4.51 vs. 5.15). This shows
that imputaticn for these subjects has increased the treatment effect by approximately 20%. Given
this pattern. it would have been preferable to have a used an imputation strategy which did not
implicitly increase the treatment advantage for penciclovir due to the imbalance in study 024 for this
group of subjects. No such problem was evident for study 025 in which both arms have the samc
number of subjects with known critical lesions. Analyses will be provided later in this review to
eliminate this potential bias in favor of penciclovir introduced for subjects with partial follow-up
data.

Duration of Pain

The analyvses based upon the patient asscssed duration of pain are subject to the same discussion as
for the duration of healing. Additionally, as a secondary endpoint, the interpretation of tests of
significance is difficult.

Analyses were conducted both in terms of the duration of pain and the time until the cessation of
pain. These analyses both suggest that penciclovir is associated with a reduction in the time until
pain is resolved. This correspondence is not surprising given the self limiting nature of the condition
and the definition of the endpoints. The two endpoints differ only by the time between the visit with
the last recorded pain and the following visit. The Mann-Whitney test evaluates whether the average
rank of duration differs while the log-rank test compares average log-rank scores (based upon a
traasformation of the ranks) barween tac treatments  Since the tests are in basic aprcement tor the
present data, the main issue to consider is the choice of the most appropriate summary measure to
use tor the difference between treatments: difference in mean durations, difference in median
durations, difference in mean time to no pain, diff.rence in median time to no pain or hazard ratio in
time to no pain.

The hazard ratio does not appear to be a desirable summary statistic. The hazard ratio is generally
used as a relative measure for the risk having a negative outcome at any point in time. For the
present situation, this would be the risk for healing. This necessitated excluding subjects without
pain. An additional issue is that the hazard ratio is typically used in situations where complete
follow-up 1s impossible due to administ-ative censoring and where an underlying model is assumed



to aid in summarizing the treatment effect. For the present data, complete follow-up is generally
available and the assuraption of an underlying model may not be necessary since measures of central
tendency (mean or median) are available. These measures have the advaniages of allowing all
subjects with data to be included in the analysis rather than excluding subjects with no pain.

The difference in the mean durations for study 024 for subjccts with complete data (excludes 93
subjects set to maximum+1 in the applicant’s analysis) is .58 (3.26 vs. 3.84) while the difference in
medians i5 .66 (2.78 vs. 3.44). The analogous differences for the tim= until no pain (exciudes
“censored” subjects) are .60 (3.86 vs. 4.46) and .61 (3.39 vs. 4.00). This shows that the difterence
between treatments for both duration and time are approximately .6 regardless of the measure of
central tendency used to summarize the data. Since the duration of pain analysis incorporates
subjects with no pain, the analysis of the mean (or median) for duration may be preferred over the
Cox model to avoid excluding subjects.

The difference in the mean durations for stndy 025 for subjects with complete data (excludes 77
subjects assigned maximum+1 in the applicant’s analysis) is .48 (2.80 vs. 3.28) while the difference
in medians is .44 (2.21 vs. 2.65) The analogous differences for the time until no pain are .51 (3.55
vs. 4.06) and .40 (2.90 vs. 3.30) for the mean and median, respectively. As for study 024 since the
duration of pain incorporates subjects with no pain, the analysis of mean (or median) duration) may
be preferred to the Cox model analysis.

The application has only presented analyses for subjects with at ieast partial data and imputation has
not been performed (other than assigning the maximum+1 to subjects with partial data) for either the
hnown treated or ITT populations as was done for the duration of healing. Estimates incorporating
missing data, as was done for the duration of healing, will be presented later in this review.

It was noted previously (summary of the study results) that the applicant only included data for pain
after tre2tment was initiated. At the request of DAVDP, the applicant submitted additional analyses
that included ail diary entries regardless of the timing of therapy. These analyses are essentially
identical to the analyses originally subminted. Therefore, these additiona! analyses will not be
discussed further.

Viral Shedding

The protocols specified that subjects were to have culture results for blister {vesicle/pustule) and
ulcer stages (stages 4-3).

Study 024

The data set provided by the applicant shows that 3,512 visits had lesions at stages 4 or 5. Of these,
2.788 or 79% had a culture result (either positive or negative). Stage 4 lesions were the most
consistently cultured (97%, 1385/1433) with 77% of those cultured found to be positive. Stage 5
lesions were less frequently cultured {(67%; 1403/2079) with 40% of those cultured found to be
positive. A number of lesions were cultured for other than stage 4 and 5 lesions. Stage 6 lesions
were infrequently cultured (6%, 14072447) with 21% of those cultured found to be positive. Two-
hundred twenty-four culture results are available for stages |, 2 and 3. Of these, 46% were positive.

The applicant’s 5/13/96 response to an FDA request for information describes the results of a review
tor 79 patients who had 25% or fewer of their stage 4 or S lesions cultured. 1t was found that these



subjects were cultured only at their first or second clinic visit and were not subsequently cultured.
No reason was given for this deviation from the protocol in the CRFs reviewed by the applicant.

Study 025

Similarly for study 025, the data set provided by the applicant contains 2,983 visits with lesions at
stages 4 or 5. Of these, 2,441 or 82% had a culture result. Lesions at stage 4 were consistently
cultured (94%:; 1199/1277) with 69% found to be positive. As in study 024, stage 5 lesions were less
consistently cultured (73%; 1242/1706) with 62% found to be positive. A small percentage of stage
6 lesions were cultured (13%,; 320/2497) with 18% found to be positive. There were a limited
number of cultur results available for stage 1, 2 and 3 lesions (277) and of these 47% were positive.

Studies 24 and 25 have extensive culture data for subjects only at the time of stage 4 and 5 lesions.
There were consistently fewer culture results available for stage 5 lesions. There was also clear
evidence thot the risk of a positive culture depends upon the stage of lesion. The applicant has
attempted to use this data to characterize the time to the cessation of shedding and demonstrate a
reduction in the time to the cessation of shedding by tae use of topical penciclovir. Cox models were
the primary analysis technique used to assess the time to cessation of shedding. Observations were
“censored” when measurements were no longer available. Since the availability of culture resuits is
dependent on the stage of the lesion and the risk of shedding is associated with the lesion stage, this
censoring 1s informative. This informative censoring violates one of the key assumptions of the
survival analysis, and implies that the applicant’s analyses may not be valid.

Since the survival analysis used by the applicant is seriously flawed due to the availability of culture
data. 1t ts of interest to consider the possibility of using an alternative technique to assess the impact
of the treatment upon shedding. The possibility of conducting such analyses is extremely limited
because complete data is only available for stage 4 lesions. Analyses limited to stage 4 lesions may
be misleading. This is the case because the limited data for the other stages of lesions demonstrate
that shedding consistently occurs for stages other than stage 4. This implies that the present data and
analyses are unlikely 10 adequately represent the actual distribution of shedding. In the absence of
data representing the actual distribution of the time until the cessation of shedding, the claims based
upon viral shedding are not supported by clear statistical evidence.

2) Statistical Reviewer's Analyses
Introduction

As discussed above, the applicant’s analvsic raised a numbar of <tatistical issues. One such issu= is
the esumation of the treatment effect in the presence of missing data. The application contans a
number of analyses which suggest that if it is assumed that subjects m.ssing data are treated the same
for both treatment arms, there is still a statistically significant reduction in the duration of healing. In
the following, estimates of the treatment effect are presented which estimate the overall treatment
effect by explicitly setting the treatment effect to zero for subjects missing data (rather than
implicitly as was done in the NDA by assigning the same value to individual subjects for both
treatment arms).  As was mentioned previously, the applicant’s use of the maximum+! for
imputation had a disproportionate impact upon the estimated treatment effect. The estimates
presented below reduces the impact of this group of subjects.



The application presents analyses for the duration of pain which are based only upon subjects with at
feast partial data. The imputation sirategies, with the exception of the assignment of the
maximum+1, were not carried out for subjects with missing data. In the following, subjects with
missing data for the duration of pain are incorporated into the analysis using the same approach as
will be introduced for the duration of healing analyses.

Duration of Critical Lesions

The following table contains an accounting of subjects with respect to the duration of healing. This
table shows subjects with incomplete follow-up as weil as the distribution for duration for subjects
with complete data. The distribution of subjects does not exactly match that presented earlier in the
description of the study results. A number of subjects have been reclassified based upon the data set
provided by the applicant. Ten subjects previously listed as having a recurrence with no therapy (out
of the 147 such subjects) have been reciassified as lost to follow-up because they were known fo
have had a recurrence, but the data file indicates *hat they never returned for a clinic visit rather than
never started therapy. Therefore, the treatment status has been treated as unknown for these subjects
and they have been classified as lost to follow-up in the analysis. Additionally, 3 subjects were
mistakenly listed in the NDA as havirg incomplete follow-up when they actually had complete
follow-up.
Study 024: Distribution of the Duration of Lesion
by Treatment for the [TT Population

Penciclovir Placebo
Total Subjects 978 980
No therapy 71 66
Incomplete Follow-up 163 168

Lost to Follow-up®, Other 125 123

Critical Lesion"* 13 22

Other Lesion 25 23
Known Duration (days) 744 746

0 35 38

| 47 52

2 89 53

3 140 105

4 135 142

5 83 78

6 71 83

7 59 71

8 36 50

9 30 27

16 10 20

11 3 H

12 3 5

13 0 4

14 3 4

15 0 3

“inclades subjects with recurrence, but no other follow-up
“assigned value of 16 in the applicant’s analysis

15




The information contained in this table is graphed below. This graph contains the proportion of
subjects with each outcome displayed in the table. It can be seen that over 20% of subjects have
incomplete follow-up. Of subjects with complete data, the distribution for duration can be seen to be
concentrated at around 3 or 4 days for both treatments. There is a shift toward 0 for penciclovir
relative to placebs with noticeably more subjects at 2 and 3 days for penciclovir than for placebc. As
discussed previously, the comparison of mean (or median) duration is complicated by the amount of
missing data. Based upon the distribution of duration, it can be seen that the amount of missing data
is relatively large in compaiison io the shift seen for subjects with data.

Study 024

incomplete Known

proportion )
Foliow-up Duration

.16

A4

Bhrh

A B CD 0 1 2 3 4 5 6 7 8 9 101112131415

A: Critical Lesion B: Cther Lesion Duration
C: No Therapy D: Laoss to Fotlow-up



Similar results are presented below for study 025.

Study 025: Distribution of the Duration of Lesion

by Treatment for the ITT Population

Penciclovir Placebo
Total 894 921
No therapy 117 108
Incomplete Follow-up 76 103
Lost to Follow-up* 43 63
Critical Lesion 14 14
Other Lesion 19 26
Known Duration (days) 701 710
0 46 41
1 5¢ 16
2 86 85
3 127 105
4 128 108
5 78 71
6 55 72
7 53 60
8 26 49
9 21 24
10 10 24
11 9 11
12 4 5
13 3 4
14 2 2
15 2
16 1 1
17 1
18 1

*includes subjects with recurrence, but no other follow-up
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14 -

Study 025

Incemplete Known
Follow-up Duration
A6 ——— - e - _—
E Bfnciclovir
acebo

A BCD 0 1 2 3 45 6 7 8 9101112131415161718

A: Critical Lesion B: Other Lesion

C: No Therapy

The applicant presented a number of analyses attempting to compensate for the missing data. For
each of these analyses, subjects with unknown duration had a value of the maximum+1 imputed. For
the other types of missing data, sensitivity analyses were conducted based upon imputing a number
of different values for the missing data. These sensitivity analyses were conducted both for the ITT
as well as the known treated populations. The following table lists the important subgroups formed

Duration

D: Loss to Foilow-up

on the basis of degree of follow-up and the imputation strategies employed by the applicant.

Strategy
Subgroup Known Treated ITT
Sranted Tierapy
Incompiete Follow-up . +
Critical Lesion Impute Max+i [mpute Max+1
Incomplete Foliow-up . e
No Critical Lesion Sensitivity Sensitivity
No Known Therapy
Loss to Foliow-up, Other Exclude Sensitivity*
No Therapy Exclude Sensitivity*

*sensitivity=various imputation strategies
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In this manner, the applicant provided a number of estimates of the treatment effect for both the
known trested and the ITT populations. The applicant does not identify a single estimate as being
the “optimal” one. In the following, a method of producing a single treatment effect estimate is
introduced. As mentioned previously, it appears that for the present application the assumption of no
treatment effect for subjects not initiating therapy is most appropriate. Rather than following the
applicant’s approach of implicitly introducing a treatmeit effect of @ by imputing the same value for
each subject missing data, the proposed approach will algebraically introduce zero treatment effects
for each subgroup as a whole. In this manner, a single overail treatment effect in the presence of
missing data is produced.

For the moment, ignore subjects with incomplete follow-up and those lost to-follow-up. The
remaining subjects either initiated therapy or were known to have had a lesion but chose not to
initiate therapy. Algebraically, the overzii estimate of the treatment effect can be shown to be a
weighted combination of the treatment effects in these two groups. The following table shows the
means for =:ch of the subgroups formed on the basis of treatmem zroup and treatment status (i.e.
follow-up status). In this table, the means and sample sizes are taken over strata (center).

Penciclovir Placebo Total
Subgroup n mean n mean n mean
Treated N X1 N2 X12 Nj. X1
Not Treated Na; X21 N2 )-(22 Ns. )-(2.
Total N,y X.1 N2 X.2 N.. X..

The means for the ITT population for penciclovir and placebo are represented by x.| and x.2,
respectively. It can be seen that these means are made up of the weighted combination of the
subgroup means. For example, the ITT mean for penciclovir can be written as

X = [Npxy +Naxz1) /Ny .
This can be seen tc be a combination of the known mean for the treated subgroup and the unknown
mean (i.e. clinical data not collected) for the untreated subgroup.

Even though the overall means for the ITT population can’t be estimated from the present data, it
may be possible 10 estimate the wreatment effects (i.e. difference between the treatment means) by
making a number of modest assumptions. Given the double blind nature cf the study, it mayv be
safely assumed that if the untreated subjects had been followed with respect to critical lesions, the
penciclovir and placebo groups in this subgroup would have had comparable outcomes since ncither
treatment was taken. This implies that the treatment effect for the nntreated subgroup is 0 (i.c.,
means for the untreated groups are equal). To use this assumption, the overall treatment effect can
be approximated by the average of the subgroup treatment effe. ..

X.1-X2= [N/ NL[x1 - X520 + [N2/ N[ X2 - x22].

This quantity is an approximation because the sample sizes assigned to cach treatment are slightly
unequal. These differences are so small that the above approximation will be quite good. Therefore,



-

since it is assumed that the second difference is equal to 0, the estimated ITT treatment effect
reduces to the following which is a function of the known treatment means

xg-%x2= d = [Ni/N.J[x1-x12].

This is a proportionate reduction in the treatment effect for the treated subjects based upon the
proportion of subjects initiating therapy.
In calculating a test of significance, the applicant adopted a randomizaticn test in which permutations
were made within center conditioning on the number of subjects observed for each treatment arm.
An approximation (i.e., not using an exact test) to this test can be found by the use of the stratified,
permutation variance. To adapt this approximate test to the above estimator of the treatment effect,
the following estimator of variance can be used:

vid] = [Np/N.)2 VX - X2,

where the stratified, permutation variance is used for the variance of the difference. Note that this
variance contains no contribution for subjects for which the treatment effect has been sec o zero.

The SiwatXact software used by the applicant is written in terms of totals rather than means. To
maintain consistency with the computer software used by the applicant, the variance of the difference
has been written in terms of the variance of the simple total over subjects for the penciclovir group.
The permutation variance for the difference can be written as a function of the variance of the total
found over strata:

Nl-

2
—| VIT},
NnNu] [

Vixj1-xp2] = {
where T is the total used to conduct the test of significance (i.e., the sum of the durations for one of
the treatment arms). The vanance of T following this approach is

V[T] = i NlllN12I SI
=] N |5} l
where 1 indicates the stratum (i.e., center), m is the number of strata and Sf is the variance for the i-th
stratum found by pooling the two treatment groups.

As was mentioned previously, the above formula have been developed for subjects classified as
either having complete data or never started therapy. The above approach can be modified to take
Into account subjects with incomplete follow-up and those lost to follow-up. In these analyses, the
treatment effect is explicitly set to 0 for all subjects lacking complete follow-up regardless of
ueatment siatus and the stage of the lesion.  This approach is consisient with the apphicant’s
imputation strategies in which the treatment effect is implicitly set to 0 by using the same value for
penciclovir and placebo. The main cause of the numerical difference between the results from this
approach and the applicant’s approach is that the applicant assigned a value of the maximum+1 to
more penciclovir than placebo subjects. The analyses presented in the follnwing remove the bias in
favor of penciclovir introduced by imputing the maximum+1.

A distinction is made between subjects lacking complete follow-up because medication was never

started versus other subjects who started therapy and are lacking follow-up. For subjects never
starting therapy it i1s being assumed that the true treatmem effect is 0. Because of this there is no
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variance associated with the estimated treatment effect. For the remaining subjects, it can not be
assumed that the underlying treatment effect is truly 0. Instead, a treatmeat effect can not be
estimated and for the purpose of estimating the overall mean the treatment effect has been treated as
0. Since vanability would have been present if data were available, this treatment effect of ¢ will be
treated as an estimate and variability will be introduced into the overall estimate of the treatment
effect based upcn the variance exhibited by subjects with data.

The definition of the treaied population as used by the applicant raises the issue of how to treat
subjects for which the treatment status is unknown. The exclusion of these subjects by the applicant
makes the “known treated” analyses open to possible bias. For this reason, subjects with unknown
treatment status will be included in the “treated” subgroup with an estimate of 0 treatment effect.
The following table summarizes the two populations for which estimates will be produced.

Subgroup Treatmen; Effect
ITT

Complete Follow-up Average Diff.

Incomplete Follow-up 0

Critical Lesion

Incomplete Follow-up 0

No Critical Lesion

Loss to Follow-up, 0
Other

No Therapy 0
“Treated”

Known No Therapy Exclude

To estimate the average treatment effect, the following table is created over strata with the first
subscript referring to the treatment and the second referring to the subgroup. In keeping with the
permutation framework adopted by the applicant, the overall numbers are treated as constants and
ihe placebo quantities can be found by subtraction.

Penciclovir Overall

Subgroup Sample Total V(Total) Samyle Total

Full ;
Follow-up NI T Vil N Ty
Incomplete Nj» unknown unknown Mo unknown
Failow-in .
Known No N

13 unknown unknown N.3 unknown

Treatment

Total Nji. unknown unknown N.. unknown

Based upon this table, the overall estimate of the treatment effect for the ITT population is estimated
as:



T T.,-T
ditr = w (— -1 yew,(0)+w,(0),
iTT I(N” N.,-N” 2( )i i )

where w =N |/N.., w2=N.»/N., and wi=N.3/N...

If d) and d> represent the treatment differences for the first and second subgroups, the variance for
the overall treatment effect is

Vldirr]= wiV(d,) + wiV(d,).

The variance for the first difference is the one described earlier, but the variance for the second can
not be directly estimated since the required data has not been collected. Assuming that the unit
variance is the same in groups | and 2, the unit variance from group | c¢an be substituted into the
formula for the variance using the following:.

2
( N., ] o NNy =Ny,

v(d =
@) LNH(N.,—N,Z)/ Z N,

s?,

where the i-th subscript refers to the i-th stratum and the variance comes from the i-th stratum for
first subgroup. As this approach is based upon a conditional permutation test, all centers for which
both treatments are not represented within a subgroup are deleted. The number of subjects affected
by this rule will be discussed as the formula are applied.

Study 024

The following table contains the duration data for all subjects inciuded in the ITT population.

Penciclovir Overall
Subgroup Sample Total V(Total) Sample Total
Rl 744 3208 2531.64 1490 6811
| Follow-up
Incomplete
Follow-up* 157 ) ’ 329 )
Known No
69 - . B
Treatment** 128
Total 970 i i 1938 ]

*Exctudes {1 subjects in strata without both treatments
**acludes 9 subjevis in strata withoui both weaiments

Based upon the numbers comained in the above table the estimated treatment effect is
dirr = TJ7(.52) + 17(0) + .07(0)
= 39.
The corresponding variance for this difference is

Vidir] = 772(0182)+.172(.0783)
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= 0129

which corresponds to a standard error of .1135. The mean treatment effect in the applicant’s analysis
for the ITT population range from .50 to .52 {based upon the data set provided by the applicant using
the median, first quartile and third quartile). The dificrence between the estinnates provided by the
applicant ard the present analysis arise primarily from not assigning the maximum +1 in the present
analvsis.

Excluding subjects known to have never begun treatment, the estimated treatment effect is

dq = B2(.52)y + 18(D)
= A2.
The corresponding variance for this difference is
Vidt] = 82200182+ 182(.0768)
= 0148

which correspoads to a standard error of .1215. The mean treatment cffect provided by the applicant
for the known treated population varies from .61 to .64, The difference between the estimates
provided by the applicant and the present analysis come from both not assigning the maximum+1
and the inciusion of subjects of unknown treatment siatus.

Study 025

The following 1able contains the duration data for all subjects inciuded in the ITT population

Penciclovir Overall
Subgroup Sample Total V(Total) Sam.ple Total |
Full 101 2068 2625.84 1409 6289
Follow-up*
Incomplete
;
Follow-up** 0 167
known No -
Treatment*** 1o 214
Total 881 1790

*Excludes 2 subjects in strata wiihout both treatments
**Excludes {2 subjects in strata without both treatments
***Exciudes 11 subjects in strata without both treatments

Based upon the numbers contained in the above table the estimated treatment effect is

dr = 32
The corresponding variance for this difference s
Vi{dirT]= .0149

which corresponds to a standard error of .1220.




Excluding subjects known to have never begun treatmeni, the estimated treaunent effect is
dt = 36.

The corresponding variance for this difference is
vidr! = 0162

which corresponds tn a standard error of .1386.
2) Analysis of Pain
Study 024

The following table contains the distribution of subjects, excluding those known not have had a
lesion, with respect lo the ascertainment of pain for study 024, In the applicant’s analysis, subjects
with any diary data were used in the analysis of duration. Those with partial data were scored as
having the maximum+1 and those with no pain were set to 0. There are 4 more such subjects for
penciclovir than placebo which will tend to decrease the treatment effect. Subjects with no diary
data were excluded from the analysis.

Paticnt Disposition with Respect to Pain Measurements

Penciclovir Placebo
Total 978 980
Subgroup
Used Diary
Complete Data 679 692
Partial Data 48 44
No Pain 39 39
No Diary Data
No Diary Entry 16 16
Lost to Follow-up 84 84
No Treatment 76 71
Other 36 34

Estimates of the overall treatment effect for the duration of pain can be constructed by treating the
treatment effect as 0 as was done for the duration of healing. For the intent to treat population, all
subjects with partial data or no data will be treated as having a treatment effect of 0. This leads to an
estimated treatment effect for the duration of pain of

58679+39+692+39
978 + 980 '

43 =

Excluding subjects known to have not started treatment the mean duration becomes
679 + 39 + 692 + 39
902+909

46 = 58

These estimates are quite close to the estimate contained in the NDA of approximately .46 (Table 19,
V. 1.110) found using only subjects with at least partial data. The closeness of the ITT and
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applicant’s analysis using only a subset of the subjects reflects the competing operation of two
factors. The first is the assignment of the maximum+1 in the applicant’s analysis which works
against penciclovir since there are four more subjects assigned the maximum+1 for penciclovir. The
second factor is the inclusion of subjects with completeiy missing data as having a treatment effect
of 0. When these two factors are simultaneously taken into account to form the ITT estimates shove,
the net elTect is to produce an estimate similar to that contained in the original submission.

Study 025

The following table contains the same type of data as was just presented for study 024. It can be
seen that there is an imbalance in the number of subjects with partial data. This suggests that the
applicant’s analysis of the treatment effect may be biased since it is based upon assigning these

subjects the maximum+1.

Patient Disposition with Respect to Pain Measurements

Penciclovir Placebo
Total 864 921
Subgroup
Used Diary
Complete Data 582 585
Partial Data 34 42
No Pain 52 54
No Diary Data
No Diary Entry 14 14
Lost to Follow-up 38 44
No Treatment 122 127

Estimates of the overall treatment effect for the duration of pain can be constructed by treating the
treatment effect as 0 as was done for the duraticn of healing. For the intent to treat population, all
subjects with partial data or no data will be treated as having a treatment effect of 0. This leads o0 an
estimated treatment effect for the duration of pain of

582 +52 + 585+ 54
894 + 92| '

34 =

Excluding subjects known to have not started treatment the mean duration becomes
582 + 52 + 535+ %4
780 + 782

39 = 48

These estimates are in contrast to the estimates of approximately .6 (Table 20, V. 1.136) found using
only subjects with at least partiai data. The difference between the applicant’s estimate of the
treatment effect (.6) and the estimate based upon subjects with compiete data (.48) refiects the
impact of the assignment of the maximum+| for more subjects on the placebo arm.



D. Statistical Reviewer's Overall Assessment

The applicant is seeking an indication for topical penciclovir based upon a statistically significant
improvement in healing, pain and viral shedding. Based upon preNDA discussions between the
DAVDP and the applicant, it was agreed that healing would be considered the primary outcome and
pain and viral shedding would be viewed as secondary. This implies any claims based upon pain and
viral shedding would simultaneously require that topical penciclovir be associated with an
improvemnent in healing. In this manner, the need for adjustments for muitiple endpoints was
eliminated for the duration of healing. [t was further agreed at these meetings that healing would be
summarized primarily in terms of the duration of healing which was defined as the number of days
an investigator recorded any of the following lesion stages: papules, vesicles/pustules, ulcers/soft
crusts and hard crusts.

The following table summarizes the applicant’s analyses for the duration of healing as well as the
additicnal analyses conducted for this review. For ease of presertation, only the applicant's
imputation based upon the median are shown. The differences between the treatments baseda upon
the imputation of the median ~re consistent with the other imputation techniques. It can be seen that
penciclovir is associated with a reduction in the mean duration of healing for both the applicant’s and
additional analyses regardless of the population considered. The major difference between the
applicant’s and addiiional analvses 1s in terms of the magnitude of the estimated treatment difference
between penciclovir and placebo. The applicant’s estimaic of the treatment effect for study 074 in
particular is an overestimate due to the applicant’s use of the maximum+1 for a number of subjects.
Addittonally, the additional analysis treated subjects missing data as if the treatment effect was 0
leading to a likely underestimate of the treatment effect. This suggests that the additional analysis is
likely to have produced a lower bound on the estimate of the result which would have been obtained
if all subjects had been followed with respect to duration of healing.

Mean Duration of Healing

Study 024 Study 025
Difference Difference
Placebo - Penciclovir 95% Placebo - Penciclovir 95%
C.l*» C.l**
Applicant
Treated J b 5 e
['I'r 5 [ E X ] 4 *Yue
FDA
Treated* 39 17-61 36 .08, .64
LT 42 y A%66 32 | .08, .56

*includes subjects lost to follow-up
**based upon test 1nversion using permutation varance
***not available

The results for the duration of pain are consistent with the results for the duration of healing. Tliere
is approximately an average 1/2 day decrease in the amount of time with recorded pain. These results
are summarized below. The applicant did not conduct imputation analyses for this variable. As
such, the applicant’s results contained in the tabie include only subjects with complete or partial data.
Subjects with partial data were set to a value of the maximum+1! in the applicant’s analyses.



Treatment Effect (Mean/days) for Patient Asse=ssed Pain

Study 024 Study 025
Placebo - Penciclovir | Placebo - Penciclavir
5 6

The applicant’s analyses for the cessation of shedding arc based upon only a small subset of days
with a lesion. Only subjects with stage 4 lesions were consistently cultured though is apparent that
shedding occurs consistently for other lesion stages. As such, the applicant’s results are inadequate
to sufficiently characterize viral shedding to allow for meaningful statistical comparisons between
the treatment groups.

Paul Flyer, Ph.D.
Mathematical Statistician

Concur: Dr. Kammerman :{“K Q[l7/46

cc:
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CLINICAL PHARMACOLOGY BICPHARMACEUTICS REVIEW SEP |
NDA: 20-629 REVIEWER: Barbara M. Daviy Ph.D.

DRUG: DENAVIR™ (penciclovir cream 1%)1SUBMISSION DATE: 10/16/98; 8/2/96
APPLICANT: SmuthKline Beecham REVIEW DRAFT: 6/24/96, 7/1/96, B8/2/96

TYPE: NME REVIEW FINAL: 9/13/96

SUMMARY: The applicant provided adequate information to enable the svaluation of
pharmacokinetics of penciclovir administered topically in a 1% cream (DENAVIR™) to
healthy subjects. Findings from one /n vivo and one /n vitro study, both of which studied
the to-be-marketed cream formulation, suggest that penciclovir is not systemically
absorbed when administered topically as the 1% cream. Penciclovir could not be detected
In plasma and urine in a study 1N which the 1% cream formulation was applied to tape-
stripped skin of healthy male volunteers (N =12) at a daily dose 67 times greater than the
recommended daily dose. In the /n vitro study, in which the 1% cream containing
['“Clpencicloivir was applied to human intact and tape-stripped skin samples, distribution of
penciclovii into the stratum corneum, epidermis and dermis was low { < 1%}, with almost
all the recovered radicactivity {>99%) found on the skin surface. Drug-drug interactions of
topical penciciovir due to metabolism or to displacement from plasma proteins are
considered uniikely (see Backgro.und section below). The clinical pharmacoiogy of topical
penciclovir has not been studied 1n pediatnic patients, pregnant women, or nursing mothers,
and i1t 1s recommended that this be stated in the product label. Results of siudies
characterizing the pharmacokinetics of IV-administerad penciclovir were submitted to NDA
20-363 and are summarized in the Clinical Pharmacology/Biopharmaceutics (CPB) review
dated 5/31/94,

BACKGROUND: The following information is summarized from the CPB review of NDA
20-363 and from Studies 39123/005 and Q07 which waere submittad to NDA 22-629.
When administered by the IV route, penciclovir pharmacokinetics were linear over the range
0.5 to 20 mg/kg. The volume of distribution was approximately 1 L/kg, suggesting
distribution into a volume exceeding total body water (0.6 L/kg). In the rat, the highest
tissue concentrations of ['"*Clpenciclovir were found in kidrey and urinary bladder. /n vitro
proten binding ot penciclovir was low 1in human plasma; protein binding averaged about
10% at penciclovir concentrations ranging from 2 to 20 ug/mL. Findings from /n vivo and
i vitro studies suggest that penciciovir undergoes very little metabolism and is rapidly
ehminated, primarly by the renal route. Penciclovir had no effect on hepatic drug
metabohzing activity In the rat, and was not a substrate or inhibitor of human cytochrome
p450 3A (CYP3A, in vitro. In a mass balance study, in which a single 5 mg/kg dose of
["“Clpenciclovir was given IV to healthy male subjects (N = 3), no major metabolites of
penciclovir were detected in plasma or unne. Mean total recovery of radioactivity in urnne
and teces was 97% over 192 hr. The unine was the major route of elimination,
representing a mean of 94% of the radiolabeled dose, and 87-100% of the uninary
radioactvity was due to parent penciclovir. Penciclovir total clearance was 0.5 L/hr/kg,
with renal clearance accounting for B7% of total clearance. The elimination half-iife was
about 2 hr.
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Studies 39123/005 and 007 have not previously been reviewed but will not be reviewed at
this time for the following reasons: {1} Penciclovir pharmacokinetics have previously been
reviewed in the CPB review of NDA 20-363; and (2) it appears that penciciovil is not
topically absorbed when administered as the 1% cream.

RECOMMENDATION: The Human Pharmacokinetics and Bioavailability Section of NDA 20-
629 has met the requirements of the Code of Federal Regulations 320.

Biopharm Day: July 8, 1996

Participants: Drs. Nick Fleischer, Mei-Ling Chen, Vinod Shah, John Lazor, Mehul Mehta,
Janice Jenkins, and Mark Seggel

Concurrence:

cc: HFD-530

HFD-340
HFD-205
vHFD-880

HMFDB70

%@(\‘I‘!,MSZLCQQ}EQ) A fraly

Barbara M. Davit, Ph.D., D.A.B.T.
Reviewser
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Team Leader
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L CHEMISTRY

Chemical Name {CAS):

[UPAC Name:
Molecular Formula:
Molecular Weight:

Structure:

pH and pK, Values:

Solubility:

Partition Coefficiant:

Melting Point:

6H-purin-6-one, 2-amino-1 .9-dihydro-9-[4-hydroxy-
methylloutyl)

9-[4~hydroxy-3-(hydroxvmethyl)butyl]guanine

C,oH sNsOs
263.26
O
HN N>
NHz/g‘l N

OH
OH

3.2 and 9.8 (by spectrophotometric titration at 25°C)

The pH of a saturated agueous solution of penciclovir
{< 2 mg/mL) was 5.6.

At 20°C: )\
Methanol: 0.2 mg/mL
1,2-propanediol: 1.3 mg/mlL
pH 2.1 buffered solution: 10.0 mg/mL
pH 6.9 buftered solution: 0.9 mg/mL
pH 9.6 buffered ‘sclution: 1.7 mg/mL

At 37°C:
pH 7.0 buffered solution: 3 mg/mL

n-octanol water (phosphate bufter) partition coetficient
at pH 7.5 was 0.024 (logP=-1 62]. Determined by
shake-flask method at room temperature.

Penciclovir melts at 278°C with decomgposition.



Polymorphism:

Hygroscopicity:

Potential Isomerism:

IL_EFQRMULATION:

Penciclovir has been recrystailized from a number of
solvents: dimethylacetamide, dimethylformamide, acetic
acid, water, and an aqueous solution of the sodium sait
precipitated with CO,. Only »ne crystalline anhydrous
form of penciclovir has been dgetected. When
precipitated from a slightly alikaline aqueous solution, a
monohydrate with a moisture conient of 6.6% water
was produced. Drying the monohydrate at
temperatures > 60°C produced a mixed
amorphous/anhydrate phase which slowly converted to
pure anhydride on storage (by 15 days). Penciclovir
prepared by the proposed process is aiways in the
anhyaicte form {routinely monitored by IR spectroscopy
and water content).

Penciclovir is not hygroscopic. No increase in moisture
content was observed after 6 months storage at 75%
relative humidity, 30°C.

Structural isomerism is a possibility. Penciciovir has the side
chain attached at the 9-position of the purine ring. The 7-
substitute’: version can also exist. However, this impurity has
not been shown to be present in any batches to date.

The formulation is a cream containing 1% penciclovir in a white cream base {10 mg

penciclovir per gram ¢ream).

penciclovir cream {(based on a fill weight

A iull batch size will be approximately sufficient for

The composition of .
as appropriate) is:

Name of
Ingreciant

Wiw

2 g Tube
Unnt
Composition
(mg)

AT
5 g Tube '
2 g Tube Unit 5 g Tube
Working Composition Woerking
Ranges {mg} Ranges Function Specificaticn

Active constitusnt

L ——

Penciciovir i1s manufactured, tested for release and stability at the following SmithKline

Beecham Pharmaceuticals facility: Smui“line Beecham Pharmaceuticals, Clarendon Road

Worthing, West Sussex BN14 8QH, United Kingdom



UL INDICATIONS AND USAGE:
The product is indicated for the treatment of cold sores (herpes labialis).
IV. DOSAGE AND ADMINISTRATION:

The product is supplied in 2 and 5 gram tubes containing 10 mg penciclovir per gram.
Apply once every 2 hours during waking hours for a period of 4 days.

Y. PHARMACOKINETICS:
1. IN VIVO

Study 39123/108: AN OPEN STUDY TO DETERMINE THE PERCUTANEQUS ABSORPTION
OF PENCICLOVIR THROUGH ABRADED SKIN FOLLOWING APPLICATION OF REPEAT
DOSES OF PENCICLOVIR CREAM {1% W/W) TO HEALTHY VOLUNTEERS (Volume 1.31,
pp 1-464!

Objective: The objective of this open, uncon-rolled study was to determine the
percutaneous absorption of penciclovir through abraded skin foilowing application of repeat
doses of penciclovir cream (1% w/w}.

Subjects: Heaithy maie volunteers (N=12}. See Appendix ! for individual demographics.

Drug Formulation: Batch No. W83017, Formula J, Lot No. GBD 40 (fa) batch size,
manufactured 3/93. See Appendix | for composition. The composition of Batch No.
WO3017/WO31 is identical to that of the to-be-marketed formulation, with the exception
that penciclovir used in the clinical program and will not

for production of a full batch. A full batch size is The formulation
Was:

Formula Code J '
Active Constituent: {% w/w)}



Study Design: The study invoived 4 successive dosing days. On each dosing day the
subjects received 3 topical applications of 6.0 mL penciclovir cream, each 8 hours apart.
The cream was applied via one non-absorbant patch (24 cm?) to abraded skin on the upper
back. The total daily dose was 180 mg of penciclovir. The upper dorsal skin was abraded
prior to the first application on Days 1 and 3 by tape-stripping until the skin showed a
moist glare; skin was wiped clean with a moist tissue prior to each application.

Sampling: Blood and urine samples for pharmacokinetic analysis were taken following the

first topical application on Days 1 and 4. Blood samyuling times were predose and at 1, 2,

4, 8, 16 and 24 hr post-dosing. Urine samples were taken irom 0-4, 4-8, B-16, and 16-24
hr post-dosing.

Assay:

On Days 1 and 4, concentrations of penciclovir in all plasma and urine samples from all 12
subjects were below the ' See Appendix | for penciciovir
concentrations in individual samples. It was assumed that since systemic penciclovir is
predominantly renally excreted (91% of the IV-administered penciclovir dose was excreted
in urine as parent drug), the amount of drug determined in urine reflects absorption of
penciclovir. If urinary concentrations of penciclovir hac reached the of the anaiytical
assay, systemic absorption of penciclovir in individual subjects would have ranged from

of the administered dose. See attached individual urine volume data.

At the reviewing Medical Officer’s request, this revisvver estimated the absolute
bicavailability of 180 mg penciclovir applied topically as three divided daily doses. If
plasma concentrations of penciclovir had reached the of the analytical assay at all
sampling times, the absolute bioavailability of topicailly applied penciciovir would be

This value was caiculated in the foilowing manner. First, data from Study 30123/007
{Entitled “Study to investigate the pharmacokinetics and tolerance to the antiviral
compound BRL 39123 following its administration, by iV* infusion, to human volunteers”,
Vol 1.32 of NDA 20-629) were used to estimate a cumulative AUC0-24h of about 9
ug*hre/mL for 60 mg penciciovir given gBh. Next, assuming that the piasma concentration
of penciclovir was at aill sampling times, an AUCO0-24nh of 2.45 ug3*hr/mL was
calculated for the topically-administered penciciovir in Study 30213/108. The
bicavailability of the topical dose was taken as the AUC0-24n ratio of topical'iV. There
were a number of assumptions underlying these caiculations: {1} the relationship between
AUC and dose is linear over |V penciciovir doses ranging from (2}
penciciovir concentrations at all time periods following topical administration were

zgi/mL; and (3} penciclovir pharmacokinetic data are consistent acress studies.

The topical penciclovir dose recommended in the package insert is From the
urinary excretion data, it can be estimated that this regimen would resuit in a daily
exposure of of penciclovir. From the AUC data, it is estimated that the daily
exposure to penciclovir would be The two estimates agree weil, although the
estimates are based on a number of assumptions. Note that these estimated exposures are




many-fold lower than the daily penciclovir exposure ' estimated in response
to the recommended oral famciclovir {(penciclovir prodrug) regimen for herpes zoster

Conclusion: Penciclovir could not be quantified in plasma and urine following application as
a topicai cream {1%, w/w} to abraded and occluded skin of 12 healthy volunteers at a daily
dose 67 times greater than the recommended daily dose.




BRL 39123 391231108

Table 11.1
DEMOGRAPHY DETAILS OF STUDY BRL39123/108
Sub Sex Age Height Weight Race
No {¥rs) (o) (kg)
001
002
003
m -
005
006
007
008
o009
010
o1l
Q12
MHean K 4 180 76.0
SDev 7 4 7.2
- 12 12 12
v 24 175 66.0
Max 53 189 93.0

. = No data availahle

(DEOG_STD_P:v2.3) (O2FERYS 06:55)
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BRL 39123

Table 11,16
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BRL 39122

Table 11,17
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2. IN VITRC

Study BF-1019/B.L.-039123/1: /N VITRO PERCUTANEOUS ABSORPTION AND
CUTANEOUS DISTRIBUTION OF ['*C]BRL 39123 ACROSS INTACT AND TAPE-STRIPPED
HUMAN SKIN {Vol. 1.38, pp 120-148)

Objectives: Evaluation of the percutaneous absorption and distribution of ['*C)BRL 39123
(in a 1% w/w cream formulation) across intact and tape-stripped skin i vitro. This study
was performed for the applicant by a

Formulation: The penciclovir cream {1% w/w) was identical to that of the to-be-marketed
formuiation, , added to the formulation was from Lot No.
60457-66. Specific activity was Radiochemical and chemical purities were

_respectively. The location of the ['*C) label with respect 1o the
penciclovir chemical structure is shown below by the asterisk:

o)
N

HN > .
NHZ/KN N

OH
OH

Study Design: Cryoperserved human skin was obtained from the

organ procurement center Twelve skin samples were tested. All samples
were dermatomed to a thickness of approximately 250 um, then half of the dematomed
skin samples (N =6} were tape-stripped to partially remove the stratum corneum layer.
Several 11 mm diamzater disks \were made from each skin sample with a cork boring tool.
Skin disks were mounted into Bronaugh flow-through diffusion celis with the epidermal
surtace fac'ng the upper chamber (Reference 1). The space below the skin contained
receptor media set to a flow rate of approximately 1.5 mlL/h. Samples were topically dosed

with 0.1 g of cream to provide 1 mg of ['*Clpenciclovir per disk, and incubated for up to 24
hr.

Assay: For all samples, residual applied cream, skin layers, and receptor fluid collections
were assayed for total radioactivity b

Sampiing: Receptor fluid was collected at 0.5, 1, 2, 3, 4, 6, 8, and 24 hr intervals during
the 24-hr incubation period in order to determine the absorption of drug-related material.
The distnibution of drug-related maternal through the skin layers was determined after 0.5,
3. 6. and 24 hr of incubation.
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Data Analysis: Percutaneous absorption data, flux rates across skin, and amounts of drug-
related material in the skin layers were caiculated. For calculations, the following
assumptions were made: {1} epidermal thickness of 0.0045 cm; (2) dermal thickness of
0.0135 cm; (3) each layer had a density of 1g/cm’. Percutansous absorption data were
expressed as percentages of recovered dose. Flux rates across the skin were expressed as
ug-equivalents of penciclovir/cm’lhr. Amounts of drug-related material present in the skin
were calculated both in terms of percentages of recovered dose and concentrations in ug-
equivalents of penciclovir/g.

Results: Tables of mean=3.D. values for flux rates, elimination into receptor fluid,
distribution into dermis and epidermis, and percentage of dose in the various skin layers
are presented in Appendix |. The percutaneous absorption flux rate {(Tabie 1, attached)}
was greater in tape-stripped skir. than in intact skin R
The total permeation of radiocactivity through both intact and tape-stripped skin was low;
of the recovered radioactivity, respectively, were found in the
receptor fluid over the 24 hr period (Table 2, attached). Concentrations of Jdrug-related
material remained relatively constant during thr first 6 hr after penciclovir cream
application, but had increased by 24 hr (Table 3, attached}. At all times investigated, the
concentrations were higher in the epidermat and dermal tayers of tape-stripped skin than in
those of intact skin. However, the total amounts of drug-related material relative to dose
were low in all of the skin layers and almost all of the recovered radioactivity {>99%) was
found on the skin surface in the recovered cream (Table 4, attached).

Conciusion: Distribution of periciclovir into the epidermis and dermis was low in vitro
following topicat application of [*Clpencicloivir (1% w/w) cetomacrogol base cream to
intact and tape-stripped human skin. Almost all the recovered radioactivity (> 99%) was
found on the skin surface. Penciclovir concentrations in the various skin layers and
penetration of penciclovir through skin were higher in tape-stripped skin than in intact skin.




M-103194-G:

Table 1: Mean flux rates of drug-related material at various times
after application of ["*C]BRL 39123 cream to intact and

tape-stripped human skin in vitro

~Time period

Flux rate (ug/cm7/h)

(Hours) Intact Tape-Stripped
005 < 0.001 0.067 £ 0.059
0.5-1 0.002  0.003 0097 £ 0.114

1-2 0.003  0.004 0.099 x 0.099
23 0.004 £ 0.003 0.092 £ 0.091
34 0.006  0.006 0.085 £ 0.065
45 0.013 £ 0.017  0.118 £ 0.078
68 0.018 £ 0.029 0.175 ¥ 0.117
8-24 0.018 £ 0.031 0.244 £ 0.248

Values are means * standard deviation (N = 6).



M-103194-01

Table 2: Mean elimination of radioactive material into receptor fluid
at various times after application of ['"*C]BRL 39123 cream
to intact and tape-stripped human skin in vifro

~ Timepoint ‘Percentage of recovered radioactivity in receptor fluid
(Hours) Intact Skin . Tape-Stripped Skin
0.5 < 0.0t ~0.02 £ 0.04
1 0.0 £ 0.01 <001
3 0.02 £ 0.02 0.01 £ 0.01
3 0.61 £ 0.02 0.03 * 0.03
24 0.02 £ 0.04 0.31 £ 0.24

Values are means t standard deviation (N = 6).



M-103194-01

Tabie 3: Mean distribution of radioactive material in epidermal and
dermal layers of intact and tape stripped human skin sam-
ples in vitro at various times following application of
["“C]BRL 39123 cream

Conceatration (ug equivalenis of

Timepoint (“C13RL 39123/g of skin layer)
(Hours) Foidermis Dermis
Intact Human Skin
0.5 8.58 £ 595 8.07 £ 4.17
787 £ 5.05 227 = 142
3 2225 £ 20.84 740 £ 8.78
6 1147 + 8.46 599 £+ 407
24 67.32 £ 36.65 22.31 £ 14.86
" Tape-Stripped Human Skin
0.5 37.13 £ 49.03 33.03 £ 66.22
- 8§76 + 3.00 311 £+ 1.87
3 31.69 £ 14.43 11.06 £ 11.90
3 30.01 £ 16.16 10.02 £ 6.68
24 300.90 + 348.81 217.43 £ 33345

Values are means * standard deviation (N = 6).

Mucrograms of [*C]BRL 39123 per gram of skin were determined by calculating
the microgram of [“CIBRL 39123 per cubic centimeter of each skin layer and as-
suming the density of each layer was | g percm’.
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YL IN VITRO RELEASE;

In-vitro release studies were conducted during product development using a Franz cell
system with artificial membranes as described by Shah, V.P. et al (Reference No. 2).

Introduction: "'his method was developed to determine the in vitro release rate (steady-
state flux} of pe..ciclovir from the 1% (w/w] topical cream formulation, formula code J.

Method: The /n vitro ditffusion system consisted of 12 Franz cells with magnetic stirrers,
maintained at 32°C using a temperature controlled circulating bath. The receptor phase
was distilled water. A Celgard 3500 membrane was cut into 2x3 cm squares. From 150-
200 mg of cream was applied to a 1.7 cm? area on each membrane. The cell was
assembled and the release test initiated. Receptor phase was sampled at 10 minute
intervals. A 0.5 mlL sample was taken at each interval, and replaced with distilled water.
Pencictovir concentrations in the receptor were determined by

Sampling intervals: 10, 20, 30, 40, 50, 60 minutes.

Calculations: The release rate of penciciovir from the formulation was defined as the slope
of penciclovir released per cm? of membrane {Q} plotted against time'*':

Penciclovir (ug) in Penciclovir Volume of the
receptor ceil = (Precpimicontent (ug/mlL) * receptor cell {mL)

Penciclovir released per cm? of membrane taking into account the dilution of the receptor
p! ase during the sampling procedure:

Penciclovir {in ug/mL) = [(Precpim) + (Precpin-1) * 0.5/Vol) + {Precnin-2/*0.5/Voi}]

Where: Precpini = Penciclovir {ug} in the receptor cell at time n
Vol = Volume of the receptor cell '

Alternatively, the following calculation is used to account for dilution of the receptor phase
as part of the sampling procedure:

Crecp@imy = Crecep@in-1! + [Ceaminy - Csam{n-l}'(Vol-O.SlV&Jl)]

Penciclovir released per cm? of membrane = (Crecp@m *Vol)/1.77

Where:

Crecp@/ny = Concentration of penciclovir in receptor phase (yg/mL) at time »
Csamin = Concentration of penciclovir {zg/mL) at time n {Assay value)
Vol = Volume of the receptor cell



Results:

Panciclovir 1% w/w Cream: /n-Vitro Release

Cream Batch
(ug/cm?/min'?)
Lab Scale o
Batch Ref 35727-136 18.3

Pilo* Scale (clinical supply)
after 36 months at 20-25°C:

Batch W382007 18.1
Batch W92054 17.7
Batch W92056 21.6

Production scale {process gualification)
after 6 months at 20-25 °C:

Batch 275010 17.9

Batch 275040 17.4

Batch 275060 21.4
after repeated freeze/thaw cycling:

Batch 275010 21.7

Batch 275050 23.0

The 1%w/w penciclovir cream is formulated such that the aquecus phase is
saturated with drug. Penciclovir solution concentra on in the aqueous phase is ca.
0.6% wiw, equivalent to ca. 0.4% w/w in the cream as a whole. At a strength of
1%w/w, there is sufficient undissolved penciclovir present to ensure the
penciclovir concentration remains at saturation, thus optimizing the thermodynamic
activity of penciclovir which drives the percutaneocus penetration process.

The applicant stated that scale up of the manufacturing process was accompanied
by small increases in the particie size of the undissolved penciclovir. The above
data show similar release rates for batches at all scales of manufacture and for
praduction scale batches after freeze/thaw cycling (largest particle size},
suggesting that the release rate is not affected by the differences in the particle
size of undissolved penciclovir due to scale-up or by Ostwald ripening. The
applicant proposed that a specification for penciclovir particle size in the cream is
unnecessary based on the above data and in view of the consistent particle size of
undissolved penciclovir produced by the cream manufacturing process.

Pivotal clinical efficacy studies 39123/024 and 39123/025 used product
manufactured via micronized penciclovir, added to the oil phase. For large scale
production, this requirement is avoided by complete dissolution of penciclovir
during compounding. The use of micronized or unmicronized penciciovir during
manufacturing did not affect the /in vitro penciclovir release rate or the particle size
{assessed by microscopy) of the undissolved penciclovir in the final product.




ug

Panciciovir releasad va the square root of ime
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Therefore, the use of micronized or unmicronized penciclovir did not affect the drug
availability from a 1% w/w cream. The Reviewing Chemist, Dr. Mark Seggel,
concurred that drug availability from the cream will not be affected by
micronization.

The applicant conciuded from the part.cle size and /n-vitro release data that there is
no significant difference in drug availability between the clinical and the proposed
commercial product. This reviewer concurs with the applicant’s conclusion.

Individual release data and plots of Q vs time and Q vs the square root of time
{attached) were requested from the applicant in writing on 6/21/96 and received by
the agency on 6/28/96. These data are locied in Appendix I.

Foltowing are two representative plots of Q vs time'’2, one from a pilot batch and
one from a production scale batch:

Penciciovir reisasad vs the square root of time

Piot Scale Batch We2058 “roduction Scale Batch 275080

Yil. ANALYTICAL METHODOLOGY:

The Study Reports BF1013/BRL-039123 /1 {for the assay of penciclovir in plasma)
and BF1016/BRL-039123/1 (for the assay of penciclovir in urine) have previously
been reviewed and summarized in the CPB review of NDA

dated 9/25/95. Assay sensitivity, linearity, precision, and accuracy were
acreptable to this reviewer.

Yiit. BEFERENCES:

1. Bronaugh RL, Stewart RF, Simon M. Methods for in vitro percutaneous
absorption studies VI use of excised human skin. J. Pharm. Sci., 1986, 75,
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1094-1097.

2. Shah VP, Elkins JS, Wiliiams RL. In vitro drug release measurement for topical
glucoconticoid creams. Pharmacopeial Forum, 1993, 19, 551-563.

1X, LIST OF STUDIES NOT REV'EWED:
The following studies were submitted to NDA 20-629 but not reviewed:

Study No.: 39123A/009 (HP/87/21)
Study to investigate the tolerance to three intravenous doses of BRL
39123A when administered at 8 hourly intervals over a period of 24 h
to human volunteers. Volume 1.36, page 000246

Study No.: 39123A/007 (HP/86/69}
Study to investigate the pharmacokinetics of and tolerance to the
antiviral compound 8RL 38123A following its administration by
intravenous infusion to human volunteers. Volume 1.32, page 000002

Study No.: 39123A/011 (HP/87/42)
Study to investigate the pharmacokinetics of and tolerance to the
antiviro' compound BRL 39123 following its administration by
intravenous infusion to human volunteers. Volume 1.32, page 020161

Study No.: 39123A/017/BP/QG1/
A study to compare the pharmacokinerics of BRL 39123 in healthy
elderly male subjects with the pharmacokinatics in healthy voung
maie subjects following administration of a single intravenous dose
of BRL 38123A at 5 mg pfa/kg. Volume 1.33, pa . 000002

Study No.: 38123A/053
A randorised, double blind, plac2bo controlled crossover study to
assess the dose proportionality of pharmacokinetic parameters of
penciclovir following a single intravenous infusion of 2.5, 5.0 and 7.5
mg/kg and to assess the cardiovascular effects of penciclovir and a
single intravenous dose of acyclovir 10 mg/kg in healthy male and
femate volunteers. Volume 1.34, page 000002

Study No.: 39123A/008 {HP/86/146R)
Study to investigate the pharmacokinetics of and tolerance to the
antiviral compound BRL 39123A following its repeat adgministration
by intravenous administration to human volunteers. Volume 1.36, page 000002

Study No.: 39123A/01Q (HP/87/22)
Study to investigate the pharmacokinetics of and tolerance to tha
antiviral compound BRL 39123A following its repeat administration
by intravenous infusion to human volunteers. Volume 1.36, page 000333
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X, _LABELING COMMENTS:
The following comments refer to the draft annotated labeling of Oct. 10, 1995,
Comments were conveyed to the applicant in writing on 6/24/96. The dratt lavei
ot 9/6/96 is attached. iIn all cases, the applicant corrected the text to be
consistent with the following recommendations.
p 6, Clinical pharmacokinetics
CHANGE section to read: “Measurabie penciclovir concentrations wers not
detected in plasma or urine of healthy male volunteers (N = 12} following single or
repeat application of the 1% cream at a dose of 180 mg penciclovir daily
(approximately 67 times the estimatad usual clinical dose).”
DELETE THE REMAINDER OF THIS SECTION
p 6, Pediatric patients

CHANGE section to read: “The systemic absorption of penciclovir following topical
administration of MAME has not been evaluated in patients < 18 years of age.”

p 9. Carcinongenesis, mutagenesis, impairment of fertility

CHANGE first srntence to read: “Measurable penciclovir concentrations were not
detected in plasma or urine of healthy male volunteers following topical
admunistration of the 1% cream (see Clinical Pharmacokinetics).”

p 3, Pregnancy

DELETE ThéE FIRST SENTENCE

p 10, Nursing mothers

DELETE THE FIRST SENTENCE

p 11, OVERDOSAGE

CHANGE first sentence to read: “Since penciclovir is poorly absorbed following oral
agministration, adverse reactions related to penciclovir ingestion are uniikely.”



Xi PROPOSED LABELING:

See the attached following pages. As of this writing, the most current proposed
package insert is the draft of 9/6/96.
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FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSULE

ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE

PUBLIC.
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PHARMACOLOGIST'S REVIEW

NDA: 20-629

Date Submitted: 16 Oct. 1995

Date Raviaw Assigned: 16 Oct. 1995
Date Raview Completed: 168 April 1986
Raviewer: David E. Mcrse, Ph.D.

HFD-530
SPONSOR: SmithKline Beecham Pharmaceuticals

1l Franklin Plaza

P.0. Box 7929

Philadelphia, PA 19101 (215%) 751-3868
DRUG: BRL 39123 (Penciclovin)!

6H-Purin-6-one, Z-aminoc-1, 9~dihydro-9-[4-hydrouxy-3-
{hyroxymeihyl)butyl]

STRUCTURAL FORMULA:
CAS #: 3 09-25-1 :
EMPIRICAL FORMULA: CioHy NSO, R
MOLECULAR WEIGHT: 253.26 .
SOLUBILITY: ~3% w/w 1n H,0 (20°C at pH 7) T

FORMULATION: 1% cream for topical use
INDICATION: Treatment of Herpes Labialis
BRL39123
RELATED INDs/NDAs:
IND
IND

NDA 20-363 - Famciclovir (Oral)}
DEFINITIONS: -
INTRODUCTION

The sponsor 1S reguesting approval to market Penciclovir 1% cream (DENAVIR®)
for the topical treatment {every 2 hours for 4 days) of Herpes Labialis
infection 1n non-.mmunocaompromised patients. Both pre-clinical and clinical
safety data were included in the submission cf Oct. 1995. The subsequent
sections of this document include a review of the submitted toxicoclogy data.
The proposad product label for topical penciclovir (DENAVIR®) is presented in
a separate memorandum,

BACKGROUMD
Pen¢l 1ovir 1s a guanine nucleoside analogue, and is the major 'activated'
form of drug found 1n svstemic circulation fellowing the oral administration
of famciclovir (FAMVIR®; see NDA 20-363, approved 1934). BRL 339123, following

entry into infected cells, is phosphorylated by viral and cellular encoded
thymidine kinases into the corresponding mono-, di-, and tri-phosphate
nucleotides. It exerts 1ts antiviral activity through interference with viral
DNA synthesis. The initial phosphorylation reaction is purported to be
accomplisned only by the viral induced thymidine kinase of herpes infected
cells.

! CAS Registry Number: CAS-39809-25-1

2 BRL 39123 - Penciclovir, BRL 42810 - Famciclovir

1
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NON-CLINICAL TOXICOLOGY SUMMARY

The toxiceclogy and oncogenicity of penciclovir and famciclovir were evaluated
in a series of acute through chronic administration studies in mice, rats,
dogs and/or monkeys. In addition, studies of potential adverse genetic,
reproductive, immunologic and dermal irvitancy were performed. A brief summary
of each of the major study areas follows, while detailed reviews of each topic
area are included in the Appendices {A-H} of this document.

Summary of the General Toxicology of Penciclovir

Penciclovir (BRL 39123) was evaluated in several toxicity studies (1-90 days)
in the mouse, rat, dog and monkey. Study results indicate that when adminis-
rered intravenously in the rat, dog and monkey, the primary toxicities cof BRL
39123 appear related to leocal vascular/perivascular irritatiocn, the kidneys,
testes, thymus/spleen, and the heart and lungs. Toxic effects were generally
dose related, although there was some indication of idiesyncratic responses
and i1ncreased sensitivity to damage among animals treated at low doses. Mild
to moderate inflammatory responses, occasionally including signs of hemor-
rnage, ocedema, and myositis, were evident at the site of injection in multi-
pie species. Histalogic changes 1n the kidney appeared to be assoclated with
changes in clinical chemistries and urinanalytic parameters, and thus appear
to be menitorable. In the heart and lungse +the intravencus administration of
penciclovir apreared to be associated with coronary artery pathology, acute
shanges in ECG waveforms (reductions in P-R and Q-T intervalis!, tachycardia,
and periplueral effusions. In the testes, histcpathologic changes generally
included degeneration of the seminiferous tubules and hypospermatcgenesis.
Involution of the thymus and splenomegaly were noted but were generally
unrelated to c¢hanges in circulating lymphoid cell characteristics. Lastly,
minimal To moderate decreases in several hematclogic parameters including,
hematccoris, hemoglobin and red blood cell counts were sometimes asscclated
Wwinh the administration of penciclovir. Most of the responses appeared Lo
regress followlng cessation of drug administration.

See Appendix A for a detailed review of the submitted toxicology studies for
penciclovir.

Summary of the Dermal Irritancy Potential of Penciclovir

Mult:ple toxicity studies were conducted to evaluate the dermal, ocular and
intravagina,. lrritancy potential, and contact sensitization effects of
penciclovir cream, In summary, rats, rabbits and/or guinea pigs were exposed
to one or more applications of penciclovir cream (of varicus formulations) to
shaved regions (abraded and unakraded) ¢f the dorsum, into the vagina or, to
the eyesconjunctiva. In general, the application cf any of the penciclovir
containing creams caused minimal to mild dermal irritation responses with
szcassional edema at the site of application. However, only siightly less
severe and/or similar reactions were evident in most test systems following
the aprplication of any of the placebo/vehicle "drug” formulations. Intra-
vaglnal applica%t:ion of penciclovir was found to be non-irritating when tested
1n the rabbit. In contrast, application of the test compound to the conjunc-
tivae of the rabhit eye, produced mild-moderate redness and chemosis {inflam-
mation; in all animals at ! and 24 hours post-exposure with resolution of
these effects by 48-72 hours.

See Appendix B for a detailed review of the submitted dermal irritancy studies
for penciclovir.
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Summary of the Immunotoxic Potential of Penciclovir

penciclovir was tested in multiple in vivo and in vitre assays for immuno-
toxic and/or immunostimulant/nypersensitization effects. In the rat, despite a
slight degree of splenomegaly and thymic atrophy evident after 28 days of IV
dosing, the study results did not indicate that BRL 39123A caused any immune
systemn suppression. In the guinea plg, the repeated administration of
penciclovir cream (proposed market formulation and multiple investigatory pre-
market formulations) failed to elicit a dermal hyper-sensitization response.
Also in the juinea pig and rat, 'sensitized' animals showed no evidence of
anaphylaxis when challenged with either penciclovir or famciclovir. In vitro
studies of penciclovir and/or famciclovir showed only minimal interaction
/covalent binding between either compound and human serum proteins or albumin.

See Appendix C for a detailed review of the submitted immunotoxicology studies
for penciciovir.

Summary of the Reproguctive Effects of Penciclovir

studies ir. the rat and rabbit. Results of the studies revealed minimal or noe
effeczs 2f intr
multigeneraticnal development and reproducticn, reproductive performance of
treated animals and, fertility of treated females. In contrast, chronic do2sing
studies conducted with famciclovir (see NDA 20-363, review date June 1994
showed tnat long-term exposure resulted in significant adverse effezts on the
male reproductive organs (including testicular atrophy and seminiferous tubule
degeneration!, and induced profound adverse effects on sperm production and
morphelagy. Furthermore, with leng-term famciclovir expesure fertility among
rreated an:imals was significantly decreased and pre-implantation losses were
increased. Tne recovery of sperm preduction appeared relatad to the time off-
dose, witn oproximately equal numbers of animals showing full, partial cr no
recovery of  perm production after multiple (approx. 13 cycles) spermatogenic
svoles, Simisar testicular and hypospermatogenic effects have beern noted in
animals with other members of this chemical class, however, these effects have
o

nor e i

Tne sgonscr has conducted standard Segment I-III reproductive toxicology
'

n dem¢nstrated in human patients.

D for a detalled review of the repreductive toxicolegy studies
r penciclovar.

Surmmary of the Oncogenic Potential of Penciclovir

Pencic.cvir, e:ither as the toplcal or intravenous product has not beern
avaluated fsr carcinogenic peotential. However, famciclovir (the oral pro-drug
form of pencizlovir! has been tested in rodents and found to increase the
incidence of mammary adenocarclnomas in female rats (a common tumcr in aging
female rats;, without significantly altering other tumor freguencies. Prug
exposure .1 the female rat was approximately 1.5x human exposure for the cral
product when used in accordance with the product label (maximum reccmmended
numar, dose of S00 mg t.i.d.; 1nNter-species dose comparisons based on 24 hr

AL, . Giver the snhort duration and low level of exposure to penciclovir after
topical application of the cream product (4 days dosing: estimated applied
dose of 2.35 mg/kg/cay), it appears unlikely that the use of penciclovir
topical cream (DENAVIR®) poses a significant risk of increased tumors in man.
In accordance with 21 CFR 201.56 (d) {3} and 21 CFR 201.57 (f)(6), it 1is
recommended that the 'systemic carcinogenicity' data for famciclovir not be
:included :n the product label for topical penciclovir (DENAVIR®), since no
absorption of penciclovir following tepical dosing has been demonstrated (see
the Biopharmacology Review for NDA 20-629}.
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See Appendix E for a discussion of the oncogenic potential of penciclovir (and
famcicloviri.

Summary of the Genetic Toxicelogy of Penciclovir

Penciclovir was evaluated for potential genotoxic effects in a standard
battery of assays, which inciuded: a) assays for unscheduled UNA synthesis in
Hela cells in vitro, b) bacterial and mammalian cell gene mutation assays in
vitro and, ¢) in vitro and in vive assays for chromosomal aberrations. The
results of several assays suggest that penciclovir has some clastogenic
activity, although these effects were generally coincident witn signs of
cellular toxicity and thus suggest that the responses might be due te non-
specific cellular effects and not direct DNA-drug interaction. Similarly, the
increased mutation rate noted in the mouse lymphoma assay occurred at
reiatively high drug concentrations which inhibited cell replicatien and
growth.

See Appendix F for a detailed review of the genetic toxicology studies
cenducted with penciclovir.

Summary of the General Pharmacology of Famciclovir

Penciclovir was tested in a battery of standard in vivo and in vitro bio-
assays tc aetermine the general pharmacelogic effects of the compound. Study
data indicate that penciclovir was relatively inactive in the production of
centrali or peripheral nervous system effects, hematologic or metabolic effects
except at high dose levels. Primary responses noted following the bolus
intravencus adminisrration of penciclovir were generally cenfined to transient
cardiovascular effects (prolongation of the P-R and Q-T intervals) and, renal
vupular in-uries caused by insclubility.

R - ~
ndix G
-

endl
ed wilth

or a detailed review of the general pharmacclogy studies

F
penciclovir.

PHARMACOKINETICS AND MOLECULAR PHARMACCLOGY

Summary of the Pharmacokinetics and ADME Profile of Penciclovir

The sponscr has conducted multiple pharmacokinetic and ARDOME (absorption,

distripurion, metabolism and excretion) studies with penciclovir in support of
ke NDA. 3im:ilar studies were previcusly repcorted for famciclovir (BRL 42810:
the oral pro-drug form of penclclovir) and have been reviewed in NDA 20-363,

-
June 1994, Following from the chemical similarity of the compounds and the
extens:ve co-development/testing of these drugs, the fcllowing PK/ADME summary
inziudes .nformation for both compounds., A brief summary of the findings from
these studies 15 1ncluaed in the feollowing paragraphs.

General Background: BRL 39123 f(Penciclevir) is a substituted nucleoside
analogue of guanine. It 15 suggested that the drug 1s selectively phos-
phory.ated 1ntracellularly teo the mono-, di- and triphosphate, by virally and
cellularly encoded thymidine kinases. The initial phosphorylation reaction is
purportedly accomplished only by the viral induced thymidine kinase of herpes
infected cells. BRL 39123 tri-phosphate, it is suggested, exerts its antiviral
activity through incorporaticn in the herpes virus genome and/or through
interference with viral DNA synthesis. Penciclovir 1s ihactive prior to
conversion to BRL 39123 tri-phecspnate,

Percutanscus Absorption: Multipl studies of the percutaneous absorption of
penclclovir (some using the market formulation for the topical cream) were
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conducted in rats, rabbits and in vitro. These studies included both intact
and abraded skin systems. In rodents, when {''C] penciclevir cream was applied
to intact skin, the majority of the administered radiocactivity (approx. 8B8%
t+1.6); was retained at the application site at the end of the 24 hour
exposure peried. Urine, faecal and carcass levels of radicactivity were all
below the limit of reliable detection (< 0.Ql% of the administered dose)

Total recovery of rad:ioactivity was approximately 92%. In contrast, when
appilied (6 hour..' to the abraded skin of rabbits there was an average 3-5%
percutanecus absorption., However, as with intact skin, the majority of the
drug product was retained on/in the skin of the application site and on the
dressing materials. Small, but measurable, amounts of radioc-activity (and by
inference - BRL 39123} were retained in the skin of the application site and
were still being excreted in the urine and faeces of each rabbit at the end of
the 96 hour follow-up period.

In an in vitrg test system using 'intact' or tape-stripped human skin, the
study results suggested that transpcrt of BRL 39123 was increased approx. 3-
fold by the removal of the stratum-corneum layer of the skin. Further, the
cransport and incorporaticen of radiocactivity across the tissue specimens
increased 1n extent during the 24 hour assessment period, for both intact and
_ape stripped tissues. Similar to the results obtained in whole animals, the

ransport =f BRL 39123 across the component layers of the skin was low (3-5%),
ai:houqh nct as that noted in vitro (§.l1% vs. 1-3%). Overall, regardless of
the test sys+tem used, the percutaneous absorption of penciclovir appears to be
relatively low (5% or less of the administered dose).

Oral Adwinistration: abscrption of [!C)famciclovir following oral dos‘ng in
tre mcouse, rat, dog and rabbit was generally between 5(0-100% (deoses up to
4GC0, 252 and 1200 mg/kg in the rat, deg and rabbit), with peak plasma levels
+Coe.. 2CCTUrring app'OXLNatEIy 1 hour after dosing in all species. By
compariscn, the oral avarilability cof penciclovir was somewhat lower at
approximately 20-30% of the administered dose. BRL 39123 {penciclovir) was the
primary metapolite found 1irn the circulaticon of all species following the coral
administrat.on cf famciclovir. The data clearly indicate that famciclovar
usdergoes substantial first pass metabolism in the liver, and 15 almost
.ndetectacle i1n the systemic circulaticn. In the monkey, there was some
av.denze i the metabolism of penciclovir to the 8-hydroxy derivative (BRL
44272, Overali, the pharmacokinetic profile for famciclovir is accually that
for penciclovir, which wiil be discussed zlmost exclusively throughout the
subseguent paragraghs.

Intravenous Administration: In both the rat and dog, the lntravenous
adm:inistrazizan 2f 1) mg/kg of BRL 39123 resulted in peak drug levels
rmmediately posi-infusion with blood concentratiens in the range of 10.8-16.1
ug/ml imean of .3.8 ug/ml). In the rat, bloed drug levels declined in a
mencphasic manner with a half-life of approximately 20-40 minutes, while in
ke dog drug levels declined 1n a biphasic manner with an initial half-life cf
2% minutes and terminal half-life of 2.9 hrs. In the dog, AUC, ,¢,n., values
ranged from 29-40.4 ug.hr/ml following a 10 mg/kg IV dose of BRL 39123, with a
slearance rate of 3.6-4.2 L/hr., and volume of distribution of 11-15 liters
.approxlma:ely equal =0 body weight). The concentration of drug in whole blood
was approx. 50% of that :in plasma {(dus to velume dilution), and suggested only
limited ass c.ation between radiocactivity and red blood cells {(generally 10%
or less;. No evidence of accumulation of drug related material was observed
during repeat dose studies. Peak plasma {C.,) levels and systemic exposure
{AUC) to penciclovir and its precursors could not be reliably measured during
dietary 1ntake of the test compound by rats.

Tissue Distribution: Following the oral administration cf ['“I]famciclovir (40
mg/kg} to rats, the tissues with relatively high concentraticns of drug
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related product included the GI tract, liver, kidneys, thyroid/parathyrcid,
seminal vesicles, aorta and skin. Relatively low concentrations were observed
in neural tissue. Concentraticns of radiocactivity declined rapidly following
the acute or daily administration of [MC)famciclovir, with little evidence of
drug accumulation. A somewhat slower decline in radioactivity was ncoted in the
testes of the rat.

Tissue Distribution-Fetal Drug Exposure: Administration of ['C)famciclovir to
pregnant rats and rabbits demonstrated that placental passage and fetal
exposure to drug related material occurred at levels nearly comparable to
maternal exposure. In the rat fetus, penciclovir and BRL 42359 (the 6 deoxy
precursor of penciclovir) accounted for the majority of the ['C] radiolabeled
material, whereas in the rabbit, BRL 42359 and BRL 48959 were identified as
the major metabolites 1in additicn te penciclovir. Penciclovir was rapidly
secreted in the milk ¢f lactating rats after an cral dose of [!C]famciclovir
(40 mg/kg!. Milk concentrations were considerably higher than those observed
in plasma.

Excretion: Follow:ing the oral admiristration of (MC}BRL 42810 or the
intravencus administration of [!'C)BRL 391232 toc rats, mice, and dogs, nearly
all of the agministered radiocactivity was recovered in urine and faeces (65-
5% and 10-20%, respectively!), during the subsequent 72-96 hours. Drug
elimination was guite rapid with over 90% of the excreted radicactivity being
eliminated within the first & or 24 hours. The terminal plasma half-life of
pencicliovir was estimated at less than 1 hour in the rat and at about 2 hours
in the dog. Ir all species studied, TLC and HPLC analyses performed on urine
specimens .ndicated that >95%% of the urinary radicactivity cec-eluted with a
BRL 35123 zontreol sample. All other radivcactive peaks accounted for a small
fracticn 20f the urinary radicactivity.

Miscellaneous: Sx vive stadies revealed only low level binding of penciglovir
fang .ts precursors) to plasma proteins from either the rat (11-24%) or deg

L LZ-22% wnen tested at concentrations cof 2-Z20 mg/ml. The distribution of drug
related material in rat blood was approximately even between the plasma and
cells, whereas in the dog there was evidence of nearly complete exclusicon of
the drug from blood cells {i.e., the drug product was found almost exclusively
in the plasma cf the dogy. In both species, the volume cf distribution for
drug related materlals was estimated at approximately 1 L/kg.

Comparison of Pharmacokinetic and ADME Data in Animals and Man:

In man, as in all species tested, the biocavallability of famciclovir was high
;approx. 5% with cral administration at doses up to 750 mg (apprex. 15 mg
k3!, Rapid conversion of famciclovir to penciclevir (the predominant drug
form detrected in the systemic circulation) and BRL 42359 was evident in man,
as i1t had been in the mouse, rat, dog and monkey. This metabolic conversion
aprcears tC De mediated by a cytosolic aldehyde oxidase, and is independent of
the PJ50 system. As seen 1in preclinical evaluations, the Jdrug kinetics 1n
human subTeclts were dose independent. Renal excretion of penciclovir was the
primary route cf drug elimination 1in man, as had been demonstrated in the
precliinical animal studies. Plasma clearance of penciclovir was ertimated at
¢.37 L/h/kg following a 5 mg/kg IV dose, which was similar to that observed in
the dog 7,32 L/h/kg) after a 25 mg/kg IV dose and was 1/3-1/7 the rate noted
in the rat (0.9%-1.7 L/h/kg) following an IV dose of 40 mg/kg. Active tubular
secretion of drug related material is suggested in all species evaluated. In
man, as i1n the dog, the estimated plasma elimination half-1if+ of penciclovir
was approximately < hours. The volume of drug distribution in man was
estimated at ! L/kg (similar to the rat and dog), with plasma protein binding
of approximately 6-16%.
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in conclusion, when evaluated in multiple test systems, the percutaneous
absorption of penciclevir appears to be relatively low (5% or less cf the
administered dese). Further, the pharmacokinetic and metabolic profiles for
penciclovir {and for famciclovir) as determined in multiple animal species
suggests strong similarities to the data obtained in man. Together, these
findings support the use ¢f the animal toxicology studies conducted with
penciclovir and famciclovir for estimating the safetry profile of penciclovir
when administered to humans.

See Appendix H for a detailed review of the pharmacokinetics and ADME studies
conducted with penciclovir.

SUMMARY

The sponscr has requested approval to market penciciovir (DENAVIR®) for the
topical treatment (4 days dosing; estimated total applied dose of (.05 mg/kg
/day} of Herpes Labialis scres in non-immunocompromised adults. Both pre-
clinical safety and clinical efficacy/safety data were included in the
submission. The preceding sections of this document ana the attachments
inciude a review of the submitted toxicology data and the proposed product
label for {DENAVIRE).

, cre-clinical safety studies indicate that the primary toxicities

ted with intravenous penciclovir are related teo local wvascular irrita-
ena. :nflammation, testicular atrophy, thymus/spleer involution, and
/pulmonary effects. Intravenous penciclovir appeared assoclated with
corghary artery pathology, acute changes in ECG wavetorms (reductions in P-R
and Q-T irntervals), Gtachycardia, and periplueral effusions. In general, the
toxiz resgonses associated with IV penciclovir appeared to regress followlng
~essation of drug administration. Standard Segment I-III reproductive toxi-
cology studles revealed minimal or nc effects of intravenous penciclovir on
feral abnormalities and viability, multigeneraticnal develcopment and repro-
ducsizn, reproductive performance of treated animals and, fertility of treated
females. Study data 1ndicate that pencicleovir was relatively inactive in the
producticn of central or peripheral nervous system effects, and hematologic or
metaccllc effects except at high dose levels.

Results of genotoxicity assays suygest that penciclovir has some clastogenic
ac=:vity :generally at high doses coincident with signs of cellular toxicityi,
and i1ncreaseg the rate of mutation in the mouse lymphoma assay. No genotoxic
effects were evident in the remajining tests. Penciclevir has not been tested
for carcincgenic potent:ial. However, famciclovir has been tested in rodents
and found to increase the incidence of mammary adenocarcinomas in female rats.
However, based on the short duration of treatment (4 days), the low level of
exposure tc penciclovir with topical applicaticn of the cream product {applied
dose of 0.95 mg/kg/day), and the lack of any demonstrated systemic absorption
of the drug product [(Bicpharmacology Review for NDA 20-629), it seems unlikely
that penciczlovir cream (DENAVIP®) poses a significant risk of increased tumors
1n man., Therefore, 1n accordance with 21 CFR 201.56 (d) (3) and 21 CFR 201.57
(f1(6;, .t is recommended that the ‘'systemic carcinogenicity' data for
famciclovir not be included in the product label for topical penciclovir
(DENAVIR®), since no absorption of penciclovir following topical dosing has
been demonstrated.

In general, the application of any of the penciclovir containing creams caused
miniral to mild dermal irritation responses with occassional edema at the site
of application. No evidence of the development of hypersensitivity or contact
sensltizatlcn responses were noted with the topical drug product.
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The propcsed product label for topical penciclovir (DENAVIR®) is presented in
a separate memorandum.

CONCLUSIONS

The preclinical toxicity data suggest that 1t is reasonably safe to approve
the marketing of topical penciclovir (BRL 39123: DENAVIR® 1% cream) for the
short-term treatment of Herpes Labialis infection in immunocompetent adults.

RECOMMENDATIONS FOR PHASE IV COMMITMENTS

—_——— -

D

avl Morse, .D.
Reviewing Pharmacoclogist
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SUMMARY OF THE GENERAL TOXICOLOGY STUDIES:

Penciclovir (BRL 39123} was evaluated in several toxicity studies (1-90 days)
in the mouse, rat, dog and monkey. Study results indicate that when adminis-
tered intravenously 1in the rat, dog and monkey, the primary toxicities of ERL
39123 appear related to local vasculer/perivascular irritation, the kidneys,
testes, thymus/spleen, and the heart and lungs. Toxic effects were generally
dose related, although there was some indication of idiosyncratic responses
and increased sensitivity to damage among animals treated at low doses, Mild
to moderate inflammatory responses, occassionally including signs of hemor-
rhage, cedema, and myositis, were evident at the site of injection in multi-
ple species. Histolegic changes in the kidney appeared to be associated with
changes in clinical chemistries and urinanalytic parameters, and thus appear
to be monitorable. In the heart and lungs, the intravenous administration of
penciclovir appeared to be associated with coronary artery pathology, acute
changes in ECG waveforms (reductions in P-R and Q-T intervals}, tachycardia,
and periplueral effusicns. In the testes, histopathologic changes generally
included degeneration of the seminiferous tubules and hyposperma-ogenesis,
Involution of the thymus and splenomegaly were noted but were generally
unrelated to changes in c¢irculating lymphoid cell characteristics. Lastly,
minimal teo moderate decreases in several hematologic parameters including,
hematocrit, hemoglobin and red blcod cell counts were sometimes associated
with the administration cf penciclovir, Most of the responses appeared to
regress following cessation of drug administration.

COMPILATION OF EFFPECTS AND DISCUSSION:

Penciclovir {BRL 39123: the di-deacetylated analogue of famciclovir) was
tested 1n several acute through 90 day repeat dose toxicity studies in the
mouse, rat., dog and monkey. A summary of the studies submitted to this NDA,
along with a general discussion of penciclovir pharmacolcogy and related
studies of penciclovir as submitted to the IND is presented below.

BRL 39123A i{penciclovir) is a substituted nucieoside analog of guanine and is
the di-deacety.ated analoque of famciclovir {(see NDA 20-3&83). BRL 33123
represents the predominant drug moiety found in systemic c¢irculation following
oral administraticn of famciclovir.

When administered as a bolus intravenous infusion, the median lethal dose of
BRL 319123 in the mouse and rat was 1200 and 700-1,000 mg/kg., respectively.
Deaths appeared to be related to an extensive CNS activation, as indicated by
seizures, tremor and convulsions. The minimum lethal dose following oral
administration was greater than 5,000 mg/kg in both rats and mice. Alsoc notec
in these studies was a frequent associatirn of mottlad appearing heart and/or
lung tissues and peripleural effusions following bolus drug infusions.

Histologic indications of moderate inflammatory responses with mixed cell
infiltrates were evident in several monkeys, dogs and rats at the vascular
injection site of BRL 39123. Reactions occasionally included signs of
hemorrhage, oedema, and myositis. These adverse effects of IV penciclovir
administrat:ion are likely associated with the high pH (approx. 10.5) of the
dosing sclutions used in the treatment of the 'high-dose' groups from several
of the studies. Similar vein irritation effects have been noted in a clinical
trial raferenced in this r=port.

In mature animals of multiple gpecies (mouse, rat, dog and monkey), the kidney
appeared as a primary site of toxicity following the repeated IV
administraticn of penciclovir. Histelogic evidence of damage included
hyperplasia and/or necrosis of the epithelial tissues of the renal tubules and
collecting ducts. Occassional -dilitation of the renal tubules and renal pelvis

10
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were also evident. Clinical and urine chemistries suggest that significant
coxic effects are evident within 1-4 weeks of dose initiation. Further, the
toxic effects on the kidney were not clearly dose related, but were in part
idiosyncratic {evidenced by the distribution and severity of histolegic and
urine chemistry changes). Recovery following drug cessation was evident
although not always complete.

In several studies there was evidence of extensive crystal (birefringent)
formation coincident with tissue damage/necrosis in the renal tubules and
collecting ducts. This effect appeared to be related to the dose and possibly
also the rate of drug administration. Because of the high rate of renal
excretion and limited solubility of BRL 39123 it is possible that the drug
concentration in renal glomerular filtrate may exceed the limit of solubility
thereby resulting in crystal formaticn. Furthermere, the formation of drug
crystals in the renal tubules is likely to cause physical trauma to the
surrounding tissues and promote the histopathclogic changes described above.

Testicular atrophy was noted in rats and dogs treated with BRL 39123 for 238
days or longer. These effects had not been seen in the rat when drug was
administered for 10 days. Histopathological changes in the testes included
degenerative changes in the seminifercus tubules. Partial recovery was evident
in some rats following an off-dose recovery period. Testicular and
seminiferous tubule atrophy with hypospermatogenesis has been evident with
several other nucleoside analogues, and has been associated with significant
reductions in fertilitcy (in animals) and occasional sterility {in animals and
man) .

Atrophy of the thymic gland was noted in rats treated with 40-160 mg BRL
39123/kg/day for 28 days. Similarly, in some studies the intravenous admin-
istration of penciclovir induced significant atrophy of the thymus and spleen
among male and female dogs treated at 100 mg (pfa)/kg/day and. in thymus
weight of female animals treated at 50 mg/kg/day. Reductions in total white
cell counts or in several subtypes of white cells were sometimes evident.
These data suggest that penciclovir may have specific toxic effects on the
immune system; although this effect was not demonstrated in a special
immunotoxicity study conducted in rats administered famciclovir (the oral
precursor of pencilcovir) for 28 days (see Appendix B).

In addition, the administration (IV) of penciclovir appears to cause a
significant degree of tachycardia {15-40% increase), and reductions in the P-R
{15-23%) and Q-T {10-15%) intervals in multiple species {dog and monkey). In
both species, the heart rate and conduction changes were cleosely associated
with drug i1nfusion, yenerally being evident within 5 minutes and lasting about
30-60 minutes [although decreases in the P-R interval were detected at up to 6
hours following drug i1nfusion [the final assessment interval] in the dog).
These effects were evident in multiple dose groups in each study conducted
with a sensitive species,

While not specifically evaluated, the rate of drug infusion may effect the
heart rate changes observed, as evidenced by the somewhat saaller changes seen
in one primate study in which the infusion rate was significantly slowed
versus a previous study (i.e., infusion of 2 ml/kg over ~ min. versu3 an
infusizn of 2 ml/kg over 6 seconds). The mechanism of th. rate enhancing
effect of penciclovir, whether direct (receptor intevaction) or indirect
{sympaihetic agonist release or changes in ion levels;, is no: defined at this
time.

Coronary artery pathology (intimal hyperplasia and/or necrosis with inflam-
matory cell infiltration) was noted in multiple high and intermediate dose
treated animals from the 90 day study conducted in dogs. While the sponsor
contends that the coronary artery lesions were not drug relatad, given the
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distribution of effected animals in the high and intermediate dose groups and

the significant chronotropic effect of IV penciclovir, it is not reasonable to
conclude that the cardiac artery lesions were unrelated to the test compcound.

This potential drug effect warrants further evaluation.

Lastly, minimal to moderate decreases in several hematologic parameters were
evident in multiple species following the repeat administration of intra-
venous penciclovir, and generally included changes in hematocrit, hemoglobin
and red blood cell counts. The lack of any histologic evidence of a change in
bone marrow cellularity suggests that hematclogic effects of penciclovir may
be mediated through a mechanism other than myelosuppression. Most of the
Tesponses appeared te regress following cessation of drug administration.

Individual reviews are contained in the following pages.
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Toxicity Studies Summary:
Acute Toxocjity: 1-7 Dave
A} Mouse:

1) BRL 39123A: An Acute Study In Mice By The Intravanous Route, Study ID
TB5019/39123A/M/IV/A, GLP, Teat Site: Beecham Pharm., Stock, Essex, UK,
Study Initiation: 11 July 1985, Compound: BRL 39123A, Batches: GRD1
(86.2% pure) .

B) Rat:

2} BRL 39123A: An Acutas Study In Rats By The Intravenous Route, Study ID
T85018/39123A/R/IV/A, GLP, Test Site: Beecham Pharm., Stock, Essex, UK,
Study Initiation: 11 July 1885, Compound: BRL 39123A, Batches: GBDl
f86.2% pure).

3} BRL 39123A: An Investigative Single-Dose Study In Mals Rats By The
Intravenous Route, Study ID T895022/39123A/R/IV /SDS, GLP, Test Site:
Beecham Pharm., Stock, Essex, UK, Study Initiation: 8 June 1989,
Compound: BRL 39123A, Batch: GBD18 (86% pfa).

Subchronjc _Toxicity Studies: Orsl
A) Mouse:

4 and 5) BRL 39123: A 4 Day Oral Rangs Finding Repeat Dose Study in
Mice, 3tudy ID T86600/39123/M/PO/RFS/4D, and BRL 39123: A 7 Day Oral
Repeat Dose Study in Mice, Study ID T86303/39123/M/PO/RDS/7D, GLP,
Beecham Phar., Stock, Essex, U.K., Study Initiation: 17 Jan. and 11
Feb., 'H6, BRL 35123, batch GHD 16.

B} Rat:

6) BRL 139123: A 4 Day Cral Range Finding Repeat Dose Study in Rats,
Study ID TBS616,35123/R/PO/RFS/4D, GLP, Beecham Phai., Stock, Essex,
U.K., Study Initiation: 29 Jul., '8S5, BRL 39123, batch GBD 7.

C) Dog:

7 and B8) BRL 39123: A 4 Dav Ranne ?inding Repeat Dose Study in Dogs by
the Oral Route Frll_owed by a 7 Day Off Dose Pwrioed, Study ID
TB5621/39172,0/PO/RFS/4D, and BRL 39113: A 7 Day Oral Repeat Dose Study
in pPoys, Study ID TB6302/39123 /D/PO/RDS/7D, GLP, Beecham Phar., Stock,
zssex, U.K., Study Initiation: 12 Aug., '85 and 30 Jan., '86, BRL 39123,
batches GBD 8 and GBD 6.

Subchronic Toxicicy: 1-13 Weeks

A) Rat:

9) BRL 39123A: A 10 Day Intravencus Range Pinding Repeat Dose Study in
Rats, Study ID T85617/39122A/R/IV/RFS/10D. GLP, Beecham Pharm., Stock,
Essex, U.K., Study Initiation: 3¢ Jul., '85, BRL 39123A, batch GBD 1.
10) BRL 39123A/Acyclovir: & 10 Day Inveatigative Repeat Dose Study in
Male Rats by the Intravenous Route, Study ID TBE3u4
/39123A/Acyclovir/R/IV/RDS/10D. GLP, Beecham Pharm., Stock, Essex, U. K.,
Study Initiation: 14 Jan., '86, BRL 39123A, batch GB8D5, and Acyclovir,
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Lot FS9753.

11) BRL 39123A: A 20 Day Intravenous Repsat Dose Study in Rats Followad
By & 14 Day Off Dose Period, Study ID T85327/39123A/R/IV/RDS/2BD GLP,
Beecham Pharm., Stock, Essex, U.K., Study Initiation: 14 Oct., '8S%, BRL
39123A, batch GBD S.

12} BRL 39133A: A 13 Week Intravencus Repeat Dose Study in Rats Pollowad
By A 4 Week Off-Dose Period, Study ID T93575/BRL-039123A/R/IV/RDS/13W.
GLP, Beecham Pharm., The Frythe, Welwyn, Herts, U.K., Study Initiation:
21 May '93, BRL 39123A, batch W93045.

B) Deog:

13) BRL 39123A: A 14 Day Intravenous Range Finding Repsat Dose Study in
Dog Followad By a 14 Day Off Dosa Period, Study ID
0323/850627TG/3%123A/D/IV/RF-RDS/14D. GLP, .
Study Initiation: B8 Jul., '®5, BRL

39123A, batch GBD 1.
14) BRL 39123A: A 28 Day Intravenous Repeat Dose Study in Beagle Dogs
With a 14 Day Off Dose Pariod, Study IDs 034 /850911TG/39123A/D/IV/RDS
and 034/850911TG/39123A/D/IV /RDS/Supplement. GLP,

Study Initiation: 13 Sept., '85, BRL 39123A,
batches 3BD 1-6.
15) BRL 3%123A: A 13 Week Intravencus Repeat Doss Study in Dogs, Study
ID T93647/39123A/D/IV/RDS/13W. GLP, Beecham Pharm., The Frythe, Welwyn,
Herts, U.K., Study Initiatien: 16 Aug. '93, BRL 39123A, batch W93120.

C) Monkey:

16) BRL 39123A: A 14 Day Intravenous Range Pinding Study in Cymomolgus
Monkeys., Study ID BRL 1162/87268. non-GLP,

Study Initiation: 4 Nov., '86, BRL 39124A,
batch BD 9.
17) BRL 39123A: Toxicity in Cynomolgus Monkeys by Repeated Intravenocus
Administration for 4 Weeks (28 Days}, Study ID BRL 1181/88674. GLP,
!
10 Nov., 'B7, BRL 39123A, batch GBD 16,
18 and 15} BRL 43810: A 14 Day Intravenous Range PFinding Repeat Dose
Study in Cynomolgus Monkays (Incorporating BRL 39123A and BRL 299506)
Study ID BRL 1179/88479%, and BRL 42810: A 14 bDay Intravencus Range
Finding Repeat Dose Study in Cynumolgus MNenkeys (Incorporating BRL

39123A and BRL 29506). Histopathology of Injection Sites, Study ID BRL
1179/88479/Addendum. non-GLP,
Study Initiation: 3 Nov., '87, BRL 39123A, batch

GBD 15, BRL 42810, batch CT14245, BRL 29906, batch CT13962.

Toxicity Studies Reviews:
Acute XQC h -7
A) Mouse:

1) BRL 35123A: An Acute Study In Mice By The Intravenocus Route, Study ID
T85019/39123A/M/IV/A, GLP, Test Site: Beecham Pharm., Stock, Essex, UK, Study
Initiation: 11 July 1985, Compound: BRL 39123A, Batch: GBDl (B6.2% pure).

Doses Tested: 980, 1400, 2000 mg/kg

Dose Volume and Route: 10 ml/k3, IV, 0.05 ml/sec.

Vehicle or Control: sterile H,0

Species, Strain, Sex, Age WT: Male and Female C'-1 mice, weight range 21-29
grams, 3 animals/sex/dose.

Test Conditions: Single IV administration with 14 day follow-up. Body weight
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on days 1, 2, 8 and 15. Gross patholeogical evaluaticn at death or study
termination.

Mortality: Male - 0, 3, 3; Female - 0, 2, 3 by dose groups. All deaths
occurred within 1 minute of dosing.

Signs: Tremors/twitching, stretciing and relaxation of limbs, rigidity, loss
of righting reflex, limb weakness and gasping noted in animals treated at the
intermediate and high doses. Stretching of the hindlimbs, supination and
ataxia was noted among surviving animals. Injection site irritation was noted
in surviving animals. Weight gain was transiently reduced among surviving
animals con day 2.

Macroscopic Pathology: A dose related reddening of the lungs was noted in
animals dieing on day 1.

Comments: 1) Acute LD, (IV) for BRL 39%123A is estimated at 1200 (1100-1400)
mg/kg for male and female CD-1 mice.

2) Deaths following IV dosing were accompanied by multiple CNS
activation effects (i.e., altered extensor muscle activity and
spinal reflexes [righting]). Similar effects have bean noted
following the IV administration of BRL 42810, which undergos rapid
conversion to BRL 39123,

3} No NOEL dose for CNS activation following IV BRL 39123A was
noted in the male or female CD-1 mouse.

4) Target organs for toxicity following IV administration of aRL
39123A, appear to include the lungs and CNS. These effects are
closely related to the effects noted following the IV
administration of BRL 42810, which is rapidly metabolized to BRL
39123,

B) Rat:

2) BRL 39123A: An Acute Study In Rats By The Intravenous Route, Study ID
TESO18/29123A/R/IV/A, GLP, Test Site: Beecham Pharm., Stock, Essex, UK, Study
Initiation: 11 July 1985, Compound: BRL 39123A, Batch: GBD1 (86.2% pure).

Doses Tested: 490, 700, 1000 mg/kg

Dose Volume and Route: 10 ml/kg, IV, 0.05 ml/sec.

Vehicle or Control: sterile H,0

Species, Strain, Sex, Age, WT: Male and Female SD rats, weight range 120-149
grams, 3 animals/sex/dose.

Test Conditions: Single IV administration with 14 day follow-up. Body weight
on days 1, 2, 8 and 15. Gross pathological evaluation at death or study
terminatien,

Mortality: Male - 0, O, 2 + 1; Female - 0, 0, 2 by dose groups. All deaths
occurred within 1 minute of dosing, except for one male animal treated at 1600
mg/kg which was found dead on day 3.

Signs: Tremsrs, suplnation, ataxia, hindlimpb weakness and gasping noted in
animals treated at the dose of 1000 mg/kg. Stretching, hindlimb weakness,
ataxia and prostration was neoted among surviving animals at doses >700 mg/kg.
Reduced activity was noted among some animals at all treatment doses.
Injection site irritation was noted in animals treated at doses >700 mg/kg.
Weight gain was transiently reduced among surviving animals on day 2 (males at
doses >700 mg/kg; females at all doses).

Macrcscopic Pathology: Reddening of the lungs was noted in animals dying on
day 1. Red speckling of the thymus was noted among females treated at >1000
mg/kg. In the male animal found dead on day 3 post-dose, the right kidney was
enlarged and hard and the lower intestine filled with green/black fluid.

Comments: 1} Acute LD,, (IV) for BRL 39123A is estimated between 700-1000
mg/kg for male and female SD rats.
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2) Deaths following IV dosing were accompanied by muitiple CNS
activation effects (i.e., altered extensor muscle activity and
spinal reflexes [ataxial). Similar effects have been noted
following the IV administration of BRL 42810, which undergos rapid
conversion to BRL 39i23.

3) Target organs for toxicity following IV administration of BRL
39123A, appear to include the lungs, kidneys, thymus and CNS.
These effects are closely related tc the effects noted following
the IV administration of BRL 42810, which is rapidly metabolized
to BRL 35123,

3) BRL 39123A: An Investigative Single-Dore Study In Masle Rats By The
Intravenous Route, Study ID T89022/39123A/R/IV /SDS, non-GLP, Test Site:
Beecham Pharm., Stock, Essex, UK, Study Iritiation: 8 June 1989, Compound: BRL
39123A, Batch: GBD1E (8% pfal.

Duses Tested: 160 mg/kg

Dose Volume and Route: 10 ml/kg, IV, 3 ml/min.

Vehicle or Control: sterile 0.9% saline

Species, Strain, Sex, Age, WT: Male Crl: COBS, CD(SDIBR rats, weight range
218-310, 5 animals.

Test Conditions: Single IV administration to male SD rats. Six hour post-
dose collection of urine. Urine chemistry assessment and histopatheologic
examination of kidney tissue taken at end of collection period.

Mortality and Clinical Signs: There were no premature deaths or clinical
signs noted.

Microscopic Pathology: Significant numbers of rectangular and birefringent
crytalline deposits were noted in the medulla, papilla and cortex of 4/5
treated animals. Crytalline bodies were also seen in the urine. Chemical
analysis of the crystalline material suggests that it was composed of BRL
39123A.

Comments: 1} As noted previously, the kidneys appear tc be a site of
toxicity following IV BRL 39123A administration. This effect may,
in part, be due to the deposition of crytalline material within
the kidney tubules with resultant irritation of renal tissues.

2) The deposition of crystalline bodies and resultant renal
irritation has been noted previously with several other of the
nucleoside analogues. This effect appears to be related to the
limited solubility of the nucleosides in agquecus solutions.
Enhancement of renal filtration rate through pre-dose fluid
lcading has previously been reported to reduce the incidence
and/or progression of renal irritation/toxicity associated with
the nuclecsides.

Subchronic Toxicity Studies: Oral
A) Mouse:

4 and 5) BRL 39123: A 4 Day Oral Range Finding Repeat Dose Study in Mice,
study ID TB6600/39123/M/PO/RFS/4D, and BRL 39123: A 7 Day Oral Rapeat Dose
Study in Mice, Study ID T86303/39123/M /PO/RDS/7D, (Submission 000, Vol. 13,
Page 136).

Status: GLP, no audit report for 4 day study

Study Initiation: 17 Jan. and 11 Feb., '86

Study Site: Beecham Phar., Stock, Essex, U.X.

Compound Tested: BRL 39123, batch GBD 16, 99.2% pure

Doses Tested: 0 and 1000 mg/kg for the 4 Day study; 20, 100, and 1000 mg/kg
fur the 7 Day study
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Dose Volume and Route: 0.1 ml/10 g, PO

Solvent: 1% agqueous methyl cellulose

Species, Strain, Sex: male and female Crl:CD-1 mice

4 Day study; 18-22 grams, age 4 weeks, 5 animals/sex/dose
7 Day study; 22-27 grams, age S5 weeks, 20 animals/sex/dose
(animals were housed 5 per cage)

Test conditions: BRL 39123 was administered once each day by intragastric
lavage as a freshly prepared suspension. Mortality, physical signs. body
weight, food and water consumption, were monitored daily for 7 days prior to
dosing and throughout the dosing interval. Urinalysis, clinical chemistry and
hematologic assessments were made near the end of the dosing interval in the 7
Day study. Gross and microscopic patholegy (kidney and spleen [7 Day study],
only) was assessed at the termination of dosing.

llere were no premature deaths in either study. There were no abnormal
physical signs observed at any dose of BRL 39123 tested, except for an
increased incidence (11/20) of bites, scratches and scabs in the peri-anal
region of the high dose male animals. Body weight, food and water consumption
were ncot consistently effected by the administration of BRL 39123 at any dose
tested (larger effects were observed following initiation of the daily
gavage) .

Near the end of the 7 Day dosing interval, platelet counts were siightly
decreased (10%}, while total white cell and lymphocyte counts were increased
{10-50%} in the intermediate dose males and females, respectively. Serum
potassium levels were slightly increased (0.5 mM/1l) in males and decreased
(0.6 mM/1l) in females from the low and intermediate dose groups. Bilirubin
levels were increased (50-100%) in low and intermediate dcose females and high
dose nales.

Spleen (7 Day study only) and kidney weights were increased amony the BRL
39123 treated an‘mais. Histology revealed a significant increase in
extramedullary hemopoiesis in the spleen of drug treated animals, and evidence
cf renal tubule dilation with acidophilic casts. In addition, 3/40 animals
from the high dose group showed signs of focal hemorrhages at the
corneal/scleral junction. There were no other gross or microescopic
abnormalities obserwved at necropsy.

Comment : 1) BRL 39123 appears to adversely impact the kidneys, even when
administered for only a short interval of 4-7 days.

2) Evidence of an increased incidence of focal hemorrhage {(3/40
animals from the high dose group) at the corneal /scleral juncticn
15 particularly worrisome, as these animals were not the same as
those showing the greatest decrease in platelet number. Close
menitoring of all follow-up studies showed be performed to look
for this effect.

3} The increased incidence of peri-anal scabs, bites and sores
seen among the high dose males may be due to fights among the
grcup housed animals, which in turn may have been caused by drug
induced irritability. Alternatively, the sores may have been due
o a local drug-induced irritation of the skin and resultant
inLcreases in grooming/scratching.

B} Rat:

6) BRL 35123: A 4 Day Oral Range Finding Repeat Dose Study in Rats, Study ID
T8S616/39123/R/eD/RFS/4D, (Submission 000, Vol. 13, Bage 171}.

Status: GLP
Study Initiation: 29 Jul., 'B5
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Study Site: Beecham Phar., Stock, Essex, U.K.

Compound Tested: BRL 39123, batch GBD 7 {99% pure!

Doses Tested: 0, 40, and 1,000 mg/kg

Dose Volume and Route: 1.0 ml/100 g, PO

Solvent: 1% aguecus methyl cellulose

Species, Strain, Sex: male and female COBS CD (8D} Br rats, age
approximately 4-5 weeks, weight range 76-100 grams, S animals/sex /dosge
condition

Test conditions: BRL 39123 was administered by intragastric lavage once per
day for 4 days. Physical signs, body weight, food and water consumpticn, and
mortality were monitored daily. Blood chemistries, hemateclogic assays, and
gross and microscopic pathology (kidney only) were assessed at the termination
of dosing.

There were no premature deaths or adverse physical signs observed during the
study. Body weight gain was reduced in low (20%) and high (10%} dose males,
and high (60%) dnse females, whereas low dose females displayed a large
increase {(approx. 80%) in weight gain. There was no obvious reason for the
unusual weight gain among low dose females, as the food and water intake of
males and females at both dose levels were within 10% of control values.

Platelet counts were slightly increased amcng the high dose females (976 vs.
777 [control) x10% cells/l), while blood-urea-nitrogen levels were reduced in
females from both treatment groups (5.2-5.6 vs., 7.0 [contreol] mM/1l) ., Absolute
and relative kidney weights were increased slightly (5-10% vs. control) in the
BRL 39123 treated females at the end of dosing. There were no additional signs
of gross or microscopic pathology assessed at the termination of dosing.

Comment : 1,000 mg/kg was selected as an appropriate high dose for
additional longer-term toxicity studies in the rat.

C) Dog:

7 and 8) BRL 39123: A 4 Day Range Pinding Repeat Dose Study in Dogs by the
Orasl Route Followaed by & 7 Day Off Dose Pariod, Study 1D
T85621/39123/D/PO/RFS/4D, and BRL 39123: A 7 Day Oral Repeat Doss Study in
Dogs, Study ID TB6302/39123/D/PO/RDS/7D, (Submission 000, Vol. 13, page 235}.

Status: GLP

Study Initiation: 12 Aug., '85 and 30 Jan., 'Bé

study site: Beecham Phar., Stock, Essex, U.K.

Compound Tested: BRL 39123, batches GBD & and GBD 16, 923.3% and 99.2% pure,
respectively

Doses Tested: 0, 20, 60 and 200 mg/kg, (200 mg/kg 4 day study)

Dose Volume and Route: gelatin capsule, PO

Solvent: none

Species, Strain, Sex: male and female beagle dogs, 7-8 months old, and
weighing 7-12 kg, 2 animals/sex/group (1 male and 1 female in the 4 day
study) .

Test conditiens: Test animals were randomly assigned to the 4 test groups.
Drug was administered orally {(capsule) once each day for 4 or 7 days. In the 4
Day study, dosing was followed ky a 7 day 'off-dose’ recovery period. Physical
signs, body weight, food and water consumption, and mortality were monitored
daily. Blood chemistry, hematology, urinalyses, ophthaimoscopy and
electrocardicgrams were performed at baseline and during the dosing interval
{7 day study only). Gross and microscopic pathclogy was assessed following
termination of the studies.

There were no premature deaths in either study. There were no adverse physical
aigns, changes in body weight or changes in food and water consumption in
either study. Ophthalmoscopy revealed no drug related changes in the retina,
lens or corneas of treated animals. One male animal from the high dose group
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{200 mg/kg) showed an increase in heart rate (approximartely 40 beats /minute)
2 hours after drug administration on day 7. No other changes in ECG (all
animals and doses tested} were noted in association with the oral
administration of BRL 39123,

Hematolegic parameters were not consistently effected following oral
administration of ‘BRL 35123, However, an individual male animal (200 mg/kg)
displayed a minimal decrease in total white cell and lymphocyte counts, while
one female from the low dcse group (20 mg/kg) showed an increase in eosinophil
count {all changes were2 at or near the boundary of the hist. rical control
range) .

Albumin was decreased somewhat (3-6 g/l) in all dosed females, although the
effect was not dose related. Plasma globulins were increased slightly (2-6
g/1) in the 2 low dose malasz, 2/4 intermediate dose animals and 2/4 high dose
animals. An increase in urine volume and decrease in urine osmoclality was
evident in the high dose males and one intermediate dose male. These effects
were intermittently evident in all dosed females.

At necropsy, serous filled and/or atrophic acini of the salivary glands were
evident in 3/4 intermediate and high dose males. A single intermediate dose
female showed areas of congestion and reddening of the lamina propria of the
colon. Changes in organ weights were sporadically distributed among the test
and control animals and did not appear related to experimental treatment.
There were no histological differences evident in the kidneys of treated and
control animals.

Comment : Oral administretion (4-7 days) of BRL 39123 at doses up to 200
mg/kg appears to have minimal toxic effects in the beagle dog.
Decreases in albumin, and increases in serum globulins are evident
following BRL 35123 treatment but do not appear to be dose
related.

Subchronic Toxicity: 1-13 Weaks

A) Rat:

9) BRL 39123A: A 10 Day Intravenous Range Finding Repeat Dose Study in Rats,
study ID TB5617/39123A/R/IV/RFS/10D, GLP, no audit record, Study Initiation:
30 Jul., '85, Study Site: Beecham Pharm., Stock, Essex, UK, Compound Tested:
BRL 39123A, batch GBD 1 (86.2% pure free acid [pfal).

Doses Tested: 0, 10 and B0 mg/kg/day {pfa)

Dose Volume and Route: 1.0 ml/100 g bodyweight, IV injection

Solvent and Control: sterile saline

Species, Strain, Sex: Rat, Crl: COBS'™ cp'® SD Br, 15 male and 15 female,
age 4-5 weeks, iritial weight range 76-100 grams, 5 animals/sex/dose
condition.

Test ccnditions: Test animals were randomly assigned to give approximately
equal 1nitial group mean body weights. BRL 3%123A was administered
intravenously {1.0 mi1/100 grams of body weight; rate 0.05 ml/sec) as a freshly
prepared soluticn in sterile saline. Drug administration was continued once
per day for 10 days. Physical signs, body weight, food and water consumption,
and mortality were monitored dally. Hematoloqgy and clinical chemistries, gross
and microscopic patheology t(kidney only) were assessed at study termination.

There was a 15% decrease in mean body weight gain amcng males in the 80 mg/kg
treatment group as compared with controls. However, food consumption was not
significantly altered by BRL 39123 at either dose tested. Water consumption
was increased slightly among males and females in the high dose group (13 and
11%, respectively}), and in males administered 10 mg/kg/day (8% increase).
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Hematologic parameters measured at study termination showed a non-significant
decrease in prothrombin time and APTT (1.1 and 2.3 sec, respectively} in males
from the high dose group. These same animals also displayed an increase in
neutrophil count (1312 x10%/1) versus the control (756 x10'), although total
white cell counts for all groups were comparable. BUN was slightly increased
{(non-significant) in 4 males and 2 females from the B0 mg/kg/day treatment
group. There was a dose related increase in. LDH among BRL 39123 treated
females (statistically significant at the 80 mg/kg/day treatment level; 123
versus 89.7 [control] g/l). All other clinical chemistry and hematologic
parameters were similar hetween treatment groups.

Hyperplasia of the epithelial layer ot the collecting ducts was seen in 3 male
and female animals frum the high dose group. The hyperplasia was associated
with basophilia, increased mitotic figuresg, and occasional acidophilic
intracytoplasmic drogplets. Necrosis of the proximal tubules was also noted in
1 or 2 animals of each sex.

Comment : In the ra%t, as in the dog, the primary toxicity associated with
the intravenous admi..istration of penciclovir is hyperplasia
and/or necrosis of the epithelial tissues in the renal tubules and
collecting ducts. It is likely that the increase in water intake
seenn among the high dose treated rats was associated with
collecting tubule damage and an osmotic diuresis. While there was
no histologic evidence of renal tubule damage among animals
treated with penciclovir at 10 mg/kg/day, the increased water
consumption by treated males might be indicative of early renal
tubule damage.

10} BRL 39123A/Acyclovir: A 10 Day Investigative Repesat Doss Study in Male
Rat® by the Intravenous Route, Study ID TB6304/39123A /Acyclovir/R/IV/RDS/10D,
GLP, incomplete audit report, Study Initiation: 14 Jan., '86, Study Site:
Beecham Pharm., Stock, Essex, UK, Compound Tested: BRL 39123A, batch GBD5-
86 .6% (pure free acid [pfa)}, and Acyclovir, Lot FS9753.
Doses Tested: BRL 395123 - 0, 80, and 160 mg/kg (pfal,
Acyclovir - 80 mg/kg {(pfa)

Dose Volume and Route: 1.0 m}l/100 g, IV, 3.0 ml/min.

golvent and Control: sterile saline

Species, Strain, Sex: Rat, Crl: CcoBS'® CD™ SD Br, 40 males, age 4-5 wecks,
initial body weight 98-122 gramg, 10 male animals/dose condition.

Test conditions: Animals were divided into 4 test groups. BRL 35123
seolution, Acyclovir, or saline was infused into the tail vein once per day for
10 consecutive days. Physical signs, body weight, food and water congumption,
mortality, blood chemistry, hematology, and urinalyses were performed at
intervals throughout the study. Gross and microscopic (kidney only) patholegy
was assessed at termination.

Bruising and irritation was coccasionally noted in animals from all test groups
at the site of i1njection. There were no other physical signs observed in the
treated or control animals. Mean body weight g2in was decreased by 19% and 32%
among animals in the acyclovir and 160 my,/kg BRL 39123 groups, regpectively.
Weight gain among animals in the low dose BRL 35123 group did not differ from
the control. Food consumption was reduced (15%) and water intake increased
{75%) by treatment with acyclovir and high dose BRL 39%9123. Low dose BRL 39123
treatment increased water consumption somewhat (20%) but did not effect food
consumption. The ratios of foond intake/weight ¢gain, and water intake/food
consumption were increased by acyclovir and high dose BRL 339123 treatment.

A sratistically significant reduction in prothrombin time {11.7 versus 12.4
sec) was evident in males from the high dose BRL 39123 group versus control.
Acyclovir treated animals displayed an approximately 10% decrease in
hemoglobin and RBC counts versus the control. BUN and creatinine were
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increased (100 and 25% over control, respectively) in animals treated with
acyclovir and high dose BRL 39123. Chloride icns were increased by 2-3 mM in
BRL 39123 treated animals, while inorganic phosphate was increased by .6 mM in
acyc.ovir treated animals. All other clinical chemistry and hematologic
parameters were Similar between treatment groups.

Urine volume was increased (25-100%) and osmolality decreased (15-50%) by
treatment witl BRL 39123 at either dose. During the initial 6 hours after
dosing, BRL 32123 (160 mg/kg) reduced the urinary excretion of potassium and
creatinine, while increasing the urinary excretion of alkaline phosphatase,
and sodium and chloride ions. Acyclovir treatment initially reduced urine
osmolality, creatinine elimination, and potassium excretion. The drug induced
effects on urinary parameters were smaller after 10 days of dosing than on day
1.

Hyperplasia of the epithelial layer of the collecting ducts and distal tubules
was seen in animals from the high dose BRL 39123 group. The hyperplasia was
associated with basophilia, increased mitotic figures, and occasional casts
and dilated tubules. Similar effects were noted in acyclovir, but not low dose
BRL 39123 treated animals. Birefringent, crystalline material was noted in the
cortex and papilla of 50% of acyclovir treated, and 100% of high dose BRL
39123 treated animals. Hyperplasia and basophilia of the collecting ducts was
noted in only 3 animals from the low dose BRL 39123 group. No crystalline
material was observed in frozen sections from these animals.

Comments : 1) It appears that BRL 39123A may be somewhat less likely to form
crystalline deposits in distal collecting tubules than is
acyclovir: a similar incidence and distribution of crystalline
material having been observed following administration of B0 and
160 mg/kg (pfa) of acyclovir and BRL 39123A, respectively.

2) It is likely that the extent of crystal formation in the kidney
tubules following adminigtration of BRL 39123 is dependent on
urine pH, and the degree of hydration and urine flow of the
animal. The sponsor should consider these factors in further
ctesting of the drug.

11) BRL 35123A: A 28 Day Intravencus Repeat Dose Study in Rats Followed By a
14 Day Off Dose Period, Study ID T85327/39123A/R/IV /RDS/28D, GLP, Study
Initiation: 14 Oct., *85, Study Site: Beecham Pharm., Stock, Essex, UK,
CompounZ Tested: BRL 3912337, batch GBD 5 (B6.6% pure free acid [pfal).

Doses Tested: 0, 10, 20, 40 and 160 mg/kg/day !pfa)

Dnee Volume and Route: 1.0 ml/100 g bodyweight, IV injection

Solvent and Control: sterile saline

Species, Strain, Sex: Rat, Crl: COBS™ ¢CD'™ 8D Br, 50 male and 50 female,
age 4-5 weeks, initial weight range 76-111 grams, 10 animals/sex/dose
conditicn. An additional 10 male and 10 female animals were assigned to a 14
day post-drug recovery period. All animals were housed in groups of 5.

Test conditions: Test animals were randomly assigned to 1 of S treatment
groups. BRL 39123A was administered intravenously via the dorsal tail vein.
Drug administration was continued once per day for 28 days. An additional five
male and five female animals from the control and high dose treatment
conditicns were assigned to a fourteen day recovery period. Physical signs,
body weight, food and water consumption, and mortality were monitored.
Hematolegy and clinical chemistries, gross and microscopic pathology (selected
tissues only from the low-intermediate drug doses), and ophthalmologic status
were assegssed at the end of dosing or recovery.

One male animal from the 10 mg/kg/day treatment group was sacrificed in
extramis on day 25 of the study. There were nc other premature deaths. There
was a dose-related increase in the incidence and severity of bruising,



APPENDIX A: GENERAL TCXICOLOGY 22

swelling and scab formation at the tail vein injection site. In addition,
there was evidence of poor grooming with staining of the fur, ocular and nasal
discharge, and reddening of the extremities (high dose only) in a small number
of animals from each of the treatment groups. All signs regressed during the
off-dose period. There were no ophthalmologic effects observed with the
administration of IV penciclovir.

Body weight gain was reduced among male (35%) and female (14%) animals from
the high dose group. Body weight gain was reduced in males at the low and
intermediate doses (approximately L0%), but was not consistently effected in
females. During recovery {off-dose phase) body weight gains were increased
among males {21%) and females (49%) previously treated with 160 mg/kg/day
versus the controls. Foocd consumption was slightly reduced (4 grams/day!) in
males from the high dose group, and was not consistently altered in males at
other doses or in female animals. Water intake was markedly increased (15-30
m]l/animal/day) in males and females in the high dose group. The increase in
water consumption was maintained throughout the periocd of drug administration
and at reduced levels (approx. 10 ml/animal/day} during recovery.

As in the 10 day repeat dose study, there were significant decreases in
prothrombin time and APTT {(approximately 1 and 2.5 sec, respectively) in males
from the high dcse group. Similar (although not significant) reducticns were
seen in female animals. In both males and females from the high dese group
there were statistically significant reductions in hLeamoglobin, hematocrit, and
red blood cell counts, with females alsc showing an increase (increase of 200
x10° cells/1l) in platelet count. The percentage of reticulocytes was increased
{control 1.3%, versus high dose 3.2%) in a dose related manner among treated
males. BUN, creatinine and phosphorus were significantly increased by high
dose penciclovir treatment (male and female). Plasma calcium levels were
raised somewhat by penciclovir administration at 40 and 160 mg/kg/day.
Hematocrit and RBC counts remained decreased in males and females, and BUN
levels remained elevated in males at the end of the recovery phase of the
study. All other hematec-legic and clinical chemistry values showed recovery
after drug disccntinuation.

Urine volume was 1ncreased (approx. 2x the contrel), and osmolality decreased
among males and females in the high deose greoup during desing. These parameters
generally showed recovery tollowing drug discontinuation.

At the termination of drug administration, marked increases were evident in
the absglute weight of the kidneys and spleen of high dose treated animals
{male and female). In addition, slight increases in heart, liver and lung
weights were noted in high dose females, and adrenal weight in males. Thymus
weights were reduced in males and f males from the 40 and 160 mg/kg groups,
with testicular weights also reduced in males from the 160 mg/kg/day group. An
increase (not sigmificant) in uterine weight was noted in females from all
dose groups, but did not appear to be dose related. At the end of the drug
recovery period, testicular weights remained depressed, while kidney, adrenal
and spleen w2ights remained elevated in high dose animals. An increase in
thymic weight was noted in males and females.

Microscopic examination of kidney tissue revealed a pattern of renal tubule
distention, with hyperplasia of the epithelium and development of casts.
Fibrosis and inflammatory cell infiltrates were also evident in animals from
the high dose group. Epithelial hyperplasia and inflammatory cell infiltrates
were a.so noted in the urinary bladder of 3 high dose femalea and 1 male
animal. Thege effects showed some degree of regression following drug
cegsation, although residual damage was still evident at 2 weeks post-dosing.
At the end of dosing, males from the high dose group showed occasional
derletion of spermatcgonia and spermatocytes with seminiferous tubule
degeneration, and reduced testicular weight. These degenerative effects were
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more pcominent at the end of the off-dose period with only sertoli cells
remazning in some tubules. Signs ¢f regeneration {(prcliferation of
spermatogonia and spermatocytes) was also evident.

As noted above, thymic atrophy was noted in animals from several of the dosed
groups. Micrascopic indications of thymic involution were seen in all
treatment groups as noted in the following incidence table. Evidence of thymic
regression was noted in 2/5 females and 0/5 males from the former high dose
group at the end of the drug recovery period.

Incidence of Thymic Ptrophy

0 mg/kg/day 0 0
10 mg/kg/day 3 5
20 mg/kg/day 3 4
40 mg/kg/day 3 6
160 mg/kg/day 6 1

The remaining histclogic abnormalities seemed evenly distributed among the
study groups and, therefore were probably unrelated to the test compound.
However, an unusually high incidence of granu-lomas, thrombi, purulent emboli,
and perivascular and peri-bronchioclar hyperplasia was evident in the lungs of
animals from all groups (including the controls). Farther, inflammatory cell
infiitrates were also seen in the liver parenchyma of several animals. These
signs may be indicative of infections due to the introduction of pathogens
during IV infusions or, an increased incidence of opportunistic infection
following immune suppression or disfunction. (The low dose male which was
sacrificed during treatment showed several of these signs, along with
hemorrrages in the lungs.)

comments: 3) Tne primery toxicity associated with the intravenous
administration of penciclovir is hyperplasia and/or necrosis ot
the epithelial tissues in the renal tubules and collecting ducts
It is likely that the increase in water intake seen among treated
rats was associated with collecting tubule damage and an osmotic
diuresis. Microscopic evidence of renal tubule damage which was
seert at the end of the recovery phase of the study suggests that
drug-induced renal damage may be slow to regress {(or may be
irreversible) following drug cessation. Changes in the plasma
levels of creatinine, BUN and phospiwerous may have been due to the
kidney damage.

2) Tesricular and thymic atrophy was noted in animals from the 160
and 40 mg/kg/day groups. These effects had not been seen in the
rat when drug was administered for 10 days. Testicular and
seminiferocus tubule atrophy with hypo-spermatogenesis has been
evident with several other nucleoside analogues, and has been
associated with significant reductions in fertility and occasiocnal
sterility. Ii.-ications of partial recovery were evident following
14 days off-drug. Whether complete recovery of testicular function
will occur is unknown and should be evaluated during reproductive
toxicity testing. Thymic atrophy may be an indication of
immunclogic toxicity, therefore, as the drug continues to be
developed particular attention should be maintained on this topic.

12) BRL 39123A: A 13 Week Intravencus Repsat Doss Study in Rats Pollowed By A
4 Weak OfFf-Dose Pericod, Study ID T93575/BRL-039123A/R/IV/RDS/13W.
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------------------------------------------------------------------------------

Statys: GLP

Study Initiation: 21 Mav '93

Study Site:

Compound Tested: BRL 39123A, batnh W33045

Doses Tested: U, 10, 30 and 80 mg/kg/day (as pure free acid)

Drug was administered once each day as an intravenous infusion, all
dosing solutions were determined to be within 10% of the nominal dose

Dose Volume and Route: 10 ml/kg, IV {caudal vein}), 3 ml/min.

Solvent and Control: sterile saline

Species, Strain, Sex: 16 male and 16 female Sprague-Dawley rats (Crl:
CD{SD}BR), age approximately 7 weeks {at dose initiation}, weight range: male,
16R-234 g; female, 146-195 g,

Test Conditions: Test animals were randomly assigned to the 4 test groups
{16 animal/sex/group). Drug was administered (IV) once a day for 13 weeks,
followed by a 4 week off-dose recovery period. Physical signs, body weight,
food and water consumption, and mortality were monitored daily during drug
administration, Blood chemistry, hematology, urinalyses, ophthalmoscopy and
electrocardiograms were performed at intervals throughout the study. Gross and
microscopic pathology was assessed at the termination of the dosing or ‘off-
dose® interval.

Mortality: Three high dose animals (2¢< and 1%) died or were sacrificed in
extremis during the dosing period. Both male animals appeared to die of
causes unrelated to the test ccmpound (! a¢cidental injury and 1 multifocal
lymphoma), while the female animal succumb during a convulsion immediately
following dosing (week 3). There were no other premature deaths among the
treatment or control animals.

Clinical Sign Body Wej and Fo W r ) ipon: Irritation at the site
of injection (bruising, inflammation and/cr necrosis) was noted in all study
groups, althcugh the incidence and severity of the effects increased with the
administered dose (likely related to the high pH of the dosing soclution).
Except for the one case of post-drug administration convulsion as noted above,
there were no other clinical signs which appeared related to the administra-
tion of BRL 39123A. All signs regressed during the off-dcse pericd. There were
no ophthalmologic effects observed with the administration of IV penciclovir.

Body weight gain was increased slightly during dosing among high-dose treated
female animals {13%), resulting in an apprex. 5% difference in absolute body
welght at the conclusion of dosing {these effects were not statistically
significant). A concurrent S-10% increase in food consumption was noted
during weeks 5-13 among the same animals. Body weight, weight gain and food
consumption was similar among all other study groups, whether during the
treatment or off-dose recovery pericds. Water intake was markedly increased
(up to 15-30 ml/animal/day) in males (S1%) and females (17%) in the high dose
group. The increase in water conSumption was maintained throughout the periocd
of drug administration and at reduced levels {approx. 1C ml/animal/day) during
recovery. There were no other consistent effects on water consumption among
the remaining treatment groups.

Hematolo Clinica hemistry and Urjna 1s: In both males and females from
the high dose group there were progressive and statistically significant
reductions (5-15%} in hemoglobin, hematocrit, and red blood cell counts which
were evident during the period of drug treatment (weeks 5-11). Somewhat
smaller reductions in these same red cell parameters were noted among the
intermediate and low dose (statistically significant) treated animals. Slight
increases in platelet and reticulocyte counts were evident among intermediate
and high dose treated animals. BUN (50%), creatinine (6-22%; progressive with
the duraticn of dosing), beta and gamma globulin were significantly increased
by high dose penciclovir treatment (male and female). Serum AST and/or ALT
levels were sporadically elevated in animals from the high dose group. Serum
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sodium and chloride levels were increaged alightly during the period of drug
trearment among high dose male and female animals, with potaggsium levels also
increased among high-dose males. In contrast, serum calcium and phosphorus
levels were slightly increased among high and intermediate dose treated males
animals but decreased among famale animals from the same dose groups.
Generally, all of the hematologic and clinical chemistry values showed
recovery after drug discontinuation. '

Urine volume was increased (approx. 50% over the contreol}, and osmolaiity
decreased among males and females in the high dose qroup during dosing.
Urinary excretion of sodium, potassium and chloride ions were also
sporadically inc:ieased among intermediate and hign dose treated animals (males
and females) throughout treatment. Atypical birefringent crystals and red and
white blood ~ells were noted in the urine of most high dose treated male
animals and cporadically noted among animals (male and female) from other dose
groups. These parameters generally showed recovery following drug
discontinuation.

Gross and Microscopic Patholeogy: At the termination of drug administration,
marked :ncreases were evident in the relative weight of the kidneys of high

dose treated animals {(41% in males and 22% in females). In addition, slight
increases in liver weights (10%: without evidence of significant histopath-
ology) were noted in high dose females. At the end of the drug recovery
period, Kidney weights remained elevated in high dose animals {38% in males
and 13% in females), along with increased heart weight among high dose treated
males, and increased adrenal weights among high dose treated animals and low
dose treated males.

Microscopic examination of kidney tissue revealed a pattern of renal tubule
distention, with hyperplasia of the epithelium and development of casts among
high dose treated animals and male animals from the intermediate dose group.
Fibrosis, iuflammatory cell infiltrates and epithelial hyperplasia were noted
in the urinary bladder many affected animals. These effects showed some degree
of regression following drug cessation, althcugh residual damage was still
evident at 4 weeks post-dosing. No histologic evidence cof renal damage was
noted at the conrlugion 2f o=z 2£f doca rarnvery period among the low dose
treated animals or female animals from the intermediate doSe group.

A slight increase in the frequency and/or severity of injection site
inflammatory/necrotlc reactions was noted among drug treated males animals and
high-dcse treated female animals at the conclusion of the dosing period. These
local reactions were generally not evident at the conclusion of the off-dose
pericd. All remaining histolegic abnormalities seemed evenly distributed among
the studvy groups and, therefore were probably unrelated to the test compound.

Comments . 1) Renal tubular degeneration with necrosis and/or regeneration
was the primary toxicity associated with the intravenous admini-
stration of penciclovir. These effects were evident among all high
dose treated animals an among the intermediate dose male animals.
The renal injury appears consistent with physical trauma resulting
from the formation of drug crystals in the renal tubules following
glomerular filtration. Microscopic examination of collected urine
from intermediate and high dose treated animals revealed frequent
instances of atypical birefringent crystals and ranal tubule
casts. Similar "insoclubility"” related renal toxicities have been
evident with several other nucleoside analogues, and appear
asspociated with elevated C_, values and glomerular filtrate drug
concentraticons achieved following bclus drug infusions.

2) It appears likely that the increase in water intake, and
changes in serum/urine creatinine ana electrrolytes, as seen among
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the drug treated rats was associated with the collecting tubule
damage and an osmotic diuresis.

1) Microscopic evidence of renal tubule damage which was seen at
the end of the recovery phase of the study suggests that drug-
induced renal damage may be slow to regress or may be irreversible
following drug cessation, ’

4) As noted previously, sporadic increases in serum AST and/or ALT
levels were seen among the high dose treated animale. Furthermore,
at the conclusion of the drug dosing interval, a slight (10%) but
statistically significant increase in mean liver weight was sgeen
among the high dose treated female animals. Since there was no
corresponding morphologic hepatopathy, the source and cause of
these serum chemigtry changes remains undetermined.

5) It should be noted that complete histologic evaluations were
performed only on tissues from the control and high dose treatment
groups, while selected tissues were examined from animals in other
treatment groups.

B) Dog:

13) BRL 39123A: A 14 Day Intravenous Range Finding Repsat Dose Study in Dog
Followed By a 14 Day Off Dose Period, Study ID 033 /850627TG/39123A/D/IV/RF-
RN&/14N GILP no audit report, Study Initiation: 8 Jul., '85, Study Site;
Compound Tested: BRL 39123A, batch GBD

1 (86.2% pure free acid [pfal}.

Doses Tested: S50 mg/kg (pfa), single infusion or split dose (25 mg/kg
B.I.D.]J

Dose Volume and Route: 2.0 ml/kg, IV, 10 ml/min

Solvent and Control: sterile saline

Species, Strain, Sex: 2 male {9-11 kg) and 2 female (8-10 kg} beagle dogs.

Test conditions: Test animals wera randomly assigned to test groups. BRL
39123A was administered intravencusly once {(dose = S50 mg/kg) or twice/day (two
equal doses of 25 mg/kg, & hours apart), as a freshly prepared sclution in
sterile saline. Administration was cratinved f£or 14 days and was followed by a
14 day 'off-dose' period prior tc necropsy. rhysical signs, body weight, food
and water consumption, and mortality were monitored daily. Blood chemistries,
hematology, urinalyses, aphthalmescopy and elect.ccardiograms were performed
at approximately weekly or biweekly intervals throughout the study. Gross
pathology was assessed at gtudy termination.

There were no premature deaths during the study. Physical signs included lip-
licking during or immediately after drug administration, slight tremors (15
miri. - 3 hours after dosing) in the 50 mg/kg single dose animals, and
occasional soft feces with traces of mucus and/or blood in animals on eithor
dose regimen. Tachycardia (30-75% increase over pre-drug meapures) was evident
from 5-30 minutes following dosing for both animals in the 50 mg/kg group, and
the female animal in the 25 mg/kg (2x) group. Transient ghortening of the P-R
interval and elevation of the T wave was sporadically evident in both female
anirals immediately following dosing (within § minutes).

There were no observable effects of drug administration on body weight, focd
and water consumption, or ophthalmologic findinge. There were no apparent
treatment related changes in urinalysis, blood chemistries or hematologic
parameters during the 14 days of drug administration. However, a slight
increase in hematocrit and mean corpuscular volume was evident in the male
from the 25 mg/kg (B.I.D.) group at the termination of the ‘'off-dose' period.

Several gray-white nodules were cbserved in the lungs of both male animals at
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the time of necropsy. Examination of the nodules suggested their presence was
assoriated with a parasitic infection. Reddening of the mucosa of the distal
jejunum, and the presence of a small clot attached tc the mucosa, was ncted in
the male animal from the 50 mg/kg single dose group. No other gross
pathologies or organ weight changes were evident at the time of necropsy.

Comments : 1} The intravenous administration of penciclovir appears to be
associated with a significant tachycardia (up to 75% over pre-
administration rate). Changes in the P-R and Q-T intervals were
also evident in the ECGs from both female animals. The heart rate
and conduction changes were closely associated with the
administration of penciclovir and generally dissipated within 30
minutes followirg the drug infusion. The occurrence of ECG changes
only in the female animals [regardless of the dosing schedule)
suggests that they may be more sensitive to this effect of
periciclovir than are males.

2) Penciclovir, when administered intravenously at 2% (B.I.D.) or
50 mg/kg for 14 days, appears to be relatively deveid of toxic
effects in the dog (other than ECG changes). However, the lack of
a 'no- treatment’' control group in this study makes definitive
determination of drug effects impossible.

14} BRL 39123A: A 28 Day Intravencus Repeat Dose Study in Beagle Dogs With a
14 Day Off Dose Period, Study IDs 024/850911TG/39123A /D/IV/RDS and
034/850911TG/19123A/D/TV/RN&/Sunniement  GLP. Study Initiation: 13 Sept., 'B5,
Study Site: Compound Tested: BRL 3951234,
batches GBD 1-€¢ (85.1-86.6% pure free acid [pfa]l).

Doses Tested:; O, 10, 20, %0, and 100 mg/kg/day (pfal, divided into equal
split doses of 0, 5, 10, 25 and 50 mg/kg (B.I1.D.)

Dose Veolume and Route: 2.0 ml/kg, IV, 10 ml/min

Sclvent and Control: sterile salino

Species, Strain, Sex: 19 male and 19 female beagle dogs, 7-8 months old., and
welghing 9-13 kg.

Test conditions: Test animals were randomly assigned to 5 test dgroups (3
animals/sex/group, with 2 additional animals of each sex in the control and
high dose groups). Drug was administered intravenously twice/day with 6 hours
between doses. Drug dosing was continued for 28 days. Two male and 2 female
animals each from the control and high dose groups were placed on a 14 day
'off-dose' period prior to necropsy. Physical gigns, body weight, food and
water consumption, and mortality were monitored daily. Blood chemistry,
hematology, urinalyses, ophthalmoscopy and electrocardiograms were performed
at weekly or biwezkly intervals throughout the study. Gross and microscopic
pathology was assessed at the terminatjon of the dosing or ‘off-dose’
interval .

There were no deaths in the study. As in the previous study, emesis and soft
feces containing hlood and/or mucus were the most frequently observed signs
associated with drug adminigtration, although the effects did not appear dose
related. Lip licking was observed immediately following dosing in animals from
all treated and control groups. Conjunctivitis was noted in 4 animals; I high
dose, 1 high intermediate dose, and 1 control group animal. There were no
treatment related changes in ophthalmic status.

Body weight gain was reduced somawhat among males and females from the 3
highest dose groups. While drug effects on weight gain were not statistically
significant at any treatment levels, body weight gain differencea were most
evident when comparing the high dcse females with controls. Food and water
intake were not conaglstently effected hy treatment with penciclovir at any
dose. Blood chemistry, urinalysis and hematologic parameters were not effected
by drug treatment, except for a reduction in total white cell counts among
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males and fe.-les (25-30%) at the high dcse and males (20%) in the high
intermediate dose group.

As noted in the dose range-finding study, intravenous administration of
penciclovir was associated with statistically significant increases in heart
rate 130-40% above pre-infusion rates in males and females from the high dose
group!, and reduvecticons in the P-R (15-23%) and Q-T (10-158%) intervals. Heart
rate and conduction changes were closely asgociated with drug infusion,
beginning within 5 minutes and lasting approximately 30 winutes. These effects
were evident in both male and female animals in the high and high intermediate
dose groups, with female animals demonstrating somewhat larger responses.

At necropsy there was evidence of increased kilney weights among male animals
at all treatment doses (15% increase high dose versus control). Thymus and
spleen weights were reduced (nearly 60 and 30% versus controls, respectively)
among males ar; females in the high dose groups, with thymus weights also
being reducec¢ in females in the high intermsdiate dose condition. All
additional uwrgan werght effects appeared randomly distributed among the test
and contrel animals and therefore unrelated to drug administration.

Decreasec testicular weights (30% decrease versus control) were not=d in males
from the high and high intermediate dose groups. Testicular atrophy was
associated with a slight increase in polynucleated cells in high dose animals
versus control and all other drug doses, with effects being more prominent at
the end of the off-dose period. All remaining histopathologies appeared
randomly distributed among the test animals.

Comments : 1} Administration (IV) of penciclovir appears to cause a
significant degree of tachycardia (30-40% above pre-infusion rates
in males and females from the high dose group), and reductions in
the P-R (15-23%) and Q-T (10-15%) intervals. The heart rate and
conduction changes were closely associated with drug infusion,
beginning within 5 minutes and lasting approximately 30 minutes.
These effects were evident in all high and high-intermediate dose
animals, with female animals demonstrating somewhat larger
responses (suggesting that female animals may be more sensitive to
this effect than are males).

2) In the present study, significanfr kidney damage (increased
weight [15% increase in the high dose group) and abnormal
h:stology) was evident among male animals at all treatment doses.
Decreased testicular weights (30% decrease versus control) were
also noted in males from the high and high intermediate dose
groups. It 1s possible that the kidney and testicular damage seen
in the present study may be gradual or delayed effects of
penciclovir administration, as these effects were not evident in
rhe dcse range-finding study. However, because the preceding study
t. \led to include a no treatment contrel group. a definitive
conclusion regarding delayed onset and/or progression of toxicity
1s not possible at this time.

3} Intravenous panciclovir induced significant atrophy of the
thymnus and spleen amonu males and females in the high dose groups
lapproximately 60 and 30% reductions in organ weights versus
controls, respectively), with thymus weighte also being reduced in
females in the high intermediate dose condition. Reductions in
total white cell zounts were also evident among males and females
at the high dose and males in the high intermediate doss group.
These data suggest that penciclovir may have gpecific toxic
effects on the immune system. The spunsor should be advised co
consider this point in the further development of th> drug.
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15 .3A: A 13 Weak Intravencus Repeat Dose Study in Dogs, 5tudy ID
TS 3AR/D/IV/RDS/13W.

Dd e SLP

Study Initiation: 16 Aug. '93

Study Site: Beecham Pharm., The Frythe, Welwyn, Herts, U.K.

Compound Tested: BRL 39123A, batch W93120 (99.7% pfa)

Doges Tested: 0, 10, 30 and 100 mg/kg/day. {(pfa}, divided into equal split
doses of 0, 5, 15 and 50 mg/kg (BID), &all dosing solutions were
determined to be within 10t of the nominal dose

Doge Volume and Route: 2.0 ml/kg, IV, 10 ml/min

Solvent and Control: sterile saline

Species, Strain, Sex: 12 male and 12 female beagle dogs, 10.5-11.5 months
old, weight range: male, 11-15.1 kg; female, 10.2-13.4 kg.

Test conditions: Test animals were randomly assigned to one of 4 test groups
{3 animals/sex/group}. Drug was administered intravenously twice/day with 6
hours between doses. Drug deosing was continued for a minimum of 90 days.
Physical signs, body weight, food and water consumption, and mortality were
monitored daily. Blood chemistry, hematology, urinalyses, ophthalmoscopy and
electrocardiograms were performed. Blood samples were taken on the first and
last day of dosing for drug level measurements. Morphologic pathelogy (gross
and microscopic) was assessed at the termination of the dosing interval.

Mortality: There were no deaths in the study.

Clinjcal Signs, Body Weight and Food Consumption: Emesis following drug

administration was noted on multiple occasions in 2/3 males and 2/3 females
from the high dose group, and in individual animals from the intermediate and
low dose groups. In addition, bruising and/or swelling at the site of drug
administration was noted in one female animal frem each drug treatment group
and in one low dose male animal. There were no other clinical sigus wbhich
appeared related to the IV administration of BRL 39123A.

A slight reduction (approx. 0.5 kg) in body weight and/er weight gain was
evident among all of the high dose female animals and 2/3 of the intermediate
dose treated female animals during the early and latter weeks of desing,
respectively. Corresponding with the reductions in body weight, focod
consumption was slightly reduced («<15%) among the high and intermediate dose
treated female animals. There were no apparent drug related effects on bedy
weight, weight gain or food consumption among male animals or the low dose
treated female animals. showing reduced weight during the last few weeks of
dosing.

Ophthalmoscopy: There were no apparent drug related effects.
Hematology, Clinical Chemjstry and Urinalvgjs: Five of the 6 high dose treated

animals (2¢ and 3%) showed slight (5%} increases in both mean corpuscular
volume and hemoglobin concentration, with the males alsc showing a slight
increase !approx. 10%) in reticulocyte count, during week 12 of treatinent.
Also evident during week 12 of drug administration was an approximately 50%
reduction in the number of circulating bascophils among the high dose treated
male and female animals. There were no other apparent drug related effects on
any hematologic parameter.

Changes in blood chemistry were confined to single male and female animals
from the high dose treatment group, which democnstrated a modest increase in
serum urea {(50%) and decrease in serum cholesterol (30%), respectively. Mild
bilirubinuria was noted occasicnally among all study groups (including the
contrels), and was unlikely to have been related to drug treatuent. There were
no other apparent drug related changes in serum or urine chemistry.

Electrocardicqraphy: As noted in multiple previous studies in the dog, the
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intravenous administration of penciclovir was agsociated with significant
incr::ases in heart rate (15-30% above pre-infusicn rates), and reductions in
the I-R {15-27%) among males and females from the high dose group. Smaller
reductions in the P-R interval were occasionally evident among female animals
from the intermediate dose group. Heart rate and conduction changes were
closely associated with drug infusion, beginaing within 5 minutes (the first
post-infusion assessment time-point), and fregquently lasting up to one hour
post-infusion. Among the high dose treated males, there were occassional
instances of residual changes in the F-R interval at & hours post-infusion
(i.e., immediarely prior to the second of the twice-daily drug infusions).

Comments : 1) As stated above, similar drug related effects on heart rate and
cardiac conduction parameters have been evident in earlier studies
in which penciclovir was administered by bolus IV infusion.
Unfortunately, in the present study report the sponsor has failed
to provide information regarding possible changes in the Q-T
interval la cardiac parameter which was altered in the previous
studies) and/or 'strip-charts' of the cardiac waveforms. This
information should be requested from the sponsor.

2} In the present study, measurements of the ECG were performed
ONLY prior to and during the first of the twice daily drug
infusiong. No apparent attempt was made to evaluate residual drug
effects on the ECG more than 6 hours following drug administration
or, to examine possible interactions of the altered ECG with the
second of tbhe daily drug infusions (i.e., increased or decreased
responsiveress and, duration ¢f the responses beyond & hours post-
dose,. Failure on the part of the sponsor to include these longer-
duration measures in the present study suggests either, an
inattentiveness to the ongoing study results/implications, or and
unwillingness to modify an ongoing protocol. The lack of
information related to the duration of the cardiac effects and/or
any potential 'second-dose' effect is a potentrially important
i1ssue related to the intravenous use of penciclovir and warrants
further investigation.

Gregs and Microscopic Pathology: Decreased testicular weights {approx. 30-50%
decrease versus control) were noted in males from the high dose group at the
time of necropsy. Testicular degeneration in the affected males was associated
with marked atrophy of the seminiferous tubules, degeneration and/or absence
of the germinal epithelium, and absence o¢f sperm in the epididymides. The
atrophy was occasionally associated with a slight increase in polynucleated
cells in the testes of high Jose animals. Individual male animals from the
intermediate and low dose treatment groups also showed reduced testicular
weights, however since the values were within the historical control range for
the test site these effects can not be clearly related to the administration
of penciclovir,

An arteriopathy of the corcnary arteries was noted in 2/3 and 1/3 female
animals dosed at 100 or 30 mg/kg/day, respectively, and in 1/} male animals
dosed at 100 mg/kg/day. The coronary artery lesion were characterized by
hyperplasia and/or necrosis cf the intimal cell layer and inflammatory cell
{lymphocytic and/or mononuclear cells) infiltrates. Occassional reddening
and/or thickening of the A-V valve was noted in several of the animals.

Comment : The sponsor contents that the coronary artery lesions were of an
idiopathic "type", spontanecus in origin and were not related to
drug treatmernit. However, it is the opinion of this reviewer that,
given the distribution of effected animals only in the high and
intermediate dose groups and in consideraticon of the significant
chronotropic effect of IV penciclovir, it is not reasonable to
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conclude that the cardiac artery lesions were unrelated to the
test compound.

Mazcro- and microscopic evidence of injection site irritation was evident in
the majority of the test animals, including the contreols. ARll remaining gross
and/or microscopic pathologies appeared randomly distributed among the test
animals. .

Toxicokinetics: Systemic (AUC) and peak plasma (C,,) drug levels were
determined on days 1 and 91 of dosing. A summary of the study findings are
presented in the following Lable.

AUC and C,,. by Drug Dose
(AUC, (.t Mg.hr/ml; Cg,: ug/ml)

Treatment Male Female
Day AUC Caax AUC Crax
10 mg/kg 1 6.1 15.1 14.1 10.6
91 16.6 13.5 17.4 16.9
10 mg/kg 1 44.2 40.5 47.8 39.7
91 g7 5 71.2 57.8 &€7.0
100 ma/kg 1 223.4 166.5 161.7 212
g1 217.1 223.6 202.6 257.9

Maximum plasma drug levels were generally detected during the first post-
infusion measure (5 minutes), and declined rapidly thereafter with an
approximate half-time of 1.6-2.0 hours. For males and females from all dose
oroups, the plasma drug levels typically remained above the threshold for
quantification at the 6 hour post-dose sample. While mean plasma C,, and AUC
values for all animals increased from day 1 to 91, these increases were
generally less than 2 fold and do not appear to reflect significant changes in
drug disposition and elimination.

Comments: 1} Administration {IV) of penciclovir appears to cause a
significant degree of tachycardia (15-30% increase over pre-
infusion rates in males and females from the high dose group}, and
reductions in the P-R {15-23%) interval. Furthermore, in a
previous 1 month study in beagle dogs, it was determined that IV
penciclovir decreased the duration of the Q-T {10-15%) intervals.
In both studies, the heart rate and conduction changes were
closely associated with drug infusion, being evident within 5
minutes (the first port-infusion assegsment point) and lasting
generally 30-60 minutes (although decreases in the P-R interval
were detected at up te 6 hours following drug infusion [the final
assessment interval] in the current study). These effects were
evident in the high and intermediate dose animals, with male
animals showing somewhat larger responses (suggesting that male
animals may be meore sensitive to this effect than are females).

2) In the pregent study, measurements of the ECG were performed
ONLY prior to and during the first of the twice daily drug
infusiona. No apparent attempt was made to evaluate residual drug
effects on the ECG more than 6 hours following drug administration
or, to examine possible interactions of the altered ECG with the
second of the daily drug infusions (i.e., increased or decreased
responsiveness and, duration of the responses beyond 6 hours post-
dose} . In addition, the sponsor has failed to provide information
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regarding possible changes in the Q-T interval (a cardiac para-
meter which was altered in the previous atudies) and/or 'strip-
charts' of the cardiac waveforms. This information should be
requested from the sponsor.

Failure on the part of the sponsor to include longer-duration
measures in the present study {(either by initial study design or
by modification of the study protocol), results in a potentially
serious toxicologic finding being uninterpretable and/or
undefined. In particular, the lack of information related to the
duration of the cardiac effects and/or any potential 'second-dose’
effect is a potentially important issue related teo the intravenous
use of penciclovir. This effect warrants further invesgtigation.

3} Coronary artexy pathology (intimal hyperplasia and/or necrosis
with inflammatory cell infiltrstion) was noted in 2/3 and 1/3
female animals dosed at 100 or 30 mg/kg/day, respectively, and in
1/3 males dosed at 100 mg/kg/day. While the sponsor contends that
the coronary artery lesions were not drug related, given the
distribution of effected animals in the high and intermediate dcse
groups and the significant chronotropic effect of IV penciclovir,
it is not reasonable to conclude that the cardiac artery lesions
were unrelated to the test compound. This potential drug effect
warrants further evaluation.

C) Monkey:

16) BRL 39123A: A 14 Day Intravenous Range Finding Study in Cynomolgus
Monkeys, Studv ID BRL 1162/87268, non-GLP, Study Initiation: 4 Nov., '86,
Study Site: Compound

Tested: BRL 39123A, batch GBD 9 (86.0% pure free acid |pta]l).

Doses Tested: 50, 100 (2x 50), 100, and 200 mg/kg/day (pfa), all doses were
administered as a single daily intravenous infusion except as follows: one
group receiving 100 mg/kg/day received the dose divided into two equal doses
of 50 mg/kg approximately 6 hours apart, and the remaining 100 and 200
mg/kg/day dose groups which received the daily dose divided into two equal
doses (6 hours apart) on the first day of dosing

Dose Volume and Route: 2.0 ml/kg, IV, 1 ml/6 sec

Sclvent and Control: sterile saline

Species, Strain, Sex: 4 male and 4 female cynomolgus monkeys {(Macaca
fasigularis)}, estimated age 2-4 years, and weighing 1.8-3.5 kg.

Test condirions: Test animals were randomly assigned with 21
animal /sex/group. Drug was administered intravencusly once or twice/day, with
6 hours between doses when applicable. Drug dosing was continued for 14 days.
Animals from the 100 and 200 mg/kg (single daily infusion) groups were placed
on a 14 day 'off-dose’' period prior to necropsy. Physical signs, body weight,
food and water consumption, and mortality were monitored twice weekly during
baseline and recovery phases of the study, and daily during drug
administration. Blocd chemistry, hematology, urinalyses, ophthalmoscopy and
electrocardicgrams were performed at intervals throughout the study. Groess and
microscopic pathology was assessed at the termination of the dosing or 'off-
dose' interval.

There were no deaths in the study. Hypoactivity and huddled posture were the
most frequently observed clinical signs occurring in 5 of 8 animals.
Lonse/liquid feces were evident in 2 female animals from the 50 and 2x 50
mg/kg groups during dosing. A 5-20 beat/minute increase in heart rate
immediately following drug administration at all doses was the only change
evident in the ECG. There were no treatment related changes in ophthalmic
status.
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Body weight was reduced somewhat (6-12%) among males and females from all dose
groups during the 2 weeks of drug administration. Following drug cessation in
the 2 recovery groups (i.e., the 1x 100 and 200 mg/kg/day treatment groups)
body weight gradually returned to or near baseline levels. Food intake was
decreased in 7/8 animals during drug administration, and returned to normal
during the off-dose period. Water consumption was increased slightly during
treatment (as compareq with the pretreatment baseline) in animals from the 50
and 100 mg/kg/day (single dose) groups, but was unaffected in the remaining
animals. Urine volume was increased while specific gravity and osmolality were
reduced in 7/8 animals after 14 days of dosing. Renal tubule inflammation with
epithelial hyperplasia and basophilia was evident at necropsy in the majority
of animals.

Hemoglobin, hematocrit and RBC counts were generally reduced in /8B animals at
the end of drug dosing. Progression and partial recovery from the hematclegic
effects of penciclovir were seen in the 200 mg/kg/day group following drug
cessation. There was no evidence of a change in bone marrow cellularity at the
time of necropsy. Changes in blood chemistry evident at the end of the 14 day
dosing interval included increases in creatinine and urea in most animals, and
decreases in plasma inorganic phosphorus in females from the 100 and 200
mg/kg/day groups. Additional blood chemistxy and hematologic differences
appeared randomly distributed among the treatment groups and unrelated to the
conset and cessation of drug dosing.

Comments: 1) Histologic, clinical chemistry and urinalysis data collected
during the study suggest that the kidney is a primary site of
toxicity with penciclovir. Significant increases in urine volume,
decreases in vsmolality and specific gravity, and increases in
plasma urea and creatinine were evident in all decse groups. These
changes were generally apparent at 10-14 days of dosing, with
gradual recovery following drug cessation. Epithelial hyperplasia
and renal tubule inflammation with basophilia was evident at
necropsy in the majority of animals.

2) Decreases in several hematclogic parameters including,
hematocrit, hemoglobin and red blocod cell counts, were associated
with the administration of penciclovir. The lack of any histologic
evidence of a change in bone marrow cellularity suggests that
hematologic effects of penciclovir may be mediated through a
mechanism other than myelosuppression.

3) Intravencus administration of penciclovir induced a 5-20
beat/minute increase .n heart rate immediately following drug
infusion. This effect was evident at all drug doses tested and was
not apparently dose dependent. Similar effects have been noted in
several additional studies utilizing different drug doses and test
species. While this effect is relatively short lived, rapidly
developed and easily monitored, future studies should closely
monitor for any evidence of cardiotoxicity and/or changes in
cardiac conduction.

17) BRL 39123A: Toxicity in Cynomolgus Monkeys by Repaated Intravenous
Administration for 4 Weeks (28 Days), Study ID BRL 1181/88674, GLP, Study
Initiation: 10 Nov.. '87, Study Site:

Compound Tested: BRL 39123A, batch GBD 16 (B87.2% pure
free acid [pfal).

Doses Tested: 0, 5, 10, 25, and 50 mg/kg (pfa), b.i.d., drug was
administered twice daily as an intravenous infusion, 6 hours between
infusions (Cumulative daily doses were 0, 10, 20, 50 and 100 mg/kg)

Dose Volume and Route: 2.0 ml/kg, IV, 1 ml/min.

Solvent and Control: sterile saline
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Species, Strain, Sex: 19 male and 19 female cynomolgus monkeys (Macaca
fagicularis), estimated age 2-4 years, and weighing 2.1-4.0 kg.

Test conditions: Test animals were randomly assigned to the 5 test groups (3
animals/sex/group}. An additicnal 2 animals/sex were added to the control and
high dose groups and maintained 'off-dose' for 14 days prior to necropsy. Drug
was administered intravencusly twice a day, with é hours between doses. Drug
dosing was continued for 28 days. Phyzical signs, body weight, food and water
consumpticn, and mortality were monitored twice weekly during baseline and
recovery phases of the study, and daily during drug administration. Blood
chemistry, hematology, urinalyses, ophthalmoscopy and electrocardiograms were
performed at intervals throughout the study. Gross and microscopi¢ pathology
was assessed at the termination of the desing or 'off-dose' interval.

One female animal in the 10 mg/kg b.i.d. was sacrificed moribund before
termination of the study (day 26). Hypoactivity and huddled posture,
loose/liquid feces, and progressive weight loss were the most frequently
ohserved clinical signs occurring in this animal. Blood samples taken at
termination were unsatisfactory due to severe hemolysis. Gross and
histological assessments failed ro reveal specific pathologies which could
account for the morbidity observed.

In surviving animals, body weight gain was reduced sporadically among males
and females from all dose groups during the 4 week drug administration. Four
of 5 females from the 50 mg/kg b.i.d. group showed significant weight loss
{mean of approximately 160 grams) during dosing. Weight gain in former high
dose and control animals during the off-dose period was comparable. Food
intake was reduced somewhat (10-25%) during the first 2 weeks of dosing among
animals (maie and female) in the high and high-intermediate dose grocups {(the
differences were generally not statistically significant). Food intake was
normal during the off-dose period. Water consumption was not obviously
effected by drug treatment or cesgsation.

Administration of peaciclovir (IV) iaduced a 10-20 beat/minute increase in
heart rate immediately following drug infusion, particularly among animals in
the high dose group. The changes in heart rate were relatively short lived and
of rapid onset; there were no other changes in ECG parameters detected. There
were no significant changes in ophthalmologic findings associated with drug
administration.

Hematologic parameters were not altered by penciclovir treatment, except for
an increase in lymphocytes among the high dose animals (8.23 x 10°/mm’ versus
.17 x 10'/mm’ [controll}, and sporadic variatjions seen in animals from all
dose groups. There was no evidence of a change in bone marrow cellularity at
the time of necropsy. Changes in blood chemistry evident at the end of the
dosing interval included increases in creatinine (25 and 50 mg/kg b.i.d.
groups), urea nitrogen (5 0 mg/kg b.i.d. group), globulin and total protein
(25 {trend] and 50 mg/kg b.i.d. groups), and bilirubin (50 mg/kg b.i.d.
group) . A significant decrease in inorganic phosphate was evident in animals
from the high dose group, and was sporadically seen in animals from several
additional groups (there was no evident dose dependency). All changes appeared
to regress somewhat during the off-dose prricd. Additional differences in
blood chemistry appeared randomly distributed among the treatment groups and
unrelated to the onset and cessation »f drug dosing.

Urine volume was significantly increased, while specific gravity and
csmolality were decreased in all ({10/10) animals from the 50 mg/kg b.i.d.
group at the end of dosing. Additional animals from all dose groups showed
similar effects (25 mg/kg - 2/6; 10 mg/kg - 4/6; 5 mg/kg - 2/6; control -
3/10). Urinary alkaline phosphatase levels were significantly increased among
males and females from the 25 and 50 mg/kg b.i.d. groups versus the control.
Interstitial nephritis, renal tubule inflammation with epithelial hyperplasia,
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dilated and/or basophilic tubules, ocedema, and moncnuclear cell infiltrates,
were evident at the termination of dosing. Hyperplasia or a prominent
appearance of the ccllecting duct epithelium was evident in 4/4 former 50
mg/kg b.i.d. animals following the cif-dose period. Urine volume, specific
gravity, osmeclality, and alkaline phosphatase levels showed recovery or
regression to normal values during the off-dose pericd.

Thymus weight was significantly reduced (S0% versus contyol} among animals in
the 25 and 50 mg/kg b.i.d. groups. In addition, covariate analyses (adjusting
for terminal differences in body weight) showed significant increases in
kidney (50 mg/kg b.i.d. group) and adrenal weights (25 and S0 mg/kg b.i.d.
groups). At the end of the off-dose pericd, kidney weights remained elevated
among penciclovir treated animals.

Comments : 1) The kidney appears to be the primary site of toxicity following
the intravenous administration of penciclovir as demonstrated in
multiple species (monkey, dog, rat). Changes in clinical chemistry
and urinalysis, along with histologic data, suggest that
significant toxic effects are evident within 1-4 weeks of the
initiation of repetitive drug administration. Further, the toxic
effects on the kidney are not clearly dose related, but are in
part apparently idiosyncratic (as evidenced by the distribution of
effected animals and the severity of the histologic and urinalysis
changes) . Gradual partial recovery following drug cessation is
also evident.

2) As discussed in several previous studies (using multiple
species), the intravenous administraticn of penciclovir appears to
increase heart rate immediately following drug infusion. This
effect is evident at most drug doses tested and is not apparently
dose dependent. While not specifically evaluated, the rate of drug
infusion may effect the heart rate changes observed, as evidenced
by the somewhat smaller changes seen in the present study
(infusion of 2 ml/kg over 2 min.) versus those seen in previous
studies (infusion of 2 ml/kg over é& seconds}. The mechanism of the
rate enhancing effect of penciclovir, whether direct (receptor
interaction) or indirect (sympathetic agonist release or changes
in ion levels), i3 not defined at this time. While the effect is
relatively short lived, rapidly developed and easily monitored,
future studies should closely monitor for cardiotoxicity and/or
changes in cardiac conduction.

18 and 19) BRL 42810: A 14 Day Intravesnous Rangs Finding Repeat Dose Study in
Cynomolgus Monkays (Incorporating BRL 39123ia and BRL 299086), Study ID BRL
1179/88479, and BRL 42810: A 14 Day Irntravenous Range Finding Repeat Dose
Study in Cynomolgus Monkeys {Incorporating BRL 39123A and BRL 29906).
Histopathelogy of Injection Sites, Study ID BRL 1179/88479/Addendum,
{Submission 000, Vol. 12, page 217).
Status: non-GLP
Study Initiation: 3 Nov., '87
Study Site:
Compound Tested: BRL 39123A, batch GBD 15
BRL 42810, batch CT1l4245
BRL 29906, batch CT13962
Doses Tested: BRL 39123A, 100 mg/kg/day (IV)
BRL 29906, 100 mg/kg/day (IV)
BRL 4281C, 120, 200 and 280" mg/kg/day (IV)
{* 360 mg/kg/day for days 1-4)
Drug was administered once each day as an intravenous infusion
Doge Volume and Route: 2.0 ml/kg, IV, 1 ml/min.
Solvent and Contro’: sterile saline




-

APPENDIX A: GENERAL TOXICOLOGY : 36

Species, Strain, Sex: 5 male and 5 female cynomolgus monkeys {Macaca
fasicularis), estimated age 2-3 years, and weighing 2.3-2.9 kg.

Test conditions: Test animals were randomly assigned to the 5 test groups (1
animal/sex/group). Drug was administered (IV}) once a day for 14 days. Physical
signs, body weight, food and water ccnsumption, and mortality were monitored
daily during drug administration. Blood chemistry, hematology, urinalyses,
ophthalmoscopy and electrocardiograms were performed at intervals throughout
the study. Gross and microscopic pathology was assessed at the termination of
the dosing or 'off-dose' interval. Physical sigrs, body weight, food and water
consumption, and mortality were monitored twice weekly during baseline and
recovery phases of the study, and daily during drug administration. Blood
chemistry, hematology, urinalyses, ophthalmoscopy and electrocardiograms were
performed at intervals throughout the study. Gross and microscepic pathology
{(kidney only) was assessed at the termination of dosing.

All animals survived the dosing interval. BRL 39123A and BRL 29306 when
administered at 100 mg/kg produced no clinical signs or obvious changes in
behavior, except for a single incidence (female, day 14) of vomiting
approximately 20 minutes following administration of BRL 39123A. In contrast,
BRL 42810 at 200-360 mg/kg/day induced gasping, panting and labored breathing,
salivation, vomiting, pupil dilation, limb tremors and muscle rigidity (high
dose), collapse (high dose), and lethargy. The signs generally began prior to
completion of the 2 minute infusion and lasted for 3-15 minutes. Reduced
activity was seen on one occasion in the male receiving 120 mg/kg. Bruising at
the site of drug injection was seen in the majority of animals, while a single
animal (PRL 42810) showed cedema of the injected limb.

Both animals receiving BRL 29906, along with the female receiving BRL 35123A
and the female receiving BRL 42810 {200 mg/kg/day) showed gradual declines 1in
body weight (approximately 200-3C0 grams} during the 14 days of drug
administration. Food and water consumption were not consistently effected by
drug treatment, except for a decrease in food consumption seen in the female
animal dosed with BRL 42810 at 200 mg/kg/day.

Ventricular bigeminy and tachycardia was evident in a single female
immediately following administration of BRL 42810 (Day 1) at a dose of 360
mg/kg. No other ECG changes were seen in any animal at any dose tested. There
were no changes in ophthalmologic findings during the course of the study.

Ail four monkeys receiving BRL 29906 and BRL 39123A, showed elevated platelet
counts (range 600-860 x 10’ cells/mm’) on day 14 of drug administration.
Hemoglobin, hematocrit and RBC counts were somewhat reduced in 2 animals
receiving BRL 42810, although the values were within the baseline range for
the group. On day 14, inorganic phosphorus was reduced (1.5 mEg/l) in the
female animal receiving BRL 42810 at 200 mg/kg. BUN was elevated in all 4
monkeys receiving BRL 29%06 and BRL 39123A, while creatinine was elevated in
one animal (BRL 39123A). Remaining hematologic, plasma chemistry and
urinalysis values were not clearly effected by the drug treatment.

Renal tubule inflammation with epithelial hyperplasia and basophilia, dilated
tubules, and cellular casts were evident in the majority of animals.
Birefringent crystalline material was evident in the kidneys of the majority
of animals tested particularly at the higher doses. Slight to moderate
perivascular hemorrhage at the site of drug infusion was noted in the majority
of anima:s, with the incidence and severity appearing dose related (BRL
42810) . Dark raised nodules were noted in the caecum and colon of several
animals from all dose groups. Plural adhesions and subendocardial dark foci
were also noted in several animals. No clear effects on organ weights were
evident, although kidney weights were somewhat higher and thymus weight
reduced in one animal receiving BRL 42810 (200 mg/kg) and the animals
receiving BRL 29906 and BRL 39121A.
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Comment : Failure to include a control group in this study makes
identification and interpretation ©of any drug induced effects
difficult if not impossible.




SUMMARY OF DERMAL IRRITANCY/TOXICITY STUDIES:

Multiple toxicity studies were conducted to evaluate the dermal, ocular and
intravaginal irritancy potential, and contact sensitization effects of
penciclovir cream. In summary, rats, rabbits and/or guinea pigs were exposed
to one or more applications of penciclovir cream (of varicus formulations} to
shaved regions {abraded and unabraded) of the dorsum, into the vagina or, to
the eye/conjunctiva. In general, the application of any of the penciclovir
containing creams caused minimal to mild dermal irritation responses with
occassional edema at the site of application. However, only slightly less
severe and/or similar reactions were evident in most test systems fellowing
the application of any of the pla ebo/vehicle "drug” formulations. Intra-
vaginal application of penciclovir was found to be non-irritating when tested
in the rabbit. In contrast, application of the test cempound te the conjunc-
tivae of the rabbit eye, produced mild-moderate redness and chemosis (inflam-
mation) 1in all animals at ! and 24 hours post-exposure with resolution of
these effects by 48-72 hours.

COMPILATION OF EFFECTS AND DISCUSSION:

Mcltiple toxicity studies were conducted in rats and rabbits to evaluate the
dermal/ocular and vaginal irritancy potential of penciclovir and/or the
pencicleovir cream (multiple cream formulations inciuding the proposed "market"”
formulat:on were tested). The results of these studies are outlined in the
following paragraphs.

In studies %o assess the potential for dermal/eye and vaginal irritancy, rats
and rabbits were exposed to cne or mere applications of a penciclovir
formulation (formulations included: a) propylene glycol with cetomacrogol, b
agueous cream, ¢) propylene glycol with DMSO, and d) water) either to shaved
regions :abraded and unabraded) of the skin, the eye/conjunctiva and the
vagina. Penciclovir cream, when applied once daily for 28 days to rats and
rabbits 2 g cream/kg, nominal dose of 100 mg penciclovir/kg/day} resulted in
very slight to minimal signs of irritancy in rats and occasional slight
erythema .n rabbits. Similar, or marginally reduced reactions were generally
also seer with the vehicle creams. Microscopic examination of tissues from the
application sites revealed minimal to moderate epidermal thickening in the
majority cf the repeat dose expcsed animals. No evidence of vaginal irritation
was noted :n female rabbits following the administration of penciclovir cream.
In contrast, application of the test compound to the conjunctivae of the
rabbit eye, produced mild-moderate redness and chemosis {inflammaticn) in all
animals at 1 and 24 hours post-exposure with resclution of these effects by 72
hours.

Overall, the resulvs of the dermal and vaginal irritancy studies indicate that
penciclovir cream 1§ non-irritating or a very slight irritant to cutaneous
rissues. Lastly, the application of penciclcovir to the conjunctiva of the eye
rasulted i1n mild-mocderate inflammatory responses, 'herefor the compound may be
classifles as a mild irritant to the conjunctivae of the eye,

A review of the individual studies is contained on the following pages.
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Toxicity Studies Summary:

Darmal and Intravqginll Irritation

A} Studies Conducted Using the Proposed Market Formulation:

1) BRL 39123: A 4 Week Darmal Repeat Dose Study in Rats, Study ID
T91324/39123/R/DERM/RDS/28D. GLP, Beecham Phar., The Frythe, Welwyn,
U.K., Study Initiat:ion: 18 Sept., '91, BRL 39123, batch CT91 w046,

2) BRL 39123: A 9-Day Dermal Repeat Dose Study In Male Rabbits, Study ID
T91207/39123/RAB/DERM/RFS/9D (Summary). non-GL?, Beecham Phar., The
Frythe, Welwyn, U.K., Study Initiation: T July 1991, BRL 39123, batches
W91044-W91046.

3) BRL 39123: A 4 Week Dermal Rspeat Dose Study in Rabbits, Study ID
891322/39123/RAB/DERM/RDS/28D. GLP, Beecham Phar., The Frythe, Welwvn,
U.K., Study Initiation: 29 Aug. '91, BRL 39123, batches: cream - CT9l
W049; bulk drug - GBD4O.

B) Studies Conducted Using an Aquecus Cream Formulation:

4) BRL 39123: A 14 Day Topical Range Findinq Rap.at Dose Study in Rats,
Study ID TB5626/39123/R/TOP/RFS/14D (Summar noen-GLP, Beecham Phar.,
Stock, Essex, U.K., Study Initiation: 39 Eec , 'B5, BRL 39123, batch CT
18047.
5! BRL 39123: A 28 Day Topical Repeat Dose 3tudy ir Rata Followed by a
14 Day Off Dose Perxriod, Study IDs T8e307/39123 /R/TOP/28D/M and
T86307/39123/R/TOP/28D/F. GLP, Beecham Phar., Stock, Essex, U.K., Study
Initiation: 16 Mar., '86, BRL 39123, batch CT 18215.
&) BRI 39123: Primary Dermal Irritation Study in Rabbits, Study ID
DA/85/32. GLP, Beecham Phar., Great Burgh, Nr. Epsom, Surrey, U.K.,
Study InitIation: 16 Dec. '85, BRL 39123, batch CT 18066.
7} BRL 39123: A 14 Day Dermal/Intravaginal Range Finding Repeat Dose
Study in Rabkbits, Study ID T85625/3%123/RAB/DERM /RFS$/14D. non-GLP,
Beecnam Phar., Stock, Essex, U.K., Study Initiation: 9 Dec., '85, BRL
39123, batch CT 18049,
8) BRL 39123: A 28 Day Topical Repeat Dose Study in Rabbits With a 14
Day Off Dose Perind, Study ID 046/860207TG/39123 /RAB/TCP/RDS. GLP,
Study Initiation: T4 Apr.,
*86, BRL 39123, batch CT 18164.
9} BRL 39123: A 28 Day Repeat Dose Study in Rabbits by the Intravaginal
Route Followad by a 14 Day Off Dose Period, Study ID
B&321739123/RAB/IVG/RDS/28D. GLP, Beecham Phar., Stock, Essex, U.X.,
Study In:ziation: 2 Jun., '86, BRL 39123, batch CT 18215.

C) Studies Conducted Using a Propylens Glycol Cream Formulation:

12) BRL 39123: A 28 Day Dermal Repsat Dose Study in Rats, Study ID

89325/39123/R/DERM/RDS/28BD. GLP, Beecheém Phir., Stock, Essex, U.K.,

Study Initiaticn: 6 Nov, '89, BRL 39123, batches: cream - CT 14959 and

4997 bulk drug - GBD3Z, 99.2% pure.

11! BRL 39123: Praimary Dsrmal Irritancy Study in Rabbits Using BRL 39123

In A 40% Propvlens Glycol Vehicle, Study ID 455/39123/RAB/PDI. GLP,
Study Initiation: B Jan. 750, BRL

39123, batch CT 14997.

12) BRL 39123: Primary Dermal Irxritancy Study in Rabbits Using BRL 39123

In A 40V Propylene Glyccl Vehicle and 2.5% Dacylmethyl Sulphoxide

Vehicle, Study ID 456/39123/RAB/PDI. GLP,

Study Initiation: 8 Jan. '90, BRL 35124, patcn CT 14959,

13) BRL 39123: A 28 Day Dermal Repeat Dose 8tudy in Rabbits, Study ID

89324/39123/RAB/DERM/RDS/208D. GLP, Beecham Phar., Stock, Essex, U.K.,

Study Initiation: 1 Nov. '89, BRL 39123, batches: cream - CT 14959 and
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14997 pulk drug - GpD32.

D) Minc-llancoul Fcr-ulntion:

29123 skin 1rritation Taat IN Rakihi e qrudv 1N

BRL
375/39123/RAB/SKIN. GLP, study

ipitiation: 19 Jan. 40, BRL 39123, patch GBD34.

Ey# Irricntion

Eys IrZh - ——

BRL 29123: Eye 1rritation Test in Rapbits. grudv 1D

1?6/42810/RAB/EYE, Non-GLE, Test Site:

not

Toxicity S

srudy Initiation: =2 Jan., 1990, BRL 39123, Batch: GBD34, purity

specified.

rudies RAVievs:

A) Studayes Conductod Using the proposed Market Formulati

pRL 39123: A 4 Vesk pDersal Repeat Dose gtudy in Rats, grudy 10
T9i324/39123/R/DERM/RDSIZBD.
gratus: =
Srudy Tit.ation: 18 Sepl.y *91
grady Site: geecham phar., The Frythe, Walwyn, U.K.
compound ~gsred: BRL 19123 (5% Wwiw) in 4G% propylene glycol
wizh C.9% cetomacrogol 1000, batch crgl WC46.

Species
age 4-5 we

treatment

T 3
grraif, SeX: Male and female sprague pawley rats (caL: €D 5D Br).

eks, weignht 101-125 grams, 5 animals/sex /group, there were
groups’ BRL39123, yehicle rreated and untreated controls.

Test aondiTians: Animals were divided into groups as follows: aRL 19123
rreated 100 mg/ kg vehicle created, and untreated controls. BRL 39123 {of

yenicle:
cervicat
weilght an

was applied ropically to 2 shaved area (28 om’) of the dorsal
region of rhe test rats once daily for a period of 28 days. pody
4 ohys -al signs were assessed periodically during the study.

1
Macroscopst and pistologic assessments were performed at study termination.

There were

no premature deaths ©OF changes 1D qeneral physical gigns during the

srudy. GFOUP mean pody weight gain was glightly reduced {range of 8-20%) among
tne vehicle and drug rreated animals (male ang female! although tne effect did

not achie

ve stacisticai signiticant.

MLCrosSeopis examinarion of the application sites revealed minimal thickening
of the ep;aermai jayers among BRL 39123 and vehiCle® treated animals. There

were no ma

active or

Comments:

~roscoplc indicarions of dermal jrritancy produced py either the

“ontrol creams during the 28 days of treatment.

1) BRL 393123 (5% w/w) when administered {100 ma/ kAl ropically in a
—ream base containing 40% propylene glycol and 0.9% cetomacrogol
appears to have minimal jrritancy potentiai for the intact skin of
rhe rat.

21 When compared with effects notea in geveral othof degmal
srritancy studies; the current resullts suggest rnhat the
cecomacrogoi cream pasé contalining BRL 39123 may have 1088
jrritancy potentiai than BRL 39123 1in pMsD, SUS of carbomer 940
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containing creams.

2) BRL 39123: A 9-Day Darmal Repeat Dose Study In Male Rabbits, Study ID
T91207/39123/RAB/DERM/RFS/9D.

Status: non-GLP, Summary Report.

Study Initiation: 1 July 1891

Study Site: Beecham Phar., The Frythe, Welwyn, U.K.

Compound Tested: BRL 39123, batches;

W31045 - 5% BRL in 40%Y PG with Cetomacrogol 1000
W31046 - 5% BRL in 40% PG with SDS and Carbomer 940
wW91044 - 5% BRL 1in 'Zovirax' cream base (40% PG)
D7574 - 5% Acyclovir cream (Zovirax)

Dose Volume and Route: 0.125 g cream/kg, topical

Contreol: Zovirax cream, bdatch D7574

Specles, Stra:in, Sex: O male New Zealand White rabbits, age 4-5 months,
initial weight 3-3.5 kg.

Test Conditions: Animals were housed singly. The BRL 39123 and Acyclovir
centaining creams were applied lx/day for 9 consecutive days, Cream was
applied to 1 of 4 non-abraded skin regions on the dorsum of each animal
fnllowed by a €& hour occlusion. Test sites were monitored for the development
of irritancy reactions before cream application, immediately after removal of
the ncclusive bandages, and 24 hours following each application. Histologic
exam:nations were performed on tissues obtained from each test site 24 hours
following the final cream application.

Multi:ple cccurrences of slight - well defined erythema were noted in all
arnimals at the application sites of the following creams: Zovirax (Acyclovir}
cream, BRL 33123 in 'Zovirax' cream base, and BRL 39123 in 40% PG with SDS and
Carbomer 94C. A slight erythema was noted in 2/4 animals (1-2 occasions each)
at the app.:cat:on site cf BRL 39123 in 40% PG with Cetcmacrogol 1000.
MicroscopiZ examination revealed minimal to mild epidermal thickening at the
appiication site of all test creams, except for the BRL -Cetomacrogol 1000
fzrmulation which resulted in negligible to very minimal effects. No other
adverse eflects were reported.

Comment : 5% BRL 3%123 1n 40% PG with Cetomacrogol 1000 {a non-ionic
surfactant! appears to have slightly less dermal irritancy
pctential (as compared to 5% BRL 39123 i1n 40% PG with SDS and
Carpomer %40 [an ionic surfacrtant), or a commercial acveclovir
cream {Zov:rax)) when applied to unabraded rabbit skin.

3" BRL 39123: A 4 Week Dermal Repeat Dose Study in Rabbits, Study ID
91322/39123/RAB/DERM/RDS/28D.

Status: SLP

Zrudy Initiation: 29 Aug. 1991

Study S:te: Beecham Phar., The Frythe, Welwyn, U.K.

Zcmpounsa Tested: BRL 39123, bulk drug GBD40, 9B.9% pure

cream - CT91 W049, 5% w/w BRL 39123, 40% PG, 0.9%
cetomacrogel 1000.
Dose Voiume and Route: 2 g cream/kg/day, topical
‘neminal dosage = 100 mg/kg/day)

Zontrol: cream base without BRL 39123

Specles, Strain, Sex: male and female New Zealand White rabbits, age 3-4
menths, initial weight 2.5-3 kg, 3 animals/sex /treatment group, there were 3
treatment g3groups:; BRL3I9123, vehicle treated and untreated controles.

Test Conditions: Animals were housed singly. BRL 39123 or control vehicle
creams were applied lx/day for 28 consecutive days. Cream was applied to a 10
x 10 cm region of abraded skin and covered by an ccclusive bandage for 6
hours. Test sites were monitored for the development of irritancy reactions
before cream application, immediately after removal of the occlusive bandages,
and 24 hours following each application. Body weight and ghysical signs were



APPENDIX B: DERMAL IRRITANCY/TOXICITY STUDIES 42

monitored periodically. Gross and histologic examinations of the test sites
were performed on tissues obtained 24 hours following the final cream
application.

There were no deaths during the study. Bedy weight gain was sl.ghtly reduced
among BRL 39123 and vehicle cream treated female animals versus the untreated
controls. Physical signs observed included occasicnal minimal to slight
erythema at the site cf application of the BRL 39123 or control creams. The
majority of cream treated anunals displayed erythema on 1-4 days during the 28
day sreatiment perilod. Scabbing was noted among 2/6 and 1/6 vehicle and BRL
39123 treated animals, respectively. Histologic¢ examipation revealed minimal
to moderate epidermal thickening at the application site of either cream
formulation {(active or control), with inflammatory cell infiltration of the
scabbed areas. There were no others adverse effects reported.

Tomment : 1) The study results suggest that BRL 39123 (5% w/w] 1n a 40%
propylene glycel and 0.9% cetomacrogel 1000 cream base had minimal
to slignt irritancy potent:ial for abraded and occluded rabbit
skin,

2) When compared with effects noted in several other dermal
irritancy studies, the current results suggest that the
cetomacrogoel cream base containing BRL 341232 may have less
irritancy pctenclal than BRL 39123 in DMSC, SDS or carbomer 940
centalning creams.

B) Studies Conducted Using an Aquecus Cream Formulation:

4' BRL 39123: A 14 Day Topical Range Finding Repeat Dose Study in Rats, Study
ID TH5e2€/33123/R/TOP/REFS/14D,

Starus: non-GLP, Summary Report

823y nitiation: 9 Dec., "85

3tugay Site: Beecham Phar., Stock, Essex, U.K.

Compound Taested: BRL 39123, batch CT 18047, 5% w/w cream

Doses Tested: O (vehicle) and 100 mg/kg

Tase Yolume and Rouve: 2.0 ml/kg, toplcal

Solvent and Contrel: placebo cream (unidentified content), batches CT 18048
and CTT 12357

Species, Straln, Sex: 6 male and 6 female Sprague Dawley rats (TRL: COBS™
D% sD Br ratsi, age angd weight unknown.
Test conziw:ions: Animals were divided intc 3 groups (3 animals/sex/group! as
l.ows: BRL 39123 treated, vehicle treated, and untreated controls. BRL 39.23
r veniT.e was app.ied tepically (2 ml/kg of bedy weight: drug concentration
m3. 3 > a shaved irea of the dorsal cervical reglon c¢f the test rats once
Liy for a period or 14 days.

H

| RN CN R )

(SRS

ody weigh% Jain was sl'ghtly reduced amHng treated male and female rats as
smpared with the untreated controls. Body weight gain amony males was also
educed wnen compared with the vehicle treated controls, while that for
regted females was slightly increased. Water intake was nct effected by
reatment, while food intake amonj treated females was siightly increased.

0T ety () W

Cccasiona. in-treatment signs included very slight to slight erythema (well
def:ned rorders) at the site of cream application among male animals. Similar
513ns were observed 1n the vehicle control group. No other macroscopic
findings were reported for male or female animals.

Comment : 1) BRL 39123 when administered {100 my/kg] tapically in a cream
base (5% wW/w) appears to have only a slight irritancy potential
tor the 1ntact skin.
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2} The 5% w/w formulation of BRL 39123 was considered the highest
practicable dose level which could be achieved and was therefor
selected as the maximum dose for the subsequent 28 day repeat-dose
study.

5) BRL 39123: A 28 Day Topical Repeat Dose Study in Rats Followed by a 14 Day
Off Dose Period, Study IDs T86307/39123/R/TOP/Z2BD/M and
TB6307/3%123/R/TOP/28D/F.

Status: GLP

Study Initiation: 1B Mar., ‘86

Study Site: Beecham Phar., Stock, Essex, U.K.

Compound Tested: BRL 39123, batch CT 18215, 5% w/w cream

Doses Tested: 0 (vehicle), 2%, 50 and 100 mg3/kg

Dose Volume and Route: 2.0 ml/kg {contrecl and high dose groups), 0.5 and 1.0
ml/kg for the low and intermediate dose group:, respectively; topical.

Solvent and Control: placeho cream (unidentified content}, batch CT 18216

Species, Strain, Sex: 50 male and 50 female Sprague Dawley rats (CRL: COBS™
CD*™ §D Br rats), age 6-8 weeks, weight 135-205 grams. An additional 15 male
and 15 female rats were treated concurrently and then allowed an off-treatment
recovery period priocr to sacrifice.

Test conditions: aAnimals were divided into 5 grcups (10 animals /sex/group)
as follows: BRL 39123 treated {100, 50 or 25 mg/kg), vehicle treated, and
untreated controls. BRL 39123 {(cr vehicle) was applied topically (drug
cencentration 50 mg/g) to a shaved area (25 cm’) of the dorsal cervical region
of the test rats once daily for a period of 28 days. Five additional male and
female animals were assigned to each of the untreated, placebo cream and high
dose groups, and were allowed a 14 day recovery period following treatment,
Body weight, food and water consumption, hematology, clinical chemistries and
urinalysls were assessed periodically. Macroscopic and histologic assessments
were performed at study termination.

There was an approximate 2--3x increase in the incidence of dermal irritation
amecng maies and fa2males in the drug treated groups as compared with the
vehicle controls. Although there was substantial group overlap, the incidence
of very slight t¢ slight erythema (well defined borders) at the site of cream
application generally increased with the administered dose. The incidence of
very slight Irritation was approximately 37 and 12 %, while slight to moderate
irritation was approximately 5 and 0.5% among males and females respectively
(24 hours post dnsing). No other macroscopic findings were reported for male
or female animals. Histologic assessment revealed mirn mal to moderate
epidermal hyperplasia (increased number of nucleated :ells and keratin} at the
treatment sive among animals from all treatment and contrel groups. No other
histolisg:c effects were aetected and this effect was deemed unrelated to the
treatment.

Body weight gain was slightly (10%) reduced ameng treated males {(all dose
groups: and females (intermediate dose only) as compared with the untreated
controls. Body weight gain of males in the vehicle control group was also
reauced scmewhat when compared with the untreated controls. During the post-
treatment recovery period, the body weight gain of males from the high dose
group remained somewnat reduced as compared with the undosed and vehicle
controls. all other groups (male and female] displayed similar weight gains as
the control animals. Absolute and relative organ weights were unaffected by
drug treatment, except for increases in pituitary and uterine weilghts among
females from the high dose group (as compared with the untreated or vehicle
controls; following the recovery phase of the study.

Food intake was not effected by drug treatmer.t at any dose tested. Water
consumption was slightly increased (approximate increase of 5 ml/day) in
females from the high and intermediate dose groups during week 1 of testing
and 1n females from all drug treatment groups during week 3. Intake of water
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remained somewhat elevated during the recovery phase of the study among
females from the 2 high dose groups.

There was a slight decrease in mean corpuscular hemoglobin {19.1 versus 19.4
pug [contrel]) and mean corpuscular hemoglobin cencentration (314 versus 324
g/l{control]) cf males in the high dcose condition after 29 days of treatment.
Females from the high dose group displayed only a decrease in MCHC (319 versus
324 g/l [control]). There was a small decrease in blood calcium ievels among
males from the intermediate and high dese groups after 29 days of drug
application. Differences in MCH, MCHC and Ca were transient and receded during
the 14 day recevery phase, All remaining hematoclogic, c¢linical chemistry,
urinalysis and ophthalmologic parameters were within normal background
variations.

Comment : At doses between 25 and 100 mg/kg, BRL 39123 has only slight
irritancy effects on intact skin when administered topically in a
cream base (5% w/w}. Most, if not 4ll of the observed effects
appeared to recede during the post-dosing recovery phase of the
study.

€) ERL 39123: Primary Dermal Irritation Study in Rabbits, Study ID DA/HB5/32.

Status: GLP

Ztudy irniciation: 16 Dec. '8S

Study Site: Beecham Phar., Great Burgh, Nr. Epsom, Surrey, U.K.

Compound Tested: BRL 39123, batch CT 16066, 5% w/w cream

Loses Tested: O (vehicle) and 50 mg/test site, topical

vose Volume and Route: 1.0 ml/5 cmf, topical

Selvent and Control:

aguecus cream BP, batch CT 180&7

agueouds cream BP w/wc chlorocresol (FDD, Great Burgh), batches LNE 8898-
95 and LNB 8898-34, respectively

aguecus cream BP with 2-phenoxyethanol {Evans), batch T0S805GA

Species, Strain, Sex: 5 male New Zealand White rabbits, age not specified,
initial weight approximately 2.5 kg.

Test Corditions: Animals were allocated into 2 groups and treated with
either BRL 39123 cream (3 animais} or the vehicle (2 animals). An additicnal 3
racbits were used ty compare potentlal effects associated with the vehicle
cream. Tream was 2;plied topically (1.0 ml/5 em?, conc. = %0 mg/ml} to
multiple shaved ireas (with and without abrasion on opposite flank areas) of
the left and right flanks of each animal. The treatment sites were ccvered by
a gauze and tape occlusive dressing for 24 hours following application of the
test article. Skin reactions were assessed 30 minutes, 7, 24 and 48 hours
fcllowing the removal of the dressings All animals and an additional vehicle
formuiation contrcl group were tested 4 weeks following the initial study.

Appl:cation of the aguecus cream B8P, both with and without preservatives, was
asscciated with a barely discernable to defined erythematous {and sometimes
edematous’ reaction at the test sites. There were no apparent differences in
the react:ion of intact and abiaded skin. Addition of BRL 39123 to the cream
formulation did not increase the freguency or severity of the erythematous
response. Evythema and oedema (1f present) was typically evident only duriny
the f.rst 24 hcurs followling removal of the occlusive dressings.

Comment BRL 39123 appears to have minimal :irritancy potential when applied
to intact or abraded skin (rabbit) in a 5% w/w cream. The majority
of the dermal irritancy noted appeared to be associated with the
vehicle cream.

7) BRL 39123: A 14 Day Dermal/Intravaginai Range Finding Repeat Dose Study in
Rabbits, Study ID T85625/39123/RAB/CERM/RFS5/14D,
Status: non-GLP
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Study Initiation: 9 Dec., '85

Study Site: Beecham Phar., Stock, Essex, U.K.

Compound Tested: BRL 39123, batch CT 18049, 5% w/w cream

Coses Tested: 0 (vehicle) and 100 mg/kg, topical

0 (vehicle) and 25 mg/kg, intravaginal

Dose Volume and Route: 2.0 ml/kg, topical

: 0.5 ml/kg, intravaginal

Solvent and Control: placebo cream (unidentified content), batch CT 18050

Species, Strain, Sex: 4 male and 4 female New Zealand White rabbits, age not
specified, initial welght 2-3 kg.

Test Conditions: Animals were randomly allocated into 2 groups (2
animals/sex/group) as follows: BRL 39123 treated and vehicvle treated. BRL
39123 (or vehicle) was applied topically (2 ml/kg of body weight; nominal
concentration of 50 mg/ml) to a shaved ans abraded area (16 x 16 cm} of the
dorsal cervical region ¢f the test rabbits once each day for 14 days. The
treatment sites were covered by a gauze and foil patch for 6 hours following
each application of the test article. In addition, the test or placebo cream
was administered intravaginally to female rabbits at a dose volume ot 0.5
ml/kg of body weight (25 mg/kg) .

Clinical signs and behavicr, body weight, food and water consumption,
hematology, clinical chemistries and urinalysis were assessed periodically.
Detailed macroscopic assessments of the dermal and vaginal application sites
were perfcrmed at study termination.

Bedy weight was not effected by treatment with BRL 39123 However, food and
water consumption were slightly reduced {5-10%) 1in treated females, as was
water consumption in treated males. Blood chemistry and urinalysis parameters
were not effected by BRL 39123 treatment. A slight reduction in hemoglobkin,
hematocrit, RBC, lymphocyte and platelet counts was evident in 1 male animal
treated with BRL 39123.

Physical signs inecluded very slight to slignt erythema (well defined bcrders)
at the site of cream application amorg BRL 39123 treated animals. Simiiar,
although less prominent, signs were observed in the vehicle control treated
greups. Staining of the fur around the urogenital and anal regions was also
cbserved 1n treated angd control animals. No other macreoscopic findings were
reported Ior male or female animals.

Comment : 1) BRL 39123 when administered {100 mg/kg) topically in a cream
base (5% w/w) appeared to have only a slight irritancy potential
for abraded skin,

2) The 5% w/w formulation of BRL 38123 was considered the highest

practicaple concentration which could be achieved and was therefor
selected for the subsequent 28 day repeat-dose study. Doses to be

used in the follow-up trials were; topical, 25, 50 and 100 mg/kg:;

and, intravaginal, 50 my/rabbit.

* BRL 39123: A 28 Day Tcpical Repeat Dose Study in Rabbits With a 14 Day Orf
Dose Period, Study ID 046/860207TG/39123/RAB/TOP /RDS.

Status: GLP

Study Initiation: 14 Apr.., '8é6

Study S:ite:

Compound Tested: BRL 39123, pbatch CT 18164, 5% aqueous cream

Doses Tested: 0 (vehicle), 25, 50 and 100 mg/ kg

Cose Velume and Route: 2.0 ml/kg, topical

Solvent and Control: placebo cream (unidentified content}, batch CT 18163

Species, Strain, Sex: 25 male and 75 ‘emale New Zealand White rabbits, age
not specified, initial weight 2-2.8 kg.

Test conditions: Animals were randomly assigned to 1 of & treatment groups
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{5 animals/sex/group) as follows: BRL 39123 treated (25, 50 or 100 mg/kqg},
vehicle treated, and untreated contrcls. BRL 39123 (or vehicle) was applied
topically (2 ml/kg of body weight; conc. of 50 mg/ml} to a shaved and abraded
area (100 cm‘) of the dorsal cervical region once/day for a period of 28 days.
The treatment site was covered by a gauze and foil patch for 6 hours after
application of the test article. Two additional male and female animals were
assigned to each of the untreated, placebec cream and high dose groups, and
were allowed a 14 day recovery period following treatment. Clinical signs and
behavior, body weight, fond and water consumption, hematology, clinical
chemistries and urinalvsis were assessed periodically. Detailed macroscopic
and histclogic assessments were performed at study termination.

There were no treatment related deaths {(one male animal from the untreated
control group died on day 7 of the cff-treatment phase of the study [numerous
pleural and pericardial adhesions were detected upon necropsy, along with
yellow-white patches on the liver]). Body weight gain, food and water
consumption, clinical signs and ophthalmoscopy were not effected by the
application of BRL 39123 cream. There were nc¢ significant changes in clinical
chemistries or hematologic parameters during the study, except for an increase
in mean corpuscular hemecglobin and corpuscular volume which was evident in a
single high dose male after Z2 days of drug administration. There were no
between group differences evident during the 14 day recovery phase of the
study.

Macroscoplc signs observed at termination of dosing included slight and
diffuse erythema at the site of cream application among BRL 39123 and vehicle
treatecd animals. Histclogic examination of tissues from the application site
resealed a minimal to slight inflammatory reaction within the stratum
papillare c¢f the dermis (incidence: control = 6/10; low = 7/10; intermediate =
3/1C; and high dose = 10/10). Granulocytic infiltrates were also observed in
scme halr fcilicles taken from 2 of 1C high dose animals. All other gross and
microscopic signs observed at necropsy appeared to be randomly distributed and
unrelated to drug treatment. There were no observed differences between the
previcusly treated ana contreol animals at the end of the 2 week 'cff-dose’
recovery period.

Comment: BRL 39123 when administered topically (5% w/w cream) at doses
between 25 and 100 mg/kg appeared to have only a slight irritancy
potential for abraded skin. Slight erythema and inflammation with
asscciated granulocytic infiltration was evident following 28 days
2f drug administration, but receded during a 14 day recovery
period.

3. BRL 39123: A 28 Day Repeat Dose Study in Rabbits by the Intravaginal Route
Followad by a 14 Day Off Dose Period, Study ID B6321/39123/RAB/IVG/RDS/28D.

Statuz: GLP

Study .nitlation: 2 Jun., 'Bé

3tudy Size: Beecham Phar., Stock, Essex, U.K.

Zompound Tested: BRL 39123, batch CT 18215, 5% w/w cream

Doses Tested: O (vehiclel and 50 mg/rabbit/day

Zose Veo.ume and Route: 1.0 mi/rabbit, intravaginal

Soivent and Control: placebo cream {unidentified content), batch CT 18216

Species, Strain, Sex: 21 female New Zealand White rabbits, age not
specifieq, 1nitial weight 2-3 kg.

Test Condit:ons: Animals were randomly allocated into 3 groups (7
anlmals/group) as follows: BRL 39123 treated, vehicle treated, and untreated
control., BRL 39123 (or vehicle) was administered intravaginally (1 ml/rabbit;
nominal concentration of 50 mg/ml} to the female rabbits for 28 consecutive
days. At termination of drug dosing 5 animals from earh treatment group were
euthanized, while the remaining 2 animals/group were maintained for an
add:iticnal 2 week ‘'recovery' period prior to euthanasia. Clinical signs,
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behavior, and body weight were assessed periodically. Macro- and microscopic
assessments of the vaginal application site were performed at study
termination.

There were no premature deaths during the study. Body weight gain was slightly
reduced (13% decrease versus untreated centrols) during treatment with BRL
39123; however, weight gain among BRL 39122 ‘treated animals was increased
during the subsequent recovery phase of the study. Physical signs included
staining of the fur around the urogenital and anal regions in treated and
control animals. No other clinical signs were noted during the study.

Reddening (erythema) of the vaginal wall was observed in all test groups and
was deemed unrelated to treatment with BRL 39123. There were no other
macrcscopic findings either at the end of treatment or following the 14 day
recovery period. There was no evidence of histologic damage due to the
administration of BRL 39123 or the placebo cream.

Comment : BRL 39123 when administered intravaginzlly (50 mg/rabbit) in the
rabbit was without irritant effects.

C) Studies Conducted Using a Proupylene Glyccl Cream Formulation:

10) BRL 39123: A 28 Day Dermal Repeat Dose Study in Rats, Study ID
8%932%/39123/R/DERM/RDS/28D.
Startus: GLP
Study Initlation: 6 Nov. 1989
Stugy Site: Beecham Phar., Stock, Essex, U.K.
Compound Tested: BRL 39123, batches: cream -
CT 14959 - 5% {(w/w) BRL 3%123 in 40% propylene glyccl
and 2.5%% DMSO
CT 14937 - 5% (w/w) BRL 35123 in 40% propylene glycol;
bulk drug - GBD32, 99.2% pure.
Dose Volume and Route: 2 g cream/kg/day, topical
‘ncminal dosage = 100 mg/kg/day)
Contrcl: ccrrespending creams without BRL 39123
Species, Strain, Sex: male and female Sprague Dawley rats Crl:SD(CD}EBR, age
4-% weeks, :initlia. weight range 76-100 g, 10 animals/sex/treatment group.
Test Conditions: Animals were housed singly. BRL 39123 or control vehicle
creams were applied lx/day for 28 consecutive days. Cream was applied to a 25
cm’ area (shaved, unabracad; of the derso-cervical region ¢f each animal. The
test sites were neither cccluded or washed during the day. Test sites were
monitered for the deve'opment of irritancy reactions before cream application,
and pericdically follcving each application. Body weight, fcod and water
intake and ophthalmic status were monitored periodically during the treatment
period. Hematologic and clinical or urine chemistries were performed at
basel:ne and preterminal. Gross and histologic examinations were performed on
r.ssues obtained 24 hours following the final cream application.

Slight zc well defined erythema with occassicnal slight cedema was seen at the
drug app..cation site in all animals receiving the 40% propylene glycol with
2.5% DMSC zream formulation regardless of the presence of BRL 338123. Drying
and cracking of the skin with the preduction of a flaky appearance was noted
in animals treated with cream containing DMSO, Animals administered the 40% PG
formulat:on (regardless of drug content) showed a somewhat lower incidence of
slight erythema (without oedema or drying of the skin}. For all study groups,
the incidence and severity of the dermal reactions appeared to be more
prominent during weeks 3 and 4 of testing, and at 2 versus 24 hours following
drug application. Minimal epidermal thickening was noted at the application
site in the majority of druq treated animals, regardless of the drug content
of the applied cream.
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Bodyweight gain was reduced among male (10-30%) and female (10-20%) animals
dosed with the DMSO containing cream (regardless of drug content}, and among
males (30%} dosed with the 40% PG cream containing BRL 39123. Food consumption
was alsc reduced 5-10% among the affected males, but not among the female test
animals. Similarly, the efficiency of food utilization (i.e., bodyweight gain/
food consumed} was slightly reduced among the DMSO treated animals (regardless
of the drug content of the test cream). Water consumption was increased 5-25%
among all male animals (versus the untreated controls), and was increased 5-
15% among female animals treated with the DMSO-containing test creams. At
terminal examination, liver (15-25%), heart (15%), thymus (25%), lung (10-15%)
and pituitary (20-30%) weights were reduced among the DMSO treated and
occasionally among the 40% PG with BRL 39123 treated male animals. Pituitary
weight was reduced 15-22% among cream treated female animals, while adrenal
welghts were increased 10-15% among the DMSO treated females (regardless of
the drug content of the cream}.

Except for a slight increase in the number of circulating monocytes in
association with the administration of any of the test cream formulations,
there were no other clearly treatment related changes in any hematologic
parameter. Marginal to slight decreases in total protein, serum gleobulins and
sodium were evident among the male animals treated with the DMSO containing
cream formulations, whereas only plasma sodium levels were reduced among the
DMSO treated female animals. Marginal reductions in serum phosphate levels
were seen among females treated with the 40% PG creams and males treated with
the 2.5% DMSO containing creams. Urine volume was decreased and osmolality
increased among all cream treated female animals and among the DMSO treated
male animals. Male animals treated w:th the 40% PG cream formulations showed
only a slight 1increase in urine osmolality.

Comments: 1) The study results suggest that the propylene glycol cream base
has minimal irritancy potential fcr the intact skin of the rat,
but that this effect may be increased by the addition of the
active agent (BRL 39123) and/or DMSO. Animals administered the 40%
PG formulation {regardless of drug content) showed a somewhat
iower incidence of slight erythema (without oedema or drying of
the skin). For all study groups, the incidence and severity of the
dermal reactions appeared to be more prominent during weeks 3 and
4 of testing, and at 3 versus 24 hours following drug applicatien.

2] An explanation for the multiple differences in group mean organ
weights 1s not readily apparent although the overall reduction in
bodyweight gain as seen among the test-cream treated animals
likely accounts for most-all of these effects. However, increases
in liver weight may be associated with enzyme induction following
from drug metabolism, while the reductions in thymus weight may be
due to an immunctoxic effect.

3) Changes in urine voclume and osmolality were likely due to
reduced water intake (as 1s common with reduced feood consumption
and weight gain), although this was not measured in the study.

4) Because histopathclogic evaluations were not performed on all
tissues from the study animals, it is not possible based on the
available data to draw clear conclusions regarding the nature
and/or potential impact of several of the toxic responses noted
and discussed above.

5) While dermal irritation and epidermal thickening were noted
following the application of all cream formulations, the resultant
degree of irritation does not appear to preclude develcpment
and/or use of these formulations.
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11} BRL 39123: Primary Dermal Irritancy Study in Rabbits Using BRL 39123 In A
40% Propylene Glycol Vehiclae, Study ID 455/39123 /RAB/PDI.

Status: GLP

Study Initiation: 8 Jan. '99

Study Site:

Compound Tested: BRL 39123, batch CT 14997, 5% w/w cream

Doses Tested: 0 -{vehicle) and 25 mg/test site, topical

Dose Volume and Route: 0.5% ml/2.5 cm?, topical

Sclvent and Control: 40% propylene glycol cream base

Species, Strain, Sex: 3 male New Zealand White rabbits, age 12-13 weeks,
initial weight approximately 2.5-2.7 kg.

Test Ccnditions: Cream (vehicle w/wo BRL 39123) was applied topically to
multiple shaved areas (with and without abrasion) of the left and right flanks
cf each animal. The treatment sites were covered by a gauze and tape occlusive
dressing for 24 hours following application of the test article. Skin
reactions were assessed 30 minutes, 24, 48 and 72 hours following the removal
of the dressings.

Application of the 40% propylene glycol cream was associated with a defined
erythematous (and sometimes a slight edema} reaction at the test sites.
Addition of BRL 39123 to the cream formulation did not increase the frequency
or severity of the erythematous response but did slightly increase the degree
of edema. There were no avparent differences in the reaction of intact or
abraded skin. Erythema remained evident at 24 hours following removal of the
occlusive dressings, but was not present at the final observation.

Comments: 1} Dermal irritancy reactions were noted in all animals and
appeared tc be primarily associated with the propylene glyccl
cream (although very slightly more severe reactions were evident
at the site of BRL 39123 application). There were no apparent
differences in the reaction of intact or abraded skin.

2) BRL 39123 (5% w/w) in a 40% propylene glycol cream was defined
as a mild irritant te the intact or abraded skin of the rabbit.

12) BRL 39123: Primary Dermal Irritancy Study in Rabbits Using BRL 39123 In A
40% Propylene Glycol Vehicle and 2.5% Decylmethyl Sulphoxide Vehicle, Study ID
456/39123/RAB/PDI.

tatus: GLP

Study Initiation: 8 Jan. '"30

Study Site:

Compound Tested: BRL 39123, batch CT 14959, 5% w/w cream

Doses Tested: O ivehicle) and 25 mg/test site, topical

Dose Volume and Reute: 0.5 ml/2.5 cm®, topical

Solvent and Control: 40% propylene glycol w/ 2.5% Dec-MSO cream base (batch
CT 14358)

Species, Strain, Sex: 2 male New Zealand White rabbits, age 12-13 weeks,
initial weight apnroximately 2.5-2.7 kg.

Test Conditions: Cream (vehicle w/wo BRL 39123) was applied topically to
multiple shaved areas (with and without abrasion) of the left and right flanks
of each animal. The treatment sites were covered by a gauze and tape occlusive
dressing for 24 hours following application of the test article. Skin
reactions were assessed 30 minutes, 24, 48 and 72 hours following the removal
of the dressings.

Application of the propylene glycol/Dec-MSC cream (w/wo BRL 39123) was
associated with well defined erythematous reactions at the test sites of
intact and abraded skin. Erythema remained evident at 24-48 hours following
removal of the dressings, out was not present at 72 hours post-exposure.

Comments: 1} Dermal irritancy reactions were noted in all animals and
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appeared to be associated with the propylene glycol Dec-MSO cream.
There were no¢ apparent differences in the reaction of intact or
abraded skin.

2) BRL 39123 (5% w/w} in & 40% propylene glycol/Z.5% Dec-MSQO cream
was defined as a mild irritant to the intact or abraded skin of
the rabbit. .

13} BRL 39123: A 28 Day Darmal Repeat Dose Study in Rabbits, Study ID
89324/39123/RAB/DERM/RDS/28D.

Status: GLP

Study Initiation: 1 Nov. 1989

Study Site: Beecham Phar., Stock, Essex, U.K.

Compound Tested: BRL 35123, batches: cream -

CT 14959 - 5% (w/w) BRL 39123 in 40% propylene glycol
and 2.5% DMSO

CT 14997 - 5% {w/w) BRL 39123 ir 40% propylene glycol;

pulk drug - GBD32, 99.2% pure.

Dose Volume and Route: 2 g cream/xg/day, topical

{nominal dosage = 100 mg/kg/day)

Control: correspending creams without BRL 39123

Species, Strain, Sex: male and female New Zealand White rabbits, age 4-5
menths, lnitial weight 2-3 kg, 5 animals/sex /treatment group.

Test Conditions: Animals were housed singly. BRL 39123 or control vehicle
creams were applied lx/day for 28 consecutive days. Cream was applied to a 10
x 10 cm regicon of apraded skin on the dorsum of each animal. The test sites
were covered by an ccclusive bandage fer 6 hours/day beginning immediately
after applicaticn of the test compcunc. Test sites were monitored for the
develcpment of irritancy reactions before cream application, immediately after
removal of the occlusive bandages, and 24 hours following each application.
Bedy weight, food and water intake and ophthalmic status were monitored
periodically during the treatment period. Hematologic and clinical or urine
chemistries were performed at baseline and preterminal. Gross and histologic
examinations were performed on tissues obtained 24 hours following the final
cream application.

Slight =c well defined erythema and edema were seen at the drug applicatiocn
site in all animals, regardless of vehicle formulation or drug content.
Hcwever, slightly higher incidence of moderate erythema, hardening of the skin
and production of flaky appearance, were noted in animals treated with cream
containing DMSO. Reactlons tended tc be more pronounced durirg weeks 1 and 2
of treatment, and to rearess during the 18 hour interval between treatments.
M:nimal epidermal thickening was noted at the application site in the majority
of drug treated animals (versus the vehicle controls).

Moderate to marked proteinuria was noted in 2 animais from each of the active
treatment groups. Slight increases in serum calcium levels were noted in 2
arimals treated with BRL 39123 cream without DMSO and in 1 animal treated with
BRL 39123 cream with DMSO. Organ weight changes included: increased heart
werght among drug treated animals and those treated with the DMSO containing
vehicle: increased kidney weight among males treated with BRL 398123 cream
without OMSO; moderate to marked increases in liver weight among drug and
vehicle treated male animals; increased lung weight among males treated with
BRL 39123 and the DMSO containing vehicle, while reductions in lung weight
were seen in females treated with BRL 39123 containing and the corresponding
vehicle cream wlthout DMSO; and, markedly reduced spleen weight among drug
treated female animals (and to & lesser extent among vehicle treated animals},
while male animals treated with the active or vehicle cream without DMSQ
showed 1ncreased spleen weight. Slight reductions in thymus and ovarian
welghts were evident in treated male and female animals respectively, while
males showed slight increases 1n group mean prostate weight. Lastly, all
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treatment groups showed slight reductions in thymus weight. There were no
apparent treatment related effects on body weight, food and water consumption,
food utilization, hematclogic or ophthalmoscopic status.

Comments: 1! The study results suggest that the oropylene glycol cream base
has minimal to moderate irritancy potential for abraded skin, and
that this effect may be enhanced by the addition of the active
agent (BRL 39123) and DMSQO. While irritation was noted following
the application of all cream formulations, the resultant degree of
irritation does not appear to preclude continued testing and
cdevelopment.

2} RAn explanation for the multiple differences in group mean organ
weights 15 not readily apparent from the study results or previous
reports. However, increases in liver weight may be associated with
enzyme induction fcllowing from drug metabolism, while increased
kidney weight may be related to renal inters-itial or tubuiar
inflammation {(not noted in the histopathology report) which has
been fregquently seen with other nucleoside analogues.

Proteinuria among several of the drug treated animals is likely
associated with renal glomerular damage and interstitial
inflammation, as has been noted with several of the nucleoside
analogues.

3) Changes in group mean thymus and spleen weights while not
consistent between sexes, do appear to be drug related. The organ
weight changes noted may be indicative of lymphoid tissue
depletion and/or splenic congestion with cellular debris.
Immunologlc toxicities have been noted with several other
nucleosides, and it is therefore recommended that penciclovir be
evaluated for immunotoxic effects.

4! Because histopatholecgic evaluations were not performed on all
tissues from the study animals, it 1s not pogsible based on the
available data to draw clear conclusions regarding the nature
and/cr potential impact of several of the toxic responses noted
and discussed above., It is recommended that in the future, the
sponsor conduct complete histopathologic evaluations of all
standard tissues from animais used in toxicity studies of
penciclovir,

D) Miscellanecus Formulations:

14) BRL 39123: Skin Irritation Test In Rabbits, Study ID 375/39123/RAB/SKIN.

Status: GLP

Study .nitlation: 15 Jan. '930

Study Site:

Compound Tested: BRL 39123, batch GBD34

Coses Tested: 0O (vehicle) and 5 g/test site

Dose Volume and Route: 0.5 ml water/2.5 cm’, topical

Solvent and Control: distilled water

Species, S+train, Sex: 3 male New Zealand White rabbits, age l12-14 weeks,
initial weight approximately 3.0-3.5 kg.

Test Conditions: BRL 39123 was applied topically to a shaved area {(without
abrasion! of the dorsal-cervical regicn of each animal. The treatment site was
covered by a gauze and tape occlusive dressing for 4 hours following
application of the test article. Skin reactions were assessed 30 minutes, 24,
48 and 72 hours following the removal of the dressings.

Application of BRL 39123 (in water) to the intact skin of the rabbit was
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without irritant effect during cne 4 day observation period.

Comment: No dermal irritancy reactions were noted. BRL 19123 was ciassified
as a non-irritant to the intact skin of the rabbit.

Lye rrritation
1%) BRL 39123: Lye Irritation Tast in PabDits, gtudy ID 376/4281013AB/EYE.

Sratus: non-GLP

Test Slte:

study Tpitiation: 22 Jan.. 1990

DosSEs Tested: 0.1 m}l of unSpecified Concentration

Compound: BRL 239123, patch: GRD34, purity net specified.

Solvent: distilled H.0, 37°C, Negative control

Test Animal: 4 male New zealand wWhite Rabbits, 3.0-3.5 kg and approx. 12-14
weeks of age-

Test proceduré: rwenty-fout nours before resting the eyes of all animals
were examined fcT evidence of oculsr jrritation of defect. O the day of
testing n,1 ml of the experimental compound (35 mg of BRL 39123 in distilled
H,0) was placed in the right eye of each rabbit. The contralateral eye
remained untreated ang was used as a control. Assessments of damage and/or
Lrrication wWere made 1. 2%/ 48, and 72 hours following rreatment.

Results: Mild—moderate redness and .nflammation of the conjunctivae were
evldent ih all animals ar 1 and 24 nours postexposure, with resolurion of
cnese effects py 12 hours. pischarge wWas evident 10 3,3 animals at 1 hour
post—expasu:e, with gischarge evident 1in 1 animal through 48 nours post-
exposute. ~phare was no evidence of concurrent damage tO rhe cornea or iris of

the eye 10 any animal.

Comments: 1y The compound Was classified as a mild jrritant to the
~onjunctivae of the rabbit ey#.

7y The srudy report does not include information regarding the
concentration/purity of the test solution. This omissien of
critacal informaticn makes the study results nearly
unxnterpretable.

2y The Sponsol nas tested the compound at only c©ne concentration
funspec1fied) and duration of exposure. Thus, it 15 impossible to
determine 1f more sanificant jyritations rissue ercsion or
scarring would occur with increased concentratxon, duration of
exposure, ©of repeat exposure.
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SUMMARY :

Penciclovir was tested in multiple in vivo and in vitro assays for immui.o-
toxic and/or immunostimulant/hypersensitization effects. In the rat, despite a
slight degree of splenomegaly and thymic atrophy evident after 28 days of IV
dosing, the study results did not indicate that BRL 39%9123A caused any immune
system suppression. In the guinea pig, the repeated administration of
penciclovir cream {propeosed market formulation and multiple investigatory pre-
market formulations) failed to elicit a dermal hyper-sensitization response.
Also in the guinea pig and rat, 'sensitized' animals showed no evidence of
anaphylaxis when challenged with either penciclovir or famciclovir. Inp vitro
studies of penciclovir and/or famciclovir showed only minimal interactiocn
/covalent binding between either compound and human Serum proteins or albumin,

COMPILATION OF EFFECTS AND DISCUSSION:

Penciclovir and/or famciclovir were tested in multiple in vive and in vitro
assays for immunotoxic and/or immunosStimulant/hypersensitization effects.
Multiple studies were conducted in mice, rats, guinea pigs and human derived
tissues using the proposed market formulation, various pre-market investiga-
tory product formulations, and several miscellanecus preparations. The results
of these studies are outlined in the following paragraphs. :

In male rats, despite a slight but statistically significant degree of
splercocmegaly and thymic atrophy, the study results did not indicate that the
admin:istration of BRL 3%8123A (80 (pfa] mg/kg/day, IV) for 28 days resulted 1in
immune system suppression. In several studies conducted with multicle product
cream formulations (formulations included: a) propylene glycol with cetoma-
cregel, b) agueous cream, c) propylene glycol with DMSO, and d) water),
repeated administraticn of penciclovir (conrcentrations up to 5% wW/w in cream:
0.5 ml »r gs/animal) failed to elicit any dermal hyper-sensitizatilion responses
in guinea p:3s. When tested in the mouse and guinea 'passive' and\or 'active'
cutanecus anaphylaxis models, both penciclovir and famciclovir were without
activity. In addition, neither compound produced detectable levels of IgGla or
1gE/I13Gln ant:ibodies. lLastly, in vitro studies conducted with penciclovir and
famcic.ovir at concentrations up to 200 times the peak plasma concentra-tions
achieved .n humans fcllowing oral dosing with famciclovir, showed only minimal
interact.cn/covalent binding between elther compound and human serum proteins
or albumin.

(rvera.l, tne results of the i1mmunotoxicoclogy and immunostimulant studies
conducted with pencicZiovir and/or famciclovir suggest that 1t 1§ without
immunctoxic effects,

A review cf the individual studies is$ contalned on the fcllowing pages.
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Toxicity Studies Summary:

In Vivo Studies

A)

B)

C)

D)

Immunotoxicity

1) BRL 39123A/Acyclovir: A 280 Day Immunctoxicological Repeat Dose Study
In Male Rats By The Intravenous Route, Study ID T89307/39123A/29906/R
/IV/RDS/28D, GLP, Test Site: Beecham Pharm., Stock, Essex, UK, Study
Initiation: 6 Feb. 1989, Compound: BRL 39123A, Batch: GBD16, 85.5% pure
free acid.

Contact and Dalayed Hypersansitivity Studies

Studies Conducted Using the Proposed Market Forsulation:

2} BRL 39123: A Study To Determine The Potential Of A Topical
Formulation Of BRL 39123 To Cause Dalayed Contact Hypersensitivity In
The Guinea Pig, Study ID T91905/39%123/DNCB/GP/TOP/BUEHLER. GLP, Beecham
Phar., The Frythe, Welwyn U.K., Study Initiation: 7 Oct., '9I, BRL
39123, batch WALCE4.

Studies Conducted Using an Aquecus Cream Foraulation:

3) BRL 39123: Contact Sensitivity in Guinea Pigs, Study ID DA/85/31.
GLP, Beecham Phar., Great Burgh, Nr. Epsom, Surrey, U.K., Study
Thniciation: & Jan., ‘86, BRL 39123, buatch CT 1BO66.

P

Studies Conducted Using a Propylens Glycol Cream Formulation:

4) BRL 39123: Delaved Dermal Sensitization Test in the Guinea Pig, Study
ID A/B/1.261. GLP,

Study Initiation: 16 Sept. '88, BRL 39123, batch CT 14568,

37 BRL 39123: Buehler Contact Sensitization Study in the Guinea Pig,
Study ID 4/13, GLP, Test Site: Safepharm Lab. Limited, Derby, UK, Study
Tnitiation: 6 Feb., 1990, Compcund: BRL 39123, Batch: GBD34, purity

99. 2%,

Miscallanecus Formulstions:

€' BRL 42810 and BRL 35123A: Assessment of Antigenicity in the Mouse
Passive Cutanecus Anaphylaxis Teat, Study Report ID TF-1012/BRL-42810/2
and BRL 1332/942965. GLP,

stugy Lnitiation: ¢l June 1YY4, BRL 42910 and
BRL 39.123A, batches wrk 9617 and WPB 2001, 100% and 85% {as BRL 39123)
pure, respectively.
7y BRL 42810 and BRL 39123A: Assessmaont of Antigenicity in the Guinea-
Pig Active Anaphylaxis und Passive Cutanecus Anaphylaxir Tests, Study
Report ID TF-1011/BRL-42810/2 and BRL 1233/942968. GLP,

Study Initiation:

1 June 1994, BRL 42810 ana BRL 391234, batches WPK 9617 and WPB 2001,
20% and B85% (as BRL 39123) pure, respectively.

~

-
.
i

In Vitro Studies

8) The In Vitro Protein Resactivity of BRL 39123A, Study ID BF-1009/BRL-
039123/1. GLP, SmithKline Beecham Pharmaceuticals, Harlow, UK, Study
Initiation? 19 June 1990, BRL 39123A, batch GBD 18.

9) YC-BRL 39123A: The Msasursment of the Ixtent of the Covalunt Binding
to Human Serum Albunin In Vitro, Study ID TF-1010/BRL-039123/1. GLP.
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Initiation: 31 Jan. 1994, '‘C-BRL 39123A, batch 32634-153,

Toxicity Studies Reviews:

In Vivo Studias

Iesmunotoxicity

1} BRL 39123A/Acyclovir: A 28 Day Isamunotoxicological Repeat Doso Study In
Male Rats By The Intravenous Route, Study ID T89307/
39123A/29906/R/IV/RDS/28D, GLP, Test Site: Beecham Pharm., Stock, Essex, UK,
Study Initiation: 6 Feb. 1983, Compound: BRL 39123A, Batch: GBD1B, 85.5% pure
free acid,.

Doses Tested: 0 and B0 (pfa) mg/kg/day (BRL 39123A & Acyclovir)

Dose Volume and Route: IV, 10 ml/kg, 3 ml/min.

Vehicle or Control: sterile saline

Species, Strain, Sex, Age, WT: Male Sprague-Dawley rats {Crl: CD{(SD)Br), age
4-5 weeks, B8 animals/dose group.

Test Conditions: Animals were dosed with BRL 39123A, acyclovir or saline
iIV) once per day for 28 consecutive days. Clinical 3igns, body weight and
food consumption were monitcred. A post-mortem examination was made of each
study animal, with full macro and microscopic evaluation of tissues from all
animals. Spleen and peritoneal lavage specimens were collected under aseptic
conditions fcr the in vitro assessment of immune cell function.

Mortal:ties: The.e were no rremature deaths.

Clinical Signs, Body Weight and Food Consumption: Clinical signs were
limited to occasional bruising and/or irritation at the injection site in all
groups. Body weight gain was slightly reduced among the drug treated animals
{BRL 139123A & acyclovir), the effect achieving marginal statistical
significance early in the treatment interval. A slight decrease in food intake
and efficiency of food utilization was evident among drug treated animals
during the f:rst week of dosing.

Macro- and Microscopic Fathology: Slight increases in adrenal and spleen
weight and, a decrease 1n thymus weight, were seen in the drug treated
animals. No historathological changes were noted in these tissues to
cerrespond with the gross organ weight variation.

Immunologic Assessments: Spleern cells derived from animals treated either
with BRL 39123A or acyclovir displayed greater non-specific proliferation ain
tissue culture medium (p<0.05), when compared with cells derived from the
untreated control animals. In addition, splenic cells derived from the drug
treated animals showed significantly increased proliferative responses to
several mitogenic compounds, including; Concanavalin A, Pokeweed mitogen and
iipopolysaccharide. There were no differences in the splenic cell responses of
the drug trezted groups. Lastly, the ability of peritoneal derived macrophages
2 phagocytize sheep red blood ceils, with or without the presence of
spsonizing anti-sera, did not vary between the treatment and contrel groups.

Jommencs: ii Despite a slight but significant degree of splenomegaly and
thymic atrophy, the study results do not indicate that the
administration of BRL 39123A or acyclovar at a dose of BO (pfa)
mg/kg/day (IV for 28 days) resulted in immune system 3uppression
in the male rat.

Z) Differences in the proliferative response of spleen cells
derived from the treated animals may be related to an overall
increase i1n the rate of lymphocyte production in the drug treated
animals or, to a change in the lymphoid cell population present 1in
the spleen during drug treatmen. However, histologic evaluation
vf splenic and other lymphoid organs from the drug and control
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treatment animals did not reveal any difference in the
distribution of T cell sub-populations.

Contact and Delayed Hypersensitivity Studias

A) Studiaes Conducted Using the Proposed Market Formulation:

2) BRL 39123: A Study To Detaermine Thc Potential Of A Topical Formulation Of
BRL 39123 Tc Causa Delayed Contact Hypersensitivity In The Guinea Pig, Study
ID T9190%5/39123/DNCB/G/TOP/BUEHLER.

Status: GLP

Study Initiation: 7 Oct. 1991

Study Site: Beecham Phar., The Frythe, Welwyn U.K.

Compound Tested: BRL 39123 (5% w/w) 1in 40% propylene glycol with

C.9% cetcmacrogol 1000, batch WAl064.

Doses Tested: 0 (vehicle) and 100 mg/kg, topical

Ocse Volume and Route: 0.4 ml, topical

Sclvent and Control: cream base without BRL 39123

Positive Control: 1-chloro-2,4-dinitrobenzene (DNCB: Sigma Lot # 100HO738},

C.4 ml of an ethanol solution (Hayman Lot SINI170)

Species, Strain, Sex: female Dunkin-Hartley guinea pigs, age B-12 weeks,
initial weight 320-430 g, 10 animals/group.

Test Conditions: Animals were allocated into groups and sensitized with

ither BRL 39123 cream, the vehicle cream, DNCB vehicle control, or DNCB. On
days 1, 8 and 15, 0.4 gm of the test compound (vehicle, or positive control)
was app.ied with an ccclusive dressing. Dressings were removed after six hours
and the application sites washed clean. Thirteen days after the last induction
treatment a region of the contralateral flank of each animal was shaved and
the test Zompound applied under an occlusive bandage for 6 hours. Skin
reactions at the chalienge site were recorded 24 hours following application.

During the induction phase of the study, 2 animals from the BRL 39123
treatment group displayed individual instances of slight to mild erythema,
wh:le the majority of animals in the DNCB test group displayed mild to
moderate erythema (progressing in severity with each induction exposure) .
Minimai to slight erythema was noted in 2 animals 24-48 hours following the
application of the placebo cream (challenge phase), although no reactions were
observed at tne applicat:ons sites for BRL 39123 containing cream. As
expected, chalienge with DNCB resulted in mild to moderate erythema in animals
previcusly, :nduced with DNCB.

Exposure o BRL 39123 cream had no effect on body weight gain during the
induction phase of the study, whereas exposure to DNCB resulted in reductions
in welgnt gain which achieved statistical significance by week 3 of the
induction phase of the study. No other physical signs were reported to be
assollatel with any study treatment.

Jomments: 1" Under the conditions of this test, the BRL 39123 cream
formulation {4CY¥ PG and 0.9% cetomacrogel 1000) being evaluated
showed little or no potential for the i1nduction of contact
hypersensitivity in the guinea pi1g.

2} The positive challenge responses noted with DNCB are consistent
with historical records and demonstrate the sensitivity of the
test system.

B) Studies Conducted Using an Aquecus Cream Formulation:
21 BRL 39123: Contact Sensitivity in Guinea Pigs, Study ID DA/85/31.

Stagus: SLP

Study Initlation: 6 Jan., '86
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tudy Site: Beecham Phar., Great Burgh, Nr. Epsom, Surrey, U.K.
Compound Tcsted: BRL 39123, batch CT 18056, 5% w/w cream,
and micronised BRL 39123 (batch CT 18134, GBD 15) as a 5%
suspension in petroleum jelly (batch GB 1335)
Doses Tested: { (vehicle) and 100 mg/kg, topical
bose Volume and Route: 0.2 ml, topical
solvent and Control: aqueous cream BP, batch CT 180€7
Adjuvant: Freund's complete {(Difco), 0.2 ml of 50% emulsion
(FCA)}
Positive Contrel: l-chlero-2,4-dinitrobenzene (DNCB; Sigma Lot # 44F-0565),
0.2 ml of a 0.3-0.02% solution in propylene glycol (Sigma Lot # 93F-0238)
Species, Strain, Sex: 35 male Dunkin-Hartley guinea pigs, age not specified,
initial weight 250-300 g
Test Conditions: Animals were allocated into 3 groups and sensitized with
either BRL 39123 cream {20 animals), the vehicle cream {10 animals), or DNCB
{5 animals). On day -1, the dorsal cervical region of each animal was shaved
and a 0.2 ml solution of 10% sodium lauryl sulphate (SLS)} was applied on an
occlusive bandage. On day 0, the SLS was removed and 0.2 ml of the test
compound (see groups listed above) was applied with an occlusive dressing. On
days 1, 3 and 6, 0.2 ml of the test compound was reapplied. On day 3, 0.2 ml
of FCA was injected intradermal at the test drug application site. All
dressings were removed on day 8.

Multiple areas of each flank were shaved un day 21, and 0.2 ml of BRL 339123
{in petroleum 3jelly) or 0.2% DNCB applied to the left flank of each animal,
while placebo cream or 0.02% DNCB was applied to the right flank. Assessment
cf dermal :rratation and/or hypersensitivity reactions were made on days 22-
24, fcllowing discentinuation of drug exposure on day 22. Animals from the
mriginal BKL 39123 cream and vehicle control groups were challenged with BRL
329123 (cream and selly) and the contrel cream on day 34 of the study. Dermal
irritation was subsequently assessed on days 35-37.

Szveral animals from each test group displayed significant skin ulceration at
the contac- site for the tapes used to hold the occlusive bandages. As a
result sev-'ral animals we.e sacrificed fclliowing the day 2! challenge test. As
stated, these reactions were evident in all treatment groups and appeared
unrelated tc the test compound.

Animals crallenged with the placebo cream on days 21 and 34, whether initially
sensitized with the placebo or BRL 39123 containing cream, displayed only
faint eryzhematous reactions at the application site which disappeared 1in 24-
48 hours fol..owing bandage removal. Following challenge with BRL 3%123 (in
petroleum +elly) on days 21 and 34, 2/10 and 1/9 animals originally sensitized
with the placebo cream showed faint erythematous reacticns (2 animals showed
reactions which dissipated within 24 hours while the response in the 3rd
animal developed after 72 hours).

On days 21 and 34, 2,20 and 2/14 animals originally sensitized with BRL 39123
cream displayed faint erythematous reactions to the challenge with BRL 39123
in petrcleum jelly. All responses disappeared within 48 hours. Three of 9
animais sensitized with the venhlcle cream displayed slight erythematous
reactions on day 34 when challenged with the BRL 39123 cream. Reactions in 2
animals resoived within 48 hours of the challenge. Four of 14 animals
originally sensitized with BRL 39123 cream displayed faint erythematous
reacticns on day 34 when challenged with the BRL 39123 cream. These reactions
asolved within 48 hours. Two aaditional animals displayed mild respcnses at
& 48 hour follow-up. All responses were resolved by 72 hours post-challenge.

Comrents: 1) BRL 39123 when administered topically (5% w/w) to guinea pigs
in an agueous cream or petroleum jelly does nnt appear tc induce
allerglc cortact hypersensitivity.
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2) The mild erythematous reactions observed in this study were
probably associated with the cream vehicle, which had been
previocusly demonstrated to be a mild dermal irritant in the
rabbit. All reactions induced by the BRL 39123 cream were faint to
slight in intensity and resolved in 24-48 hours after application.

3) The responses of animals sensgitized and challenged with DNCB
were moderate to severe 1n intensity as expected.

C) Studies Conducted Using & Propylene Glyccl Cream Formulation:

4) BRL 39123: Delayed Dermal Sensitization Test in the Guinea Pig, Study ID
A/B/122€1.

Status: GLP

Study Initiation: 16 Sent. '88

Study Site:

Compound Tested: BRL 39123, batch CT 14568, 5% w/w cream

Dose VYolume and Route: 0.5 ml, topical

Solvent and Contrel: cream, batch CT 14569

Species, Strain, Sex: female Dunkin-Hartley guinea pigs, age not speciiied,
initial weight 33%-460 g.

Test Congditions: Animals were allocated into 3 groups .nd sensitized with
either BRL 39123 cream, the vehicle ¢ream or, left untreated. On days 1, 8 and
15, the dorsal cervical region of each animal was shaved and a 0.5 ml aliquot
of cream was applied for € hours on an occlusive bandage. Subsequently, on
test day 28, the flanks of all test animals were shaved free of fur. On day
24, each animal received a challenge exposure (6 nrs} to the BRL 39123 cream
tat conc. of 5% and 2.5%) and the placebo cream. On dav 39 of testing, all
drug treated and untreated control animals were exposed {topical application}
to the BRL 239123 cream, while the former placebo treated controls were dosed
with placebo cream.

Assessment of dermal irritation and/or hypersensitivity reactions were made on
each 'challerge'™ test day, following discontinuation of drug exposure. After
the conclusicin of the initial challenge drug applicaticn, 4 treacted and 6
placebo tr=ated animals showed dermal irritation responses (severity sccres of
0.3% and 5.3, respectively). Similarly, following the second drug 'challenge’,
6 test ar:mals, 4 treated control animals and no untreated control animals
showed Jermal irritation responses to the application of BRL 33123 or the
placebc. All reactions, including those to the control cream, were of
magn:tude 2 [moderate erytheaa) or less. The reactions generally decreased in
sever.ty or resolved within 48 hours.

Tomments: 1 BRI 29123 or the placebo cream when administered topically to
guinea pigs caused mild to moderate erythematous reacticns. These
reactions, since they occurred in all treatment groups, were
irtkely associated with the cream vehicle. All reactions induced by
the BRL 39123 or placebo creams were mild to moderate in intensity
ana resclved in 24-48 hours after applicatioen.

3) During the second drug challenge, the responses of animals
previcusly sensitized (6/10; with BRL 35123 were more frequent
than amcng other test groups. The test labcratory concluded that
3RL 39123 may have induced scme degree of contact sensitization in
the test animals.

5) BRL 39123: Buehler Contact Sensitization Study in the Guinea Pig, Study ID
4/13.
Status: GLP

Test Site:

Study Initiat:ion: b reb., 143U
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Compound: BRL 39123, Batch: GBD34, purity 99.2%.

Dose: 5% (w/w) BRL 39123 in cream base

Solvent: 40% propylene glycol, w/wo 2.5% Dec-MSO

Controls: 40% propylene glycol, w/wo 2.3% Dec-M50

Test Animal: female albino Dunkin-Hartley guinea pigs, 360-450 grams, B8-12
weeks of age at st rt of study.

Test Pracedure: Two phases were conducted in the Buehler test a; induction
of respcnse and b) challenge of response. During induction, the test agent (5%
w/w BRL 19123 in 40% propylene glycecl ({w/wo 2.5% Dec-MSO) was applied to a
shaved a:ea of skin on the left flank (15 x 35 mm area) of each animal (20
animals/ group). The treatment area was then covered with absorbent lint and
tinfoil, and held in place with surgical tape. The dressing was kept in place
for 6 hours during each induction period, with exposure being repeated on days
0 (lst exposure), 7 and 14. An identical 'induction' procedure was conducted
on the control animals (20 animals/group) using the vehicle alone., The
challenge phase (post-exposure day 28; of the procedure used identical
procedures except that the test agent was applied to an area of the right
flank of each animal.

Measurements: Dermal irritation (erythema and inflammation) was evaluated 24
hours following each of the induction trials and at 24 and 48 hours following
the challenge trial.

Resylts: Mild toc mcderate erythema with cccassional edema was noted
following each induction trial with either of the BRL 32123 creams or the
respective placebo :reams. Edema appeared to be less frequent and/or severe
Wwith the Dec.MSO containing c¢ream, The irritation responses decreased in
severity with repeat exposure. No dermal responses to the test material were
notea for experimental or control animals during the 'challenge' test session.
Bodyweight 3ain among treated and control animals was similar over the
approximately 30 day duration of the study.

Commert: 1' BRL 39123 appears to be slightly irritating, but non-
sensitizing in the guinea plg skin test.

2} Concurrent positive controls were apparently not conducted.
D} Miscellanecous Formnulations:

6} BRL 42810 and BRL 39123A: Assessment of Antigenicity in the Mouse Passive

Cutaneous Anaphylaxis Test, Study Report ID TF-1012/BRL-42810/2 and RRT

1332/9429¢5. SLP, i .
Study Initiation: Z1 June 1944, BRL 42810 and BRL 39123A, batches WPK

9627 and WPB 2001, 100% and 85%% (as BRL 39123) pure, respectively.

Joses Teswted: 0, 10 and 100 mg/kg

Dose Voiume and Route: 10 ml/kg, ip or po,

Posit:ive CZontroi: HSA, 0.2 mg/kg, 1ip.

Vehicle: 2.9% saline or sterile water

Species, Strain, Sex: 50 male ICR CD-1 mice, age approximately & weeks,
welgnt range 27-34 grams; 24 male Wistar rats, age approximately B weeks,
we:.ght range 221-256 grams.

Test Procedure: Groups of male mice received vehicle, HSA, BRL 42810 or BRL
391234, -3 times/week for 3-5 weeks. Measurement cof IgE antibodies in the
serum ol the drug sensitized mice was measured by the PCA test in male rats.

Results and Summary: BRL 39123A and BRL 42810, whether administered orally or
by 1p in-eztion, dic not induced IQE antibodies in mouse serum (induced no
antigeric response as measured in the rat PCA test).

Comment : The doses of BRL 39123 used in the study were approximately 1 and
10 times the human therapeutic dose of BRL 391Z3.

7' BRL 42810 and BRL 39123A: Assessment of Antigenicity in the Guinsa-Pig
Active Anaphylaxis and Passive Cutanescus Anaphylaxis Tasts, Study Report IDC



p——

Appendix C Immunotoxicology 60

e e Ak e T e S MR e i B o o A o o o W A = — Y ———

TF-1011/BRL-42810/2 and BRL 1333/942568. GLP,

Study Initiation: 21 June 1994, BRL 42810
and BRL 3%123A, batches WPK 9617 and WPB 2001, 100% and B5% (as BRL 39123)
pure, respectively.

Doses Tested: 0, 10 and 100 mg/kg

Dose Volume and Route: 2 mi/kg, sc or po.

Positive Contrel: HSA, 5 mg/kg, sc.

Vehicle: 0.9% saline or sterile water

Species, Strain, $ex: 105 male Dunkin-Hartley Guinea-Pigs, age approximately
6 weeks, weight range 409-596 grams.

Test Procedure: Groups of male Guinea-Pijs received vehicle, HSA, BRL 42810
or BRL 39123A (with or without Freund's Complete Adjuvant), 1-3 times/week for
3-4 weeks. The antigenic potential of the drugs were measured using systemic
anaphylaxis (ASA) and passive cutaneous anapnylaxis (PCA) tests.

Results and Summary: BRL 391232 and BRL 42810, whether administered crally cr
by sc injection, did not 1nduced measurable levels of I1gG,, or IgE/IgG,,
antibodies, ner induce a systemic anaphylactoid respcnse in sensitized animals
when challenged by IV injection.

Comment: BRI 39123 and BRL 42810 appear to be neon-antigenic when
administered to Guinea-Pigs under the conditions of this study.

In Vitro Studias

) The . . Vitro Protein Reactivity of BRL 391i23A, Study ID BF-1009/BRL-
039123/.. GLF, SmithKline Beecham Pharmaceuticals, Harlow, UK, Study
Initiati:en: 19 June 19950, BRL 39123A, batch GBD 18.

4

Jonc. Tested: 5:1 molar ratio with HSA

Positive Controls: dinitrofluorobenzene, 1odoacetamide

Vehicle: 2.2 M sodium phosphate buffer at pH 7

Test Procedure: BRL 391237 was incubated for up to 24 hours with 'uman serum
a.bumin or L-cysteine (molar ratio of 5:1), to determine the level of
reactivity with primary amines and free thiol groups.

Results and Summary: Following incubation for 24 hours, the level of covalent
binding of BRL 39123 with either the free amino or thiol groups of HSA or
cysteine, randged from approximately 1-3% of the available reaction groups. The
positive control compounds showed reactivity at levels of approximately 50-
853,

Comment: The concentration of BRL 35123 used in the incubation solution was
approximately 200 times the maximal concentration (C,,' of drug
achieved in plasma following therapeutic¢ administration in man. It
appears unlikely that the level of protein reactivity noted in
this study represents a significant toxicologic risk in man.

3+ MC-BRL 39123A: The Meagurement of the Extent of the Covalent Binding to
Uioman Sarnm Albuman In Vitreo, Study ID TF-1010/BRL-039123/1. GLP,

Study Initiation: 31
Jan. 19%4, "'C-BRL 39123A, batch 32bis4-1o4.
Jonc. Tested: 6 and 60 ug/ml
Inzubation Solution: HSA (4.5% w/v) in PBS
Test Procegure: BRL 39123A was incubated for 6-24 nhours with human serum
d.bumin to determine the level of covalent binding to human serum albumin.
Results and Summary: Following incubation fer 6-24 hours, the level of
1rreversible binding of BRL 39123 tc HSA ranged from approximately 0.03-0.14%
of the :initial drug concentration. The level of binding to HSA increased as a
function cf longer incubation and an increased concentration of drug in the
reaction mixture. The maximum level of covalent binding {2.04 nM/g protein
{203 uM/M proteiln)) was noted in the 60 ug/ml reaction mixture when incubated
for 24 hrs.
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The concentration of BRL 39123 used in the incubation solution was
approximately 1 and 10 times the maximal concentratien (£,,,) of
drug achieved in plasma following the therapeutic administra-tion
of BRL 39123 in man. It appears unlikely that the level of protein
reactivity noted in this study represents a significant

toxicelegic risk in man.
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APPENDIX D: REPROLUCTIVE TOXICITY STUDIES

SUMMARY :

The sponscr has conducted standard Segment I-III reproductive toxicology
studles in the rat and rabbit. Results of the studies revealed minimal or no
effects cf intravenous penciclovir on fetal abnormalities and viability,
multigenzrational development and reproduction, reproductive performance of
treated animals and, fertility of treated females. In contrast, chronic dosing
studies conducted vith famciclovir {see NDA 20-363, review date June 1994)
showed that long-term exposure resulted in significant adverse effects on the
male reproductive organs (including testicular atrophy and seminiferous tubule
degeneration!, and induced profound adverse effects on sperm production and
morphology. Furthermore, with long-term famciclovir exposure fertility among
treated animals was sign:ificantly decreased and pre-implantation losses were
increased. The recovery of sperm precduction appeared related to the time off-
dose, with approximately equal numbers of animals showing full, partial or no
recovery cf sperm productlion after multiple (apprex. 13 cycles) spermatogenic
cycles. Similar testicular and hypospermatogenic effects have been noted in
animals with cther members of this chemical class, however, these effects have
not peen demonstrated in human patients.

COMPILATION OF EEFECTS AND DISCUSSION:

The sponscr has conducted multiple studies in the rat and rakbit tc assess the
potential for reproductive toxiclty prodvced by exposure penciclovir. (Similar
studles were previously reperted for famciclovir, and were reviewed as part of
NDA 20-383, June 1%%4.) General reproductive performance and fertility studies
(Segment I were conducted in male and female rats, while peri- postnatal
exposure studies [(Segment III) were conducted in female rats. Teratclogy
studies were conducted 1n the rat and rabbit. A summary of the study findings
is presented 1n the fcllowing paragraphs.

and fema.= rats at intravenous docses of 0, 30, 50 and 80 mg/kg/day. Results of
studies :n the rat indicated tnat BRL 39123 had no effects on mating per-
fcrmance ‘Iraction mating and pre-coital interval), fertility (conception
rate, l:xtter s1Ze and sex ratio) or, fetal survival {in utero and post-partum
vlab:il:ityi. The high dose used in these studies of BRL 39123 was previously
demonstrated as causing mild-meoderate nephrotoxicity (as demonstrated by renal
tutule :njury, interstitial nephritis/nephrosis, increased urine volume with
decreased osmolality, and mild changes in BUN and creatinine). Among male and
female animals dosed at the intermediate and high dose levels, there were
marked dcose-related increases in water consumpticn in the intermediate and
high aose groups. Overall, penciclovir failed to demonstrate any adverse
affects on the reprcductive performance and/or fertility of male and female
rats.

General reprocductive performance and fertility studies were conducted in male
2

In zentrast, famcaiclovir prefoundly reduced the fertility of male rats when
adminlstered for extended intervals (12 weeks or more} prior to mating (see
NZA T0-363, June 1594). The results of multiple studies suggested that the
aaverse effects of BRL 42810 on the male reproductive system were both dose
and t:me dependent (l.e., progressive with increasing drug dose arnd duration
>f drug axposure). Furtnermore, the effects appeared to progress among some
animals even after dose cessation. Significant adverse effects on sperm
preductien, sperm counts and morphology, and on the morphology of the male
reproductive organs were evident when famciclovir was administered for
extended intervals 1n multiple species (mouse, rat, “og). Fertility among male
animals treated at 500 mg famciclovir/kg/day for 10 weeks (earliest assessment
intervali or .onger was significantly decreased. A significant proportion cf
the high dose treated animals became sterile within 10 weeks of the start of

62
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drug administration and, remained sterile 26~30 weeks following drug
withdrawal. Pre-implantation loss was increased among affected males, although
there did nct appear tc be any adverse effects on the fetus due tc paternal
exposure. While the recovery of sperm production appearec to recover following
the cessation of dosiag with famciclovir, assessments pe:formed at 6-30 weeks
off-dose showed nearly equal numbers (ratio of 1:1:1) of animals with ncrmal,
subnormal or no sperm production!. '

Teratolegy studies with penciclovir were conducted in the rat and rabbit at
doses {IV) of O, 30, 50 and BO, and 0, 15, 30 and 60 mg/kg/day, respectively.
In both the rat and rabbit, famciclovir was administered intravenously at a
single dose level (360 and 120 mg/kg/day, respectively) as a comparison for
penciclovir. Results of these studies indicated that the IV administration of
BRL 39123 at the dose levels selected was minimally ma:cernally toxic, as
demonstrated by transient reductions in weight gain among high dose treated
rats, and static body weights among high dose treated rabbits. IN the rat, the
intravenous administration of penciclovir did not aaversely effect the course
and outcome of pregnancy. Litter size atd weight, implantation rates,
incidence of fetal rescrptions (early, middle, or late}, the number of viable
pups, mean foetal body weight and placental weight, &nd the ratic of male to
female foetuses was comparable among all groups. Howsver, in the rat the
administraz:zon of BRL 42810 (80 mg/kg) increased the incidence of ovoid eyes
or lenses '4.3% vs, 1.7% [control]), and was associated with 2 cases of an
enlarged superior intercostal veins (versus 0 controls and BRL 391237 treated
animals:-,

In the rabb:t teratology study, pre-implantation loss was higher among drug
rreated ar.mals than among the concurrent control gJroup, although all values
were wlth:n the historizcal control range. Live litter size was reduced and
post-1mplantation loss increased in animals recelving BRL 39123 at 30 and 60
mg ‘pfa; /kg. However, as with pre-implantation effects, the effects of BRL
391°3A on litter size and late fetal loss were within the historical control
range. In the surviving progeny, mean body and p.acental weights were un-
affected by, drug treatment at any of the doses tested. Major malformatiocns and
vi1srceral anomalies were evident in all groups and did not appear to be related
to zreatment with the test compound. Overall, the teratology studies conducted
1n the rar and rabbii indicate that BRL 39123 at doses up to 60-80 mg/kg/aay
mad no effect on the course and ocutcome of pregnancy and, suggest that it is
not likely to be a teratogen.

Lastly, =he pcotential adverse effects of BRL 39123 vere examined in a multi-
generatizna. study of development and reproduction :in the rat. The study
results showed no significant adverse effects of BR. 42810 on the fertility of
females from the F. generation and, the survival ard growth of the F,
generaticon males and females. There were no demons:rable adverse drug effects
noted :n the reproductive performance of the F, gereration or on the
developmental milestones of the F. generation. Howaver, 1t should be noted
that penciclovir was administered intravenously at doses of 0, 30, 50 and 80
m3 kg -day t the female rats, and even at the highes" dose tested there was

Sterility has previously been reported in animals treated with
acyclovir and ganciclovir. While the data regarding adverse
testicular and/or spermatogenic effects in humans treated with
erther of these drugs are not as clear, it appears that
ganciclovir may induce sterility in humans while acyclovir has not
demonstrated such an effect.

‘ The slight increase >f ovoid eyes/lenses noted in BRL 426810
exposed foetuses may reflect a recoverable developmental delay.
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minimal demonstration of maternal toxicity (gestation weight gain was very
slightly [statistically significant] lower than control, while water intake
was slightly increased: food intake, gestation length, lactation weight change
and terminal kidney weights were unaffected). Thus, the doses tested may not
have been adeguate to demonstrate the potentlal adverse effects of penciclovir
on the exposed cffspring.

Rs discussed in the NDA review for famciclovir (FAMVIR®; NDA 20-363, June
1994}, the administration of [!*C)famciclovir to pregnant rats and rabbits
showed that placental passage and fetal exposure tc drug related material
occurred at levels nearly comparable to maternal exposure. In both species,
penciclovir was the predominant metabolite of BRL 42810 found in tne maternal
circulazion and in the fetuses (BRL 42359 [the & decoxy precursor of pencilclo-
vir] accounted for the majority of the remaining ['‘C] radiolabeled material
in the rat, whereas in the rabbit, BRL 42359 and BRL 48959 were identified a&s
the majlor metabolites in addition %o penciclovir). Penciclovir was rapidly
secreted into the milk of lactating rats followinag an oral dose of ['C)
famciclovir (40 mg/kg). Milk concentrations were considerably higher than
those observed in plasma,.

[ndividual study reviews are contained in the following pages.
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Toxicity Studies Summary:

Segqunant 1 Testing:

1) BRL 39123A: A Study To Deteraine The Effects Of Intravenous
Administration On The Fertility And General Reproductive Performance Of
The Male Rat, Study ID T91503/39123A/R/IV/F+GRP (Male), GLP, Test Site:
Beecham Pharm., The Frythe, Welwyn, UK, Study Initiationt 30 July 1991,
BRL 39123A, Batch: WPB 2001, purity >B6.1% pfa.

2) BRL 39123: A Study to Determine the Effects of Intravenous
MAdministration on the Fertility and General Reproductive Performance of
the Female Rat, Study TD TS91504/39123A/R/IV/F+GRE[Female]), GLP,
SmithKline Reecham Pharm., The Frythe, Welwyn, Herts, UK, Study
Inztiation: 3 Sept. 1991, BRL 39123A, Batch: WPD 2001.

Segment II Testing:

3) BRL 39123A, BRL 42810: A Study to Determina Tha Effects of
Intravencus Admainistration of BRL 39123A and BRL 42810 con the Course and
Qutcome of Pregnancy in Rats, Study ID T87504/39123A/42810/R/IV /TG,

(CLP, Test Site: Beecham Pharm, Stock, Essex, UK, Study Initiation: 17
teb., '87, Compound: BRL 39123A, batch GBD 10, and BRL 42810, batch GBD
l4a.

4! BRL 39123A/BRL 42810: A Study to Determine the Maximum Tolerated Dose
of BRL 39123A by Intravenous Adainistration and oi BRL 42810 by Both
Oral and Intravenous Administration in Non-Fregnant New Zealand White
Rabkits, Study ID T87560/395123A/42810/RAB/PO-IV/MTD. GLP, Test Site:
Beeciiam Pharm, Stock, Essex, UK, Study Initiation: 26 Jan., '87,
Compcound: BRL 39123A, batch GBD11l, BRL 42810, batches GBDls and GBDl4.

5y BRI, 39123A, BRL 42810: A Study to Determine The Effects of
Intravencus Administration of BRL 39123A and BRL 42810 on the Cocurse #nd
Cutcome of Pregnancy in New Zealand White Rabbits, Study ID
T8T501/39123A/42810/RAB/IV/TG, GLP, Test Site: Beecham Pharm, Stcck,
Essex, UK, Study Initiation: 24 Mar., 'B7, Compound: BRL 39123A, batch
GBD L2, and BRL 42810, batch GBD 15.

Segmant III Testing:

&) BRL 39123A: A Study to Determine the Effects of Intravenous
Administration on the Peri- and Poat-Natal Davelopment of thae Rat, Study
TC T92501/39123A/R/IV/PPEN, GLP, Test Site: Beecham Pharm., Stock, Essex,
UK, Study Initiation: 7 Jan., 19%2, Compound: BRL 39123, Batch: WPD
2001, purity 86.1 g {pfal/g.

Toxicity Studies Raeviaws:

Segqument I Testing:

1; BRL 39123A: A Study To Determine The Effects Of Intravencus Admiristration
On The Fartility And Caneral Reproductive Performance Of The Male Rat, Study
ID T91503/39123A/R/IV/F+GRP (Male).

Status: GLP

Stuay 3ite: Beecham Pharm., The Frythe, Welwyn, UK

Study Initiat.icn: 33 July 1991

Compound Tested: BRL 39123A, Batch: WPB 2001, purity >86.1% pfa
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Doses Tested: 0, 30, 50 and 80 mg/kg/day

Dose Volume and Route: 10 ml/ky, 3 ml/min, IV

Vehicle or Zontrol: sterile physiological saline

Species, Straln, Sex, Age, WT:. male Sprague Dawley rats (CRL: CD(SD}Br
rats), age 5-6 weeks, weight range 131-234 grams at study initiation, 24 male
animals/test group. Untreated female animals were bred with the treated male
animals at approximately 11-12 weeks of age, weight range of 224-302 grams.

Test Conditions: BRL 39123A was administered once/day by intravenous
infusion 1n a lateral tail vein for 10 weeks prior to mating. Male animals
were maintained on drug treatment uutil experiment Day 106-110, fcllowing
successful completion of the female breeding/gestation phase of the study. At
dose cessation all surviving male animals were sacrificed for assessment of
sperm pathology.
female animals were sacrificed at 20 days post-coitus for the evaluation of
uterine conternts. All fetuses/neonates were weighecd, sexed, and examined for
abnormal:it:.es. Mortaliry, physical signs, body weight and food intake were
measured reguiarly throughout the study. Fertility and standard litter
parameters were measured,

Dose Preparaticns: All dos:-g solutions were assayed and found to be within 7%
of the nominar concentration.

Mortality, Zlinical Signs, Body Weight, Food and water Consumptior. of the CUrug
Treated Mi.es: & total of 3 drug-treated male animals (1 animal from each of
The con-r-., .ow ard nigh dose group:) died or was sacrificed in moribund
condition during the pericd of drug treatment. The high dose animal was
sacrificed on day 4% due to excessive local irritation/necrosis at the site of
drug infusion. The low dose treated animal was found dead on day 67 of
rreatie:;.. with hemorrhagic areas of the thymus, while the control animal died
under anaesthesia ¢n day 100 (i.e., post-breeding). There were no other
premature deaths during the drug treatment phase cf the study.

among the drug treated animals were restricted to evidence of
cn, sometimes with necrosis, at the site of drug infusion. This
t evidernt among the high dose treated male animals (7/24). Body
d :onsumpc1on of the drug treated animals was not consistently

L)

sated manner among males from the -. termediate (approx mean
15%) and high dose groups (approx. mean increase of 80%),
peginning - redlately following dose initlation and escalating to maximal
effects after 5-6 weeks of treatment.

C -

Hematolcgy, Clinical Chemistry and Urinalysis: Among the high dose treated
dn.ma.s .Lrnere were progressive and statistically significant reductions {5-
10%: in nemaglobin, hemateocrit, and red blood cell counts. Slight increases in
platelet counts (approx. 10%) were evident among these same. Increases 1n BUN
iup to 60x ar the high dose), total protein (10%) and glooulins (20%),
potass.um  10%1 and calcium (<%%) were evident among the high and intermediate
doeed animals. Serum AST levels, but net ALT, were slightly elevated among
anima.s from the high dcse group.

Jrine vwoLome was increased (approx. 50-200% over the contrel) and osmolality
decreasez approx. 50%) among the high dose treatad male animals during the 0-
6 hours aad »-249 hours post-dosing intervals. Somewnar smaller changes 1in
ur:ne volume and osmclality were seen among the intermediate dose animals
during the £-24 hour post-dosing interval. Urinary creatinine and creatinine
clearance were slightly increased among the high dose treated animals.

Gross and M:icroscopic Pathelogy (Drug Treated Maies): Absolute testicular
welghts were reduced slightly among the intermediate and high dose treated
s:gnificant’ animals. However, relative testicular weights were not effected
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by treatment with BRL 39123A at any dose tested. In addition, absolute and
relative epididymal weights were spcradically reduced among all drug treatment
groups when compared to the concurrent contrel. However, it should be noted
that the absolute organ weights for the drug treated animals remained within
the historical control range for untreated animails in this laboratery, and may
therefore not reflect true drug effects. Microscopic examination of the testes
failed to reveal any clearly drug related pathologies.

Among the intermediate and high dose treated animals, both absclute and
relative weights of the kKidneys were increased [approx. 15-30%) 1in a dose
related manner. Two intermediate and 4 high dose treated animals showed
evidence of slight-marked renal pelvic dilatation. Microscopic examination of
~he kidneys revealed a dose-related increase 1n the incidence and severity of
rubular nephropathy (4/23, 20/24 and 23/23) amcng the drug treated animals
versus the concurrent controls (0/23), In addition, an increase in the
ircidence of interst:itial nephritis was evident amoag the high dose treated
animals 10/23) when compared with the controls (3/22). Unlike the results of
several previous studies, at the time of necropsy no crystalline structures
were detecred in the renal tubules of the drug treated animals.

There were rno Sther macroscoplc Or microscoplic abnormalities noted among the
drug treateg animals.

Sperm EIvaluatlon: Sperm metility, concentration and morphology were not
Tlear., effected by 10 weeks of daily drug exposure to BRL 39123A at any dose

ferti.ity ana General Reproductive Performance of Drug Treated Males: The
fert..it, and general reproductlive performance of the drug treated animals was
comparable to the concurrent controls.

t.tter paramerers :Caesarlan Section): There were no clearly drug-related
@ffe-ts or ..ve .Litter size, pre- and post-implantation losses, fcetal and
plazenta. we.ghts, and sex rations of the offspring.

LiTTer ACnormal.ities (Caesarian Section): A slight increase in the number of
ske.era. arcma..es was noted among the offspring of the high dose treated
males, :rciuding: reduced/irregular ossification of the bones of the skull and
-augza;: vertepral centra, presence of rudimentary l4th ribs, asymmetric pelvic
girdie -r peiwviz shift, and variant pubisi{es). A slightly increased incidence
af ndarkenez adrenal was also evident among the offspring of the high dose
treated Tale an.mais. However, pecause of the low incidence of these effects
ana tne.r falling within the historical range for abnormalities :n untreated
animals .o this laporatory], a direct relaticnship to drug treatment can not
ce determined.

Jizns and Body Weight Gain Among Females: There were no differences
TR Dlody welJht gjaln of c.inlcal s:igns among female animals mated to the male
t any drug treatment grcup.

Jrmmenten * As nected :n several previous studles, the repeat administiration
=% BRL 39123A had significant adverse effects on the morphology of
and funct:ioning of the kidneys. Furthermcre, similar adverse renal
effects nave been noted in the rat following the repeat oral
administration of BRL 42810 (famciclovir: see NDA 20-460). Under
the conditions of the present study, the estimated NCEL dose for
adverse renal effects in the rat of IV penciclovir is 30
mg/kg/acay.

2 At paternally toxic {as demonstrated by renal and hematcloglic
effects) doses of up 80 mg/kg/day (IV), BRL 39123A was withoutl
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significant adverse effects on the reproductive functioning of
male rats.

3} Based on the study results, the estimated NOEL dose for adverse
testicular effects 1n the SD rat is 50 mg BRL 39123A (IV)/kg/day.
It should be noted that these results are in close correspondence
with the results of studies conducted with BRL 4281C (famciclovir:
the diacetylated precursor of penciclovir).

41 There did not appear to be any adverse effects on the fetus due
to paternal exposure to BRL 39123A.

2: BRL 39123: » Study to Determine the Effects of Intravencus Adminastration
on the Fertility and General Reproductive Performance of thae Feaale Rat, Study
ID TO1504/39123A/R/IV/F+GRP[Female] " .

Status: GLF

Tast Si-e: SmithKline Beecham Pharm., The Frythe, Welwyn, Herts, UK

Study Initiation: 3 Sept. 1991

Tompound: BRL 39123A, Batch: WPD 2001, 0.861 g pfa/g of bulk.

Test Procedure: A total of 112 female Sprague-Dawley rats (Charles River UK
td.: 13-1. weeks of age; 195-237 grams) were randomly assigned to cne of the
4 =reatment groups (28 animals/dose). BRL 39123 was administered once per day
by intravenous :afusion (lateral tail vein; dose volume 10 ml/kg at 3 ml/min:
in dosos of 0 rsaline vehicle czontrel,, 30, 50 or B0 mg@/kg. Dosing was
initiatez 2 weexs prior to mating and was continued until termipat:on of the
generat:on day 20 of gestation or following weaning of offspring!. Females
were mazed one-to-cne with untreated males (approximate age 11-12 weeks; 275%-

1

500 grams) of the same strain obtained from the same supplier,
Merbidity/mortality and bodyweight were recorded dally during the study. Food
and water Zonsumption were measured prior to palring in the F, generation.
Qes-rzus Iyc.es were determined by vaginal washing. Fourteen animals :in each
rreatment group were sacrificed on day 2C of gestation, while the remainder
were allcwea to litter naturally and were then terminated on day 25 post-
partum ‘at weaning). A detailed macroscopic examination cf all F, dams was
performes at wne time of sacrifice. Fetuses from gravid females were weighed,
sexed ard exam:inel externally fcr abnormalities. Alternate foetuses were
preservel for s0ft T1Ssue examlpatlcn cor, were examined internally,
aviscerateg and preserved for skeletal examination.

AlL 2ffsgpring of the F, generation were evaluated for growth, survival,
benavior act.ivity, motor coordination [rota-rod], and passive avoidance), and
Jeve.cpmenta. milestcnes (tooth eruption, surface and mid-air righting

refleres, eyel:d and plnnae separation, testes descent, vaginal opening,
pupililar, vesponse). Selected offsp.ing from the F, generation were used to
form trhe indosed second generation (F,; 24 male and 24 female offspring frea
eazh »f +wne T generatlion treatment conditions). All non-selected offspring

from tne F -F generat:i:on were sacrificed and necreopsied as described above.

wimately .0 weeks of age, males and females of the F, generat:on (F -F,
; were mated on a one-to-one palring within the previous treatment

! Sroday 20 of gestation, one half of the females from each group were
necrops.ea and the fetuses examined. The remaining F, females were alilowed L0
litter naturaiiy and rear their young to weaning, at which time the animails
were sacr:firced and examined. All observations and samples from the F,
generat:on and litters were the same as for the F;, generation.

RESULTS :

Dose Preparatlons: All dosing solutions were assayed and found to be within 5%




—
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2f the nceminal zoncentration.

Mortality {(F.): One low dose treated animal was sacrificed in moribund
condition on day 4 of treatment. Signs ohserved beginning on day ¢ included,
hypoactivity, hunched posture, pallor and emac:ation, coat staining, distended
abdomen and orbital discharge. Post-mortem examination reveled blood stained
fluid 1n the peritoneal and cran:ial cavities, enlargement and hemcrrhages of
tne liver and spleen, and thymic congestion. The exact cause of death could
not be determined. There were no other deatns among the drug treated or

contrel animals of the F. generation.

F. Body Weirght, Food and Water Consumption: A transient (significant)

reduct.on 15%) 1n body welght was noted among the high dose treated animals on
day 2 of drug dosing. However, ncrmal body weight and weignt gain were
reestablisned by day 4 of treatment and were comparable for all groups
rthereafrer. Similar to> the reduction in body weight, the high dose treated
fema.e an:rmals displayed an approximately 6% reduction in food intake during
rhe :nitia. 4 days of drug treatment. Food consumption was generally
ccmparatle for all study groups beginning at day 4 of treatment.

ficantly 1ncreasecd by the IV administrat:ion of BRL
rom all treatment groups. While the effects were small
rmedlate dose treated animals (approx. 5-20% increasei,

T lnTake wWas signi
A Anony ANLMA-LS
ng the DH and in

nimals. :n:reasea da:e: ;ntake wdas maintalnsd among the treated animals
~rrougnout the pericd of sbservation,

F Reproausrive Faramerers and Fertility. Timing of oestrous cycles, pre-

cita. .n-erva. and gestation .engtn, were unaffected by drug treatment. There
were no aprarent drug related effects on the fertility or conception rate of
the o fera.es
¥ Prsr-Mortem ~xaw nat.:on: Both absolute and relative weight of the kidneys
sere iniTeased  S5-.Jr among the high dose treated animals terminated on day
27 2t geszat:ion. Amcng the . animals allocated *o litter, renal weight
ipsclute and re.ative IO body welght) remalned elevated (5-11%) at the time
-t weaninz, One low dose treated animal was found tc have a mammary
1yenzcarco.Lnoma at termination on day 20 of gestation. There were no othar
Masroscop.Ls o apnorrmalities noted among the drug treated F, generaticon.
¢ Litrter farameters (F-F animalsi: There was a slight reduction in the
rumDer 2! -Sorpora .utea grogducea among the high dose treated female animals,
alTnougn tnis effect was not statistically significant nor was 1t outside the
histzr.za. Iontro. range. However, there were no apparent drug related eftects
on lit%er size, pre- and post- 1mplantaticn loss, number of implantation
51 “he ratic of nale o female offspring. Mean litter, fecetal and
ol ve.ghts were Comparable for all study groups. Litter size (day 1
oo m and viability of offspring (survival to weaanlng) were equ.valent
fIr 1., 1roups. Body welght gain, physical, reflex and behavioral development
ot Cttep:ri.d were gnaffected by BRL 39123A administrat:ion.

The :ncidence of major malformat.ons was not apparently effected by treatment
witrn 8%]L 3341134 at any dose tested. The only anomaly noted was the presence of
a cervica. rib in sne animal from =sach of the control, low and intermediate
dose groups and three animals from the high dose group. Although this anomaly
1ncreased wWwith dose, *he number of affected animals (group or study) did not
exceed the historical control range. Minor visceral anomalies observed among
animals from the high dose group included slight increases in the incidence of
immature .enses, undescended thymus lobes, shortening of the brachycephalic
«runk and :ntrahepatic hemorrhages. The incidence of mottled appearing iivers,
and enlargyement of the renal vein was ilso noted amung several high dose
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offspring. Skeletal anomalies seen among fetuses from the high dose group
inctliuded a siight increase 1n the 1ncidence of delayed ossification of fac:al
strucrures and hyoid bone, and increased numbers of variant sternebrae {(>2} .n
the 1-4 region.

P -f,_cenerat.on Faindings During Lactation and at Weaning: A slight 1increase
In tne [ncidence ol renal pelvic dilataticn (within 6H—3h;storical control
rangei was notea among tne cffspring i(those not selected to form the F,
generaticn! :f tne drug freated animals at the time of weaning. There were no
sther apparent drug related mafroscoplc pathologies noted among offspring
whicn died Ju.-ﬁg the perica of lactation or which were sacrificed at the time

i wWeaning.

Mortality Bt One low dose animal was sacrificed in moribund condition on
day p:s?fﬁa?:um. Necropsy revealed uterine dilatation and hemorrhage at
severa., fIrmey .lmplantation sites. Microscopic examination of mammary t1ssues
revea.ed rnormas appearing secretory activity. Since this death was cbserved

anima. from the low dose group, and was not observed 1n any animai
er medxate or high dose groups, L1t appears unlikely to have been
ruy treatment,

Zn.iy LnoTne
r

from the -
re.ated T. 2
Ore adziticinac female animal, the coffspring of an intermediate dose treated
ar.mzl, was sacr:ificed on day 29 of the P, generation following a cage related
mechanical. nhury of one {orepaw. No other ahnormalities were noted.

FoRody Welgnt: A "ransient reduction (5%) in body welght was noted among the
— —_— B
o 4

_3% anI Lntermegiate 2030 female anlmals on day 8 following selection of the
Fogenerat.on. However, at the zime of selection of the F, generation, and at
the Ioncs n e 14 day pre-mating observaticn period, the mean body
W nus il 2ated female animals were comparable to the controls. No

welgdht or weirght galn were evident among the male animals
Post-coltaw and lactaticnal increases 1n body weight
among femaies from all treatment QgICUpS

uZtive Parameters and Fert:ility: Cestrous cycles were comparable

among females Y the © generation. Mating, conception rate and fertility were
arafiezten oy treatment 21 the preceding generation. Gestation length (20.5-
3.Ys. was I-omparaple for all treatment groups.

Farameters ¥ -F animals:: The number of corpora lutea, pre- and
lantation losses, number of implantation sites and litter size were
. tczroall study groups. The ratio of male to female offspring was

v {u
r
+

Simii.dT 1 oall Jroups. Mean litter, foetal and placental weights were
cimparar.s Itroall study groups. Litter size (day ! post partum) and viability
2f Lffspring survival to weaning) were equivalent for all groups. Body weight
Jaln ana prys.cal s:gns noted amowg the cffspring were unaffected by BRL
131234 treanment i othe T. generation.

Trere were 0 treatment resated macroscopic findings among offspring that died
TrooroTo an nzrq .er.‘naL exarninations performed at the time of weaning,
Tevea.eS a1 s.i3nt oinTrease Ln the incidence of renal pelvic dilatation among
Animals rromo the drug rreatment groups versus the concurrent controls. How-
ever, since =his effect was within the historical control range it was
Sonsidere2 pstentla..y random and unrelated to drug treatment of the F,|
Jenerat.:n. An :ncreased incidence of undescended testec was evident among
males from a.l study groups (including controls; as compared with historical

ccntrol va.ues:, but was most pronounced among the offspring of drug treated
animals. No concurrent abnermalities of the testes or abdominal wall 1n any
af: e"ej arimal was ncoted. No evaluation of malformations or visceral/skeletal
var.ations ~as performed on the ¥, -F;, animals, Since no apparent drug related
etlerts nal peen i(dentified 1n tre F,-F, animals.
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F. Post-Morrem Examination: A slight increase in the incid2nce of renal pelvic
dilataticn was noted among male animals from the high dose group (1.e., off-
spring of high dose treated F, females). All remaining path>logies appeared
randomly distributed among animals from the treated and contreol groups, and
appear unlikely to have been related to drug treatment. Both absolute and
relative welght of the kidneys were maffected by treatment.

Comments: 1) The IV administration of BRL 39123A induced some minor signs of
toxicity in females of the F, generation. Observed effects
included treatment induced transient changes in body weight and
food consumption, increases in water intake, and alterations in
the absolute/relative weight of the kidneys.

2) There were no apparent effects of the administration of BRL
319123A on the reproductive performance and fertility of females
érom the F, generation. Survival and development/growth of the F,-
F. generation were not significantly altered (except trans:ent
abnormalities in weight gain) by exposure to BRL 39123A.

There were nc apparent effects of the administration of BRL
1234 on tae reproductive performance and fertility of females
om the F. generation. Survival and development/growth cof the F,-
generaticn were not significantly altered by BRL 39123A dosing
the F, generation.

LAt ¢ R

(SRR WA W V)

rhe

i+ Males of the F, generaticn from all treatment dose groups
aisplayed significant increases in the incidence of undescended
testicles. However, this finding may be attributable to abnormally
high values seen among all study groups, including the concurrent
zontrols which were outside of the historisal contrel range.

Segment 11 Testing:

3: BRL 39123A, BRL 42810: A Study to Daetermine The Effaects of Intravenous
Administration of BRI, 38123A and BRL 42810 on the Course and Outcome of
Pregnancy in Rats, 3tudy 1D T87504/391.3R /4Z810/R/IV/TG, GLP, Test Site:
Qeerham Fharm., Stock, Essex, U.K., Study Initiaticon: 17 Feb., '87.

Zompocund Tested: BRLO39123A, batch GBD 10, 85.6% pfa

BRI 42810, vatch GBD 4, bulk
Jcses Tested: BRL 391232, 0, 30, 56, and 80 mg (pfa)/kg
BRL 42810, 0, 360 mg/kg

Zose Volume and Route: 10 ml/kg, 3.0 ml/min., TV

Sclvent and Control: sterile saline

Species, Straln. Sex: female and male Sprague Dawley rats (CRL: CD(5SD) Br
rats', Female: age B-9 weeks, weight 180-200 grams: male: age 8-9 weeks,
weight 230-250 grams. There were 26 female animals in each test group. Females
Wwere palred sne-to-one with males during breeding.
Test Tonditicns: Animals were randeomly allocated into 5 groups (26
females group). Test compound was administered by intravenous infusion cnce
2327 Zay cetween days 6 and 15 ¢f gestation {post-coitus). Mortality, physical
si1gns, Dody weight and food/water consumption were measured. On day 20 {post-
coitus', the dams were sacrificed and gilven a detailed m-croscopic external
arnd i1nternai examination. All fetuses were welghed, sexed, and examined
externally for abnermalities. Alternate foetuses were retained for evaluation
of soft-tissue ancmalies, with the remaining foetuses being used fo:
evaluation -t skeletal and internal orgin anomalies (high dose and control

3roups only; .

Administration of ARL 42810 was associated witn 2 premature deaths (1 animal

fp YO

on esach of days 6 a~d 7). The deaths occurred during or shortly after drug
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administration and were accompanied by tremors and convulsions, Necropsy
failed tc shaw a Specific cause of the premature deaths although congestion of
the lungs and Lhymus was noted in both animals. Three additional animais
treated with BRL 42810 displayed single episcdes of muscle tremors, dbnormal
respiration .gasping and/or labored breathing) spastic movemernts and
convulisions., There were no deaths associated with the administration of BRL
39123A. Body welght gain, food and water consumption were not effected by BRL
39123A or BRL 42810 at the doses tesreqd,

Pregnancy rate, licter size, and litter weight, were not effected by either
test compound. At the deses tested, neither drug altered implantation rates,
increased *“he incidence of feral resorptions {early, middle, or late), nor
effected the number of viable pups, their mean body weight and placental
wWelght The ratio of male to female foetuses was comparable among all groups.

Individual instances of major malformations were noted in 5 fetuses; however,
the distribution of effects (2 control, 1 each in the low and intermediate BRL
3gll3a 9roups, and ! foetus in the BRL 42810 treatment group) appeared
unrelated to the tesrt compounds, Administration of BRL 42810 ang BRL 3¢123A
(83 ma kg, was assoc:iated with a slight increase in the incidence of

songested adrenal medullae (2-3% vs. 1% {centrol;!, renal pelvis cavitation
{2.5% vs. o4 [contrelly, ang kinked/dilated ureters (23% vs, 173 [contrally.,
3locd was noted inm the abdominal cavity of 3 foetuses {as compared with 0
controls. from females treated with BRL 2391233 at 80 mg/kg. BRL 42810
~hcreasad the incidence of ovold eyes and/or lenses (4.33% vyg. 1.7% [control);,
and was asscciated with 2 cases of an enlarged superier intercostal vein
'versus O ontrols and BRL 391237 treated animals) in exXposed animals,
Jomments: Doses used in thig study were based, in part, on the results of >

Frévicus studies with BRL 38123a (T85617/39123A/R/IV/RFS/1DD and
T86304/39123A/Acyclov1rfR/IV/RDS/lOD), which showed kidney
LOXK1CLly associated with the test compound at doses in excess of

30 nmg/kg,

ZRL 42510, whan administered intravenocusly at g dose crf 26(Q ma/kg
induced :mmediagte maternal toxicitjies including seizures,
SOnVUiS1ons and death,

The results Suggest that BRL 3%123A ang BRL 42810 have minimal or
no reratogenic potent:ial, and no effects on the course or outcome
Sf pregnancy in the rat, The slightly increased incidence of ovoid
2ves,lenses noted in BRL 42810 exposed foetuses may reflect 4
develcpmental delay, which should be monitored in the follow-up
segment II7 study,

Intravencus Administration in Non-Pregnant New Zealand White Rabbitas, Study In
THUIII3alliA 40810 SRAB/PC~IV/MTD, GLP - incomplete aua;t re ort, Test Site-
Bearnam Fharm., Stock, Essex, UK, Study Initration: 28 Jan., iéz.
SITpouny Tested: BRL 35123A, GBC1I, §¢6. 3% pure free acid (pfa)
BRL 42810, batchas GBD13 and GBD14, purity
unspecified
d2ses are the pure free ac1d (pfa; of BRL 391234
¢ A5~240 mgikg (IV)
» 30-360 mg/kg fIVy, 150-1000 mg/kg (PO)
Duse Volume ang Route: BRL 39123A, 2-3 ml/kg {IV)
BRL 42810, 2-3 ml/kg (IV), 4-¢ m!/kg (PQ)
Solvent: sterile saline for 1V, distilled H.0 for PO
“P&iles, Strain, Sex: 34 female New Zealanc White rabbitg, weight 2.5%-3.5
<9, 43% unspec:fied. Animals were randomly assigned to test groups with 4-5




Appendix C Reproductive Toxicity 73

animals/group.

Test <onditions: BRL 391234 (IV, and BRL 42810 (IV and PO) were administered
once each day using a sequential doubling dose procedure. Dosing was continued
for 14 days or until the MTD had been reached. Animals from the control groups
were subsequently dosed at the suspected MTD for 14 days. Physical signs, body
weight, fcod and water consumption were recorded daily. A macroscopic post
mortem examination was performed at the conclusion of testing with Kidney
tissue being preserved.

Body weight, food and water consumption were all reduced somewhat following
doses of BRL 39123A (IV) > 120 mg/kg. Pronounced physical,/behavicral changes
were observed in some animals shortly after administration of BRL 39123A at
doses > 90 mg/kg. Signs included abnormal respiration with prostratiuvn and
convulsions (3/5 animals dosed at 120 mg/kg for 5 days). There were no
premature deaths following BRL 39123A administration and recovery from
abnormal signs was typicalily evident in 1-3 hours.

Escalating daily oral doses of BRL 42B10 had no effect on body weight, food
consumption or mortality. A slight decrease in water intake was evidenr
following administration of 1,000 mg/kg. Abnormal respiration was evident
following cral doses of 600 and 1,000 mg/kg of BRL 42810. The intravenous
administration of BRL 42810 resulted in the death of 1 animal at 240 mg/kg,
and . an:mal at 360 mg/kg (only 1 additional animal was dosed at 360 mg/kg).
An addit:cnal animal died prematurely following 4 days of dosing at 180 mg/kg
{IV), Az doses of 180 mg/kg cor greater, signs of ataxia, lethargy, prostration
and akbnormal/increased respiration were evident in the majority of animals.
Rody wei.ght and food consumption was reduced at doses of 180 mg/kg or greater,
while water cocnsumpt:on was not consistently changed.

Pale stri +ions and/or depressed regions on the surface of the kidneys, along

with stroatisns extending into the cortex and or medullary regions, were

ochserved o multlple animals at necropsy. Several animals receiving

intravencus BRL Z9123A and BRL 42810 alsoc showed scattered petechia and

.emorrnage of the lungs.

Zomments: As in several cther species, the Kkidney appears toc be a target
crgan for toxic effect of BRL 39123, Petechia and hemorrhage of

lung tissues have not been reported in other specles but warrant
zlose follow-up.

The toxic manifestaticons of BRL 39123 do not appear to be closely
re_ated 12 the Jose administered. Instead, the thresheld for
adverse responses appears to be somewhat idicsyncratic, which may
make monitoring and clinical use of this drug meore difficult.
Based on the results of this study the sponsor selected the
f2llowing doses for rapbilt teratology studies:

5RL 39123A - 15, 30 angd ®0 mg/kg {pfa’, IV

BRL 42810 - 60, 250 and 1,000 mg/kg, PO

BRL 42813 - 120 mg/kg, 1V

S) BRL 39123A, BRL 42819: A Study to Determine The Effects of Intravenous
Administrat.on of BRL 3%123A and BRL 42810 on the Courae and Outcome of
Pregnancy in New Zealand wWhate Rabbits, Study iD
T87501/39123K/428310/RAB/IV/TG, GLP, Test Site: Beecham Pharm., Stock, Essex,
UK, Study Inxtiation: 24 Mar., .

Compzund Tested: BRL 39123A, patch GBD 10, 85.6% pfa

BRL 42813, batch GBD 15, hulk
Tnses Tested: BRL 3%123A, O, 15, 30, and 60 mg (pfal/kg
BRL 42810, 0, i2C mg/kg
Tose Volume ana Route: [ ml/kg, 3.3 ml/min., IV
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Solvent and Control: sterile saline

species, Strain, Sex: female New Zealand White rabbits, weight 2.5-3.5 Kg.
There were l€& female animals 1n each test group.

Test Conditiens: Animals were randomly allocated into 5 groups (16
females/group). Females were paired cne-teo-one with males during breeding.
Test compound was administered by intravencus infusion once each day between
days 6 and 1B of gestation (pest-coitus). Mertality, physical signs, body
welight and food/water consumption were measured. On day 28 (poest-coitus), the
dams were sacrificed and given a detalled macroscopic external and internal
examination. All fetuses were weighed, sexed, and examined externally and
internally for abnormalities., All foetuses were prccessed for skeletal
anomalies. The head from alternate foetuses were retained for serial
sectigoning.

There were no premature deaihs in the study. One animal deosed with BRL 39123A
at 60 mg :pfal/kg displayed an increased respiratory rate and muscle tremors
on day 1€ {day 10 cf dosing) approximately 15 minutes fcllowing the drug
infusion. Cne animal receiving BRL 42810 (120 mg/kg, day B) collapsed
unconscious immediately after being dosed, and showed signs of distress (with
vocalizations) and increased respiration after regaining consciousness. Two
additicnal animals displayed increases in respiratory rate shortly after (15
minutes! adminlstration of BRL 42810. Generally, all physical signs receded
within 2-4 hours.
High dose 2RL 3%123A induced a small loss (approximately 30 g) in weight
between days © and 8, normal weight gain between days B and 14, and the
maintenance of boay weighc between days 14 and 19. Normal bedy weilght gain was
ve-establisned following the cessation of drug administration. Administration
of lower doses of BRL 391232 (15 and 30 mg {pfa}/kg) and BRL 42810 (120 mg/kg)
“ad no effect on absolute body weight or weight gain. Fcod and water intake
NQ"E not affected by administration of BRL 42810 or BRL 39123A, except in the
1gh dose BEL 39123A group where food consumption mirrored the changed in body
We_v V4.

zwp anzation loss was higher among the drug treated animals than the
rols, although the values were within the historical control range. There

) "1

a-
folofeld

were no gross pathologies evident in the dams, and no group differences in
krdney wergrhts at the time of necropsy. Live litter size was reduced and post-
implantat:z>n loss increased in animals receiving BRL a at 30 and 60 mg

‘pfa) kg. COrne animal dosed at 30 mg ipfa)/kg showed total litter death with 3
early resgrptions, However, as with body weight, the effects on litter size
and feza. .:s5s seen with BRL 39123R were within the historical control range.
Litter size and the incidence of fetal resorption were not effected by BRL
42510

poa

Mear, fr-etal Sody welght and placental welght were not effected by treatment
woth BRL 221738 and BRL 42810. The ratio of male te¢ female foetuses was
""mﬁarapAe among all groups. Masor malformations and visceral anomalies were
1. groups and di1d nct appear to be related to treatment with
srpeound, Visceral ancmalies included several instances of
cpacities CBRL 33123A:. 1 foetus at 30 mg/skg; BRL 42810: 3 foetuses
3:, ovoid lenses (BRL 39123A: 1 foetus at &0 mg/kg}, and increased
cavitarion of the renal pelvis ‘BRL 39123A: 1 and 3 foetuses treated 15 and &0
ez Y

Comments: BRL 39123A, a¢ deses which induced potentially lethal toxicities
i the adam, had only slight effects in reducing the rate of
.mpiantation {all. effects were within the historical ceontrol
range)

Wrhile, there was no clear evidence ¢of any drug :nduced sffocts on
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the incidence of visceral or skeletal anomalies, several minor
anomalles (abnormalities of the eye and/or kidney) were seen which
correspond tc observations from the previous rodent teratology
study.

Segmnent III Testing:

6} BRL 39123A: A Study to Detarm'ne the Effects ¢f Intravenous Administration
on the Peri- and Post-NHatal De.wcliopment of ths Rat, Study ID
T92501/39123A/R/IV/PPN, GLP, Test Site: Beecham Pharm., Stock, Essex, UK,
Study Initiation: 7 Jan., 1992, Compound: BRL 331213A, Batch: WPB 2001, purity
B6.1 g (pfai/g.

Minety-six female Sprague-Dawley rats {Crl:CD(SD) BR) (weight range 297-41¢
grams at initiation of drug dosing; age 12-14 weeks) were used in the study.
Fcllowing evidence of successful mating with untreated male animals, the
fer.ale animals were randomly allocated to the 4 treatment groups. Treatment
with BRL 39123 was begun on day 15 post-coitus, and continued until necropsy
on day 2% post-partum. BRL 29123 (batch WPB 2001} was prepared in sterile
saline and administered IV infusion (3 ml/min, volume of 10 ml/kg! in the
following doses: 0 (saline), 30, 50 cor 80 mg/kg/day. Females were dosed once
each day.

Assessmernt of general physical signs and mortality was performed on a daily
basis throughout the study. Body weights were measured on days 0, 3, 6, %, and
12 post coitus, and daily during drug treatment. Food and water consumption
were measured cn days 0-3, 3-6, 6-9, 9-12, 12-1% and 1£-20 post coitus. All
animals ware allowed to litter naturally and rear their yocung until weaning.
Physical signs and mortality, along with measures of development (surface and
mid-air rijhting reflexes, penetration of incilsors, separation of eyel:i:ds and
visua. furnziion) were performed on all cffspiing during the pre-weaning

Cerica.

RESULTS:

All dosing sclutlons were assayed and found toc be within
ccncentration.

’]

e high dose female was sacrificed in moribund condition on

us ‘day 7 of drug treatment). Signs preceding death 1included
nt loss (3%g dur:ing 2 days)., hypoactivity, hunched posture,
ining, vaginal and orbital discharges, and labored breathing.
3 : mination revealed compacted fecal pellets 1n the colon,
Si.atera. f?hal pelvic dilatation, biocd 1n one uterine horn and a red/brown
az.nal zisznarge. The exact cause of death could nct be determined. There
were nl UTner premature deaths among the drug treated or control animals.
FUoOTl.rnizal Signs, Body Weight, Food and Water Consumption: Several drug
“reated in.ma.s Showed transient 1-5 days! silgno of lrritaticn and/aor
scacoina i1t trne site of drug :nfushon. among the high dose treated animails
there was ev.dence of a reduction approx. 5%) in weight gain (significant
heginning at day 18° during the period of gestation, with variable effects
during the per.od of lactation. Food consumptlon was unaffected by the

administration of BRL 3913, while water intake was increasad approximately
15t among these animals. There were no consistent drug related effects on body
werght, food or water intake among animals from the low ard intermediate dose

groups.

Rep ductive Parameters: The length of gestation was 21.7-22.0 days (except
re ﬂxgh—u se anlma. wnloh littered on day 22.5), with all values being within

"JI"]
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the histcorical contrcl range for the labecratory. Peost-implantation survival
and tne numbers of live births were unaffected by treatment with BRL 3912

F. Litter Parameters (F,-F, animals): There was a slight reduction in litter
s1ze among the hign dose treated females, apparently due to an increase in the
incidence of pre~implantation fetal losses. However, since implantation 1n the
rat occurs at approximately Zay 6 post-coitus, and drug treatment was not
ijnitlatea until day 15 post-coitus, it appears that the reduction in litter
size amony the high dose animals wes due to a random event. The mean litter
Wwelghts for animals from the low and high dose treatment groups were ¢.ightly
higher than thaz of the concurrent controls. Post-gestational weight gain was
comparable for all study groups, although absolute bcdy welght remained
slightly =ievated among the high and low dose offspring at the time of weaning
ii.e., maintaining the slight group differentials evident at Lirth). There
were no cther differences 1n litter size, offspring viability or other Jgroup
rarameters amcng the various treatment groups.

-=F Physica. and Reflexological Development: There were n¢ apparent
ifferences 1n the physica., neurcloglc or behavioral development of the
ff5pring 2f animals treated with BRL 39123.

) (]

<

Post-Mortem Examination: Post mortem examination cf the adult
ed nc apparent drug related effects, and only 2 nipples with
ory activity in the mammary tissue of one contrel animal that
..... r. Sxamination c¢f the offspring revealed no apparent drug
malizies, Unlike in several preceding studies, there was no
lated 1ncrease 1n apsc. ute or relative welights of *he kidneys
g treated animals.
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smments: . The IV administration of BRL 39123 produced mocdest toxic
z7s i the parent females, including: increased water intake
reduced body welght gain during gestation.
n several preceding studies, there was no apparent drug
recse in absolute or relative weights of the kidneys
rug treated animals. Since the same drug doses were
3 study as had demonstrated renal effects in prewvicus
~an only be assumed that the lack of effect was due to
period of drug administration used in the current

vat

¥ siz2e ard an i1ncreased 1ncidence of pre-

a. i1o0sses as seen ameng the high dose treated

ly unrelated to drug treatment, as pre-
.mp.antatilon events preceded the initiation of drug dosing in this
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wce of any significant adverse =ffect on the
treated animals, at dose which snowed
1ams.




APPENDIX E: ONCOGENIC POTENTIAL

SUMMARY :

Penciclevir, either as the topical or intravenous product has not been
evaluated for carcinogenic potential. However, famciclovir (the oral pro-drug
forn of penc.clovir! has been tested 1n redents and found to increase the
incidence of mammary adenocarcinomas in female rats (a common tumor in agilng
female rats), without significantly altering other tumor frequencies. Drug
exposure 1n the temale rat was approximately l.5x human exposure f{or the orai
product wher used in accordance with the product labal (recommended human dose
of 300 mg =...d.; inter-species dose comparisons pased on Z4 hr AUC). Given
the short durat:on and low level of exposure to penciclovir following topical
applicatisn of the cream product (4 days dosing; estimated total applied dose
of 0.05% mg/kg/day:, 1t appears unlikely that the use of penciclovir topical
cream (DENAVIRE! poses a significant risk of 1ncreased tumor incidence in man.
in accordance witn 21 CFR 201.56 (d;i3) and 21 CFR 201.57 (f1(6), it 1is
recommenzed that the 'systemic carcinogenicity' data for famc:iclovir not be
includea in the product label for topical penciclovir (DENAVIR®), since no
absorpt:on cof penciclovir fcllowing topical dosing has been demonstrated.

COMPILATION QF EFFECTS AND DISCUSSICN:

The carcinogen.c potential of topical andvor intravenous penciclovir has not
been tested. However, carcincgenicity studles have previously been conducted
with famz:ciovir FAMVIR®; NDA 20-363, June 1994), the orally available pro-
drug of pencizlovir. A summary of the study results cbtained with famc.zliovir

- [
15 preserted celow i(for a full review of the rodent carcinogenicity studies
conducted with famciclovir, the reader 1is referred to NDA 20-363, supplements
032 angd ©C%

Raesults for Famcaclovar: Famciclovir was evaluated for oncogenic potent:ial in
twe separate multi-year (1 year duraticn; biocassays conducted in the Sprague-

Dawley £2% and the Z3-. mouse'. In both studies, famciclovir was administered
L sTandars rodent chow at congentrations intended to produce the following
daily exprsure levels: aj rat - maie: C, 50, 120, 300 (240)°; female: O, 50,
230, TEI €32 and, b) in the moucse (male and female) 0, 50, 200, 750 (600}
m3/ng 24y, Crug asses 1n the meouse and rat onoogenicity studies were selected
based -n Creceding toxicologlc studies of 13 weeks (mouse) and € monihs rat!
durat:on. Results of the studles are summarized in the fellowing paragraphs.

Oncogenicity Studies for Famciclov.r:

1 BRL 42810: A Study Of Tumorigenic Potential In The Mouse By Prolonged
Adminaistration In The Diet, 3Study ID TB884C5/42810/M/DI/CARC/L102W, GLP,
Rgecnam Fharm., Stock, Essex, UK., Study Initiation: 18 July 1988, BKL

§0AL0, matzh GBD 27,
J' BRL 42810: A Study Of Tumorigenic Potential In The Rat By Prolonged

Administration In The Diet, Study ID TeB404, GLP, Beecham Pharm., Stock,
Tssex, ZK., Study Inatiat:icn: 23 Aug. 1988, BRL 42810, batches GBD 25,
3., 2 and 39.

- As a result of reducticns in bodywelght and welght gain seen among
high dose treated animals in poth studies, these doses were
reduced after treatment weeks 29 and 34 in the rat and mouse
studies, respectively. The reduced doses were maintained for the
duration of each 2-year study and are presented in parentheses.

i i
L
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Ir. both studles reauctions in body weight (absolute and/cr welght gain;
agrpreximate difterences of 10-30%) were evident fcllowing 2-6 months of drug
adaminisiraticn, wWith pregression of effects with continued duration of
exprsire. As a result of the reduced weight gain, the high dose treatments in
the mouse and rat studies were reduced after weeks 29 and 34 of dosing.

Pespirze =ne reductions in famciclovir dose, weight gain among the high dose
an.ma.s jeneral.y lagged behind that of the control animals during the
rema.naer -f the study. Changes in food consumption appeared unrelated to drug

zih studies.

Ng o Clear.ly trea:ment-related effects on premature mortality were evident in
a significant increase 1in pre-mature mortallity was

fD"

Imeciate dose females (with a similar trend among the
ma.s! in the mcouse study. In neither study was premature
:ug treated animals assoclated with a consistent patterr
s. In both studies, there appeared to be noc treatment-
fferent:al white blood cell counts, red or white cell
a. s13ns.

seen among the treated mice included increases in
atos:s, kldney nephropathy (high dose males) ang,
e urlinary bladder, testicular atrophy and hypospermato-
ed I-7x increase 1n the incidence of seminifercus tubule
emale animais (high and intermediate dose) an increased
sts and uterine endometr:a! polyps. Among famciclovir
-on- ﬁooo astic changes seen included hepatocellular
d nezros:s, hyperplasia of mammary tissues, ovarlan
x:cr;ne cell alteraticns. Further, 1n the rat the

tte of toxizity fellowing exposure to BRL 42810 for 2

f several of these lesions i(renal nephropathy :in
.nomice and rats and, pancreatic exocrine alterat:ens and

Lo0 inoratsi to the administration of famciclovir 1s not
1IZns spcntanecusly appear in ageing animals of these
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videncte of any drug related increase 1n tumors amcng mice

dzse leve. Cross specles dose comparisons up to O.4x the human
¢l . However, Ln the rat oncegenicity study there
s2 . the .ncCidence of mammary adenccarcinomas among the high
2ma.e animals .approximately 1.5x the human systemi:c exposure
racormendel numan dose of 500 mg t1d; comparlson based on the 24
renziziavir . Further, the 1ncrease :n adenocarcinomas among

- moar

T I2males 113 not increase the inc:idence of animals with

Ioa.. type, nor wWas it asscciated with an increase 1n the size
vl these Tumcrs [l.e, tumcor burden). No evidence of a reduced
rseT was evident among the high dose treated female animals.
ctrner sianifizant effects of the administration of famc:iclovir
e Jtnor LumiIs in Tide or male rats. The sponsor contends

22 otre lack of o1 vltro and n vive genotoXiC actlvity (except
toity  owith BRL 42910 ang the lack zf evidence of DNA adauct
increasel lncadence of mammary tumors seen in female rats
4r eplgenez.c effect not direotly mediated by the test

Inter-Speciesd Dose Comparisons for the Oral Drug Product: For FAMVIR® (oral
famIiciovir: Zose comparisons wers based on 24 hr AUC values as determined for
tne test inimais and human patients (using the highest recommended daily dose
of 530 my t:1d; all Jdose comparisons are baaed on the cairculating levels of
pernziclove Sollowing the maximum recommended dose of 500 mg t -..d. in man,
the avera;e AUC for male and female sub)ects was 27.9 and 33.2 ug.hr/ml. The
spznscr agjreed to the use of the larger value :n the computation of ail cross-

2
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species doSe COMpPArlsons.

In the rat cnccgenicity study, female animals were dosed at levels up to 600
mg/kg/day (approx. 1.5x the 24 hr human exposure based on the AUC for penci-
clovir), with no observable increase in tumors being seen at the intermediate
dose level cof 200 mg/kg/day (approx. 0.6x the 24 hr human exposure based AUC;.
Male rats were dosed at levels up to 240 mgskg/day, which approximates (J.9x)
the human systemiC exposure to penciclevir., In the mouse oncogenicity study,
male and female animals were dcsed at levels up to 600 mg/kg/day, achieving
systemic drug exposure levels of approximately 0.4x the human daily exposure
{pased on AUC wvalues for penciclovir).

Inter-Specias Dose Comparisons for the Topical Drug Product: For DENAVIR®
{topical penciclovir) estimated dose compariscns can not be based on measured
RUC values, SinCe no measurable drug was found in the plasma or urine of the
subjects 1n the clinical trials. Therefore the following inter-species dose
compariscns are based on "nominal” and "body surface area" adjusted doses. For
the following dose comparisons it is assumed that all of the topically applied
dr:g product undergces absorption and systemic distributicn, achieving a
maximum daily exposure level of 0.05 mg/kg.

"Nominal Dose" Compariscns: Based on the administered mg/kg doses, comparisons
for male and female mice range from 1000-12000x the human exposure (based on
the testea doses of 50-600 mg/kg/day). For male rats, the exposure range was
1050-4800x =he human exposure. The expesure range of female rats ranged from

1600-12000% *he human exposure, with no observable adverse effects being

.......

"Body Surface Area Adiusted Dose" Comparisons: Based on surface area dose
ad-ustments, tne dally numan drug exposure from topical penciclovir 1s roughly
eguivalent 1o doses of 0,35 mg/kg and 0.6 mg/kg in the rat and mouse,
respectively. Therefore, comparisons for the doses administered to male and
femaie mice range from 83-1000x the human exposure (based on 'No-Effect’ doses
-f %0-800 m3 kgiday). For male rats, the exposure range was 143-6B6x the human

exposure. ~astly, the exposure range of female rats ranged from 143-1000x the

nunan exgposudre, with no observable tumorigenic effects being evident at
evels up to 571x the human exposure.

lus::ns and Tcmments: Exact systemic exposure following the application of
: TCp.ca. cream can not be defined since all assay results found
vels ;1f present] were below the limit of detection of the test
.mll:, While i+ appears logical rhat some drug exposure 0OCcurs,
absorption and systemic distriburlon appears to be exceeding low.
ncrec that inh the preceding inter-species dose compariscons, 1t
that all of the applied drug product was absorbed and underwent
; jistribution, However, 1t appears likely that in human patients the
aztua. level of systemic drug exposure from the topical drug product 1s lower
R4t “ne estimate used 1n the preceding calculations. Thus 1t is likely that
se I-nparisons presented above represent the minimum inter-specles dose
ences and that the actual inter-species dose differences are greater
rase presented.

CONCLUSIONS: Althrigh an increased prodression Lo mammary adenocarcincmas wWas
seen among the hizh dose treated female rats, the pattern of the response did
not suggest that 3 Jenchtoxlc mechanlsm was 1implicated in the development ot
these Tumcrs, Since no overall increase L1n mammary tumors was evident. In
additicn, 'No-Effect' doses were evident 1n both species and sexes evaluatad.
Tcgether with the short duration cof treatment and the low level of exposure U0
penciclovir following topical app:ication of the cream product (4 days Jdosing:
eszimatec total applied dose of 0.0 mg/kg/dayi, it appears unlikely that the
use of penciclovir topical cream TENAVIRE! poses a significant risk
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increased tumor incidence in man. Therefore, it is recommended that in
accordance with 21 CFR 201.56 {(d){3) and 21 CFR 201 57 (f}{6) the 'systemic
carcinogenicity' data for famciclovir not be included in the product label for
topical penciclovir (DENAVIR®), since no absorption of penciclovir following
topical dosing has been demonstrated.



APP IX ¥ QTO!
SUMMARY :

Penciclovir was evaluated for potential genotoxic effects in a standasd
battery of assays, which included: a} assays for unscheduled DNA synthesis in
HelLa cells in vitro, b) bacterial and mammalian cell gene mutation assays in
vitro and, ¢! in vitro and in vivo assays for chromoscomal aberratiocns. The
results of several assays suggest that penciclovir has some clastogenic
activity, although these effects were generally coincident with signs of
cellular toxicity and thus suggest that the responses might be due to non-
specific cellular effects and not direct DNA-drug interaction. Similarly, the
increased mutation rate noted in the mouse lymphoma assay occurred at
relatively high drug concentrations which inhibited cell replication and
growth.

COMPILATION OF EFFECTS AND DISCUSSION:

Peniciclovir (sodium salt and/or the free base) was tested in a standard
battery of in vitro and in vivo genoioxicity assays. Testing included assays
for unscheduled DNA synthesis in HelLa cells in vitro, bacterial and mammalian
cell line gene mutation asgays in vitro and, in vitro and in vivec assays for
chromoscmal aberrations. The results of the genetic toxicity tests conducted
with pencicloviv are as follows:

a) no increase in unschizduled DNA damage-repair in Hela S} cells at
doses up to 5,000 ug/mi (+ S9 activation),

b) no increase in mutations in the Ames agar assay with Salmonells
typhamurium !(TAS7, TA98, TA100, TA1535 and TAl538) or Eggcherichia coli
(CMB91}) at doses up to 2,000 ug/plate {+ S9 activation),

¢) an increase in mutaticons in the L5178Y mouse lymphoma assay at
concentraticns > 1,000 ug/mL (+ 89 activation},

d} an increase in the incidence of chromosomal breaks and rearrangements
in cultured human lymphocytes incubated with penciclovir at doses > 250
kg/mL without activation (the compound being negative at doses up to 600
ug/mL when incubated with an 59 activation fraction),

2) an increase 1n the incidence of micronuclei in the bone marrow of
mice after a single dose of > 500 mg/kg. The threshold for activity was
approx. 30U mg/kg, and

f} no 1ncrease in the incidence of micronucler in the bone marrow of
mice given a single dose of up to 4,800 mg/kg.

In general, penciclovir was typically found tn be inactive in the induction of
unscheduled DNA damage-repair and gene mutation. Exceptions to this included
the mouse lymphoma and human lymphocyte assays, in which penc...ovlr increased
the incidence of murations and/or chromosomal abnormalities following exposure
to drug at concentrations > 1,000 and 250 ug/ml, respectively. In the later
assay, the increased incidence of chromoscmal aberraticons was noted only in
the absence ot the S9 rat liver metabolic activation fraction. This is similar
o the effects rnoted with famciclovir, and suggests that the addition of the
S9 fraction resulted in the extracellular conversion of penciclovir to a form
which was i1ncapable of penetrating the c¢ell or nuclear membrane. Lastly, in
the mouse micronucleus assay the incidence of chromosomal abnormalities was
increased following the IV administration of penciclovir but not BRL 139123
{the free base form of penciclovir) at doses = 500 and < 4,800 mg/kg,
respectively. Signs of signiflcant Cytotoxicity were seen in the bone marrow
of affected animals following the administration of penciclovir at and below
those doses resulting in genotoxic effects.

Similar to pencaclovir, famciclovir (the diacetylated orally available pro-
drug cf penciclovir; see NDA 20-363, June 1994} was withoutr activity in the
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standard gene mutation, DNA damage/repair and chromosomal aberration assays.
The only exception to this, was an increase in the incidence of polyplaidy in
human reripheral lymphocytes incubated with high concentrations of famciclovir
in vitro. However, the polyploidy was concrrent with signs of cytotoxicity,
suggesting that the increased endoreduplication was likely a non-specific
effect of cellular inhibition/toxicity. The addition of a rat liver microsomal
activation fraction reduced the polyplcidy seen. Further, it should be noted
that no genotoxic effects were seen in the micronucleus and dominant lethal
assays (although bone marrow suppression and other toxic effects were evident
in these studies). This pattern of effects suggests that extracellular
metabolism and lack of cell penetration might best explain the results seen in
the peiripheral lymphocyte assay. Lastly, while polyploidy is a genetic
abnormality, it is generally not considered a genotoxic response since it
occurs naturally in some cells types and in increased fregquency among cells
expcsed to cytotoxic agents.

In summary, while clastogenic effects were seen in several assays following
the administration cof penciclovir (and famciclovir:; see NDA 20-363, June
1594}, these effects were generally coincident with signs of significant
cellular toxicity, suggesting that the responses might be due to nconspecific
cellular effects and not direct DNA-drug interaction. Similarly. the increased
rate of mutation seen in the mouse lymphoma test with penciclovir occurred
following exposure to relatively high concentrations of drug wh.ch clearly
inhibited cell replication and growth. Lastly, it should be noted that similar
or more potent clastogenic and mutagenic effects have pbeen reported for other
of the synthetic nucleoside analogues.

Reviews of the individual studies are contained on the following pages.
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Toxicity Studies Summary:

1) BRL 39123: Report 0% Nicrmbial Mutagenicity Tests In Ames Agar Plate
Assays With Salmonella typhimyrium TA97, TAS8 And TAl00 (Duplicate
Tests), GLP., Study ID TB5/737/39123, Test Site: Beecham Pharm., Stock,
Essex, UK, Initiation: 18 Apr. '85, Compound: BRL 39123, Batch: GBD6.
2) BRL 39123: Raeport Of Microcbial Mutagenicity Tests In Ames Agar Plate

Assays With Salmonells tvohimurium TA1535 And TAl538 (Replicate Tasts},
GLP, Study ID 278/39123/ Test

Initiation: 17 Jul. 89, Compound: BRL 39123, Batch: GBD32, $9.5% pure
free acigd.

3) BRL 39123: Report Of Microbial Mutagenicity Testa In Agar Plate
Assays With Recherichia ¢oli CW891 (Replicate Teats), GLP, Study ID
281/39123/E.COLI, Test Site: Initiation: 113
Jul. '89, Compound: BRL 39123, Batch: GBD32, 99.5% pure free acid.

4) BRL 1319123A: Report Of Unscheduled DNA Synthesis (DNA Repair} In HelLa
Call Cultures, GLP, Study ID T89/712/39123, Test Site: Beecham Pharm.,
Stock, Essex, UK, Initiation: 9 Nov. 'B9, Compound: BRL 39123A, Batch:
GBD18, B6Y pure free acid.

S) BRL 39123: Report Of Mutation Tests With L5178Y Kouss Lymphoma Cells
At The TK Locus, GLP, Study ID TB&/754/39123, Test Site: Beecham Phaim.,
Stock, Essex, UK, Initiation: 11 Mar. '89, Compound: BRL 39123, Batch:
CT 18189.

6) BRL 315%123: Report Of In Vitro Metaphase Analysis With Human
Lymphocytes In Culture, GLP, Study ID TB6/752/35123, Test S5ite: Beecham
Pharm., Stock, Essex, UK, Initiation: 24 Feb. '86, Compound: BRL 39123,
Batch: GBD1S5, 99%.8% pure.

7) BRL 39123: Report Of A Micronucleus Test In The MNouss, GLP, Study ID
T85'741/39123, Test Site: Beecham Pharm., Stock, Essex, UX, Init'aticn:
24 Jun. '85, Compound: BRL 39122, Batch: GBD7. 99.0% pure.

8) BRL 39123A: Report Of Micronucleus Test In CD-1 Mice By The
Intravenous Route, GLP, Study ID T88/797/39123A, Test Site: Beecham
Pharm., Stock, Essex, UK, Initiation: 9 Dec. '88, Compound: BRL 39123A.
Batch: GBD18, B5.5% pure free acid.

9) BRL 39123A: Raport Of Micronucleus Threshold Test After Intravenous
Injection In The Mouse, GLP, Study ID T83/711 /39125, Test Site: Beecham
Pharm., Stock, Essex, UK, Initiation: 20 Mov. 'B89, Compound: BRL 39123A,
Batch: GBD1A, BS5.5% pure free acad.

10} Comparative Micronucleus Tests with Penciclovirx, Acyciovir,
Ganciclovir and Caffeine in the Mouss by the Intravencus Route (Multi-
Doae Study)., Studies: T92/769%/39123A and T92/770/ACV/GCV/Caffeine,
Beecham Pharm,, The Frythe, Welwyn, UK, 16 Dec., 1992, Compound: 39123A,
Batch: WPB 2001, 0.861 g {pfa)/g.

Toxicity Studiss Reviesws:

1' BRL 39123: Report of microbial mutagenicity tests in Ames agar plate
assays with Salmonella typhimygium TA97 98 and TA100 {duplicate tests},
Report: T85:737,/39123, Beecham Pharm., Scock, Essex, UK, Aug. 1%85, Batch GBD
6.

Penciclovir was tested in an agar plate assay against Sajlmopella typhimuyaim
strains TA97. TA98 and TA100 at doses of 0 [ -ehicle {(dimethyl sulfoxidel}l,
125, 250, 500, 1,000 or 2,000 ug per plate in the presence and absence of an
Aroclor 1254 stimulated S9 fraction from rat liver. The test was carried out
1n duplicate on two different occasions., An appropriate positive contrcl was
used 1in the presence of microsomal activation but none in the absence.

Under the conditions of the tesgt, penciclovir was negative for the induction
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cf reverse mutat:ions in Salmonella typhijmurjum in the presence or absence of

microsomal activation.

2) BRL 39123: Report of microbial mutagenicity tests in Ames agar plate
assays with Salmonella tvvhimurium TA1535 and TA1538 (replicate tests),
Report: 278/39123) March 1981, Batch GBD 32,

Penciclovir was tested in an agar plate assay against Salmopella typhimurjum
strains TAl535 and TA 1538 at doses of 0 {[vehicle (dimethyl sulfoxide;], 125,
250, 50C. 1,000 or 2,000 ug per plate in the presence and absence of an
Aroclor 1254 stimulated ..9 fraction from rat liver. The tesat was carried out
in duplicate on twec different occasions. Apprcpriate positive controls were
used :n the presence and absence of microsomal activation.

Under the conditions of the test, penciclovir was negative for the induction

of reverse mutations 1in Salmonella typhimurium in the presence or absence of

microsomal activation.

3) BRL 39123: Raport of microbial mutagenicity tests in agar plate assays
with Escherichia coli CMBY91l (raplicate tests), Report: 281/39123/E.coli,
March 1981, Batch GBD 32.

Penciclaviy was Lested in an agar plate assay against Egcherichia celi CMBI1
at doses of 0 [vehicle {dimethyl sultoxide!], 125, 250, 500, 1,000 or 2.000 u:
per plate 1in the presence and absence of an Aroclor 1254 stimulated $9
fracticn from rat liver. The test was carried out in duplicate on two
different occasions. Appropriate positive controls were carried out in the
presence and absence of activation.

Under the conditions of the test, no significant increases versus control in
the colony numbers (tryptophan reversions) were noted at any dose of BRL 42810
tested (with or withcut microsomal activation).

4} BRL 39123A: Report of unscheduled DNA synthesis (DNA repair} in HelLa call
cultures, Report: TB9/712/39123, Beecham Pharm., Stock, Essex, UK, Aug. 1990,
Batch GBD 18.

Penciclovir was tested at doses of 0 [(vehicle (water))., 8, 40, 200, 1,000 or
5,000 ug/mL to ansess its abil:ity to induce unscheduled DNA synthe51s into
Hela S3 cells in culture as measured by the incorperation of ['H] -labeled
thymidine in the presence and absence of activation with liver $9 from rats
treated witlh Arocle: 1254. The test was carried out in duplicate on two
different occasions. Appropriate positive controls were carried out in the
presence and absence of activacicn.

Under the conditions of the test, no significant increases in unscheduled DNA
synithes1s were detected.

S1 BRL 191231: Report of mutation tests wi:th L5178Y mouse lymphoma cells at
the TK locus, Report: T86/754/39123, Beecham Pharm., Stock. Essex. UK, Cct.
1986, Batch OT 18189,

Penciclovir was tested at doses of 0 [vehicle (dimethyl sulfoxide)], 250, 500,
1,000 or 2,000 wug/mL to asaess its ability tc induce mutationsa at the
thymidine kinase (TK) locus in mouse lymphoma L5178Y cells in the presence and
absence of activation with liver 89 from rats treated with Aroclor 1254. The
test was carried out in duplicate on two different occasiona. Appropriate
positive controls were carried out in the presence and absence of activation.

Under the conditions of the test, penciclovir preduced significant dose-
related mutational events at concentrations of 1,000 and 2,000 ug/mL i1n mouse
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lymphoma L5178Y cells in the presence or absence of activation.

6) BRL 39123: Report of in vitro metaphsss analysis with human lymphocytes in
culture, Report: TB6/752/39123, Beecham Pharm., Stock, Essex, UK, Feb. 1987,
Batch CT 18163.

Penciclovir at doses of 0 [vehicle (dimethyl sulfoxide)], 150, 300 ang 600
ug/mL {in the preserce of S3%) and 125, 250 or 500 ug per mL (in the absence of
59} was evaluated for genetic activity by metaphase analysis ¢f human
peripheral lymphocytes cultured in vitro. The cells were collected from a
single healthy male volunteer. Activity was tested in the presence and
apbsence of act.vation with liver 59 from rats treated with Aroclor 1254.
Appropriate poeitive controls were carried out in the presence and zbsence of
activation. For each treatment, single cultures were grown for 48 hours. At
that time, the cultures were treated for four hours (with activation) and for
25 hours {without activation). The cells were washed and grown for an
additional 73 hours. Three hours prior to harvesting, the cells were treated
with colcemid to arrest cells at metaphase. The cells were fixed and examined
for chromosomal affects.

Although doses over 400 ug/mL we e not tested for toxicity. the number and
quality of metaphases were reported to be suitable for analysis. In the
absence of metabolic activation, penciclovir induced significant increases in
chromosomal breaks and rearrangements at 250 ug/mlL and above, with significant
numerical changes at the high dose. In thie presence of activatiocn, there were
nc significant increases in chromoscmal anomalies at any dose. It is
concluded that under the conditions of the test, penciclovir induces
chromosomal breaks and rearrangements in the absence of exogenous metabolic
activation in human lymphocytes in vitro.

7) BRL 3%123: Report of a micronucleus test in the mouse, Report:
TB5/741/39123, Beecham Pharm., 5tock, Essex, UK, Dec. 198%, Batch GBD 7.

Five male and five female CDh-1, Charles River mice per time point per dosage
group were administered penciclovir by gavage at doses of ¢ [vehicle (1%
methyl cellulose}], 2,400 or 4,800 mg/kg. At 24 or 48 hours, femora! bone
marrow samples were taken and smears were prepared and examined for increases
in micronucleated polychromatic erythrocytes. Where possible, at least 1,000
¢ells were scored for each animal. Cyclophosphamide (examined after 24 hours
only) wa used as a positive control.

Penciclovir showed no genetic activity under the conditions of the assay.

8) BRL 3912)A: Report of micronucleup test in CD-1 mice by the intravenous
route, Report: T88/797/39123A, Beecham Pharm., Steck, Essex, UK, Oct. 1990,
Batch GBD 18.

Five male and five female Crl: CD-1 (ICR) BR), Charles River mice per time
soint were administered BRL 39123A intravenously at doses of 0 [vehicle
{saline}], 600 (males only) or 750 mg/kg (females only). At 24, 48 or 72
hours, the animals were killed., Femoral beone marrow samples were taken and
smears were prepared and examineuw for increases in micronucleated
polychromatic erythrocytes (MPE). Where possible, at least 1,000 cells were
scored for each animal. Cyclophosphamidle (examined after 24 hours only) was
used as a positive control. The above was designated the main test. A
supplementary test was carried out on an additional five males and five
females dosed at 0 ([vehicle (saline)l cr .00 mg/kg and five females dosed at
750 mg/kg. An additional five male and female positive control animals were
dosed with cyclophosphamide. 4ll the animals in the asupplemental group were
killed at 18 hours and treated asgs above.
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BRL 39123A at all doses tested, was toxic to the bone marrow erythrocytes as
shown by the reduced percentages cof polychromatic cells at 48 and 72 hours
postdose. In the main test, a slight increase in MPEs was seen in female mice
48 hours after administration of BRL 39123A at 750 mg/kg. In the supplemental
test, a slight increase in MPEs was sneen in males and females 48 hours (the
only timepoint tested) after administration of BRL 39123A at 500 mg/kg and a
significant increase in females (the only animals tested) after administration
of 750 mg/kg. Thus, under the conditions of the test BRL 39123A was positive
in the mouse micronucleus test at doses of 500 mg/kg and above.

9) BRL 39123A: Raport of micronuclesus threshold test after intravenous
injection in the mouse, Report: T89/711/35123, Beecham Pharm., Stock, Essex,
UK, Sept. 1590, Batch GBD 18.

Five male Crl: CD-12 (ICR) BR), Charles River mice per time point were
administered BRL 35123A intravenously at doses of 0 [vehicle (saline}], 148,
222, 333, 500 or 750 mg/kg. At 48 hours, the animals were killed. Femoral
bone marrow samples were taken and smears were prepared and examined for
increases in micronucleated polychromatic erythrocytes (MPE). Where possible,
at least 2.000 cells were scored for each animal.

The results of the test are shown in Table 1.

Table 1
Polychromatic Cell Data in Mouse Micronucleus Test
After Treatment With BRL 39123A

Treatment Cells Scorad % With MPE % Polychromatic
mg/kg Cells
Saline 10,000 0.01 33.25%
148 10,000 Q.00 19.9¢9
222 10,000 0.02 20.87
333 10,000 0.03 16.48
500 10,000 0.11 7.54
750 10,0C0 0.23 13.43

From these data. one can conclude that BRL is toxic to marrow erythrocytes and
that the threshcld in the test falls at approximately 300 mg/kg. Above that
dose, BRL 39123A induces micronuclei in polychromatic erythrocytes in mice.

10} Comparative Micronucleus Tests with Penciclovir, Acyclovir, Ganciclovir
and Caffeine in the Mouse by tha Intravenous Reoute (Multi-Dome Study),
Studies: T92/769/39123A and T92/770/ACV/53CV/Caffeine, Beecham Pharm., The
Frythe, Welwyn, UK, 16 Dec., 1992, Compound: 39123A, Batch: WPB 2001, 0.B61 g

{pfaj/g.

Groups of four or six male mice (Crl: CD-1 {ICR} BR; Charles River) were
administered BRL 39123A (0, 103.6, 155.4, 233.6, 349.8, 524.7 or 7B7.1 mg
{pulk drug]/kg), acyclovir or ganciclovir (0, 40, 60, 90, 135, 203 or 2304
mg/kg; both drugs) or caffeine {0, 56, 75 or 94.5 mg/kg), by intravenous
infusion on two consecutive days. Cyclophosphamide (75 mg/kg; PO} was
administered to a separate group of animals as a positive control. AlL study
animals were terminated 24 hours following the second drug infusien. Femoral
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bone marrow samples were taken and smears were prepared and examined for
increases in micronucleated polychromatic erythrocytes (MPE). Where possible,
at least 1,000 cells were scored for each animal. The above was designated
the main test.

Two animals administered caffeine at a dose of 94.5 mg/kg died immediately
after dosing and were replaced with substitute animals. There were no pre-
mature deaths among animals dosed with penciclovir, agyclovir or ganciclovir.
Bruising of the tail at the sgite of study drug infusion was noted in all study
animals dosed with penciclovir or acyclovir, and animals given ganciclovir at
doses other than 40 and 203 mg/kg.

BRL 39123A caused minimal-moderate bone marrow toxicity at doses > 155.4 mg/kg
as evidenced by the decrease in the percentage of polychromatic cells. Mild-
moderate cytotoxic effects on the bone marrow were observed at all doses of
acyclovir i ganciclovir tested. No adverse effects on the bone marrow were
noted following the administration cof caffeine,.

Signficant increases in the incidence of micronucleated polychromatic
erythrocytes were noted for all study compounds, beginning at 349.8 wg/kg for
penciclecvir, 135 mg/kg for acyclovir, 97 mg/kg for ganciclovir and 75 mg/kg
for caffeine. The threshold for increased ¥MNPCE was estimted for each of the
componds by regression analyses with the following results: penciclovir, 314
mg/kg; acyclovir, 112 mg/kg; ganciclovir, 40 mg/kg; and caffeine, 67 mg/kg.

The study results are shown in Table 2 on the following page.

Comments : 1} Under the conditions of the present study, all of the test
compounds (penciclovir, acyclovir, ganciclovir and caffeine)
demonstrated minimal-moderate in vive genotoxic potential (as
measured by increases in the percent of micronuclated polychro-
matic erythrocytes in the mouse bone marrow 24 hrs following drug
administration) .

2} In the mouse micronucleus assay, the apparent in vivo potency
of the nucleoside analogues to cause genctoxic effects appears to
be GCV > ACV > PCV {based on the estimated no-effect thresholds
for the compounds). Whether a similar thireshold for adverse geno-
texic effects associated with the use of nucleoside analogues is
evident in the human is not known.
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Polychromatic Call Data in llcuse Micronucleus Test
After Treatment With BRL 38%123A, Acyclovir,

Genotoxicity Studies

Table 2
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21.11
24.09
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23 .42
24.51
23.98
26.00
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All doses expressed as bulk compound. MN - micronucleated, PCE - polychromatic erythrocyte,

- normochromatic erythrocyte,

YPCE - ¥ pelychromatic of total erythrocyte count

[PCE+NCE)

NCE



APPENDIX G: GENERAL PHARMACOLOGY STUDIRS

SUMMARY:

Penciclovir was tested in a battery of standard in vive and in vitro bio-
assays to determine the general pharmacologic effects ¢f the compound. Study
data indicate that penciclovir was relatively inactive in the production of
central or peripheral nervous system effects, hematolodic or metabolic effects
except at high dose levels. Primary responses ncted following the bolus
intravencus administration of penciclovir were generally confined to transient
cardiovascular effects (prolongation of the P-R and Q-T intervals! and, renal
tubular i1njuries caused by insolubility.

COMPILATION OF EFFECTS AND DISCUSSION:

Penciclovir was tested in a standard battery of in viveo and in vitro bio-
assays to determine the general and/or "secondary" pharmacologic effects of
the compound. An outline of the study findings follows.

Penciclovir was administeved (IV) in ascending doses up to 300 {pfa) mg/kg in
the cardiovascular/respiratory toxicity dog test system. In most other whole-
animal studies conducted with penciclovir it was administered intravencusly at
doses cnly up to 160 mg/kg. The in vitro studies were generually tested at
concentrations of up to 3 x 10'M, Test doses were selected based on the
results of previously conducted toxicity trials.

In the anaesthetized dog, systolic blood pressure was increased slightly
following the intravenous adminiscration of penciclovir at 3-10 (pfa) mg/kg,
while at doses > 30 mg/kg both mean and systolic blood pressure were reduced
in a deose related manner. Compensatory increases 1n heart rate (up to 80
beats/min.!, along with a dose related decrease in the amplitude of the R wave
of the ECG were noted at doses of BRL 39123 > 30 mg/kg. Cardiovascular and
respiratory responses to all reference compounds were slightly to markedly
blunted (dose related} following the administration of BRL 39123 at doses of
30-300 mg/kg {(but not at the lower doses tested). Also, at high
concentrations, penciclovir showed a slight positive chronotropic effect in
1sclated guinea pig atrium. Despite the alteration in cardio-respiratory
responses induced by the reference agents, the overall pattern of effects
suggests that there was not a selective interaction of penciclovir with either
the sympathetic or parasympathetic autonomic nervous Systems.

In the rat, the IV administration of penciclovir (160 [pfa] mg/kg:; as noted
above this was generally the highest dose tested) caused significant changes
in renal function including diuresis, increased urinary excretion of scodium
and chloride, reduced excretion of potassium and reduced PSP clearance. These
changes were likely associated with physical trauma to the renal ductules due
to product insolubility in the urinary environment and the resultant forma-
tion of drug crystals in the rena! lumen. These findings appear to correlate
with the signs of nephrotoxicity noted in several of the repeat dose studies
conducted penciclovir.

Penciclovir was evaluated in a battery of behavioral assays for interaction
with exther the central or peripheral nervous gystems. In the Irwin assay,
penciclovir {IV doses of 15-160 [pfal mg/kg. but not 5 mg/kg) administration
resulted 1n slight-moderate decreases 1n lccomotor activity. However, no
significant effects on coordinated motor activity (incl.uned plane and wire-
graspl..g) or on a separate measure of spontaneous locomotor activity were
noted in mice given penciclovir (IV; up to 160 [pfaj mg/kq). Penciclovir
showed no evidence of anesthetic activity 'n several tests. Gastric acid
secretion and gastric motility were slightly reduced following IV penciclovir
administration, while intestinal motility (as measured by charcoal transit

8%
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time) was unaffected. Overall, these results suggest that penciclovir has no
significant effects on the central or peripheral nervous systems.

Penciclovir demonstrated no anti-inflammatory or antigenic aztivity, or
effects on blood coagulation/platelet aggregation at any dose/concentration
tes*ed. Further, penciclovir failed to induce hemolysis when added in vitro in
increasing concentrations to buffered and suspended erythrocytes (penci-clovir
did however cause pronounced hemolysis when added to unbuffered cells at a
concentration of 1%, apparently due to changes in pH). No significant evidence
of hemolysis was noted in any of the repeat dose toxicity studies with IV
penciclovir. When tested in vitro, penciclovir demonstrated minimal covalent
binding tc the free amino or thiol groups of HSA. Lastly, serum glucose, free
fatty acids and triglycerides and, hepatic function (MEOS) were unaltered
following short term treatment with penciclovir.

In summary, penciclovir was relatively inactive in the production of
peripheral or central nervous system effects, hematologic, antigenic and
metabolic effects except at high dose levels. Primary responses noted were
generally confined to cardiovascular and/or renal effrcts following rapid IV
administration of high doses of drug.

A compilation of the individual study reviews is contained on the following
pages.
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Pharmacology Studies Summary:
ac N :
A) Assassments in Whole Animals:

1} Naive Behaviour (Irwin Profile) in Mice Employing the Intrasvenous
Route. Study ID PA-1004/BRL-35123/1. non-GLP,

Study Initiation: 17 April 1989, BRL 39123A, batch GBD 18.
2) BfZmct on the Motor Coordination (Inclinsd Plana) in Mice Employing
the Intravenous Route, Study PA-1005/BRL-039123/1. non-GLP,

Study Initiation: 30 Jan. 1989, BRL 3%9123A, batcnhn
GBD 18,
3) Effect on the Motor Coordination (Traction Test) in Mice Employing
the Intravenous Route, Study ID PA-1007/BRL-033123/1. nen-GLP,
Study Initiation: 30 Jan. 1989, BRL
39123A. batch GBD 18.
4) Rffect on Spontanecus Motor Activity in Mice Employing the
Intravenous Route, Study ID PA-1006/BRL-039123/1. non-GLP,
Study Initiction: 13 March 1989, BRL 391237, batch

GBD 18.
5) Anti-Tremorine Activity in Mice RBmployving the Intravenous Route,
Study ID PA-1010/BRL-039123/1. GLP,
study Initiation: 26 June 1989, BRL 39%123A, batch GBD 18.
€) An Hypnotic Potentiation Study in Mice Employing the Intravencus
Route, Study ID PA-1001/BRL-039%12%/1. non-GLP, ,

Study Initiation: 6 Felb. 1989, BRL 39123A, batch GBD 1b.
7} Effect on PMT Rvckasd Convulsicns in Mice Rmmlovinag the Intravenous
Route, Study ID PA-1002/BRL-039123/1. non-GLP

Study Initiation: 15 Feb. 12°9, BRL 31%123A, batch GBD 18.
8) A Body Temperaturs Study in Mice Emp.oying the Intravenous Route,
Study IC PA-1003/BRL-035123/1. 1r.on-GLP,
Study Initiation: 30 Jan. 1989, BRL 39123A, batch GBD 1B.
9) Local Anaesthetic Effects on Corneal Reflex of the Guinea Pig, Study
ID PA-1011/BRL-033123/1. GLP, Study
Initiation: 21 Sept. 1989, BRL 39123A, batch GBD 18.

B) Asgessments in Iscolated Animal Tissues:

10) Bffects on the Stimulatad Phranic Nerve Diaphragm Preparation of the
Rat. Study ID PA-1012/BRL-33%123/1. non-GLP,
Study Initiation: 13 April 1989, BRL 33%123A, batch GBD 18.
11} Effects on the Isolated Vas Deferens and on its Response to
Noradrenaline in Rats, Studyv ID PA-1016/BRL-039123/1. pen-GLP,
Study Initiation: 3 Nov. 1988, BRL
33123A, batch GBD 18.
12) Effacts on the Spontanecus Motility of Non-Pregnant Rat Isolated
Uterus, 5tudy ID PA-10Z7/BRL-039123/1. GLP,
Study Initiation: 2 Jan. 1990, BRL 3S%123A, batch GBD 18.
13) Rffecta on the Response cf the Guinea Pig Isclated Trachss to
Histamine, Studv ID PA-101S5/WRL-039123/1. GLP, .
Study Initiation: 1 Oct. 1990, BRL 3wl<3A, patch GBD 18.
14) Ettects on the Spontanesus Motility of the Isclated Ileum of the
Rakbit. Study ID PA-1015/BRL-039123/1. non-GLP.
Study Initiation: 15 Nov. 19B8, BRL 39123A, bacch GBD 1W.
15) Bffect on the Respenss of Guinea Pig Isclated Ileum to Various
Agonists, Study ID PA-1014/BRL-039123/1. pon-GLP,
Study Initiacion: 15 Dec. 1988, BRL 39123A, batch GBD i8B.
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Effects on A J 1 (o) r [}

A) Assessmeants in Whole Animals:

15) Effect on the Charccocal Transit in NMice Emplovina the Intravenous

Route, Study ID PA-1017/BRL-039123/1. pon-GLP, ,
Study Initiation: 28 Nov. 1988, BRL 39123A, batch GBED 18.

17) Effect on Gastric Secretion in Rats Emploving the Intravenous Route,

Study ID PA-1018/BRL-039123/1. GLP,

Study Initiation: 28 Nov. 1985, BRL 39123A, batch GBD 18.

18) Effects on the Spontaneous Motility of the Rabbit Stomach In Situ,

Study ID PA-1020/BRL-039123/1. GLP,

Study Initiation: 15 Oct. 1990. BRL 39123A, batch GBD 1B8.

B) Assessments in Isclated Animal Tissues:

19) Effects on the Response of the Isolated Rioht and Left Atria of the
Guinea Pig, Study PA-1013/BRL-39123/1. non-GLP .
Study Initiatien: 29 June 1289, BRL 39123A, batch GBD 18B.

Antinociceptive Activity:

20) Antinocicaptive Activity in the Writhing Test in Mir~a ®mloving the
Intravenous Route, Study ID PA-1008/BRL-035123/1. GLP,

Study Initiation: 5 Feb. 19%0, BRL 39123A, batch GBD
18.
21) Antinociceptive Activity in the Tail-Flick Test in Mice Employing
the Intravenous Route, Study ID PA-1009/BRL-039123/1. GLP,

Study Initiation: 2 July 1990, BRL 39123A, batch

GBL 18.

Cardiovascular and Haamotologic Intsractions:

A) Agsessments in Whole Animala:

22) A Cardiovascular/Respiratory Toxicity Study in Anaesthatised Beagle
Dogs Employing the Intravenous Route, Study Code:
T86001/39123A/D/IV/CVS. GLP, Beecham Pharmaceuticals Res. Div., Stock,
UK, Study Initiation: 3 Feb. 1986, BRL 3%123A, batch GBD 6.

B) Assesanments in Isolated Animal Tissuss:

23} To Assess the In Vitro Ability of BRL 39123A to Promots the
Adsorption of Plasma Proteins onto Human Red Blood Cells, Study Code:
CP/AG/90/2. GLP, SmithKline Beecham Reg. Develop., The Frythe, UK, Study
Iniclation: 14 June 1990, BRL 39123A, batch GBD 18.
241 Effec._s on the Excretion of ICG in Rats Employing the Intravenous
Route, Study ID PA-1023/BRL-039123/1. GLI

S5tudy Initiation: 8 Sept. 1989, BRL 39123A, batch GBD 18.
25) An In Vitro study of Haamolysis on Rabbit Red Cells by ERL 39123A,
Study ID TF-1005/BRL-039123/1. GLP, SmithKline Beecham Res. Develop.,
The Frvthe, UK, Study Initiatiom: 13 Aug. 1992, BRL 39123A, batch WPB
2001.
2¢} Effect on Blood Coagulation in Rats Employing the Intravenous Route,
Study ID PA-1026/BRL-039123/1. ngn-GLP,
Study Initiatien: 23 Jan. 1959, BRL 39%9123A, batch GBD 18B.
27) A Platelat Aggregatinn Studv on Guinea Pig Plasma. study ID PA-
1025/BRL-039123/1. GLP, Study
Initiation: 20 Sept. 1990, BRL 39123A, batch GBD 18.
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Renal Effects:

28) ERffects on the Renal Excretion in Rats, Emnloving the Intravanous

Route, Study D PA-1021/BRL-039%123/1. pon-GLP, \
Study Initiation: 7 Nov. 1988, BRL 39123A, batch GBD 18.

29) Rffect on the PSP Excretion in Rats Employing the Intravencus Route.

Study ID PA-1022/ERL-059123/1. non-GLP,

Study Initiation: 12 Da2c. 1988, BRL 39123A, batch GBD 18B.

Anti-Inflammatory Activity:

30) An Anti-Inflammatory Study in Rats Employing the Carracesnan Paw
Inflammation Model, 5Study ID PA-102B/BRL-039%123/1. GLP. .
Study Initiation: 11 Oct. 19%0, BRL 3%123A, batch GBD

18.

Miscellaniocug Effects:

31) Effects on Blood Sugar, Fres Fatty Acids and Triglycerides in Rats
Rmploving the Intravenous Route, Study ID PA-1024/BRL-033123/1. GLP,

Study Initiation: 17 Sept. 1%5C, BRL
39123A, batch GBL 18.

Pharmacology Study Reviews:

Rffacts »n the Nervous System:
A) Assaesaments in Whole Animals:

1} Naive Behaviour (Irwin Profile) in Mice Employing the Intravenous Routs,
study ID PA-1004/BFL-39123/1. pon-GLP, Study
initiation: 17 Apr:l 1969, BRL 39123A, batch GED 1t.

Doses Tested: 5, 15, 160 mg/kg

Dose Volume and Foute: 5 mL/kg, i.v.

Control: saline
Vehicle: distilled water

Species, Strain Sex: 40 male Crl:CHOBS CD-1{ICR)BR mice, age nnot reported,
20-24 g.

Results and Summary: Intravenous doses of 15 or 160 mg/kg BRL 39123A induced
reactivity and defecation, decreased muscle tone and locomotor activity, and
increased passivity. Effects were seen at up to 2 hours after treatment. No
effects were observed with intravenous administration of 5 mg/kg BRL 39123A.

2) Effect on the Motor Cocordination (Inclined Plane) in Mice Employing the
Intravenous Route, Study PA-1005/BRL-039123/1. non-GLP.
Study Initiation: 30 Jan. 1989, BRL 39123A, batch GBD 1lB.

Dose Tested: 160 mg/kg

Dose Volume and Route: 5 mL/kg, 1i.v.

Contrecl: saline: positive control, diazepam 8 mg/kg, p.o.

Vehicle: distilled water

Species, Stra:in, Sex: 30 male Crl-COBS CD-1{ICR)BR mice, age not reported,
20-24 g.

Results and Summary: BRL 39123A produced no effect on the ability of mice to
stand on an inclined plane.

Comment : Positive controls were shared with another study in which the test
compound wag administered p.c.
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i) Effect on the Motor Coordination (Traction Test) in Mice Emploving the
Intravenous Route, Study ID PA-1007/BRL-039123/1. nop-GLP,
Study Initiation: 30 Jan. 1989, BRL 39123A, batch GBD 18.

Dose Tested: 160 mg/kg

Dose Volume and Route: 5 mL/kg, i.v.

Control: saline; positive control, diazepam 8 mg/kg, p.o.

Vehicle- distilled water

Specles, Strain, Sex: 30 male Crl:COBS CD-1{ICR)BR mice, aje not reported,
20-24 g.

Results and Summary: BRL 39123A had nc effect on the ability of mice to grasp
a wire with the fore paws {at up to 3 hours after treatment).

Comment : Positive controls were shared with another study in which the test
compound was administered p.2.

4) Bffect on Spontanecus Motor Activity in Mice Emplovinag the Intravenous
Route, Study ID PA-3006/BRL-039123/1. nop-GLP,

study Initiation: 13 March 1989, BRL 395123A, batch GBD 18.
Dose Tested: 160 mg/xg
Dose Volume and Route: 5 mL/kg, 1.v.
Contrnl: saline; positive contfrols, amphetamine 10 mg/kg, p.o.,
chlorpromazine 8 mg/kg, p.o.
Vehicle: distilled water
Species. Strain, Sex: €0 male Crl:COBS CD-1(CR)BR mice, age not reported, 20-
24 g.
Regults and Summary: BRL 39123A produced no chande in spontaneous motor
activity at up tec 2 hours after treatment.

commarnt Positive controls were shared with another sgtudy in which the test
compound was administered p.o.

£ Anti-Tremorins Activity in Mice Employing the Intravenous Routs, Study ID
PA-1010/BRL-0392123/1. GLP, Study Initiation:
26 June 1989, BRL 39123A, batch GBD 18.

Dose Tested: 160 mg/kg

Dose Volume and Route: 5 mbL/kg, 1.v.

Contral: 0.5% ag. methylcellulose, p.o.; positive control, atropine 4 mg/kg,
p.o.

Vehicle: distilled water

Specins, Strain, Sex: 30 male Crl:COBS CD-1{(ZR}BR mice, age not reported, 20-
24 g.

Results anad Summary: BRL 39123A did not mcdify the tremorgenic or other
effects 2f 10 mg/kg tremorine given 1.p.

Comment : Controls were shared witn ancther study in which the test compound
was admipistered p c.

6] An Hypnotic Potentiation Study in Mice Employing the Intravenocus Route,
Study ID PA-1001/BRL-039123/1. pon:-GLP Study
Initration: 6 Feb. 1989, BRL 39123A, batch GBD 18.

Dose Tested: 160 mg/kg

Dose Volume and Route: S mL/kg, i.v.

Control: saline; positive control, chlorpromazine 8 mg/kg, p.o.

Vehicle: distilled water

Species, Sex, Strain: 30 male Crl:COBS CD-1({CR)BR mice, age not reported, 20-
24 g.

Results and Summary: BRL 39123A did not prolong thiopentone-incuced sleep
time (evaluated as loss of righting raflex).

Comment : Positive controls were shared with anotner study in which the test
compound was administered p.o.
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7) Rffect on PMT Bvoked Convulsions in Mice Employing the Intravenous Route,
Study ID PA-1002/BRL-035123/1. pon-GLP, Study
Initiation: 1S5 Feb. 1989, BRL 39123A, batch GBD 16.

Dose Tested: 160 mg/kg

Dose Volume and Route: 5 mL/kg. 1i.v.

Control: saline; poaitive control, diazepam 8 mg/kg, p.o.

Vehicle: distilled water

Specieg, Strain, Sex: 30 male Crl:COBS CD-1(ICR)BR mice, age not reported,
20-24 g.

Results and Summary: BRL 319123A had no modifying effects on tonic convulsions
induced by pentylenetetrazole (150 mg/kg administered 8.C. 1 hour post-dose).

Comment : Positive controls were shared with another study in which the test
compound was administered p.o.

8) A Body Temperature Study in Mice Employing the Iatravencus Route, Study ID
PA-1003/BRL-039123/1. non-GLP, Study
Initiation: 30 Jan. 1989, BRL 39127A, batch GBD 18.

Dose Tested: 160 mg/kg

Dose Volume and Foute: 5 mL/kg, 1i.v.

Control: saline; positive control, chlorpromazine 8 mg/kg, p.o.

Vehicle: distilled water

Species, Strain, Sex: 30 male Crl:COBS CD-1{(CR)BR mice, age not reported, 20-
24 g.

Results and Summary: A statistically significant decrease in body temperature
was observecd at 60 minutes post-dose, but this effect was not observed at
other time-points up to 3 hours after treatment and was not considered to be
biclogically significant.

Comment ; Positive contrcls were shared with another study in which the test
compound was administered p.o.

9) Local Ansasgthetic Effects on Corneal Reflex of the Guinea Pig, Study ID PA-
1011/BRL-039123/1. GLP. Study Initiation: 21
Sept. 1989, BRL 39123A, batch GBD 18.

Noses Tested: 0.3, 1, 3%

Dose Volume and Route: 0.1 mL, instillation into conjunctival sac

Control: vehicle; positive control, lidocaine 1%

Vehicle: distilled water

Species, Strain, Sex: male Dunkin-Hartley guinea pigs, number and age not
reportad, 350-400 7.

Results and Summary: BRL 39123A had no effect on corneal reflex at s 3%.

B) Assesssments in Icolated Animal Tissues:

10) Rffects on the S:imulated Phranic Nerve Disphragm Preparation of the Rat,
Study ID PA-1012/BRL-35123/1. pnon-GLP, Study
Initiation: 13 April 1989, BRL 139123A, pnatcn GBL 1.

Doses Tested: 107, 10*, 10, 10, 107, 3 x 10' M

Dose Volume and Route: 0.25 or 0.75 mL, organ bath

Control: vehicle (7}

Vehicle: d:istilled water

Species, Strain, Sex: 7 male Crl:COBS (' (SD)BR rats, age not reported, 150-
17% g.

Results and Summary: BRL 3%123A produced no significant medification of the
response of the phrenic nerve-diaphragm preparation to electric stimulation.

11) Effects on the lsclated Vas Deferens and on its Response to Noradrenaline
in Rate, Study ID PA-1016/BRL-039123/1. pon-GLP.

Study Initiation: 3 Nov. 1588, BRL 319123A, ba*ch GBD 18.
Doses Tested: 10°°, 10%, 1¢*, 5 x 10'%, 10', 3 x 10*' M
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Dose Volume and Route: 0.1 or ¢.3 mL, organ bath

Control: vehicle (?)

Vehicle: distilled water

Species, Strain, Sex: 5 male Crl:COBS CD (SD)BR rats, age not reported, 150-
17% g.

Results and Summary: BRL 191238 had no effect on the igolated rat vas
deferens.

12} Rffects on tha Spontanscus Motilitv of Non-Preanant Rat Isclated Uterus,
Study ID PA-1027/BRL-039123/1. GLP, study
Initiation: 2 Jan. 199G, BRL 39123A, batch GBD l8&.

Doses Tested: 10°°, 107, 10°%, 10%, 10* 10’ M

Dose Volume and Route: 0.1 ml, organ bath

Control: vehicle

Vehicle: distilled water

Spec.es, Strain, Sex: 7 female Crl:CD (SD)BR rats, age not reported, 151-175

Results and Summary: Non-significant decreases in height of contractions (-
20%) and increased frequency of contractions were seen at 10’ M. The no
effect level was 10 M.

13} Effects on the Response of the Guinea Pig Isclated Trachea toc Histamine,
Study ID PA-1015/BRL-039123/1. GLP, Study
Initiation: 1 Oct. 1990, BRL 39%123A, batch GBD 18.

Doses Tested: 10°, 10% 10%, 5 x 10% 107, 3 x 10' M

Dose Volume and Route: 0.1 or 0.3 mL, organ bath

Control: vehicle

Vehicle: distilled water

Species, Strain, 5ex: 6 male Dunkin-Hartley guinea pigs, age not reported,
350-400 g.

Results and Summ. .y: Decreagses in duration of histamine-induced contractions
were observed at z 10’ M. The no effect level was 5 x 10™* M.

14) Effects on the Spontaneocus Motility of the Isnlated Ileum of the Rabbit,
Study TD PA-1019/BRL-039123/1. non-GLP, Study
Initiation: 15 Nov. 1988, BRL 39123A, batch GBD 18.

Doses Tested: 107, 10, 1Q%, 10*, 1077, 3 x 10’ M

Dose Volume and Route: 0.09 to 0.2 mL, organ bath

Control: cacle ()
Vehicle: "1lled water
Species. 'n, Sex- € male New Zealand white rabbits, age not reported,

2300-2500 g.

Results and Summary: Statistically significant increases in heights of
spontaneous contractions (maximum - 26%) were observed at concentrations :
10 ' M. The no effect level was 10 M.

15) Effect on the Response of Guinea Pig Isolated Ileum to Variocus Agonists.
Study ID PA-1014/BRL-039123/1. nen-GLP, Study
Initiation: 15 Dec. 1988, BRL 39123A, batch GBD 18.

Doses Tested: 10 ', 10°%, 10% 10'%, 107, 3 x 10’ M

Dose Volume and Route: 0.1 or 0.3 mL, organ bath

Contreol: acetylcholine, histamine, sercotonin, barium chloride

Vehicle: distilled water

Species, Strain, Sex: 12 male Dunkin-Hartley guinea pigs, age not reported,
25C-300 qg.

Results and Summary: BRL 39123A increased the heignts of contractions induced
by serotonin {100 - 200 ng/mL) and barium chloride (50 - 100 ug/mL}, with
calculated EC,, values of 1.94 x 10"’ and 3.14 x 10"’ M, respectively. The no
effect level for modification of acetylcholine- or histamine-induced
contractions was 3 x 10' M, and the no effect level for meodification of
serotonin- or barium chloride-induced contractions was 10°* M.



Appendix 3 General Pharmacclogy Studies 97

A e m R A E A m ot MmEE e R AR AR R R s Ea o EE e EE RN oEmEE ke a T A m A e EE SR A ...l ... .- .o

A} Assessments in Whole Animals:

16) Effect on the Charcoal Transit in Mica Emploving ths Intravenous Routas,
Study ID PA-1017/BRL-033123/1. non-GLE Study
Initiation: 28 Nov. 1988, BRL 39123A, batch GBD 18.

Dose Tested: 160 mg/kg

Doge Volume and Route: 5 mlL/kg, i.v.

Control: saline; positive control, atropine 16¢ mg/kg, p.o.

Vehicle: distilled water

Species, Strain, Sex: 30 male Crl:COBS CD-1 (ICR)BR mice, age not reported,
20-24 g.

Regults and Summary: BRL 39123A had no effect on charcoal transit time.

Comment : Positive controls were shared with another study in which the test
compound was administered p.o.

17) Bffect on Gastric Secretion in Rats Employing the Intravenous Route, Study
1D PA-1018/BRL-039123/1. GLE, Study
Initiaticon: 28 Nov. 1983, BRL 33.1.234A, Datcn GBL 1.

Doses Tested: &, 15, 160 mg/kg

Dose Volume and Route: 2 mL/kg, i.v.

Control: vehicle; positive zontrol, atropine 1 mg/kg, intraduodenal

Vehicle: 0.9% saline

Species, Strain, Sex: 35 male Crl:CD (SD)BRR rats, age not repcrted, 151-175

g .

Results and Summary: BRL 39123A, 160 mg,/kg, produced statistically
significant decreasez in gastric juice volume and total acidity and an
increase 1in gastric juice pH. The no effect level was 15 mg/kg.

18) Effects on the Spontanscus Motilitv of the Rabbit Stomach In 8itu, Study
ID PA-1020/BRL-039122/1. GLP, Study
Initiation: 15 Oct. 1990, BRL 39123A, batch GBD 18.

Doses Tested: &, 15, 160 mg/kg

Dose Veolume and Route: 2 mL/kg, i.v.

Contral: vehicle

Vehicle: 0.9% saline

Species, Strain, Sex: 12 male New Zealand white rabbits, age not reported.
2.%-3.0 kg,

Results and Summary: BRL 39123A, 160 mg/kg, inhibited spontaneous stomach
motility in 2 of 3 rabbits for up to 3 hours after treactment. The no effect
level was 15 mg/kqg.

B) Assessments in Isclated Animals Tissues:

19) Bffects on the Response of the Isclated Right and Left Atria of the Gulnea
pPig, Study PA-1013/BRL-39123/1. non-GLE

Study Initiation: 29 June 1989, BRL 39123A, patch uhHL 19,

Doses Tesred: 10 , 1G*, 10°, 10*, 107% 3 x 10" M

Dogse Volume and Route: 0.08 to 0.1 m., organ bath

Control:. vehicle

Vehicle: Krebs buffer

Species, Strain, Sex: 8 male Dunkin-Hartley guinea pigs, age .ot reported,
350-400 g.

Results and Summary: Chronotropic activity was observed on the right atrium
from 10 to 3 x 10 ' M. No isotropic activity on the left atrium was observed
at any concentration used. The no effect level was 107* M.

Antinocjiceptive Activity:
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20) Antinociceptive Activity in the Writhing Test in Nice Exploying the
Intravanous Route, Study ID PA-1008/BRL-035123/1. GLP
Study Initiation: S Feb. 1990, BRL 39123A, patcn GBD 18.

Dose Tested: 160 mg/kg

Dose Volume and Route: 5 mL/kg, 1.v.

Control: vehicle; positive control, aspirin 150 mg/kg, p.c.

Vehicle: distilled water

Species, Strain, Sex: 30 male Crl.COBS CD-1(CR)BR mice, age not reported, 20-
24 g.

Results and Summary: BRL 139123A did not modify p-phenylquincone-induced
writhing in mice.

Comment : Although positive controls were reported to have been shared with
another study in which the test compound was administered p.o., it
should be noted that this companion study (apparently study ID TA-
1008/BRL- 042810/1) appears not to have been conducted
contemporaneously.

21) Antinociceptive Activity in the Tail-¥lick Test in Mice Employing the
Intravenocus Route, Study ID PA-1009/BRL-039123/1. GL¥,
Study Initiation: 2 July 1990, BRL 35123A, batch GBL 1vY.

Lose lested: 160 mg/kg

Dose Volume and Route: 5 mL/kg, i.v.

Control: vehicle; positive control, morphine 10 mg/kg, p.o.

vehicle: distilled water

Species, Strain, Sex: 30 male Crl:COBS CD-1(ICR)BR mice, age not reported,
20-24 3.

Results and Summary: BRL 39123A had no effect on evoked tail-flick response
in mice.

Comment : 2lthough positive controls were reported to have been shared with
ancther study in which the test ccmpcund was administered p.o., it
should be noted that this companion study (apparently study ID TA-
LO09/RRL- 042817/1}) appears not to have been conducted
contemporaneously. Also, it should be noted that the summzry sheet
reports the dose volume for BRL 39123A to have been 10 mL/kg,
whereas the description of the study design reports the dose
volume to be S mL/kg, which is probably ccrrect.

Cardiovascular and iiassmotologic Interactiong:

A) lssessments in Whole Animals:

22 A Cardiovascular/Respiratory Toxicity Study in Anassthetised Bsagle Dogs

Employing the Intravenous Route, Study Code: TB86001/3%123A/D/IV/CVS. GLE,

Reecham Pharmaceuticals Res. Div., Stock, UK, Study Initiation: 3 Feb. 198%,

BRL i9123A. batch GBD 6.

Dogeg Tested: 3, 10, 30. 100, 300 mg/kg

Dose Volume and Route: & mL/kg, 1.v.

Jontral - vehicle {?); positive controls, acetylcholine, histamine,
1soprenaline, noradrenaline, 1,l-dimethyl-4-phenyl-piperazinium, i.v.; also,
bilateral carotid occlusion

Vehicle: sterile water

Species, Strain, Sex: 1 male and 1 female beagle dogs, - 11 months old, 12.2
kg !d} 10.8B kg (¥}.

Results and Summary: Slight increases in pulse pressure and slightly varisrle
heart rates were observed at 3 and 10 mg/kg. Slight to marked, dose-relat-d
reductions in blood pressures and pulse pressurss and prolonged increases in
heart rates were seen at 30, 100, and 300 mg/kg. Slightly increased
respiratory rate was seen at 100 mg/kg (%) and slightly reduced peak
respiratory air flow was seen at 300 mg/kg (¢). Sustained dose-related
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reductions in R wave amplitude were seen in both dogs at 2 30 mg/kg. Slightly
enlarged T wave amplitude was seen at 100 mg/kg (¥) and reduced T wave
ampiitude and ST depression were seen at 300 mg/kg (¥). Clinical chemistry
cnanges did not appear to be significant: slight and somewhat erratic
decreases in inorganic phosphate, potassium, and calcium were observed.
Crystalluria was seen in the female after doses of 100 and 300 mg/kg. Reduced
responses to refersnce stimuli were dose related at 2 30 mg/kg, becoming
markedly suppressed at 100 and 300 mg/kg. Histopathology of the kidneys
demonstrated tubular necrosis associated with crystalline deposits in the
cortex, medulla, anad papilla. The no effect level in this study was < 3 mg/kg.

B) Assssements in Isoclated Animal Tissues:

23) To Assess the In Vitro Ability of BRL 35123A to Promote the Adsorption of
Placma Proteins onto Human Red Blood Cells, Study Code: CP/AG/90/2. GLP,
smithKline Beecham ?es. Develop., The TFrythe, UK, Study Initiation: 14 June
1950, BRL 3912Z3A, ba_ch GBD 18.

Doses Tested: serial dilutions from 0.1 M to 8 x 10* M

Dose Volume and Route: 0.25 mL, in vitro

Control: phosphate-buffered saline (FB3); positive control, cephalothin
serially diluted in PBS from 0.4 M to B x 10' M

Vehicle: PBS

Species, Strain, Sex: human red blood cells cohtained from a healthy male
volunteer

Results and Summary: BRL 39123A demonstrated no ability to promote adsorption
of plasma proteins to red bicod cells. High concentrations of BRL 39123A (0.4
M and 0.2 M) produced gross haemolysis, reportedly due to high pH (- 11).
Cephalothin (0.05 M and 0.1 M) promoted adsorption of polyspecific and I3G-
specific immunodlobulin sera and anti-albumin antiserum, respectively, to red
lood cells.

24) Effects on the Excretion of ICG in Rats Employing the Intravenous Route,
gtudy ID PA-1023/BRL-039123/1. JLP, Zambeletti Res. Lab., Milan, IT, Study
Initiation: 8 Sept. 1989, BRL 39123A, batch GED 18.

Dose Tested: 160 mg/kg

Dose Volume and Route: 2 mL/kg, i.v.

Control: vehicle

Vehicle: 2.9% saline

Species, Strain, Sex: 20 male Crl:CD (SDJBR rats, age not reportea, 151-175

qg.
Results and Summary: BRL 39123A had no effect on hepatic function evaluated
as ICH clearance.

25} An In Vitro Study of Haemolysis on Rabbit Red Cells by BRL 3%123A, Study
ID TF-1005/BRL-039123/1. GLP, SmithKline Beecham Res. Develop., The Frythe,
UK, Study Initiation: 13 Aug. 1992, BRL 39123A, batch WPB «001.

Dcsas Tested: 1, 0.1, 0.0, 0.003%

Dose Volume and Route: 2.5 mL, in vitro

Control: vehicles; peositive control, distilled water

Vehicles: 0.9% saline and PBS

Species, Strain, Sex: red blood cells obtained fiom 3 New Zealand white
rabbits, age and weight not reported

Results and Summary: BRL 39123A demonstrated concentration-dependent
hemolytic activity at 2 0.01% when diluted in saline, and at 1% when diluted
in PBS. Denaturation of hemoglobin was observed at 1% in saline. The no effect
level (in PBS) was 0.1%.

26) Rffect on Blood Coagulation in Rats Employing the Intravenous Routs, Study
ID PA-1026/BRL-039123/1. pon.GLF, Study
Initiation: 23 Jan. 1989, BRL 39123A, batuch GBD 18.
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Dose Tested: 160 mg/kg

Dose Volume and Route: 5 mL/kg, 1.v.

Contreol: saline

Venicle: distilled water

Species, Strain, Sex: 20 male Crl:COBS CD (SD)BR rats, age not reported, 151-
175 g.

Results and Summary: BRL 39123A had no effect on the coagulation parameters
PT and APTT.

27) A Platalet Aggregation Study on Guinea Pig Plasma, Study ID PA-1025/BRL-
039123/1. GLP, study Initiation: 20 Sept.
1990, BRL 39123A, batch GBD 18.

Doses Tested: 0.5, 1, 2 mM

Dose Volume and Route: 9-18 ul, in vitro

Control: vehicle

Vehicle: 0.9% saline

Species, Strain, Sex: 10 male Dunkin-Hartley guinea pigs, age not reported,
3150-400 g.

Results and Summary: BRL 39123A had no effect on platelet aggregation in
vityo.

Renal Effects:

28) Effects on thke Renal Bxcretion in Hats, BEmpleoving the Intravencus Route,
Study ID PA-1021/BRL-039123/1. pnon-GLP, Study
Initiaticn: 7 Nov. 1988, BRL 39123A, batch ubdy 1.

Doses Tested: 5, 15, 160 mg/kg

Dose Volume and Route- 5 or 2 mL/kg, i.v.

Contrel: saline

vehicle: distilled water

Species, Strain, Sex: 50 male Crl:COBS CD (SD)BR rats, age not reported, 151-
175 g.

Results and Summary: BRL 39123A, 160 mg/kg, produced marked increases in
urine sodium, chloride, and total volume, and decreases in urine potassium and
osiolality, f£or up to & hours after treatment. Compared to saline controls,
sta-istically significant decreases in urine sodium and chloride were seen in
the 5 mg/kg group, but not in the 15 mg/kg group. Given that the control
animals received intravenous saline and the treated animalg received drug
dissolved in water, the biological significance of the results in the low dose
group is questionable. The sponsor states that the no effect level in this
study was 15 mg/kg.

24) Effect on the PSP Rxcretion in Rats Employing tis Intravenocus Route, study
ID PA-1022/BRL-039123/1. pon-GLP, Study
Initiation: 12 Dec. 1988, BRL 3%123A, batch GBU 8.

Doses Tested: 5, 15, 160 mg/kg

Dose Volume and Route: 5 or 2 mL/kg, 1i.v.

Contrel: saline

Vehicle: distilled water

Species, Strain, Sex: 50 male Crl:COBS CD {SD)BR rats, age not reported, 151-
175 g.

Results and Summary: BRL 39123A, 160 mg/kg, produced a gtatistically
significant increase in serum PSP concentration, indicating a significant
impairment of renal clearance. The nc effect level was 15 mg/kg.

Apti-Inflammatory Activity:

310) An Anti-Inflammatory Study in Rats Employing the Carrageenan Paw
Inflammation Mcdel, Study ID PA-1028/BRL-039123/1. GLP,

study Initiation: 11 Oct. 19%0, BRL 19123A, batch GBD 18.
Cose Tested: 160 mg/kg
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Dose Volume and Route: 2 mL/kg. 1.v.

Control: vehicle; positive control, aspirin 138 mg/kg, p.o-

Jvehicle: 0.9% saline

Sspecies, Strain, Sex: 3¢ male Crl:COBS CD (SD)BR rats, age not reported, 151-
175 g.

ragults and Summary: BRL39123A demonstrated no anti-inflammatory activity in
this model. ’ '

Comment: Positive controls were shared with another study in which the test
sompound was administered p.o.

Miscellanious Effects:

11) Bffects on Blood Sugar., Frea #atrty Acids and Triglycerides in Rais
Employing the Intravenous Route, Study ID PA-1024/BRL.-039123/1. GLP,

Study Initiation: 17 Sept. 1990, BRL 39123A,
hatua GBD 18B.
Dose Tested: 160 mg/kg
Dose Volume and Route: 2 mbL/kg, 1.Vv.
Control: vehicle
Vehicle: 0.9% saline
species, Strain, Sex: 20 male Crl:cOBS C5 (SDYBR rats, age not reported, 151-
175 9.
results and Summary: BRL 39123A, given for 10 consecutive days, had no
significant effect on serum concentrations of glucose, free fatty acids, or
triglycerides.



-
. N

APPENDIX H: PHARMACOKINETICS AND ADME STUDIES

SUMMARY :

Multiple pharmacokinetic and ADMZ studies conducted with penciclovir were
submitted in support of the NDA. In summary, the pharmacokinetic and metabolic
characteristics of penciclovir in rats, dogs and man, suggest strong
similarities between the species and support the use of these species in
estimating the safety profile of penciclovir when administered to humans.

COMPILATION OF BFFECTS AND DISCUSSION:

The sponsor has conducted multiple pharmacokinetic and ADME (absorption,
distribution, metabolism and excretion) studies with penciclovir in support of
the NDA. Similar studies were previously reported for famciclovir (BRL 42810:
the oral pro-drug form of penciclovir) and have been reviewed in NDA 20-363,
June 1994. Following from the chemical similarity of the compounds and the
extensive co-development/testing of these drugs, the following PK/ADME summary
includes information for both compounds. A brief summary of the findings from
these studies is included in the following paragraphs.

General Background: BRL 39123 (Penciclovir) is a substituted nuclecside
analogue of guanine., It is suggested that the drug is selectively
phosphorylated intracellularly to the mcno-, di- and triphosphate, by virally
and cellularly encoded thymidine xinases. The initial phosphorylation reaction
is purpertedly accomplished only by the viral induced thymidine kinase of
herpes infected cells. BRL 39123 tri-phosphate, it is suggested, exerts its
antiviral activity through incorporation in the herpes virus genome and/or
through interference with viral DNA synthesis. Penciclovir ig inactive prior
t» conversion to BRL 29123 tri-phosphate.

Percutanecus Absorption: Multiple studies of the percutaneous absorption of
prneaiclovir {some using the market formulation for the topical cream} were
conducted in vats, rabbits and in vitro. These studies included both intact
and abraded skin systers. In rodents, when ['*C] penciclovir cream was applied
to intact skin, the majority of the administered radicactivity (approx. #8%
{+1.6)} was retzined at the application site at the end of the 24 hour
exposure period. Urine, faecal and carcass levels of radiocactivity were all
below the limit of reliable detection (¢« 0.01% of the administered dose).
Total recovery of radicactivity was approximately 92%. In contrast, when
applied {6 hours) toc the abraded skin of rabbits there was an average 3-5%
percutanecus absorption. However, as with intact skin, the majority of the
drug product was retained on/in the skin of the application site and on the
dressing materials. Small, but measurable, amounts of radio-activity {and by
inference - BRL 19123) were retained in the skin of the application site and
were still being excreted in the urine and faeces of each rabbit at the end of
che 96 hour follow-up period.

In an in vitro test system using ‘intact' or tape-stripped human skin, the
study results suggested that transport of BRL 39123 was increased approx. 3-
fold by the removal of the stratum-corneum layer of the skin. Further, the
trangport and 1ncorporation of radicactivity across the tissue specimens
increased in extent during the 24 hour assessment period, for both intact and
tape-stripped tissues. Similar to the results obtained in whole animals, the
transport of BRL 39123 across the component layers nf the skin was low (3-5%),
although not as ‘that noted in vitro (0.1% vs. 1-5%). Overall, resgardless of
the test system used, the percutaneous absorplizn of penciclovir appears to be
relatively low (5% or leas of the adminisrtered dose).

102
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Oral Adminjistration: Absorption of [**C]famciclovir following oral dosing in
the mouse, rat, dog and rabbit was generally between 5(-100% (doses up to
4000, 250 and 1000 mg/kg in the rat, dog and rabbit), with peak plasma levels
(C,..) occurring approximately 1 hour after desing in all species. By
comparison, the oral availability of penciclovir was somewhat lower at
approximately 20-50% of the administered dose. BRL 39123 (penciclovir) was the
primary metabolite found in the circulation of all species following the oral
administration of famciclovir. The data clearly indicate that famciclovir
undergoes substantial first pass metabolism in the liver, and is almost
undetectable in the systemic circulation. In the monkey, there was some
avidence of the metabolism of penciclovir to the B-hydroxy derivative (BRL
44072) . Overall, the pharmacokinetic profile for famciclovir is actually that
for penciclovir, which will be discussed almost exclusively throughout the
subsequent paragraphs.

Intruvencus Administration: In both the rat and dog, the intravenous
administration of 10 mg/kg of BRL 3%122 resulted in peak drug levels
immediately post-infusion with blood soncentrations in the range of 10.9-16.1
ug/ml (mean of 13.8 ug/ml). In the rat, blood drug levels declined in a
monophasic manner with a half-life of approximately 20-4C minutes, while in
the dog drug levels declined in a biphasic manner with an initial half-life of
25 minutes and terminal half-life of 2.9 hrs. In the deg, AUC g, Vvalues
ranged from 29-40¢.4 pg.hr/ml following a 10 mg/kg IV dose of BRL 39123, with a
clearance rate of 3.6-4.2 L/hr., and volume of distribution of 11-15 liters
{approximately equal to body weight). The concentration of drug in whole blood
was approx. 50% of that in plasma (due to volume dilution), and suggested only
limited association between radioactivity and red blood cells (generally 10%
or less). No evidence of accumulation of drug related material was observed
during repeat dose studies. Peak plasma (C,,)] levels and systemic exposure
(AUC) to penciclovir and its precursors could not be reliably measured during
dietary intake of the test compound by rats.

Tissue Diatribution: Following the oral administration of [YC]famciclovir (40
mg/kg) to rats, the tissues with relatively high concentrations of drug
related product included the GI tract, liver, kidneys, thyrecid/parathyreid,
seminal vesicles, aorta and skin. Relatively low concentrations +ere observed
in neural tissue. Concentrations »f radicactivity declined rapidly following
the acute or daily administration cf ['*C]famciclovir, with little evidence of
drug accumulation. A somewhat slower deciine in radicactivity was noted in the
testes of the rat.

Tispuw Distribution-Fetal Drug Exposures: ARdrinistration of [*C]famciclovir to
pregnant rats and rabbits demonstrated that placental passage and fetal
exposure to drug reiated material occurred at levels nearly comparable to
maternal exposure. In the rat fetus, pencicleovir and BRL 42359 (the & deoxy
precursor of penciclovir) accounted for the majority of the ['C] radiolabeled
macerial, whereas in the rabbit, BRL 42359 and BRL 48959 were identified as
the major metabolites in addition to penciclovir. Penciclovir was rapidly
secreted in the milk of lactating rats after an oral dose of [*Clfamciclovir
{40 my,/kg). Milk concentrations were considerably higher than those observed
1n plasma.

Excretion: Following the oral administration of ['C]BRL 42810 or the
intravenous administration of [*'C]JBRL 3%123A to rats, mice, and dogs, nearly
all of the administered radioactivity was recovered in urine and faeces {65-
8BSt and 10-20%, respectively), during the subsequent 72-9€ hours. Drug
elimination was quite rapid with over 30% of the excreted radicactivity being
eliminated within the first 6 or 24 hours. The terminal plasma half-life of
penciclovir was astimated at less than 1 hour in the rat and at about 2 hours
in tie dog. In all species studied, TLC and HPLC analyses performed on urine
specimens indicated that »»5% of the urinary radicactivity co-eluted with a
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BRL 39123 control sample. All other radiocactive peaks accounted for a small
traction of the urinary radiocactivity.

Miscellanacus: Ex vivo studies revealed only low level binding of penciclovir
(and its precursors) to plasma proteins from either the rat (11-24%) or dog
(12-22%) when tested at concentrations of 2-20 ng/ml. The distribution of drug
related material in rat blood was approximately even between the plasma and
cells, whereas in the deg there was evidence of nearly complete exclusion of
the drug from pblood cells (i.e., the drug product was found almost exclusively
in the plasma of the dog}. In both species, the volume of distribution for
drug related materials was estimated at approximately 1 L/kg.

Comparison of Pharmacokinetic and ADME Duta in Animals and Man:

In man, as in all species tested, the bicavailakility of famciclovir was high
(approx. 75%) with oral administration at doses up to 750 mg (approx. 15 mg
/kg) . Rapid conversion of famciclovir to penciclovir (the predominant drug
form detected in the systemic circulation) and ERL 42359 was evident in man,
as it had been in the mouse, rat, dog and monkey. This metabolic conversion
appears to be mediated by a cytosolic aldehyde oxidase, and is independent of
the P450 system. As seen in preclinical evaluations, the drug kinetics in
human subjects were dose independent. Renal excretion of penciclovir was the
primary route of drug elimination in man, azc had been demonstrated in the
preclinical animal studies. Plasma clearance of penciclovir was estimated &t
0.37 L/h/kg following a 5 mg/kg IV dose, which was similar to that observed in
the dog (0.33 L/h/kg) after a 25 mg/kg IV dose and was 1/3-1/7 the rate noied
in the rat (0.3-1.7 L/h/kg) following an IV dose of 40 mg/kg. Active tubular
secretion of drug related material is suggested in all species evaluated. In
man, as in the dog, the estimated plasma elimination half-life ¢f penci«lovir
was approximately 2 hours. The volume of drug distribution in man was
estimated at 1 L/kg (similar teo the rat and dog), with plasma protein binding
of approximately &6-16%.

In ceonclusion, when evaluated in multiple test systems, the percutaneous
abs>rption of penciclovir appears to be relatively low (5% or less cof the
administered dose). Further, the pharmacokinetic and metabolic profiles for
penciclevir (and for famciclovir) as determined in multiple animal species
suggests strong similarities to the data obtained in man. Together, these
findings support the use of the animal toxicology studies conducted with
penciclovir and famciclovir for estimating the safety profile of penciclovir
when administered tO humans.

Reviews of the 1individual studies are contained on the following pages.
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Pharmacokinetjcs/ADME Studiss Summary:

1) Thae Percutanecus Absorption of Radiocactivity Pollowing a Single
Topical Application of a Cream, Contaianing 5% w/w ['C}BRL 39123A, to
the Shaved, Unabraded, Uncccluded, Dorsal Skin of the Mals Rat at &
Nominal Dose Leval of 1 ml of Cream/kg (Approx. 45 mg BRL 19123 /kg},
study ID D86612/39123 /14, GLP, Beecham Phar., Harlow, Essex, U.L.,
Sstudy Initiation: 18 Mar., '86, ['CIBRL 39123A, batch 8475-65.
2) The Percutaneous Absorption of Radioactivity Pollowing a Singlaes
Topical Application of [**CIBRL 39123 Formulated as a 5% w/w Cream to
the Shaved, Abraded, Dorsal Skin of Male Rabbits at a Nominal Dose Level
of 0.5 ml/xg (Approx. 13 mg of BRL 39%123/kg) With Occlusion for & Hours,
Study 1D D86618/39123/15, GLP, Beecham Phar.. Harlow, Essex, U.K., Study
Initiation: 17 Mar., '86, [™C]BRL 39123A, batch B475-57.
1) Percutaneous Absorption of Drug-Related Material Following Topical
Administration of [MCIBRL 39123 as a 1% Cream Formulation (2 g Cream
/kg} To The Male Rat, Study ID 802/175-1011, GLP,
Study Initiation: 11 Nov., 1944,

[**C)BRL 391Z3A, patcn 5H0457-065.
4) A study to investigate plasma concentrations and urinary excretion cf
BRL 39123 following a single intravenous administration of BRL 35123A to
male and famale rats at a nominal dose lavel of 40 mg/kg (Study
BF-1002/BRL-039123/2, GLP, Study Site: Beecham Pharm., Harlow, Essex,
UK, 1953%0)
5) The elimination and blood concentrations of radiocactive material
following single intravenous administration of ['*C]BRL 39123A to rats
at a nominal dose lsvel of 10 mg of BRL 39123/kg (Study DB5670/35123/4,
GLP, Study Site: Beecham Pharm., Harlow, Essex, UK, 1985)
&) Blood concentrationa, plasma concentrations and elimination of
drug-related material following a single intravencus administratior of
{*CIBRL 39123A to female rats at a nominal dose level of 40 mg BRL
39123/kg (Study DB9642/39123/48, GLP, Study Site: Beecham Pharm.,
Harlow, Essex, UK, 19889)
7} Tissue Concentrations of Radioactivity and Tissue Radiation Doses
Pollowing a Single Intravencus Administration of [**CIBRL 39123A to Male
Pigmented Rats at a Nominal Dose Level of 10 mg of BRL 359123/kg, Study
D8B627/39123/37, GLP, Study Site: Beecham Pharm., Harlow, Essex, UK,
Study Initiation: 15 Nov., 1988, [('C]BRL 39123A, batch 8475-79.
8) [YCIBRL 42810: Whole-Body Autoradiography Follewing Bither Single Ox
Repeated Oral Adminigtration (40 mg/kg) to the Male Rat, Study 802/103-
1011, GLP, Study Site:

, Study Initiation: 1 Nov., 1993, [“CIBRL 42810, batch 32634-172,
>99% pure.
9) Blood and plasma concentrations and elimination of radiocactive
material following s single intravencus administration of [*‘CIBRL
39123A to dogs at a nominal dose level of 10 mg of BRL 39123/kg (Study
D85671/39123/5, GLP, Study Site: Beecham Pharm., Harlow, Essex, UK,
1585)
10} A study to investigate plasma concentrations and urinary excrstion
of BRL 39123 following a single intravenous administration of BRL 39123A
to ma.e and female dogs at a nominal dose level of 50 mg/kg (Study
BF-1001/BRL-039123/2, GLP, Study Site: Beecham Pharm., Harlow, Essex,
UK, 1290)
11) Metabolic and pharmacokinetic studies in female dogs following
intravenous administration of [*C!BRL 39123A at a nominal dose lavel of
25 mg BRL 39123/kg (Study BF-0001/BRL 039123/2, GLP., Study Site: Beecham
Pharm., Harlow, Essex, UK, 1950}
12) The elimination of compound-related material following single
intravenous administration of ['‘C}BRL 29123A to cynomolgus monkeys at a
nominal dose level of 10 mg of BRL 3%123/kg {(Study D87635/39123/34, GLP,
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Study Site: Beecham Pharm., Harlow, UK, 1987)

13} The pattsrn of radiomstabolites in the urine of male rats dosed once
intravencusly with [**C] BRL 39123A at a dose lavel of 10 mg of BRL
39123/kg (Study D86640/39123/24, GLP, Study Site: Beecham Pharm.,
Harlow, Essex, UK, 1986)

14} Plasma concentrations of radicactivity and of BRL 39123, and the
pattern of radicmetabolites in urine following a single intravenous
adpinistration of [l4CIBRL 39123A to mals dogs at a dose level of 10 mg
of BRL 39123/kg (Study DB6643/39123/25, GLP, Study Site: Beecham Pharm.,
Harlew, Essex, UK, 198§)

15) Metabolic studies following a single intravenous administration of
[**CIBRL 39123A to male dogs and healthy male human subjects at nominal
doses of 25 and 5 mg of BRL 39123/kg, respectively (Study
BF-1004/BRL-039123/1, GLP, Study Site: Beecham Pharm., Harlow, ZIEssex,
UK, 1990}

16) Comparative Metabolic Pattern Studies Following an Intravencus
Administration of {**C]BRL 39123A to Rat and Man at Nominal Doses of 40
arnd 5 mg of BRL 39123/kg, Respectively, Study BF-1010/BRL-03%123/1, GLP,
Beecham Pharm., The Frythe, Welwyn, Herts, U.K., Study Initiation: 4
Feb., 1990, [**C]BRL 39123A, >84% pure.

17, The in vitro protein binding of BRL 39123 in human, dog and rat
plasma (Study BF-1003/BRL-039123/2, GLP, Study Site: Beecham Pharm.,
Harlow, Essex, UK, 1990-1991)

i8) In vitro cell partitioning of [M1C]BRL 39123A (penciclovir) in male
rat, dog and human blood (Study BF-1008/BRL-039%123/1, GLP, Study Site:
Beecham Pharm., Harlow, Essex, UK, 1992}

19) In Vitro Percutaneocus Absorption and Cutaneous Distribution of
(“CIBRL 39123 Across Intact and Tape-Stripped Human Skin, Study ID MS5-
002, GLP, Study Initiation: 19
Dec., 1994, ['*C]IBRL 131%123A, 98.3% pure.

20) Effect of BRL 42810 (famciclovir}, BRL 33123 (penciclovir) and BRL
42359 on testoatercns S-beta hydroxylaticon in human liver microsomas
(Study D91609/42810/79%, GLP, Study Site: Beecham Pharm., The Frythe, UK,
1991}

21) Factors Affecting Famciclovir and BRL 42359 Metabolism by Mammalian
Molybdenum Hydroxylases and the Potential for Matabolism Drug-Drug
Interactions With Famciclovir and Penciclovir, Study BF-1035/BRL-
042810/2 (DR95832), neon-GLP, Study Site: Beecham Pharm., The Frythe, UK,
Study Initiation: not specified, BRL 42810 and 42359, batch numbers not
specified.

22) The Effect of BRL 39123 on the Hapatic Levels of Cytochrome P450 and
Related Paramaters in Spragus dawley Rats After Intravenous
Administration at 0, 10, 30 and 80 mg/kg/day for 13 Weeks, Study
DBOZ2/104-1011, GLD,

Study Initiation: 30 Sept., 199%3.

Pharnmacokinetics/ADME Study Reviaws:

1} The Parcutaneous Absorption of Radioactivity Following a Single Topical
Application of a Cream, Containing 5% w/w [}*C]BRL 39123A, to the Shaved,
Unabraded. Unoccluded, Dorsal Skin of the Male Rat at a Nominal Doss Level of
1 ml of Cream/kg (Approx. 45 mg BRL 39123/kg), Study ID DB6612/39123/14.

Status: GLP

Study Initiation: 18 Mar., 'B&

Study Site: Beecham Phar., Harlow, Essex, U.K.

Compound Tested: [C]MRL 39123A, batch B8475-69

Dcses Tested: 45 mg/kg

Dase Volume and Route: 1 ml/kg, topical

Sclvent: cream base, batch GB 1330

Species, Strain, Sex: Rat, Crl:CD, male, weight range 300-350 grams, 3
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animals.

Test conditions: Animals received a single application of BRL 39123. Urine
and faecal samples were obtained at intervals up to 24 hours post-application.
At the conclusicn of the 24 hour exposure period, specimens of urine, faeces,
skin {application site) and carcass were assayed for their content of
radiocactive BRL 39123.

A mean of 87.7% (+1.6) of the administered radiocactivity was retained at the
application site at the end of the 24 hour exposure period. The urine, faecal
and carcass concentrations of radioactivity were all below the limit of
reliable detection (< 0.01% of the administered dose). The mearn total recovery
of radicactivity was approximately 92%, with some raainactivity (0.5-12%)
being found con the bars of the restraint cages at the termination of the
study.

Ccomment : The results suggest that BRL 39123 undergoes negligible
percutaneous absorption when applied to unabraded skin for a
period of 24 hours.

2} The Percutanecus Absorption of Radiomctivity Following a Single Topical
Application of ['CIBRL 39123 Formulated as a 5% w/w Cream to ths Shaved,
Abraded, Dorsal Skin of Male Rabbits at a Nominal Dose Level of 0.5 ml/kg
(Approx. 23 mg of BRL 3%123/kg) With Occlusion for 6 Hours, Study ID
DB6618,/391213/15.

Status: GLP

Study Initiation: 17 Mar., 'B4

Study Site: Beecham Phar., Harlow, Essex, U.K.

Compound Tested: ['C]BRL 39123A, batch B475-57

Doses Tested: 45 mg

Deose Volume and Route: 0.5 ml/kg, topical

Solvent: cream base, batch GR 1330

Species, Strain, Sex: Three New Zealand White rabbits, male, weight range
2.43-2.50 kg.

Test conditions: Animals received a single 6 hour application of BRL 39123
to a shaved and abraded area of the dorsal cervical region. The occlusive
dressing was removed and the application site cleansed at the end of the 6
hour exposure period. Urine and faecal samples were obtained at intervals up
to 96 hours post-application. At the conclusion of the study, specimens of
urine, faeces, skin f{(application site} and carcass were agsayed for their
content of radicactive BRL 39123.

A mean of 70.3% (+2.3) of the administered radicactivity was retained on the
ccclusive dressing at the end of the application period. An additaonal 18.6%
(+3.2) of che administered dose was measured at the application site {skin)
at the end of the 96 hour follow-up period. Urine and faecal recovery of
radiocactivity amounted to 1.0% (+J.1) and 1.9% (+0.3) of the administered
docse, respectively. Radicactivity retained in the carcass (exclusive of the
application site) was measured at 2% {(limit of detection). Mean total recovery
of radicactivity was approximately 92.2% {+0.9) of the administered dose, with
some radicactivity (0.4%) being found on the cage and collar materials.

Ccomment : The results suggest that BRL 39123 undergoes some [(3-5%)
percutaneous absorption when applied to abraded skin for a pericd
of 6 hours. However, the majority of the drug is retained in the
skin of the application site and on any dressing materials.

Small, but measurable, amounts of radioactivity (and by inference
- BRL 19123} was retained in the skin of the application site and
was still being excreted in the urire and faeces of each rabbit at
the end of the 96 hour follow-up pericd. The sponsor should
determine whether drug which is retained in the skin of the
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application site may act as a 'poel' or 'reservoir', which may
mailntain low levels oi systemic drug exposure over prolonged post-
application intervals.

3) Percutanecus Absorption of Drug-Related Material Following Topical
Administration of ['CIBRL 39123 as a 1% Cream Formulation (2 g Cream/kg) To
The Male Rat, Study ID 802/175-1011.

Status: GLP

3tudy Initistion: 11 Nov.. 19%4

Study Site )

Compound Tested: ['*C]BRL 39123A, batch 50457-065, Radio- and chemical
purity of 99.6% and 98.3%, and BRL 39123, batch LRS-8, 99.4% pure,

Doses Tested: 40 mg/kg

Dose Volume and Route: 2 g/kg, topical (approx. J.6 mg/cm’)

Solvent: cream base (40% propylene glycol and 0.9% cetamacrogal 1000)

Species, Strain, Sex: Rat, Crl:CD(SD!BR, male, weight range 281-310C grams,
7-8 weeks of age, 3 animals/group.

Test conditions: Animals received a single application of BRL 39123 to
abraded/occluded or non-abraded/intact skin. Urine and faecal samples were
obtained at intervals up to 24 hours post-application. At the conclusion of
tha 24 hour exposure period, specimens of urine, faeces, skin (application
site) and carcass were assayed for their content of radioactive BRL 39123.

During the initial 24 hours following topical application to abraded skin,
approximately 7% of the administered dose of radicactivity was recovered in
the urine (6.6%) and faeces (0.4%) of the test animals. In contrast, after
application to intact skin less than 0.2% of the administered dose was
recovered in the excreta. Under both study conditions (abraded or intact skin!
approximately 5-7% of the administered dose was retaied at the site of
application following washing. The majority of the radicactivity (82-85.5%)
was recovered from the application site at the conclusion of the 4 hour test
period in the residual cream and bandages. The total recovery of radiocactivity
was approximately 95% for both study treatments.

commant : Following topical application of a 1% [14C]BRL 39123 in propylene
glycel/cetomacrogol cream to abraded and cccluded skirn, systemic
absorption of radicactivity (as demonstrated by elimination in the
excreta}! was approx. 7% of the administered dose. An additional 5-
7% of the administered radicactivity was retained at the site of
application following washing. The study results suggest that BRL
319123 undergoes negligible percutanecus absorption when applied to
unabraded skin for a period cf 24 hours.

4) A study to investigate plasma concentrations and urinary excretion of BRL
319123 following a single intravenous sdministration of BRL 35123A to male and
famale rats at a nominal dose level of 40 mg/kg (Study BF-1002/BRL-039123/2,
GLP, Study Site: Eeecham Pharm., Harlow, Essex, UK, 1990, Batch: unspecified)

Groups of five male and five female Sprague Dawley <D rats were administered a
single intravenous dose of 40 mg/kg BRL 39123A (the sodium salt of BRL 33123)
in saline. Blocod was sampled for & hours from three males and three females.
Two males and three females from the blood sampling study (plus an additional
male) were again administered a single dose of 40 mg/kg BRL 319123A and urine
was collected for 48 hours.

Clearance is primarily renal. The small number of animals used precludes
conclusions of differen~es based on sex.

Table. pharmacokinetic values and uvrinary excretion of BRL 338123 in rats
administered a single intravenoua 40 mg/kg dose of BRL 39123A
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Male Female
v {L) 0.35, 0.46 0.19-0.49
{L/kg) 1.91, 1.33 0.83-1.26
t¥ (h) 0.41 . 0.42-0.56
AUC,..
{ug*h/ml) 18.6, 19.3 26.3-43.2
Urinary recovery
%) 70.9, %1.4 83.5-90.7
CL, (L/h) ¢ 53, 0.61 0.22-0.30
CL, (L/h/kg} 1.56, 1.67 0.94-1.21
CL (L/h) 0.58, 0.78 0.24-0.23
CL {L/h/kg} 1.87, 2.25 1.06-1.70

5) The elimination and blood concantrations of radioactive material following
single intravenous administration of [YC)IBRL 39i23A %o rats at a nominal dose
level of 10 mg of BRL 39%123/kg (Study 085670/3%123/4, GLP. Study Site: Beecham
Pharm., Harlow, Essex, UK, 1985, Batches: Radiolabeled - B475-35, 79.9% pure,
Non-radiolabeled - G3D 5, B86.6% pure)

Three 200-250 g male Sprague-Dawley CD rats were administered a single
intravenous dose of 10 mg/kg [**CIBRL 39123A in 0.9% sterile sodium chloride.
Blood., urine, and feces were collected for 72 hours. Expired air was collected
for 48 hours. All samples were analyzed for radicactivity and urine and plasma
were anralyzed for BRL 42810 and its known metabolites.

The highest concentrations of radipactivity were measured between 3 minutes
after dosing, with a ¢, of 10.9-16.1 ug/ml of BRL 391Z3 equivalents. BRL
39121 could be detected in plasma for 4-6 hours. About 68% of the radicactive
dose was excreted in the urine by 72 hours (61% in the first 6 hours.
Approximately 19% of the dose was excreted in the feces and <0.1% was found 1in
expired air.

rable. Elimination of radioactivity in rats after a single intravenous dose of
10 mg/kg of [**C]BRL 35123A

Percentage cf dose Male Female
Urine 0-6 h 51-79 52-59
6-24 b 3-5 3-10
24-48 h 1 1-3
Feces 0-24 h 4-17 14-23
24-48 h 2-6 2-7
G3I tract 72 h 0.4 0.4
Carcass 72 h 0.6 0.6
Total recovery 90-92 83-90

Blood radioactivity

Caax Man) R 3
Coax Mg 39123 13-16 11-15
equiv/ml}

Comment: What are the 20% impurities in the study material? Their presence may
cenfound interpretation of the study.

€} Blood concentrations, plasms concentrations and elimination of drug-related
material icllowing a single intravencus administration of ['C])BRL 39123A to



AFPENDIX H PHARMACCKINETICS/ADME STUDIES 110

............................................................................

female rats At & nominal dose level of 40 mg BRL 39123/kg (Study
D89642/39123/48, GLP, Study Site: Beecham Pharm., Harlow, Essex, UK, 18989,
Batches: Radiolabeled - 1128B3-77, 86.6% pure, Non-radiolabeled - GBD 18, 86%
pure)

Eighteen 200-230 g female Sprague-Dawley (CD.rats were administered a single
intravenous dose of 40 mg/kg [*'CIBRL 39123A 13 0.9% sterile sodium chloraide.
Blood, urine, and feces were collected for 72 hours from groups of three rats.
Twelve animale were killed in groups cf three and plasma from 10 and 30
minutes, and 1 and 3 hours after dosing were collected. All samples were
analyzed for radicactivity and urine and plasma were analyzed for BRL 39123
and possible metabolites.

The highest concentrations of radiocactivity were measured 1 minutes after
dosing, with a C,, 2f 57-60 ug/ml of BRL 39123 equivalents. BRL 3%123 could
not be detected in plasma by 6 hours. The B-hydroxy derivative of BRL 39123
(BRL 44072) was detected at 10 minutes and accounted for <1% of plasma
radicactivity. About 85% of the radivactivity was excreted in the urine and
11% was excreted in the feces. BRL 39123 was the only radicactive compcnent
detected i1n the urine and accounted for 96-%9% of radicactivity in the urine
(B:Y of the dose).

Table. Climination of radiocactivity in female rats after a single intravenous
dose of 40 mg/kg of ['*C)BRL 3%123A

Urine 0-6 h B
6-24 h
24-48 h
Feces 0-24 h
24-48 h
Cage washings 72 h
Gl tract "2 h
Carcass 72 h
Total recovery

o)
h e Bl B VS B e S
b MO B

0

Blood radioactivity

Loae (ML1QL) 3
Cowe (wg 41810 57-60
equiv ml-

. Tissue Concentrations of Rndionctivity and Tissue Radiation Doses Following
a Single Intravencus Administration of [''CIBRL 319123A to Male Pigmented Rats
at a Nominal Dose Lavel of 10 g of BRL 3%123/kg, Study DH8627/39123/37.

Status: GLP

Study Initiation: 15 Nov., 1988

Study Site: Beecham Pharm., Harlow, Essex, UK

Compound Tested: ['*CIBRL 39123A, batch 8475-79, Radio- and chemical purity
of 77.1%y and 9%9.1%, and BRL 39123, ba+tch GBD-18, 85.5% pure.

Doses Tested: 10 mg/kg

Dose Volume and Route: 3 ml/kg, IV

Solvent: sterile saline

Species, Straln, Sex: Lister Hooded rat, JLA Strain, male, weight range 182-
205 grams, 3 animals/group.

Test conditicons: An:mals received a single intravenous dose [''C)BRL 39123
and were sacrificed at various time-pcints between 13 min. and 120 hours post-
dosing. At the conclusicn of the exposure period, che blood, plasma, urine,
feces and most major organs of each animal were assayed for the content of
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radioactivity. Whole body autoradiographs were also performed on a limited
number of specimens.

Peak concentrations of radicactivity were measured 10 minutes afrer dosing
distributed to nearly all tissues, although the highest concentrations were in
association with the kidneys, urinary bladder contents and the GI tract
{(predominantly the small intestine). Tissue levels of radicactivity declined
rapidly during the 24 hours post-dosing, such that at the end of this interval
radicactivity could only be detected in the GI tract, liver, skin and eyes. By
120 hours after dosing, no radicactivity could be detected in any organ by
whole body autoradiography. During the 120 hour follow-up period, a total of
BS.1% and 6.6% of the administered radicactiv.ty was recovered 1in the urine
and faeces, resgpectively, of the test animals The majority of the radio-
activity was recovered in the urine during the initial 24 hour post-dosing
interval . The mean concentrations of radicactivity in aeveral major body
tissues at multiple time-points following dos.ing are presented in the
following table.

Table. Tissue radiocactivity in male pigmented rats after a single intravenous
doge of 10 mg/kg ['*C)BRL 39123A

Time after Dose 10min. 1.5hr 24 hr 4Bhr

Blood 11.8 0.38S 0.006 <0.004
Adrenal 10.3 1.00 0.126 0.054

Eves 2.33 0.245 0.062 0.041
Heart 10.4 0.382 0.016 0.007
Kidney 146 4.186 0.112 0.n50
Liver 14.9 1.71 0.359 0.187
Lung 13.1 0.761 0.175 0.115
Spleen 10.2 0.679 0.c76 ¢.038
Testes 1.5% 1.93 0.039 c.019

8) [**C]BRL 42810: Whole-Body Autoradiography Following Rither Single Or
Reapeated Oral Administration {40 mg/kg) to the Male Rat, Study 802/103-1011.
starus: SLE

study Initlation: 1 Nov., 1993

Study Site:

rompound Tested: |CIBRL 391023A, batch 32634-172, Radio- and chemical
purity <f 99% and 99.5%, and BRL 39123, batch BNS5, 99.5% pure.

Doses Tested: 40 mg/kg

Dose “Yolume and Route: 3 ml/kg, oral

Solvent: agueous methyl cellulose

Species, Strain, Sex: male Sprague-Dawley {Crl:CD(3D)BR) rats, age approx. 8
wagks, weight range 182-205 grams, 5 animals/group.

Test concitions: Animals received single or multiple (7) oral doses of
"MC1BRL 428:0 and were sacrificed at various time-points between 15 min. anAd
"2 hours post-dosing. At the conclusion of the exposure period whole body
auroradiographs were performed on animals from each treatment condition.

Following single or repeated oral dosing with [!*C]BRL 42810, peak concentra-
ticns of radiocactivity of 6.73 and 9.00 ug equivalent/g were measured in the
plasma at 1 hour post-administration. Similarly, the highest concentrations of
radicactivity 1n the tissues were recovered at this time-point, particularly
in associatidn with the gastro-intestinal tract and the kidneys and bladder
contents. Low levels of radioactivity were distributed throughout the
remaining tissues of the body, with the tissue levels being slightly higher
following repeated oral dosing than seep after & single oral dose. Under both
conditions of dosing, the radicactivity ias generally cleared from the plasma
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and tissues by 4 hours post-administration. The only deviations from this
pattern were the retention of low levels of radioactivity in the liver, muscile
tissue, and skin of animals multiply dosed with ['‘C)BRL 42810. In the latter
group of animals, retained skin radiocactivity was found in association with
the fur and hair follicles.

Comments: 1) The retention of radiocactivity in the skinh of animals dosad
with ["C]BRL 42810 appears to be predominantly in/on the fur and
in association with the hair follicles. Accumulation and/or
escalation of the tissue concentration of radiocactivity was
evident 1n animals dosed for 7 days versus those dosed only once.
No information was provided as to whether the retained
radiocactivity was incorporated into the elongating hair shafts or
was present in follicular sebaceous excretions,

2) As demonstrated in multiple piyevious studies conducted with BRL
39123 or BRL 42810, radicactivity was rapidly and widely
distributed to nearly all kody tissues following oral
administration with subsequent rapid clearance via renal
elimination. The primary tissues in which high levels of
radicactivity were evident were those associated with drug
absorption (i.e., the gastro-intestinal tract) and elimination
{3.2., the kidneys and bladder).

%) Blood and plaama concentrations and elimination of radicactive material
following a singls intravenous adminictration of ['C]BRL 319123A to dogs at a
noninal dose levsl of 10 mg of BRL 3%123/kg (Study DES671/39123/5, GLP, Study
Site: Beecham Pharm., Harlow, Essex, UK, 1985, Batches: Radiolabeled - B475-
35, 79.5% pure, Non-radiolabeled - GBD S, 86.6% pure)

Three male beagle dogs (12.7-14.6 kg} were administered a single intravenous
dose of 10 mg, kg ['"“CIBFL 39123A (the sodium salt of BRL 39123) in saline.
Bloocd was sampled and urine and feces were collected for 96 hours after
dos:ing.

Eliminarion of radicactivity was predominantly renal and was essentially
complere after 12 hours. About 86% of the radicactivity was eliminated in the
urine and 10% in the feces. A maximum of 16% of the radicactivity was
associated with erythrocytes (at 12 hours).

10) A study to investigate plasma concentrations and urinary excretion of BRL
39123 following a single intraverous adminictration of BRL 29123A to male and
female dogs at a nominal dcase level ot 50 mg/kg (Study BF-1001/BRL-039123/2,
GLP, Stuay Site: Beecham Pharm., Harlow, Essex, UK, 1990, Batches:
Radiolabeled - 11283, 86.6% pure, Non-radiolabeled - GBD 18, B6% pure)

Three male (14-16.8 kg) and three female beagle dogs were administered a
single intravenous dose of 50 mg/kg BRL 39123A (the sodium salt of BRL 39123)
in saline. dlood was sampied for 24 hours after dosing and urine was collected
fcr 48 hours after dosing.

Elimination of BRL 39123 was predominantly renal and was essentially complete
after 24 hours. Plasma clearance and volume »f distribution appeared to be
lower for females than males, but the small number of animalis precludes
definitive conclusicns about differences between the sexes, Comparisun of AUC
values in this study (at 50 mg/kg) with the study conducted at 10 mg/kg
suggests dose proportionality.

Table. Pharmacok.netic values and urinary excre“ion of BRL 39123 in decgs
administered a single intravenous 50 mg/ky dose of BRL 39123A
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Male Female
v (L} 12-15 %.6-11.4
(L/kg) 0.73-1.1 0.51-0.93
t% (h) 2.3-2.6 2.2-2.6
AUC,z4n ’ 165-178 . 181-353
{ug*h/mi)
AUC, .. 178-194 199-415
(ug*h/ml)
Urinary recovery 63-77 75-98.5
(% dose}
CL (L/h) 3.4-4.0 1.5-3.8
CL {L/h/kg) 0.20-0.28 0.14-0.31
CL, (L/h) 2.3-2.6 1.2-3.4
CLy (L/h/kg) 0.16 0.12-0.27

11) Matabolic and pharmacockinetic studies in female dogs following intravenoua
aédministration of [C]BRL 39123A a® a nominal dose level of 25 mg BRL
39123/kg (Study BF-0001/BRL-039123/2, GLP, Study Site: Beecham Pharm., Harlow,
Essex, UK, 1990, Batches: Radiclabeled - 11283-77, 86.6% pure, Non-
radiolabeled - GBD 18, B86% pure}

Three female beagle dogs were administered a single intravenous dose of 25
mg/kg [{'*C]BRL 39123A (the godium salt of BRL 39123) in saline. The same

female dogs were dosed a second time 2 weeks later. After the first dosing,
blood, urine and feces were collected for 96 hours after dosing. In the second
phase blood was collected for 3 hours and the metabolite profile was
determined.

Elimination of radicactivity was predominantly renal and was essentially
complete after 12 hours. BRL 39123 was the only radicactive compound detected
in the urine and it represented $7%-99% of the total urinary radiocactivity. A
maximum of 23% of the radicactivity was associated with erythrocytes (at 12
hours) . These results are similar to those obtained at 10 mg/kg.

Table. Pharmacckinetic values and urinary excretion of BRL 39123 in female
dogs administered a single intravenous 25 mg/k3 dose of [**C]BRL 39123A

Coax 4g/ml) 42.9
Toax H) 0.06
v,, (I} 9,25
(L/kg) 0.89
t% (h) 1.99
AUC, .. 78.6
{ug*h/ml}
AUC, .. 79.9
(ug*h/ml)
Urinary recovery 91.9
(¥ dose)
feces 3.3
(¢t dose)
CL (L/h)} 1.22
CL (L/h/kg) 0.31
cL, {L/h) 2.96
CLy, {(L/h/kg) 0.28

12) The elimination of compound-related material following single intravenous
administration of [CIBRL 39123A to cynomolgus monkeys at a naminal dose
level of 1) mg of BRL 39123/kg (Study D87635/39123/34, GLP, Study Site:
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Beecham Pharm., Harlow, Essex, UK, 1987, Batches: Radiclabeled - 8475-79,
77.1%t pure, Non-radiolabeled - GBD 11, 85.59% pure)

Cne male and two female cynomolgus monkeys (2.3-2.5 kg) were administered a
single intravernous dose of 10 mg/kg [C)BRL 39123A. Urine, feces, and cage
debris were collacted for 48 hours. Urine samples were analyzed for
radiometabolites by HPLC.

The high percentage of the dose in tne cage debris may have been do to
ceontamination by urine. Of the administered dose, 65% was excreted in urine
and 5% was eliminated in the feces. The major component in the urine was BRL
39123. In contrast to rats, dogs, and humans, BRL 44072 (the 8-hydroxy
derivative of BRL 39123} accounted for 24% of the urinary radicactivity and
15% of the dose in the cynomclgus monkeys.

Table. Elimination of radiocactivity in male monkeys after a single intravenous
dose of 10 mg/kg of [*C]BRL 39123a

Urine 0-24 h 64.9
24-48 h G.3

Feces 0-24 h <2.1
24-48 h 2.9

Cage debris 0-24 h 11.3
24-48 h 0.4

Total recovery B1.8

Urine (% of urinary

radioactivity) d-24 h
BRL 35123 72.8
BRL 44072 23.5
total 96 .3

13) The pattern of radiometabolites in the urine of mrle rats dosed once
intravencuely with ['C] BRL 39123A at a dose level of 10 mg of BRL 39123/kg
{Study DR6640/39123/24, GLP, Study Site: Beecham Pharm., Harlow, ESsex, UK,
1386, Batch: 8475-79, 86.5% pure)

Three 197-238 g male Sprague-Dawley CD rats were administered a single
intravenous dose of 40 mg/kg ['*CIBRL 39123A in 0.9% sterile sodium chloride.
Urzne was collected for 48 hours. All samples were analyzed for radiocactivaty.

Of the administered dose, 87% was excreted in 24 hours and 89% was excreted in
48 hours. BRL 32123 accounted for 91-99% of the urinary radiocactivity.

14) Plasma concentrations of radioactivity and of BRL 39123, and the pattern
of radiometabolites in urine following a single intravenous administration of
(14C] BRL 39123A to male dogs at a dose level of 10 mg of BRL 39123/kg (Scudy
[86643/33123/25, GLP, Study Site: Beecham Pharm., Harlow, Essex, UK, 1936,
Batches: Radiolabeled - 8475-79, B&£.5% pure, Non-radiolabeled - GBD 8, 85.3%
pure)

Three male beagle dogs were administered a single intravenous dose of 10 mg/kg
BRL 39123A (the sodium salt of BRL 39123) in saline. Blood and urine were
gampled for 48 hours after dosing.

Clearance 18 primarily renal. BRL 39121 accounted for 96-98% of the urinarv
rathioactivaty and 85% of the dosc.
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Table. Pharmacokinetic values and urinary excretion of BRL 13%123 in male dogs
administered a single intravenocus 10 mg/kg dose of (14C]JEBRL 39123A

Vv (L) 11-14.8

t¥% (h} 1.8-2.8

AUC, 29-40
(ug*h/ml)

Urinary recovery as
{8 of dose)

BRL 13%122 96-98
(¥ of urinary

radiocactivity)

<L {L/h) 3.6-4.2

Crax (Hg/ml) 14.8-18.5

Trax (Min} 3-11

15) Metabolic studies following a single intravenous administration of

IMC)IBRL 35123A to male dogs and healthy mals human subjects at nominal dooes
of 25 and 5 mg of BRL 39123/kg, respectively (Study BF-1004/BRL-039123/1. GLP.
Study Site: Beecham Pharm., Harlow, Essex, UK, 1990, Batch: 11283-77, 84.8%
pure)

Three male beagle dogs (11.1-15.3 kg) were administered a single intravenous
dose of 25 mg/kg ['C]BRL 39123A in saline on two occagions, 2 weeks apart.
After dosing, urine and feces were collected for 72 hours and blood was
sampled for 72 hours and analyzed for radioactivity and radiclabeled
compounds. Human data are from study 39123A/005/BP/0Cl/prince.

BRL 39123 was the only radiolabeled compound detected in dog plasma or urine.
In addition, urine of humans contained an unidentified metabolite
{approximately 3% of dose). BRL 44072, the 8-hydroxy derivative of BRL 39123
and a2 major urinary metabolite of 39123 in cynomoigus monkeys, was not
detected in the urine of humans cor dogs.

Table. Pharmacckinetic data for BRL 39123 for dogs administered a single
intravenous dose of 25 mg/kg of [C]BRL 39123A
Cy (ug/ml) 52

Corax  (#g/ml) 43

t¥% (h) 2.1

AUC, .. (pg*h/ml 79.4

Cl, (L/h) 3.7

CL {(L/h) 4.4

V,. (L) 13.4

radicactivity

urine (¥ of dose) 92.7

feces (¥ of dose} 3.8

Fur comparison, the C,,. and AUC, . values for BRL 39123 for humans given a S
mg intravenous infusicn of [*CJBRL 39123A were 5.7 ug/ml and 13 ug*h/ml, with
a t¥ of 2 hours,

16) Comparative Metabolic Pattern Studies Following an Intravenous
Administration of ['C]57L 39123A tc Rat and Man at Nominal Dosas of 40 and 5
mg of BRL 35123/kg, Respectively, Study BF-1010/BRL-039123/1.

Status: GLP

Study Initiation: 4 Feb., 19%0
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Study Site: Beecham Pharm., The Frythe, Welwyn, Herts, U.X.

Compound Tested: [“C]IBRL 3°123A, batches 11283-77 and 13274-51, >84% pure
free acid, and BRL 39123, batch GBD 18, >85% pure free acid.

Doses Tested: 40 and 5 mg/kg

Dose Volume and Route: Rat, 10 ml/kg; Man, 1 hr infusicn, IV

Solvent: sterile saline

Species, Strain, Sex: male Sprague-Dawley (Crl:CD(SD)BR} rats, age approx. 9
weeks, weight range 220-254 grams, 3 animals/group or time point.

Test conditions: Animals and human subjects received a single intravenous
dose of [*CIBRL 39123A following which blood, urine and faecal f{rats only;
samples were collected at various time-points between 10 min. ard 72 hours
post-dosing. Human data are from study 39123A/00S/BP/001/prince.

BRL 39123 was the predominant radiolabeled compound detected in rat plasma or
urine. In addition, urine of humans contained an unidentified metabolite
{(approximately 3% of dose). BRL 44072, the 8-hydroxy derivative of BRL 39123
and a major urinary metabolite of 39123 in cynomolgus monkeys, was not
detected in the urine cf humans or rats.

Table. Pharmacokinetic data for BRL 39123 for rats and man administered a
single intravenous dose of 40 or 5 mg/kg of [*CIBRL 391234

Rat Human

Cpax (4g/ml) 27.9 4.1-5.7
AUC, .. (ug*h/ml) 23.4 B.3-12.9
Recovery of radiocactivity
urine (% dose) 0-24 hrs 81.5

0-72 hrs B2.6 89
feces (% dose) 0-24 hrs 7.4

0-72 hrs 9.8
Total Recovery 93 95
Comments : 1) In both rats and human subjects, BRL 39123 appears to be

excreted unmetabolized in the urine following intravenous
administration at doses of 40 and 5 wg/kg, respectively. In man, a
minor metabolite accounting for approx. 3% of the administered
dose was eluted immediately before unmetabolized BRL 39123 on HPLC
analysis (the exact structure of the metabolite was not identified
in this study).

2} Excretion in the urine appears to be the predominant route of
elimination for intravenously administered BRL 3%123A in both rats
and male humans, accounting for 80-90% of the eliminated radio-
activity in both species.

17) The in vitro protein binding of BRL 39123 in human, dog and rat plasma
(study BF-1003/BRL-039123/2, GLP, Study Site: Beecham Pharm., Harlow, Essex,
UK, 1590)

In vitro plasma protein binding of BRL 39123 was determined in human, dog, and
rat plasma by ultrafiltration.

The percentage of BRL 39123 protein bound was <20%Y and was not dose related
for rats, dogs, and humans between 2 ug/ml and 20 ug/ml. Freezing and thawing
of the samples had a minimal effect.

1B) In vitro cell partitioning of ['*1C)BRL 39123A (penciclovir) in male rat,
dog and human blood (Study BF-1008/BRL-039123/1, GLP, Study Site: Beecham
Pharm., Harlow, Essex, UK, 1992, Batch: 13274-51)
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Blood samples from rats, dogs, and humans were incubated with [“C]BRL 39123A
for 30 minutes in the concentratiocn range 1-300 ug/ml for rats and dogs and
0.3-30 ug/ml for humans.

For rats and humans the ratio of blood teo plasma radicactivity was a
approximately 1, whereas for dogs the ratio was 0.5. In dogs <10% of the
radicactivity was found in erythrocytes.

19) In Vitro Percutaneous Absorption and Cutansous Distribution of ['C]BRL
39123 Across Intact and Tape-Stripped Human 8kin, Study ID M95-GJ2.

Status: GLP

Study Initaiation: 19 Dec., 1994

Study Site:

Compound Tested: [**CIBRL 39123A, batch 50457-065, Radio- and chemical
purity of 99.6% and 98.3%.

Doses Tested: 1 mg

Dose Volume and Route: 0.1 g, topical

Sclvent: "commercial formulation" cream base

Test System: cryopreserved human abdominal skin, dermatomed to 200-250 um
thickness, with and without tape-stripping ‘to remove the stratum corneum) .

Test conditions: Tissue plugs were placed in a Bronaugh flow-through tissue
apparatus surrounded by Hanks' balanced salt solution. The test article was
applied to the epidermal surface of each skin sample, and the receptor fluid
collected at 0.5, 1, 2, 3, 4, 6, 8 and 24 hours after application. At the end
of the 24 hour test session all skin specimens were separated into component
layers {(dermis, epidermis and stratum ccrneum) and assayed for the co::tent of
radioactivity.

During the 24 hours following application, approximately 0.02% and 0.31% of
the applied radiocactivity were recovered from the receptor fluid of “"intact"”
and "tape-stripped” skin specimens. The transport rate of radicactivity across
the tissue plugs generally increased during the 24 hour assessment interval,
although it remained wall below (approx. 1/3) the rate of transport of [’H]

H,0 at all time points. Similar to the transport rate, the epi-dermal and
dermal concenrntraticons of radicactivity increased over time to maximal levels
of 67 (+x37) and 22 (+15) or, 391 (+349} and 217 (4333} kg equivalents/gram of
tissue, 1n intact and tape-stripped skin, respectively. The majority of the
radioactivity was recovered from the application site at the conclusion of the
24 hour test period in the residual cream. The total recovery of radicactivity
was apprcximately 99% for both study treatments.

Comments: 1) The study results suggest that transport of BRL 39123 was
increased approximately 3-fold by the removal of the stratum-
corneum layer of the skin. Further, the transport and
incorporation of radicactivity acreoss the tissue specimens
increased in extent during the 24 hour assessment pericd, for both
intact and tape-stripped tissues.

2) Similar to the findings in several studies conducted in whole
animals, the transport of BRL 39123 across the component layers of
the skin was low. However in the present study. the level of
transdermal transport was approx. an order of magnitude lower
{0.2% vs. 1-5%) than that observed in intact animals.

3) Lastly, a significant question exists regarding the
comparability of the "tape-stripping” produced dermal lesions
versus the lesions-in-depth of the skin which are associated with
herpetic lesions.

20} EBffect of BRL 42810 (famciclovir)., BRL 39123 ({(penciclovir) and BRL 42359
on testostearone 6-bata hydroxylation in human liver microsomss (Study
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D91609/42810/79, GLP, Study Site: Beecham Pharm., The Frythe, UK, 1991,
Batches: BRL 42810, GBD 59, 99.2% pure; BRL 39123A, CT 30232, 85.4% pure; and
BRL 42359, GBD 2, 99.4% pure}

BRL 42810, BRL 42359, and BRL 39123 did not inhibit testosterone 6#-
hydroxylation in twe human liver microsome preparations {(cytochrome P4503A4)
after incubations of up to 30 minutes at 150 uM. Conversion of BRL 42359 to
BRL 39123 was negligible after incubation with human liver microsomes.
Incubation with the human liver cytosol, however, resulted in extensive
canversion after 30 minures (59% with NADPH and 54% withouc NADPH) .

21) ractours Affecting Pamciclovir and BRL 42359 Metabolism by Mammalian
Molybdenum Hydroxylases and the Potantial for Metabolism Drug-Drug
Interactions With Famciclovir and Penciclovir, Study BF-1035/BRL-042210/2
(DR95B32), non-GLP, Study Site: Beecham Pharm., The Frythe, UK, Study
Initiation. not specified, BRL 42810 and 42359, batch numbers and purity not
specified.

BRL 42810 and BRL 42359 were incubated in vitro with liver enzyme extracts or
tissue slices from rats, guinea pigs, rabbits and humans. The study results
indicate that the 6-oxidation reaction of BRL 428.0 and BRL 42359 occurs
primarily by the aldehyde oxidase enzyme, although oxidation by xanthine
oxidase 1s possible in the absence of high concentrations/activity of aldehyde
oxidase. When ‘ncubated with human tissue extructs, the oxidation of BRL 42810
aad BRL 42353 was reduced by the additicn of cimetidine, chlorpro-mazine,
isovanillin, quinine, quinidine, methotrexate, hydralazine, the
phenothiazines, amacrine, f-estradiol and menadione (inhibitors or substrates
for aldehyde oxidase). The effects of famciclovir on the metabslism of 6-
mercaptopurine and methotrexate were slight., Famciclovir, penciclovir and BRL
42359 did net alter the metabolism of S-FU when incubated in vitro with rat or
human liver fractions.

Comments: 1) The study results suggest that in humans, the oxidative
metabclism of BRL 42810 is carried out by liver aldehyde oxidase
and is unlikely tc be significantly inhibited by the presence of
alleopurinol (an inhibitor of xanthine oxidase activity).

2} The study results suggest that famciclovir and its metabolites
are unlikely to alter the metabolism of &-mercaptopurine and
methotrexate in humans.

3) The study results suggest that famciclovir and its metabolites
are unlikely to interact with the metabolism (elimination) of S5FU
in humans.

22) The Effect of BRL 39123 on the Hepatic Lavels of Cytochrome P450 and
Related Parametars in Sprague dawley Rats After Intravenous Administration at
0, 10, 30 and B0 mg/kg/day for 13 Weeks, Study 802/104-1011.

Status: GLP

Study Initiation: 30 Sept., 1993

Study Site:

Ccmpound Tested: BRL 39123A, batch W93045

Doses Tested: 0, 10, 30 and 80 mg/kg/day

Dose Volume and Route: 10 ml/kg, IV

Solvent: sterile saline

Species, Strain, Sex: male and female Sprague-Dawley (Crl:CD{SD)BR} rats,
age approximately 7 weeks (at dose initiation), weight range: male, 168-234 g;
female, 146-159 g.

Test conditions: Animals received once daily intravenous infusions of BRL
39123A. At the conclusion of the 13 weeks of drug treatment, specimens of
liver were obtained from 3 animals/sex/dose group, quick frozen, and retained
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for the analysis of liver microsomal enzyme content.

The study results suggest that following 13 weeks of daily dosing, BRL 39123
did not signi!icantly alter the liver microsomal contents of total protein,
cytochrome P450 specific content, ethoxyresorufin O-dealkylase (CYP1lAl),
testostercne 16f-hydroxylase (CYP2B), testosterone 6f-hydroxylase (CYP3A) and
lauric acid 12-hydroxylase (CYP4A) activities, at any dose level tested.



DIVISION OF ANTIVIRAL DRUG PRODUCTS
Review of Chemistry, Manufacturing and Controls Section

NDA#: 20-629
CHEMISTRY REVIEW #: | REVIEW COMPLETED: August 29, 1996
SUBMISSIONTYPE DOCUMENT CDER ASSIGNED
DATE DATE DATE
Ongtinal October 16, 1995 Octobzr 16, 1995 October 19, 1995
NC (MV sample list) March 27, 1996 April 1, 1996 April S, 1996
NC (MV sample list) Anril 19, 1996 April 24, 1996 May 5, 1996
BC (stabiliy update) Jure 13, 1996 June 14, 1996 June 20, 1996
BC (EA response) June 14, 1996 June 17, 1996 June 21, 1996
BC (CMC response) June 25, 1996 June 27, 1996 July 11, 1996
NC (EA response) July 2, 1996 July 3, 1996 July 11, 1996
BC (CMC response) July 23, 1996 July 24, 1996 August 8, 1996
BC MV documentation) July 26, 1996 July 27, 1996 August 11, 1996
BC (CMC commitments} August 1, 1996 August 2, 1996 August 16, 1996
NC (CMC commitments) August 8, 1996 August 9, 1996

BL (Tube/carton labels)  August 8, 1996

NAME/ADDRESS OF APPLICANT:

RQUTE OF ADMINISTRATION:

USAN, BAN, INN: Penciclovir
Laboratory Code: BRL 39123 (free acid)

August 9, 1996 August 16, 1996
SmithKline Beecham Pharmaceuticals

One Franklin Plaza

P.O. Box 7929

Philadelphia, PA 19101-7929

DENAVIR™

Pgnciclovir cream

1

7030110

Antiviral

Treatment of herpes labialis (cold sores)
1% Cream; 2- anc 5-g tubes

‘Yopical

LA

Uninverted USAN: 9-{4-hydroxy-3-(hydroxymethybbutyl]guanine.

CAS: 6H-purin-6-one, 2-amino-1,9-dihydro-9-[4-hydroxy-3-(hydroxymethyl)butyl]-.
Other names used in application: 9-(4-hydroxy-3-hydroxymethyibut- 1-yl)guanine;
2-aminc-1,9-dikydro-9-{4-h 'droxy -3-(hydroxymethyl)outyl]-6H-pusin-5-onc.

CAS Registry: 39809-25-1
Molecular Formula: C (H,N,O,
Molecular Weight: 253.262

Les,
hos
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SUPPORTING DOCUMENTS:

NDA 20-363 Famciclovir tablets (Famvir®} for the treatment of herpes zoster
infection (shingles); approved June 29, 1994

NDA 20-363/SCM-001 Manufacture of famciclovir and precyursor at Carrigline, Cork, Ireland;
approved December 27, 1996

NDA 20-363/SE1-004 Famciclovir tablets (Famvir®) for the treatment of recurrent genitai
herpes infecuons; approved December 11, 1995

at

RELATE" BOCUMENTS:
NDA 20-363 Chemistry Review #1

NDA 20-363/SCM-0C1 Chemistry Review #1
NDA 20-363/SCM-006 Chemistry Review #1

MEMORANDA OF TELEPHONE FACSIMILES:

See Appendix 8.
MEMORANDA OF TELEPHONE CONVERSATIONS:
See Appendix 9.

Environmental Assessment (N. Sager, HFD-357). See Section D.
Trademark (CDER Labeling and Nomenclature Committee). See Section F.

REMARKS/COMMENTS:

Penciclovir 1s a purine nucleoside analogue with antiviral activity against herpes viruses. It is
structurally related to acyclovir and ganciclovir. Penciclovir cream is a topical formulation for
the treatment of recurrent herpes labialis (cold sores). Famciclovir, a pro-drug of penciclovir, is
available as an oral tablet for the treatment of herpes zoster infection (shingles) and recurrent
genital herpes infecuons.
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DRUG SUBSTANCE

o

) The overall drug substance synthesis 1s adc-:q-uatei ¥
documented.

Drug substance stability has beern evaluated under a vanety of conditions. The only reported
degradation product of penciclovir, 9-(4-hydroxy-3-hydroxymethylbutyl}xanthine (BRL 42817),
1s observed only after prolonged exposure to acid and base at elevated temperatures. Penciclovir
is otherwise stable at elevated temperatures. No significant changes are observed after 24
monihs at 40°C. Penciclovir is not affected by light or oxygen. The proposed retest interval of
24 months when stored at or below 30°C is supported by the available stability data and is
acceptable.

DRUG PRODUCT
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Except for an 1dentity test and microbial limits tests, the release tests may be performed on bulk
cream. However, if the bulk is stored for longer than 1 month, the applicant will perform full
analytical testing on the filled tubes. If the bulk is stored for more than 6 months, the applicant
has reluctantly agreed to perform additional testing on the bulk in addition to full testing on
filled tubes.

The siability of the drug product has been evaivated under normal and accelerated conditions,
including temperature cycitng. Data were obtained on production scale batches of cream
packaged in 2-g tubes, and on pilot-scale (clinical) batches of cream packaged in 10-g tubes. No
stability probleins were observed in samples stored at 30°C for 24 - 36 months, or at 40°C for 6
months. The only incidence of physical instability (i.e., collapse of cream) was observea in
temperature cycling studies when the upper temperature slightly exceeded 45°C. Stability data
on bulk cream have been provided. However, the results are of limited use because test samples
were only collected from the surface.

The first 3 commercial/validation batches of each size package will be placed on stability. Tubes
will ibe stored at 25°C/60% RH and 40°C/75% RH. Atwributes 1o be monitored includs
descniption (revised to 1<) de microscopic evaluation of consistency in emulsion structure and
phas: separation), assay, prupylene glycol content, water content, degradation products, rheology
and ricroszopic examination (particle size). “rhe applicant has agreed to perform limited
preservative effecuveness testing and in-vitro release testing. In addition, the applicant has
agreed to perform temperature cycling (25°C/40°C) on the first 3 batches. Annually thereafter,
one batch of each size will be placed on stability at 25°C/60% RH. Testing will be limited to
descnption, assay, propylere glycol content, and degradation products.

The applicant has requested a 24 month expiry for drug product stored “at or below 30°C”. The
proposed expiry is supported by the available stability data and is acceptable.

LABELING

From the chemist's perspective, the most problematic issue related to the labeling involved the
applicant’s choice of a suitable trademark. It had been their desire 1o use FAMVIR™, the
trademark for famciclovir tablets, as comnion family name for famciclovir and penciclovir
products. This proposa! was totally unacceptable to the Division. Subsequently, VECTAVIR
{the trademark for penciclovir in the UK), and then DIMINIVIR, were proposed as trademarks.
Althuugh found accepiable by the CRER L&NC, these names were withdrawn from
consideration by the applicant. DENAVIR™ was only recently proposed. Primanly because of
the similanty to indinavir (Crixivan, an HIV-protease inhibitor), the L&NC recommended that
this rademark not be used. Although advised of these concerns, the applicant has chosen to
retain DENAVIR™. No further objections were raised within the Division.

The applicant has agreed to make several minor changes to the package insert, and to the tube
and carton labeling. See Section F.

ESTABLISHMENT EVALUATION
The EER for the SmitaKline Beecham facilities in the UK was submitied on January 2, 1996.
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The drug substance manufacturing facilities at _ were found 1o be acceptable
based on profile class. The Irvine facility was inspected during March 1996, and was found to
be acceptable. Inspection of the drug product manufactuning facility at Crawley, UK. was
completed 1n April 1996, and was also found to be acceptable. Notification of tne acceptahility
of the applicant's cGMP Compliance Status was received from the Office of Compliance on June
24, 1996. See Appendix 7 for a copy of the completed EER.

METHODS VALIDATION

Methods validation sampies and documentauon were sent to the Northeast Regional Laboratory
following the pre-approval inspection in April. The validation work there is nearing completion.
It was recently learned that the second validation laboratory, Division of Drug Analysis. did not
receive samples. Apparently only one set of samples was collected during the PAI. The
applicant has been asked to submit the second set of samples directly to DDA,

ENVIRONMENTAL ASSCSSMENT

The Environmental Assessment has been reviewed by CDER Environmental Assessment Team.
Several minor deficiencies were noted during the review. The applicant’s response has been
reviewed and was found to be adequate. A FONSI was issu=d on July 9, 1996.

PATENT INFORMATION

Penciclovir and pharmaceutically acceptable salts thereof, specifically the sodium salt, are
claimed in U.S. Patent No. 5,075,445, which expires December 24, 2008. At of the time of
submission, patent applicatuons for formulations, compositions and/or methods of use were
pending before the U.S. Patent and Trademark Office.

CONCLUSIONS & RECOMMENDATIONS:

Deficicncics i the onginal subrnission have been adequately addressed by SmithKline Beecham,
As revised, the chemistry, manufacturing and controls are adequate to assure the identity,
quality, purnity and strength of the drug substance and the drug product. NDA 20-629, as
amended, for penciclovir cream 1%, 2- and 5-g tubes, is theicfcie recommended for approval
from the chemistry, manufacturing and controls perspective.

e

Mark R, Sedgdt. Review Ciemist
Concurrence:

HFD-530/CChen 22" 3)40/7{

e
Ong. NDA HFD-530/JMahoney
HFD-530/Duv. File HFD-530/DMorse
HFD-830/ESheinin HFD-530/GSherman
HFD-530/CChen HFD-53(/BDavit
HFD-530/GChikam1 HFD-530/MSeggel

File: N20-629.crl
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AND
FINDING OF NO SIGNIFICANT IMPACT

FOR
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Topical

1% w/w Cream

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DIVISION OF ANTI-VIRAL DRUG PRODUCTS
(HFD-530)



FINDING OPF KO S8IGNIFICANT IMPACT
BDA 20~629

BRL 39123 (penciclcvir) Topical
1% w/w Crean

The National Environmental Policy Act or 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
applications as an integral part of its regulatory process.

The Food and Drug Admiristration, 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 numan environment
and that an envxronmental impact statement therefore will not be
prepared. - R

In support of their new drug applicxation for BRL 39123
(penciclovir) Topical (1% w/w Cream), SmithKline Beecham
Pharmaceuticals has prepared an abbreviated environmental
assessment in accordance with 21 CFR 25.31a(b) (3) which evaluates
the potential environmental impacts of the manufacture, use and
disposal of the product.

Penciclovir is a synthetic drug intended for topical application
in the treatment of recurrent herpes labialis caused by herpes
simplex virus (HSV). The drug substance will be manufactured at
SmithKline Beecham facilities in Scotland and the United Kingdom.
The drug product will be manufactured at a sSmithKline Beecham
facility in the United Kingdom. The finished drug product will
be used predominantly in homes.

Disposal may result from production waste such as out of
specification lot=, 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 facility. From home
use, empty or partially empty containers will typically be
disposed of by a community's solid waste management system which
may include landfills, incineration and recycling, although
minimal quantities of unused drug may be disposed of in the sewer
systen.

Precautions taken at the sites of manufacture of the bulk product
and its final formulation are expected to minimize occupational
exposures and environmental release.

2



The Center for Drug Evaluation and Research has concluded that

the product be manufactured, use<d and disposed of without any
expected ac environmental effects. Adverse effects are not
anticipat endangered or threatened species or upon
property in or eligible for listing in the National

register or distoric Places.

Tajte pmny o Sor
DATE PREPARED BY P

Nancy B. Sager

Team Leader

Environmental Assessment Team

Center for Drug Evaluation and Research

e (LLPLY.
E CONCUKRRED
Charles P. Hoji¥erg C e
Division Direc =

Office of New Drug Chemistry-Division 1
Center for Drug Evaluation and Research

Attachment: Environmental Assessment



***SENSITIVE***
REVIEW
CF
ENVIRONMENTAL ASSESSMENT

FOR

NDA 20-629

BRL 39123
(penciclovir)

1% Topical Cream

DIVISION OF ANTI-VIRAL DRUG PRODUCTS
(HFD-530)

CENTER FOR DRUG EVALUATION AND RESEARCH

DATE COMPLETED: APRIL 9, 1996



EA Review #1, NDA 20-629

ENVIRONMENTAL ASSESSMENT

Date:

EA dated: 09/13/199%
Consult #1: 01/23/1995

CS0: John Mahoney
Name of applicant/petitioner:
SmithKline Beecham Pharmaceuticals
ADEQUATE
Address:
Four Falls Corporate Center
Route 23 and Woodmont Avenue
P.O0. 3ox 1510
King of Prussia, PA 19406
ADEQUATE
Description of the proposed action:
a. Requested Approval:
The applicant is requesting approval of the product.
brief description of the product packaging is not
provided. DEFICIENT
b. Need for Action:
Used in the treatment of herpes labijalis.
ADEQUATE
c. Production Locations:
i. Proprietary Intermediate(s):
It is not clear whether input chemical

is a proprietary intermediate or not.
DEFICIENT

Page 2
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ii. Drug Substance:

Stages 1 and 2

SmithKline Beecham Pharmaceuticals
Shewalton Road

Irvine, Ayrshire, KA1l SAP
Scotland

Stage 1-4

SmithKline Beecham Pharmaceuticals
Clarendon Road

Worthing

West Sussex BN14 8QH

U.K.

ADEQUATE
iii. Finished Dosage Form:

SmithKline Beecham Pharmaceuticals Co.
Magpie Wood

Manor Royal

Crawley

West Sussex BN14 8QH

U.K.

ADEQUATE

Facility Description & Adjacent Environment:
A brief description has been provided for each of the
facilities. ADEQUATE

d. Expected Locations of Use (Drug Product):

"...will be used in the United States of America with
predominant use coinciding with areas of greatest
population density" Based on the dosage form and use
the product would be expecteu to be used predominantly
in homes. ADEQUATE

e. Dispcsal Locaticns:

Returned goods will be destroyed by high temperature
incineration. Two facilities are identified in the EA.
The permitting information is provided. Two of the
permits are expired. Updated information will be
requested. DEPICIENT

Identification of chemical substances that are the subject
of the proposed action:

Drug Substance: Penciclovir
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Chemical Name: 9- (4-hydroxy-3-hydroxymethybut-1-yl}
guanine.
CAB #: 39809-25~1

Molecular Weight: 253.26 (as free acid)

Molecular Formula: C; H;N.O,

Structural Formula: Provided on page 10.

Physical Descrip.: White to pale yellow solid

Additives: The excipients used in the drug preoduct are
provided.
Impurities: Not provided.

DEFICIENT The impurities that may be in the drug substances
are not identified. 1Identify any impurities that are iikely
to be found at levels > 1% and provide the CAS number, if
available. If no impurities are likely, please state so.

Intrcduction of substances into the environment: For the
site(s) of production:

Substances Expected to be emitted:

The substances expected to be emitted from each factory
are described in confidential appendices. ADEQUATE

An input chemical from stage 1 is identifijed as

It is not clear whether this is considered a
proprietary intermediate or not. If it is,
manufacturing information would have to be provided
regarding its production. DEFICIENT

Controls (Air, Liquid Effluent, Solid):

General controls are discussed. The controls used in
drug substance production include using ciused syslens,
pretreatment of agqueous waste prior to discharge, off-
site disposal of some solvents and disposal of solid
waste at licensed facilities. ADEQUATE

Only aqueous waste streams are discussed for the drug
product production site. Given the type of operation
air (particulate matter) and solid (pharmaceutical
waste) would be expected. This should be discussed
since a self-certification as described in the Industry
Guidance, which could be submitted in lieu of this
information, has not been provided. DEFICIENT
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7.
8.
9'
10.
11.

c. Compliance with Federal, State and Local Emission
Requirements:

Certifications of compliance are provided. ADEQUATE

d. Effect of Approval on Compliance with Current Emissions
Requirements: '

Estimates are provided in the confidential appendices.
ADEQUATE

e. Estimated Expected Emitted Concentration/Quantities:

of the active ingredient is expected to be
used which is equivalent to
according to the companies calculations,
by FDA calculations. ADEQUATE

Fate of emitted substances in the environment:
Environmental effects of released substances:
Use of resources and energy:

Mitigation measures:

Alternatives to the proposed action:

Format items 7-11 are not required for abbreviated EA's submitted
pursuant to 21 CFR § 25.31a(b) (3).

12. List of preparers, & their qualifications (expertise,
experience, professional disciplines) and consultants:
The. preparers are identified along with their titles.
ADEQUATE

13. Certification:
The certification is acceptable. ADEQUATE

14. References:
Refererices are provided. ADEQUATE

15. Appendices:
Seven necn-confidential and four confivential appendices are
provided. ADEQUATE.

Confidentiality

The confidential and non-confidential information is clearly
identified. ADEQUATE
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DRAFT DEFICIENCY LETTER

This information may be provided in the form of confidential/nen-
confidential addendum to the EA dated September 13, 1996 rather
than revising the entire EA to incorporate this information.

1.

Format item 4:

a. A brief description of the product packaging should be
included.
b. Please confirm that the disposal facilities identified

in format item 4.6 have current permits. Only the new
expiration date or statement that they have applied for
a new permit and issuance is pending is necessary.

Format item S:

Impurities that may be in the drug substances are not
identified. Identify any impurities that are likely to be
found at levels > 1% and provide the CAS number, if
available. If no such impurities are likely, plzase state
so.

Format item 6:

a. Information regarding the production of Stage 1 input
chemical and its production site location
(format item 4) should be provided if it is considered
a proprietary input chemical.

b. Only agqueous waste streams are discussed for the drug
product production site. Given the type of operation,
air (particulate matter) and solid (pharmaceutical
waste) emissions would be expected. Please discuss the
controls used for these waste streams.
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Endorsements:
G\av
HFD-357 /NBSag

HFD-OOJ/RLWill:i.ang%’ W(f"/[/b

CC: oOriginal NDA 20-629/JMahoney cipy to NDA/HFD-530

EA File 20629

X:\WPFILE\MICHELLE\SAGER\EA\REVIEWS\20629E01.RNS
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MICROBIOLOGY REVIEW
DIVISION OF ANTIVIRAL DRUG PRODUCTS (HFD-530)

NDA #: 20-629 REVIEWER : G. Sherman
CORRESPONDENCE DATE : 10/1€/95
CDER RECEIPT DATE s 10/17/95
REVIEW ASSIGN DATE : 10/19/9%%

REVIEW COMPLETE DATE: 06/27/96
SPONSOR: SmithKline Beecham
One Flanklin Plaza
P.O. Box 7928
Philadelphia, PA 19101-7929
SUBMISSICN REVIEWED: Original
DRUG CATEGCRY: Antiviral
INDICATION: Herpes labialis (ccld sores)
DOSAGE FORM: topical
PRODUCT NAMES:
a. PROPRIETARY: Penciclovir
b. NONPROPRIETARY:
©. CHEMICAL: $-{4-hydrcxy-3-(hydroxymethyl) but-1-yl)guanine

STRUCTURAL FORMULA: Mol. Formula: C,.H,¢N;0,
Mol . Weight: 253.26




SUPPORTING DOCUMENTS : NDA 20-363
NDA 20-363/S-001
NDA 20-363/5-004

BACKGROUND :
Penciclovir

In this NDA, SmithKline Beecham is seeking approval of
F .nciclovir (PCV) for the treatment of herpes labialis. Penciclovir
is the active metabolite of the prodrug Famciclovir, which has been
approved for the treatment of herpes zoster. The sponsor has
provided in vitro and in vivo data to in suppert of this new
indication.

An acyclic nucleoside analogue of guanine, penciclovir is
similar to acyclovir in its mechanism of action. In a number of
studies, the sponsor has evaluated PCV against several
herpesviruses, including HSV, VzZv, EBV and CMV, although most
studies have utilized HSV. As the proposed indication for the use
of penciclovir is herpes labialis, this report will review those
studies that have evaluated the antiviral activity of PCV against
herpes simplex virus.

Herpes simplex Virus
Family Herpesviridae

As the prototype member of the family Herpesviridae, herpes
simplex virus (HSV) is the most studied and consequently most
completely characterized of the herpesviruses. The 80-odd (and
still growing) members of this family of DNA-containing animal
viruses vary widely in host range ([mammals, birds, fish,
amphibians) and Dbiological properties but share several
distinguishing features: 1) a 162 capsomere capsid, ii) a cell-
acquired lipid-containing envelope, iii) a large (MW = 108} linear

2
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double-stranded genome, and iv) the ability to remain latent in the
infected hrat.

As a human pathogen herpes simplex also belongs to a select
group nf 4, the human herpesviruses, which include Epstein-Barr
virus (EBV), cytomegalovirus (CMV) and varicella-zoster (VZV). The
ciinical manifestation of HSV infection are characterized by
spreading mucocutaneous lesions affecting either the oral cavity or
the genitalia. Two distinct serotypes cf the virus exist,
designated type 1 and 2, which are correlated to the anatomical
site of isolation, type 1 found in facial, type 2 in genital forms
of the disease.

Pronouncements from Fundamentalists notwithstanding, the
diseage is relatively benign; in healthy acdults it is normally
self-limiting and resolved within two weeks. Occasionally the
virus may produce severe systemic illnesses in weakened hosts,
specifically newborns and patients with impaired immune functions.

Following primary infection, which in most cases dces not
produce clinically apparent disease, a latent phase ensues during
which virus cannot be detected, but becomes associated with ganglia
of the central nervous system. In response to appropriate stirmuli
and by mechanisms unknown, virus may be reactivated, resulting in
the recurrence of lesions presumably by intraaxon transport of
virus from ganglion to epithelium.

Pugmenting the medical importance of the virus has Leen
evidence of the transforming properties of HSV DNA in vitrc. In
addition, a link between HSV-2 and human cervical carcincma has
been established, but the failure to demonstrate that the link is
more than merely associative has diminished the likelihood that HSV
plays a significant role in human oncogenesis.

Virion struccurs

The mature, infectious virion, weighing approximately 10°'°
grams, consists of 4 structural compenents: an icosahedral protein
shell, called the gapsid which surrounds an electron-opaque gore;
an amorphous Legument which lies between the capsid and the outer
membrane or epvelope. The core contains the viral DNA, coiled very
tightly in the form of an annulus or torus. Electron microscopic



studies have been unable to reveal the precise arrangement of DNAi
in the core, but do suggest stages in packaging, whereby the
compact coil is preceded by a diffuse structure. The envelope is
acquired during the egress of the capsid from the cell nucleus and
seems to be derived from patches c¢. cellular membrane into which
the major glycoproteins coded by the virus have been inserted. The
tegument describes the indistinct structures lying between the
capsid and the envelope. It contains varying amcunts of viral
proteins, whose functions are largely unknown.

Capsids are approximately 100 nm in diameter, corsisting of
162 capsomeres arranged in an icosahedron, with an inner core
approximately 50 nm in diameter. Any preparation of virus contains
several types of particles: capsids lacking cores (empty capsids),
capsids with cores ({(nucleocapsids) as well as particles with and
without envelopes.

The purified virion contains more than 20 structural proteins
of 12,000 - 250,000 MW. which are distributed as follows: 1. there
is a protein spindle of unknown complexity around which the DNA is
wound in the core; 2. there are probably proteins along the DNA
helix within the capsid; 3. there are proteins that comprise the
capsid; 4 protein constituents of the tegument; and 5. at least 6
glycoproteins which are fcund arnchored in the envelope.

The protein composition of capsids isolated from empcy, full
and enveloped particles are very similar, consisting of 4
structural proteins (VPS, VP19, VF23 and VP24). Nucleoccapsids
contain 2 additional proteins (VP21 and VP22a), which by virrue of
their association with full capsids, wmay be involved 1in
encapsidation and/or envelopment.

Genome structure and organization

The genome of HSV has several unusual physical properties.
These are rooLea in its sequence organization, the moust complex of
all the herpesviruses.

The genome is a linear duplex approximately 100 X 10* daltons
in molecular weight and having a relatively high G and C content.
Single-stranded HSV DNA is able to form “dumbbell"-shaped
structures, evidence that sequences presernt at both ends are
repeated in an inverted form internally. These repeat regions

4



——
+

flank unique regions which are of unequal size and appropriately
designated Ul and Us, respectively. The reiterated sequences
flanking Ul designated ab and b'a' are each apprcximately 9 kbp,
wnile those flanking Us, designated a'c' and ca are each
approximately 6.5 kbp. Each uniqur regicn, along with its flanking
repeats constitute an "arm", either long or short, of the genome.

The "a" sequence is repeated incernally as well as at the ends
of the genome. Most HSV-1 strains contain only one "a" sequence at
the terminus of the S component, but may contain a variable number
at the L/S junction and at the end of the L component.
Consequently, a more accurate description of HSV DNA structure
would be indicated as

ab-b'a',c'-Us-ca
wnere n and m vary from ! to greater than 10.

Sequence analysis has revealed that the structure of the "a"
sequence is quite complex, consisting of both unique (U} and
directly repeated (DR) seguences. "A" sequences vary with strain
from 250 to 500 base pairs in length, the variability due to
differences in copy number and sequence of the DR elements. As an
example, the 501 bp "a" sequence from HSV-1, strain F, is
represented by DR1-"b- (DR2),,- (DR4),-Uc~DR1.

The "a" sequences confer upon the HSV genome one of its most
unusual properties: the ability of the L and S§ arms to invert
relative to one another. Inversion appears to be accomplished by
site-specific recombinations within the "a" region and is mediated,
at least in part, by trans-acting viral gene products. Accordingly,
this gives rise to four isomers of the molecule which differ in the
orientation of the L and S arms with respect to one another. This
mixture of isomers, all of which are infectious and present in
equimolar amounts in virus preparations accounts for the pattern of
molar ana submoliar restriction fragmencis observed in digedis of
purified virion DNA. Since there are two possible termini perL and
S arm, the four possible L/S junctions per molecule, a theoretical
maximum (assuming that the endonuclease cuts outside the repeat
regions) of 8 submclar restriction fragments can be generated: four
0.5M terminal fragments and four 0.25M junction fragments.



Intracellular growth cycle
Geneval

Studies have shown that both naked and enveloped particles are
adsorbed and may be pinocytcsed. The preferential mode of entry,
however, is probably wvia fusion of the envelope with the cell
membrane. After penetration, the virus nucleocapsid moves through
the cytoplasm to the nuclear pore, where uncoating ensues and DNA
is releases into the nucleus.

Morphogenesis begins in the nucleus, which is the site for
transcription and replication of viral DNA and the assembly of
capsids. Empty capsids are the most likely precursors to full
nucleocapsids, the formation of which is closely correlated with
the maturation of progeny viral DNA. Nucleocapsids acquire
envelopes a8 they pass through the inner nuclear membrane into the
lumen of the endoplasmic reticulum, after which virus may remain
cell-associated or move via the ER to the cell membrane where they
exit either by budding or by entering adjoining cells by cell
fusion. The replicative process is complete within 18 hours after
infection.

Regulation of gene expression

Morphogenesis is a complex process and occurs within the
context of the highly ordered and sequential expression of at least
70 gene products, many of which are involved in DNA synthesis and
encapsidation,

Somewhat arbitrarily, gene exp:ession is divided into 3 major
phases: immediate earliy (IE) or alpha, delayed early (DE) or beta
and late (L) or gamma. The first genes to be expressed are the 5
'E genes (IE 0, 4, 22, 27 and 47) which are transcribed by the host
RNA polymerase 1I. 1IE proteins are synthesized in the cytoplasm

during the {irst 4 hours of infeccion. Jfter theiyr synthesia taey
migrate to the nucleus where they are required to activate
transcription of <2elayed early dgenes. These poiypeptides are

synthesized at maximal rates between 5 and 7 hours after infection.
Among these proteins are enzymes important in DNA synthesis such as
DNA polymerase and its accassory protein (UL42), the major DNA
oinding protein (ICP8), the viral helicase (UL5) and primase
(ULS2), and the viral origin binding protein (UL9). In addition,




delayed early polypeptides are involved in the shutoff of IE and
host protein synthesis and in the induction of late genes.

The onset of DE gene expression precedes the onset of viral
DNA replication which in turn delimits the third stage of
infection, the synthesis of late gene products. These appear in
maximal amounts at approximately 9 hours after infection and
include most of the structural components of the virion. Some of
these are basic DNA binding proteins which are involved in viral
DNA folding and encapsidation, although at present the function of
only a few of the structural proteins is known with any degree of
certainty.

While this framework 1is convenient, it clearly 1is an
oversimplification of a complex system of regulation. All genes do
not fall neatly into the assigned groups and many overlap the
existing catagories. This situation has been remedied somewhat
with the introduction of additional subgroups of the DE (beta 1 and
beta 2) and L {gamma 1 and gamma 2), to reflect additional
heterogeneity of viral gene expression. For instance, the two
subgroups of the L class of polypeptides describe those proteins
whose synthesis is independent of viral DNA synthesis and those
whose synthesis is stringently dependent upon viral DNA synthesis.
Synthesis of polypeptides in the first subclass, also known as
"leaky late" may be reduced but are detectable in the absence of
viral DNA replication, whereas those in the second subclass, or
"true late" are not observed withnut viral DNA synthesis. The major
capsid protein, VPS5 (ICPS}) and VvP22a (ICP35) are membersof the
"leaky late" group of proteins, as are probably most, if not all of
the structural proteins of the virus. Probably the best evidence in
support of that supposition is the ability of DNA- :-s mutants to
synthesize capsids at the NPT, which are identical in protein
composition to those synthesized by wt virus.

DNA replication

HSV DNA is synthesized within the infected cell nucleus by the
virus encoded DNA polymerase. Synthesis can be detected by about
3 hours post infection and continues for another 9 to 12 hours.
While the DNA polymerase has been well characterized, the kinetics
of DNA synthesis have been difficult to deduce and electron
microscopic sgtudies of replicating DNA have been little help in
establishing a model of DNA replication. It is not surprising,
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therefoure, that our understanding of HSV DNA replicétion rests
mainly on a relatively small amount of experimental data which can
be summarized as follows:

1. On the basis of velocity sedimentation characteristics of
replicating HSV DNA, viral DNA synthesis can be divided into 2
phases: (i) early after the onget of wviral DNA synthesis,
replicating DNA can be found sedimenting heterogeneously with S
values up to twice that of parental HSV DNA; (ii) these are
replaced later in infection by large tangled masses of DNA
sedimenting up to 100 times fascer than parental DNA. Velocity
sedimentation analysis further indicates that these rapidly
sedimenting structures can be chased into unit length DNA, thereby
establishing a precursor-product relationship between the two.

2. Restriction endonuclease analysis indicates that sequences
in pulse-labelled DNA are linked head-to-tail, as evidenced by the
absence of terminal fragments and the increased relative molar
concentrations of fragments containing L/S junctions.

The corbination of high sedimentation rate (>200S) and lack of
free termini supports the hypothesis that herpesvirus replicative
intermediates are concatamers linked head-to-tail and generated by
a rolling circle form of replication. The required circular
template, according to this model, wculd be generated from rarental
DNA via annealing of exposed "a" sequences at the ernas of the
genome. Thereafter, tandem arrays of unit-length molecules would
be generated by strzad displacement from the template. Since this
generates only a si.gle isomer cf the genome (per parental gencme),
additional sequence rearrangements are reguired to produce the
three other isomers: intramolecular reccwbination must take place
either on the concatamer, or on unit-length molecules cleaved from
the concatamer. Progeny unit-lengch genomes, representing all 4
sequence arrangements, could serve substrate for immediate
encapsidation or as templates for additional rounds of replication,
generating addicional tandem arrays of segquence isumers by tue
rolling-circle mechanism.

As previously mzntioned, electron micrographs of replicating
HSV DN2 offer no direct confirmation of this mod=21 of replication.
Typically, 200S DNA is a tangled mass, in which no discrete or
predominant structure appears. Herpesvirus DNA extracted from the
early phase of infection is more amenable to study but is very
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heterogeneous in composition, containing 1) unit size DNA, either
in, linear or circular form, 2) longer than unit-length molecules
with and without replication loops, 3) Y-shaped molecules, either
unit-length or longer, with branch sizes of variable length and 4)
molecules with terminal l.ops or lariats. Although full circles
and lariats with circles of unit length are compec.ible with a
rolling circle model of replication, as are longer than unit length
molecules, other structures are difficult ton explain and are
consistent with other modes of replication. Since the
interpretation of electron microscopic data is complicated by the
difficulty in discriminating artifacts and recombination forms from
bona fide replication structures, any results should be viewed with
caution. Nevertheless, preference for the rolling circle model of
replication has become ingrained in the literature, due more to the
persuasiveness of its proponents than to the weight of the
evidence. It most certainly is not due to a lack of alternate
replication possibilities, the most plausible and elegant of which
argues that the replicative intermediates are circles, which are
generated by a theta or sigmoid mode of replication from circular
parental templates. This mechanism satisfies the requirement for
endless molecules, linked head-to-tail, and simplifies the problem
of isomer formation to a simple intramolecular recombination event
between L/S junctions from a single infecting parental molecule.
From the resulting 2 wircular isomers, all 4 linear isomers can be
generated, depending upon the L/S junction chosen for scission.
Appropriate intramolecular recombination between repeat regions is
accomplished far more readily and effectually within the limited
choices of a circle than on a concatamer or between two separate
meolecules.

Tc account for the high sedimentation wvalue of the
intermediates, the model further proposes that progeny molecules
remain topolcgically linked (a scenario with precedence in nature)
as interlocking circles. Subsequent rounds of replication would
lead to higher molecular weight structures composed of interlocking
or catenated circles.

Alternatively, viral DNA replication could rely upon more than
one mode of replication, whereby early synthesis generates unit
length circular molecules, which in turn could serve as templates
for the generation of concatamers via the rolling circle mechanism.



Unfortunately, it has been impossible to discriminate between
these, or other modes of replication. Further progress in defining
the mechanism ©of DNA synthesis seems dependent upon technical
innovation, whereby the isolation and analysis of replicative
intermediates can be performed under conditions which minimize
damage to these inherently fragile structures.

This has not, however, been a deterrent to progress in
identifying viral genes required for herpesviral DNA replication.
A simple complementation assay has been developed in which
combinations of clcned restriction fragments of HSV DNA provide the
trans-acting functions required for in _vivo replication of
cotransfected plasmids containing an HSV origin of replication. A
simple complementation assay has been developed in which
combinations of cloned restriction fragments of HSV DNA provide the
trans-acting functions required for jin _vivo replication of
cotransfected plasmids containing an HSV origin of replication.
This system is based upon the results from several laboratories
that have shown that transfected plasmid DNAs containing either of
the two origins of replication, orig or ori,, are replicated in HSV-
1 infected cells. The complementation assay has shown that a set of
seven genes is essential for HSV origin-dependent DNA replication.
Two of these genes code for known early protein: the major DNA
binding protein (ICP8) (130Kd) and the DNA polymerase (140Kd). The
remaining five (ORF sizes: 99Kd, 80Kd, 94Kd, 51Kd and 115Kd)
include an origin-binding protein (UL9}), a DNA polymerase
processivity factor (UL42), and the three members of the primase-
helicase complex (ULS, UL8, UL52). UL5 and UL52 have been shown to
encode helicase and primase functions, respectively, while UL8 is
required for efficient primer wutilization by the HSV LCNA
polymerase. :

DNA cleavage and packaging

The maturation of progeny genomes from replicative
intermediates invoives 2 major sceps: a s.te-specific recognition
and cleavage reaction, and the encapsidatin of unit-length DNA.
The details of these events are not known, but undoubtedly involve
the activity of trans-acting virus-coded gene products acting on
appropriate cis-acting sequences. Because the "a" sequence is
present at the termini of the DNA it is not surprising that it
plays a role in the generation of mature unit-length DNA molecules.
As has been amply demonstrated using standard and defective viral
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genomes, all packaged DNA is cleaved at an "a" sequence and an "a"
sequence is necessary for propagation of defective genomes.

Studies using ts mutants of Pseudorabies virus indicate that
DNA processing and encapsidation are closely connected, in which
case the signals directing these functions would be expected to lie
in close proximity; the mapping of .cleavage-packagira signals to
a 248 bp subregions of "a" of HSV (containing intact Uc, Ub and
partial DR1 and DR4 elements) serves to comfirm this supposition.
Actual cleavage occurs adjacent to those sequences (asymmetrical
within the DRl repeat) suggesting a "measure and cut" process is
involved.

Since the concatameric structure of replicative DNA is
virtually a foregone conclusion, models for packaging require that
2 sequence-specific cleavages must take place a genome distance
apart to generate unit-length DNA. The details are unknown, but may
involve initiation of packaging from a specific sequence,
measurenant ©f unit-length genomes by a "headful" or *"scanning"
mechanism, and then cleavage at a second recognition site once a
specific amount of DNA has been packaged. A problem inherent in
this mechanism is the generation of termini lacking an a" sequence,
which occurs when cleavage takes place at junctions containing only
1 "a" sequence. Such termini have not been observed in total
intracellular viral DNA, which is surprising since the predominant
junctions in both standard and defective virus contain a single "a"
sequence.

By comparison, the maturation of unit length genomes from a
pool of covalently circular intermediates would be rather
straightforward, involving the release of individual circles from
the catenanes as a result of cutting at an L/S junction. Equimolar
quantities of unit-length molecules would be generated, assuming
equal chance of cutting one of two L/S junctions on both circular
isomers.

Nucleocapsid assembly

Until recently, few biochemical studies have been performed on
nucleocapsid assembly and although mutants blocked in assembly have
been available for many years, they have been underutilized as
tools for probing the events involved in this aspect of virion
morphogenesis.
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Predominant evidence, both from EM studies and ts mutants,
indicates that empty capsids are assembled first and accumulate in
the nucleus. Nucleocapsids are then generated as empty capsids
acquire a genome equivalent of DNA. Accordingly, DNA must be
processed and packaged but it is not known whether cleavage occurs
prior to, during or after encapsidation. Nor is there firm
information on the identity or role of gene products that
accomplish these processes, although it seems likely that some of
the nucleocapsid prcteins play a role in the incorporation and
condensation of viral DNA in the core. Interestingly, it has been
shown that an internal capsid protein VP19C {(ICP32}) is a DNA-
binding protein, and as such, may function in anchoring viral DNA
in the capsid. It has also been shown that two late vival proteins
of 21Kd and 22Xd that bind specifically to the "a" sequences of the
HSV chromoscme. It is possible that these proteins may be involved
in the correct cleavage or encapsidation of replicative DNA,
although it has also heen demonstrated that the 35Kd product of
ULl1l5 also appears required for cleavage of gencmic wviral DNA.
Studies have also indicated that correct Pprocessing of a
transiently bound capsid protein VP22a (ICP3S) is associated with
DNA maturation and the appearance of nucleocapsids.

Mechanism of Action

Mechanistically, PCV is similar to 4CV in inhibiting viral
replication. In cells infected with HSV, PCV is phosphorylated to
the monophosphate fom by the wviral thymidine kinase. Subsequent
phosphorylation to the triphosphate form is performed by cellular
enzymes. PCV-TP inhibits the HSV DNA polymerase by competitive
inhibition with the natural substyate, GTP. In addition, the
sponsor claims that incorporation of PCV-MP appears to- inhibit
chain elongation, resulting in inhibition of wviral DNA synthesis.
PCV is inactive against HSV strains which lack a functional TK
gene, which supports the claim that phosphorylation is vequired for
the activaticn of the compound.

Competitive Inhibiticn

Although PCV and ACV are similar in mechanism, qualitative
differences between %he two antiviral agents have been observed.
The phosphate esters of PCV, unlike those of ACV, are chiral,
allowing the pogsibility of forming (R) and (S) enantiomers of the
triphosphate ester. The (S) enantiomer is the analog of the natural
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nucleotide substrate, dGTP. In studies using purified HSV-1 and
HSV-2 DNA polymerases, the Ki values for the S enantiomer (S} of
PCV-TP with respect to the natural substrate were 8.5 uM and 5.8 uM
respectively, whereas the Ki's of ACV was 0.07 uM for both enzymes.
M 90:10 R,S PCV racemate, which approximates the relative amounts
of the enantiomers in HSV infected cells, had Ki values of 16.0 uM
and 9.5 uM, respectively, against HSV polymerases 1 and 2. Thus,
ACV-TE, is approximately 80 to 220-fold more active 1in
competitively inhibiting the viral DNA polymerase.

Similar results were found using partially purifed VZV DNA
polymerase. An (R,S) PCV-TP racemate was less active than ACV-TP
{(IC,, 75 uM PCV vs. 0.88 uM ACV) due to lower affinity of PCV-TP for
the viral polymerase (Ki 8.3 uM PCV vs 0.1 uM ACV). In studies
using only the S enantiomer of PCV-TP, IC,, was 104 uM PCV vs. 0.3
uM for ACV.

In studies using +adiocactively labelled (S) PCV-TP, ACV-TP and
dGTP, the incorporation of (S) PCV-TP was less than 1% that of 4GTP
{compared to 17% for ACV) indicating that PCV-TP is a poorer
substrate for incorporation into DNA than ACV.

Comments: The substantially higher Ki values of PCV relative to ACV
is an important concern, as competitive inhibition forms the basis
of the antiviral activity of PCV. In subsequent studies, and in
labelling information, the sponsor will emphasize that PCV 1is
phosphorylated more readily than ACV, and that the concentraticn of
PCV-TP is higher than that of ACV-TP in HSV-infected cells. It
should be noted. however, that high PCV triphosphate levels can not
overcome or compensate for the inherently lower affirity of PCV-TP
for the viral DNA polymerase. It should be noted also that failure
to achieve saturating levels of PCV-TP will result in less than
maximal inhibition of the viral polymerase. This issue will be of
significance in HSV infection of keratinocytes, where PCV-TP
concentrations are far lower than in MRC-5 cells (see Penciclovir
pnosphace fogmation and stability; .

There is also some discrepancy concerning the relative activities
of the R and S enatiomers of PCV-TP. The sponsor states that the
(S) enantiomer of PCV is predominately formed in HSV-1 infected
cells (>95%), and that this enantiomeric form of PCV is the more
active metabolite. However, in "Studies on the inhibition of VZV
DNA polymerase by (S)-pPCV-TP", the IC,, value for the (S) form was
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higher than that for the (R,S, 90:10)racemate (104 uM vs. 75 uM).
Thus, the R enantiomer appears to contribute significantly to the
antiviral activity of PCV. As will be seen the following section
{chain termination) an (R,S) enantiomeric mixture was more
effective than the (S) alone in inhibiting DNA chain extension by
HSV DNA polymerase.

Chain termination

The sponsor performed assays to determine the ability of PCV
to terminate DNA elongation in chain extension assays using primed
M13 (Fig. 3) In these assays, dGTP was absent, and the other dNTPs
were present at a concentration of 50 uM.

Comment: This study demonstrated inhibition of DNA synthesis by
HSV-2 DNA polymerase in the presence of 50 uM PCV-TP or ACV-TP, but
that (S) PCV appears to allow some further synthesis beyond the
inictial incorporation of PCV-MP. Further synthesis was less
proncunced using the (R,S) form of PCV-TP. Both the (R,S) and (S)
forms of PCV-TP were less effective in terminating DNA extension
that ACV. In these assay conditions, it was also shown that 50 uM
concentrations of ACV and PCV (both the (S) and (R,S) forms) were
equally effective in terminating chains synthesized by the MRC-5
pol o as by the HSV-2 polymerase.

Lanes 2 and 7 in figure 3 demonstrate that additional
incorporation of nucleoside monophosphates occurs beyond the
initial incorporation of the (S) enantiomeric analogue of PCV.
There appears to be significant terndination at additional sites,
which do nct correspond to anticipated guanosine monophosphate
residues. Termination at these gsites would appear to contradict one
ot the proposed mechanisms of action (chain termination) of the
drug.

In addition, figure 3 lacks information concerning the
extension products 1n the control lanes (1 and 7). Since the
photograph excludes the top of the gel, it can not be determined if
the ladder of fragments in lanes 1 and 7 represent all of the
extension products. If they do, the activities of both the MRC-5
DNA polymerase a and the HSV-2 DNA polymerase are low, suggesting
that the assay conditions are suboptimal.
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Using *“physiological conditions" (i.e. 300 uM PCV-TP, (50:10
S:R) or 18 uM ACV-TP) (Fig. 4), sponsor states that PCV was a more
potent chain terminator than ACV. In these extension assays, the
level of dAGTP used was either 12 uM or 1 uM (based upon published
values of 4GTP found in ACV-treated HSV infected or uninfected
human fibroblast cells). PCV-TP was used either at (i) a
concentration of 300 uM (90% (S) and 10% (R) isomer) to reflect
values found in H3V-2 infected MRC-5 cells incubated with 10 uM PCV
for 4 hcurs or (ii) at 0.25 uM to reflect the concentration found
in uninfected MRC-5 cells. 4dATP, dCTP and ATTP were present in all
assays at 50 uM. Sponsor states that at 0.25 uM inhibitor and 1luM
dGTP, no difference in inhibition of DNA extension by MRC-5 DNA
polymerase a or HSV-2 polymerase by PCV-TP or AVC-TP was cobserved,
with only slight reduction in chain extension observed relative to
the control lane. Sponsor claims that at 300 uM PCV-TP and 12 uM
dGTp, PCV-TP appeared toc be a more effective inhibitor of DNA
elongation than ACV (18 uM ACV-TP, 12 uM dGTP).

Comment: From the data, it appears that, under "physiological"
conditions, there is very little difference between ACV-TP, PCV-TP
and a positive contrel (dGTP}) in inhibiting elongation by the viral
polymerase. Evidence of chain termination at G residues is not
detectable, and the extension products appear virtually identical
to those found in a control lane (+ dGTP) containing no inhibitor.
A comparison of PCV-TP and ACV-TP (300 uM vs. 18 uM) on MRC-5 DNA
polymerase a indicatec that DNA synthesis ig inhibited wore
strongly by PCV than by ACV.

Evaluation of figure 4 is difficult due to lack of appropriate
positive controls, excegsive crowding of sample lanes on the
autoradiogram, the absence of sgize markings to determine lengths of
extension products and lack of lane numbering. Nevertheless, in
this gel, the failure of PCV to terminate chains solely at expected
G residues is apparent (see "45uM (S)-PCV-TP, SuM(R)-PCV-TP), as at
least 6 additional stop sites, some of which represent
terminations 4t adenine and tnymidine residues, can be seen. These
data are difficult to reconcile with the propcsed chain termination
mechanism of action for this nucleoside analogue.

The mode of action of PCV, as a competitive inhibitor, appears
to depend primarily upon the establishment of high levels of
intracellular PCV-TP. Unlike ACV-TP, PCV-TP has low-affinity for
the viral polymerase. The high levels of PCV-TP required {(16.0 uM
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Fipure 4
DNA Elongation assays under 'Physiological' nucleotide conditions

Notes

Assays were
performed as
described in
Methods, with
the combina-
tions of
dGTP-
inhibitor as
shown under
cach lane. All
assays con-
tained 50 pM
dATP,dCTP
and dTTP.
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for the R,S racemate and 8.5 uM for the S enantiomer) are of
concern, as high concentrations of PCV-TP may not be achievable in
cells rhat may be infected by HSV in the course of infection (i.e
keratinocytes) .

The sponsor claims that a dose response of PCV-TP against the
HSV-2 is demonstrated in figure 5, in which extension products of
HS5V-2 polymerase synthesized in the presence of increasing amounts
of PCV-TP (100uM, 200uM, 300uM) are analyzed on a esquencing gel.
Reactions included 12uM dGTP, SO0uM each of 4dCTP, 4AATP and d4dTTF.

A dose-response relationship between PCV-TP and HSV-2
extengion products can not be seen in this figure as all the lanes
containing PCV-TP are devoid of products Furthermore, the
photograph cuts off the lower part of the gel, and with it the
primer start site. Therefore, it is not possible to determine if
DNA synthesis terminated at the expected position.

Penciclovir phosphate formation and stability

The rates of phosphorylation and triphosphate stability of PCV
and ACV were compared in a variety of human cells - (keratinocytes
(NHEK), human fibroblasts (MRC-5, FLOW 4000), epithelial-like cells
{RPMI 2650, WI-38VA 13) -and a monkey cell line (Vero) infected
with HSV-2.

A wide range of PCV-TP concentrations were formed in different
infected cell types, indicating that cell type and infecting virus
type play an important role in determining the efficiency with
which PCV is phosphorylated. After incubation with 10 uM PCV (added
16 hpi with HSV-2) PCV-TP concentrations in cells at 4 hours post
drug addition ranged from 884 pmoles/10° MRC-5 cells (220 uM) to 10
pmoles/10¢ WISH cells (2.5 uM}. Under the same conditions, ACV-TP
ranged from 18.5 uM in MRC-5 cells to 0.5 uM in WISH cells. Thus,
the sponsor concludes that PCV-TP is more rapidly svnthesized than
ACV-TP 11 H3V-infected cells.

The higher levels of PCV-TP than ACV-TP are presumably due to
the higher afrinity of PCV for thyr.idine kinase (Ki=173 uM for ACV
vs. 1.5 uM for PCV) and to ¢-rater stability of PCV-TP relative to
ACV-TP in HSV-1, HSV-z and VZvV-infected cell lines. Greater
stability is reflected in the prolonged activity of PCV in cell
culture aud animal models.
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When HSV-2-infected keratinocytes were incubated, at 20 hpi,
for 4 hours with 10 uM PCV or ACV, 23 pmolesg/10¢ cells (6 uM) of
PCV-TP were detected vs. 3 pmol ACV-TP/10* cells (0.75 uM}. Levels
of ACV-TP increased to 13 pmol/10* (3 uM) cells after treatment of
infected cells for 6 hours whereas the concentration of PCV-TP
remained essentially the same at 22 pmol/10* cells (5.5 uM}.
Uninfected cells were treated with PCV at 10 uM for up to 6 hours
with PCv, but there was no evidence of phosphorylation.

Stability of PCV-TP was addressed in experiments in which HSV-
2 infected cells (MRC-S. RPMI 2650, WISH and Verc) were pulse-
labelled (for 4 hours) with radiolabelled PCV. Cell monoclayers were
infected with 1 pfu/cell of HSV-2 MS for 1 hcur and then incubated
with medium containing either (4'-3H) penciclovir or [2'-3H]
acyclovir to give a final compound concentration of 10 uM. After
the 4 hour incubation, extracellular drug was removed and replaced
with fresh medium. PCV-TP concentrations were assayed by HPLC at 0O,
1 and 4 hours post drug removal. Sponsor reports that PCV-TP
stability is greater than that of ACV-TP, with PCV-TP exhibiting
prolonged stability during the 4 hour incubation.

In a separate study, the sponsor also performed stability studies
in human keratinocytes infected with HSV-2. Intracelluiliar
triphosphate levels of PCV were higher than those of ACV (0.75 uM
vs. < 0.25 uM, respectively) and PCV-TP levels were constant over
the 4 hour chase pericd.

Comment : PCV-TP levels is cell-type and virug-type dependent. For
example, PCV-TP levels in HSV-2 infected keratinocytes after 4
hours was only 6 uM (compared to 220 uM in HSV-2 infected MRC-5
cells. PCV-TP stability, likewise also varies with cell type. For
instance, PCV-TP levels in human keratinocytes and VERO cells at 4
hours of chase were identical tc those at the end of the pulse,
whereas in RPMI 2650 cells and WISH cells PCV-TP concentrations
were 50% of the levels at the end of Lhe pulsge.

One drawback of these studies is that :riphosphate stability is
measured very early in infection (from 1 to 5 hours postinfection)
whereas triphosphate formation is measured later in infection (20
to 24 hours pcstinfection). The choice of times may reflect optimal
conditions for measurement but may not be truly indicative of
conditions at relevant time points in a natural infection. For
instance, it remains unclear whether PCV-TP is stable late 1in
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infection, or whether phosphate formation at early times of
infection, durir; viral DNA synthesis have reached inhibitory
levels. For instance, to this reviewer, it is problematic that the
concentration of PCV-TP in HSV-2 infected keratinocytes is only 3
uM at 1 hour postinfection and 6 uM at 16 hours post infection,
particularly in light of the 9.5 uM Ki of PCV-TP against the HSV-2
polymerase.

In addition, the studies detailing intracellular phosphate
levels and stability have not ascertained levels of PCV in
uninfected cells. This information is important when considering
the long-term effects of treatment of PCV in patients, since all
the cells in the patient would be exposed. Although the sponsor
scates that in uninfected cells, the level of PCV-TP is barely
detectable (0.5 uM}, levels of unphosphorylated PCV in cells may
nevertheless reach high levels.

Effect of PCV on host cellular DNA polymerases

The effect of PCV on host cellular polymerases a, %, y and d
were determined by competitive inaibition studies. The Ki of (R,S)-
PCV-TP against MRC-5 DNA polymerase o was 45 uM and the IC,, values
of (R,S} PCV-TP against MRC-5 pcl a/b, £ and y was >100 uM, >100 uM
and 51 uM, respectively.

Comments: The Ki value of the (R,S) racemate against the MRC-5 DNA
polymerase of 45 uM is only approximately 3 fold higher than the Ki
for HSV-1 DNA polymerase (16.0 uM). In terms of selective
inhibiticn, this is a rather small difference in affinity. However,
since significant ievels of PCV-TP are not generated in uninfected
cells, the rather poor selectivity of PCV-TP should not be a
problem.

In vicxo activicy
The potency of penciclovir was assessed using differentc

assays, cell lines and multiplicities of infection. The results of
these studies are summarized in Table 1.
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Virus/Strain Assay | End- Cell Conc. of | Reference
(# isolates) Point | 1line PCV in
{ug/ml}

HESV-1/Clin. {16)UK | PR IC50 MRC-5 0.3 39123/1A
HSV-1/Clin. (3) PR ICS0 MRC-5 0.7 19123/2-13
f HSV-1/Clin. (5) PR 1CS9 HS68 0.8 39123/2-13
| HSV-1/Clin. (4) PR 1C50 | wi-38 |1.8 39123/2-13
HSV-1/Clin. ({(2) PR IC50 HEp-2 0.2 39123/2-13
HSV-1/Clin. (2) PR 1CS0 RD 0.6 39123/2-13
HSV-1/Clin. (9) PR 1CS0 WISH 0.2 39123/2-13
HSV-1/Clin. (2) PR IC50 RK13 0.2 39123/2-13

HSV-1/Clin. ({(5) PR 1C50 WI-38

VAl3 0.2 39123/2-13

HSV-2/Clin. (13)UK | PR ICS50 MRC-5 1.52 39123/1A
HSV-2/Clin. (9) PR IC50 MRC-S 2.1 39123/2-13
HSvV-2/Clin. (6) PR I1C50 Hs68 0.8 39123/2-13
HSV-2/Clin. (4) PR ICS0 WI-38 1.9 39123/2-13
HSV-2/Clin. (2) PR IC50 HEp-2 1.5 39123/2-13
HSV-2/Clin. (2) PR 1C50 RD 1.9 39123/2-13
HSV-2/Clin. (13) PR IC50 WISH 0.3 39123/2-13
HSV-2/Clin. (2) PR I1CS0 RK13 0.5 39123/2-13

HSV-2/Clin. (5) PR 1C50 WI-38

VAal3 0.8 39123/2-13

vZv/Cclin. (5) UK PR ICS0 MRC-5 3.1 39123/1A
vZv/Clin. (11) US | PR I1C50 MRC-5 4.0 39123/2-16
VvZV/Clin. (12) UK | PR IC50 MRC-5 5.1 39123/1-01
VZV/Clin. {(12) UK | PR IC50 Hsé68 0.9 39123/2-01
HSV-1/5C16 PR I1C50 MRC-5 0.8 39123/1-11
PR IC50 0.2 39123/2-04

PR I1C50 0.3 39123/1A
Al ICS0 0.6 39123/1-11

Al I1C50 2.0 39123/1A
C3! 1250 i 0.01 39123/1-11
YR 1C99 0.6 39123/1-11

H8V-1/C-42 PR I1C50 GP1405 | 14 Larsson,A
HSV-1/HFEM PR I1C50 scc-13 | 0.13 39123/1-05
PR 1C50 PHK 0.19 39123/1-05
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HSV-2/MS PR I1C50 scc-13 | 0.21 39123/1-05
PR IC50 PHK 0.12 39123/1-05
HCMV/AD-169 PR ICS50 MRC-5 52 39123/1A
EBV Al IC50 P3HR-1 | 10 39123/1A
vs? I1C50 PIHR-1 | 1.5 39123/7A
Ds? 1C50 P3HR-1 | 8 39123/7A
DS? I1CS0 Ramos 13 39123/7A
svv PR I1C50 Vero >12% 39123/1-03

Al Antigen inhibition

PR Plaque reduction

VDI Viral DNA inhibition

YR Yield reduction

* by hybridization

? by [H)]thymidine incorporaticn

Comments: A number of assays, using laboratory strains and clinical
igsolates, and employing a variety of cell types, were used. In
general, PCV is most effective against herpesviruges in the
following order: HSV, V2V, EBV, CMV, CMV showed only marginal
susceptibility. The IC,, values generally varied by 3- or 4-fold for
each virus type, per assay, as cell line was varied. However, more
than 2-fold differences were observed in replicate experiments
using the same cell line. Thus, it is difficult to determine the
role that cell type plays in antiviral activity of the drug. Nor is
it possible to conclude that PCV is more active against clinical
isclates than laboratory strains. In addition, the MOI used in each
experiment influences potency of the drug. The sponsor nas
demonstrated that the activity of PCV in cell culture is inversely
related to the MCI used in the assay.

Clinical isolates of HSV-1 ranged in sensitivity to PCV in IC,s
from 0.2 to 1.8 ug/ml. However, the sponsor has not defined the
resistant phenotyne in terms of IC,, values. The sponsor should
indicate the drug concentration which clearly demarcates drug-
sensitive and drug-resistant isolates.

Therapeutic index: In general, there was no cytotoxic effect in
yitxo at 100 ug/ml PCV. Thus, the therapeutic index ranged from 500
to 55 for clinical isclates of HSV-1, 330 to 50 for clinical
isolates of HSV-2, 110 to 20 for clinical isclates of VZV, between
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12 and 6 for laboratory strains of EBV, and 2 for a laboratory
strain of human CMV.

Activity of 'CV against acyclovir-resistant strains

The activity cf PCV against clinical and 1laboratory-produced
acyclovir (ACV} resistant HSV-1 strains was evaluated. Laboratory-
produced mutants were obtained by serial passage of the parental
virus in the presence of ACV and clones were isolated from the
resistant population. The clinical or laboratory-derived ACV-
resistant variants contained mutations either in the thymidine
kinase g¢ene, resulting in a TK phenotype, or the viral DNA
polymerase; mutations in the viral polymerase presumably altered
the substrate specificity of the enzyme.

The frequency with which ACV-resistant virus appears, (10%), is
similar to that reported for PCV-resistant mutants,

Plaque reduction assays were performed in Vero cells or MRC-5
cells. In the 3 TK deficient and 2 TK altered strains tested in
Vero cells, cross resistance to PCV was detected. IC.,s of PCV were
from 4 to 73-fold greater against TK-deficient and from 2 to S5-fold
greater against TK-altered phenotypes than the IC,,s against w .1ld
type virus. Similar results were found when testing was perforied
ir MRC-5 cells. The one TK deficient mutant tested was 258-fold
more resistant and the TK altered mutant was 138-fold more
resistant to PCV. Three of 4 mutants with altered DNA polymerase
enzymes were resistant to PCV with IC,,s from 4 to 15-fold greater
than that of wild-type virus, with greater resistance observed in
MRC-5 cells.

Registance to PCV

Experiments were performed to generate PCV resistant mutants of HSV
in vave and 1L vioIo.

PCV-resistant virus was selected by exposing HSV-2 in cell

culture to 30 ug/ml PCV. Dilutions of HSV-2 (MS) were inoculated
ontc confluent Vero cell monolayers, virus was allowed to adsorb
for 1 hour, at which time the inoculum was removed and replaced
with medium containing 0.25% agarose, 10% newborn calf serum and 30
ug/ml PCV. Plates were incubated at 37° C until plaques were
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visible. Plaques were picked and characterized with respect to
thymidine kinase and DNA polymerase activity. Of 4 PCV-resistant
mutants isolated in this manner, 3 were TK deficient and one had
altered TK substrate specificity. Altered DNA polymerase activity
was suspected. but not directly demonstrated, in 2 of these 4
mutants. The IC,, values for all 4 mutants were greater than
100ug/ml, whereas the IC,, of the parental strain was 1.7 ug/ml

Mice were infected intravaginally with 10° pfu of HSV-2 and treated
with 0.2 mg/ml FCV in drinking water for 5 days from time of
infection. A vaginal swab was taken daily from each animal, virus
titer was determined and sensitivity of selected virus samples {(day
6) determined by plaque reduction assay. Sponsor reports that virus
isolates tiken 6 days after genital infection showed the same
sensitivity to PCV as the parental virus (HSV-2 MS) or viruvs from
placebo-treated ainimals.

The in vitro activity of PCV against 20 clinical isolates each of
HSV-1 and HSV-2 are shown in figure 6. IC,, values were determined
by both plaque reduction assay (PRA) and enzyme-linked immunoassay
(EIA) . The mean (+/- standard deviation) ICg, values against HSV-1
isolates for PCV was 0.6 +/- 0.4 ug/ml and 0.8 +/- 0.3 ug/ml, by
PRA and EIA, respectively. The IC,, values against HSV-2 isolates
were 2.4 +/- 2.5 ug/ml and 2.2 ug/ml +/- 2 ug/ml by PRA and EIA,
respectively.

Three HSV-2 isolates had intermediate sensitivities to PCV (IC,,
from 2.16 to 2.5 ug/ml) and 2 isoclates were resistant to PCV (ICg,
greater than 3.5 ug/ml).

Comments: Virus isolates resistant to PCV can readily be selected
in vitro. Cross-resiscance of ACV resistant variants to PCV has
also been demonstrated. Thus, it appears likely that long-term
treatment of patients with PCV will result in the appearance of PCV
resistant mutants among which will be found ACV resistant variants.
Attemprs to select PCV resistant mutants from mice after only 5
days of treatment with FCV can not ijustify the conclusion that
"variants of HSV-2 resistant to PCV do not readily arise in vivo™.
Longer term treatment of animals with the drug should be periormed

bezfore making this conclusion.
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Fig. 6 Sensitviry of HSV clinical isolates 1o acyclovir (ACV)
and penciclovir (PCV). Twerny chinical isolates each of HSV-1 and
HSV.1 weie esied by both E1A and PRA. The dot: represent the
1D, of cach HSV isolste. Honzontal bars 1epiesent means.

Effect of PCV on AZT, reverse transcriptase

Cell culture studies were carried out to investigate the
effe-t of pencicluvir on the inhibition of HIV-1l replication in
M81s5 wellsg. AZT inhibkited HIV-1 ieplication with an approximata
IC50 value of 0.1 ug/ml. This inhibitory activity was not markedly
atfected by the presence of PCV at a concentration ©f 100 or 10
ug/ml. In addition, PCV did not markedly affect the cytotoxicity of
AZT in these cells.

In _vitxo studies were undertaken to determine the 50%
inhibitory concentration (ICy,) of (R,S)-PCV-TP against HIV-1
reverse transcriptase. Using poly(rC) .p(dG),,.,,, as template and
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measuring the incorporation of ([8-°H]dGTP, the I(;, was 4 uM. In
cells doubly infected with both HIV and HSV, the expected levels of
PCV-TP wculd exceed the IC;, value for HIV reverse transcriptase.

In vive antiviral activity

PCV has been tested in mice infected with HSV-1 (SClé) either
cutaneously, intranasally, intraperitoneally or intravaginally.

Cutaneous infection of mice (via the ear pinna) results in an
infection that is usually self-limiting and has a low mortality. A
dose-dependent reductcion in lesion size was observed in cutaneously
infected (10° pfu) BALB/c mice which were treated systemically with
a single daily subcutaneous dose commencing S hours after
infection. Reduction in lesion size ranged from approximately 25%
in 50 mg/kg/dose to approximately 40% in 100 mg/kg/dose to
approximately 50% in 200 mg/kg/dose animals. No significant
difference in rate of healing was seen between PCV-, ACV-treated
and placebo-treated animals.

The effect of treatment by oral gavage witn FCV or PCV
cutaneously infected mice (4 X 10° pfu) was alsc evaluated.
Treatment with either 10 mg/kg/dose or 3 mg/kg/dose FCV or PCV was
initiated 6 hpi and continued twice daily for 4 days. Mean lesion
size after 4 days was identical for all treatment groups, including
placebo. Subsequent lesion severity after discontinuation of
therapy was reduced by 40% in animals treated with high doses of
FCV. PCV at both doses, and FCV had negligible effect on lesion
size.

The effect of PCV and FCV on BALB-c on HSV-.. infections in
BALB-c¢ mice infected intravaginally (10° pfu) was evaluated.
Animals were treated with either 0.2 mg/ml or 0.04 mg/ml PCV or FCV
which was supplied in the drinking water for five <ays from time of
infection. A vaginal swap was removed daily for *' aays irom each
animal and virus quantitated by plague assay. PCV ot 0.2 mg/ml and
0.04 mg/ml reduced virus titers by approximately 100-fold and 10-
fold, respectively, during treatment. FCV at both doses reduced
virus titers by about 10-fold compared to placebo-treated animals.

Using an intranasal route of infection in a murine modei of
encephalitis, Balb-c mice were inoculated with either 7 X 10* pfu
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HSV-1 (8Cl16) or 6 X 10° pfu HSV-2 (10). This infection normally
results in rapid entry of virus into the central nervoug system and
is almost invariably fatal by 6 days postinfection. Animals were
treated with PCV either subcutaneously from day of infection to 6
days post infection, or in drinking water from day of infection or
day after, to 5 or 7 days after infection. 100 to 200 mg/kg PCV
administered orally or subcutaneously was effective in reducing
mortality and increasing mean survival time of mice infected by
HSV-1. PCV did not reduce mortality of mice infected intranasally
with HSV-2, however.

In similar studies involving intranasal inoculation of mice
with HSV-1 (Goldthorpe, Boyd and Field, Antiviral Chem. and
Chemotherapy (1992) 3(1}, 37-47)}, treatment with PCV and FCV in
drinking water resulted in rapid clearance of virus from all parts
of the brain, but latent virus was detected in the peripheral and
central nervous system of survivors 1 month post infection.
Although PCV increased survival time and reduced mortality, there
were fewer survivors in the groups receiving treatment from day 1
post infection than in those treated from the time of treatment
(50% vs. 87%). Delaying the onset of treaiuent by more than one day
post infection markedly reduced the ability of orally adminstered
PCV and FCV to prevent death. The antiviral activities of PCV and
FCV against HSV-2 infected mice were not evaluated in this study.

In the intraperitoneal (i.p.) model of infection, DBA/Z mice
were infected with 5 X 10° pfu of HSV-1 (SCl6). PCV was
administered either orally, in drinking water, or subcutaneously at
various times post infection. In intraperitoneally infected mice,
virus replicates initially in visceral organs and then spreads to
the central nervous system and causes death.

PCV administered subcutaneously as a single 50 mg/kg dose was
effective in reducing titers of peritoneal washes when treatment
commenced 5 hours after infection. Significant (»10?) reductions in
vira: titeo, relative to placebo-treated contiols, were maintained
until 72 hours post infection, after which virus titers rose to
above untreated control levels. When treatment was delayed until 24
hours postinfection, reduction in viral titers was more transient;
at 48 hours postinfection, viral titer was significantly lower
(>10%) but returned to above placebo-treatment levels by 72 hours
postinfection.
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Subcutaneous administration of PCV 24 hours after infection
reduced viral peritoneal titers 48 hours post infection in a dose-
dependent manner. A dose of 5.5 mg/kg reduced viral titer by 1000-
fold, 1.8 mg/kg reduced viral titers nearly 100-fold, while ¢.6
mg/kg reduced viral titer by approximately 10-fold.

In another experiment, PCV was administered in drinking water
from time of infection to 43 hours after infection. Drug was
present either at 1, 0.2 or 0.04 mg/ml concentrations. Peritoneal
virus titers at 48 hours post infection were significantly reduced
(approx. 10*-fold}) in mice treated with 1 and 0.2 mg/ml
concentrations of PCV, but no reduction in titer was observed in
mice treated at the lowest concentration.

Intravenous administration of PCV 24 hours after infection was
less effective than subcutaneous administration of PCV 24 hours
post infection in reducing peritoneal viral titers at 48 hours post
infection. A 10 mg/kg dose reduced viral titers approximately 100-
fold, while 1 mg/kg was ineffective.

Signitficant reduction in mouse mortality was achieved by
intraperitoneal and oral treatment of infected mice with PCV. For
e<ample, 20 mg/kg of PCV given by the i.p. route gave complete
protection and oral treatment (1 mg/ml in drinking water) reduced
mortality by greater than 90%.

In a ccmparison of PCV  with  FCV, mice infected
intraperitoneally with HSV-1 were given a single oral dose of
either drug (25 mg/kg) 24 hours after infection. Mean viral
peritoneal titers (log,, PFU/0.1 ml) at 48 hours postinfection were
slightly higher for PCV (1.68 +/- 0.29) than for FCV (0.80 +/-
0.99;.

Comment: Although the sponsor states that PCV is effective in
reducing mortality and increasing mean survival time of mice
infected intranasally with H3V-1l, it should be noted that PCV was
completely ineffective in this same model system against HSV-2.

The ineffectiveness of PCV in treating intransally infected
mice if treatment is commenced more than one day post infection is
relevant to the c¢linical situation, as correct and accurate
diagnosis of disease may not occur within this time frame.
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Cutaneous HSV infections in guinea pigs

The antiviral activity of PCV was also evaluated against a
cutaneous HSV-1 infection in guinea pigs. Virus replicatior occurs
in the skin 1 to 7 days postinfection. Lesions are formed which
crust over and heal during 6 to 12 days postinfection.

Animals were infected (by scarification) with HSV-1 (3 X 10
pfu) and treated topically, twice daily with 1% (w/v) PCV (or ACV)
in aqueous cream or placebo from days 1 to 6 postinfection.
Severity of lesions were assessed and scored. PCV effectively
reduced (by approximately 50%) the severity of skin lesions. The
effect of treatment with PCV was almost identical to that of ACV.

Significant reduction (approximately 35%) in lesion severity
{compared to placebo-treated animals) was observed in animals
treated with 5%, 1% or 0.75% PCV in a propylene glycol cream twice
daily for S days commencing 72 hours postinfection with HSV-1.

In additional studies, the sponsor investigated the effect of
topical treatment on virus lcads within lesion sites. To do so,
groups of 8 animals were treated with 1% PCV twice daily commencing
72 hours after infection. Placebo-treated animals acted as
controls. Skins samples were taken from two animals immediately
prior to start of treatment, and from two animals at 96, 104, 12"
and 128 hours after infection. At these time points, animals were
sacrificed, and the lesicn sites excised and snap frozen. For
processing, samples were weighed, disrupted in a blender,
centrifuged to remove solid material. Supernatants were assayed
for infectious virus by plaque assay on Vero rells.

At the start of therapy, mean lesion virus titer (Log,,pfu/gram
of skin) was 5.85 + 0.14. On day 4 there was no significant
difference between in mean lesion titers between and 1%PCV. On day
5, mean lesion titers in treated animals were reduced by 0.12 (log
13) .

Comment : Although reduction in lesion size is observed in
cutaneous models of infecticn, PCV or FCV do not reduce
significantly the overall time to healing of lesions. Although a
statistically significant mean decrease in virus titer in lesions
of treated animals was demonstrated, the small size of that mean
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decrease (0.12 logs) reflects the poor activity antiviral activitcy
of PCV in this model system.

The relative ineffectiveness of PCV in cutaneously infected
guinea pigs may be reflective nf the relatively low activity of the
drug in HSV-infected guinea pig cells in vitro (IC,, of 14 uM in GP
1405 cells vs. 0.1 uM in primary mouse cells).

Clinical trials
PCV resistant mutants

Although the sponsor monitored vpatients in clinical studies
for virus shedding, and demonstrated that shedding ceased at least
25% svoner in PCV-treated individuals (vs. placebo), there was no
attempt, in any of the clinical trials performed by the sponsor, to
monitor clinical samples for the appearance of PCV-resistant
variants of HSV.

Comment: By analogy with other nucleoside analogs that have been
approved for clinical use, it is to be anticipated that variants of
HSV will arise that are resistant to the drug. The mechanism of
resistance would be either through mutation in the viral thymidine
kinase, or the viral DNA polymerase.

The sponsor should conduct additional studies, in phase IV
trials, to monitor clinical isclates for the appearance of drug-
resistant mutants.

CONCLUSIONS: 1. Penciclovir is a nucleoside analogue which, like
acyclovir, relies upon the viral thymidine kinase for initial
phosphorylation to the monophosphate. Subsequent phosphorylation to
che triphcephate form is poriormed by c2llular kinases. Thus, the
acrive form of the drug, PCV-TP accumulates only in virus-infected
cells.

2. Although reminiscent of the modus operandi of acyclovir,
penciclovir differs qualitatively in certain respects from ACV. PCV
is phosphorylated more efficiently than acyclovir in infected
cells, due to its higher affinity for the viral thymidine kinase.
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The intracellular triphosphate of PCV is more stable than that of
ACV. PCV-TP is not as active as ACV-TP in inhibiting viral DNA
synthesis, however, due tc lower affinity of PCV-TP for herpesvirus
DNA polymerase. Higher intracellular triphosphate levels combined
with a lower affinity for the viral DNA polymerase, nonetheless,
appear to make PCV roughly comparable to ACV in antiviral activity.

3. From a mechanistic standpoint, PCV-TP is a competitive
inhibitor of dGTP. However, definitive studies in support of its
role as a chain terminator have not been presented in this NDA. The
data that are provided indicate that DNA chains synthesized by HSV-
2 polymerase are terminated at residues other than G under
conditions where only 4dATP, dCTP, 4TTP and PCV-TP are present. When

nucleoside triphosphate and inhi»itor are present at
"physiological" concentrations, the effect on chain elongation
appears minimal. Experiments which directly demonstrate

incorporation of PCV into viral DNA have not been presented.
Clearly, the data as supplied do not support the hypothesis that
BPCV acts as a chain terminator.

4, Cytotoxicity data indicate that uninfected cells accumulate
barely detectable levels of PCV-TP; 100 ug/ml of PCV does not
inhibit DNA synthesis in uninfected cells.

5. In_vitro studies using a variety of cell lines and virus
isclates indicates that PCV has activity against (in order of
potency) HSV-1, HSV-2 and VZIV. It has modest activaty against
Epstein-Barr virus and little activity against cytomegalovirus. The
poor activity of PCV against CMV is probably attributable to the
absence of thymidine kinase in this virus.

6. In vivp studies have assessed the activity of PCV in HSV
infections in animals. Infection of mice was initiated either
intravaginally, cutaneously, intranasally or iatraperitonelly and
treatment with either PCV or FCV was #dministered either orally,
cutanccusly, subcutaneously or orally, respectively. Depernding ugon
treatments, PCV was administered from time of infection to 48 hours
post infection. PCV and ACV exhibited very similar activities in
most cases, although qualitative differences existed in short
dosing experiments, presumably reflecting the prolonged
intracellular stability of PCV-TP.
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7. Resistance to PCV is to be anticipated, as mutations in
either the TK gene or viral polymerase of HSV can lead to reduced
sensitivity to the drug. PCV-resistant HSYV mutants have been
generated in cell culture. Of 4 mutants generated by exposure to
high levels of PCV, all 4 affected viral thymidine kinase
expression or function. Mutations in the viral DNA polymerase were
suspected, but not directly demonstrated, in two of the four as
well. Two acyclovir-resistant clinical isolates of HSV-1 were
tested for sens.tivity to PCV. One isclate, which was TK', was
resistant to PCV, while the other isoclate, which was a DNA
polymerase mutant, was sensitive to PCV. The frequency with which
PCV-resistant HSV-1 mutants can be generated in cell culture
(approximately 10-4) is similar to that observed with acyclovir.

RECOMMENDATIONS: The proposed use of Penciclovir topical cream for
the treatment of herpes labialis is approved, provided the
following microbiological concern is addressed by the sponsor:

1. As the development of resistance is a hallmark of nucleoside
analog therapy, please evaluate representative clinical isclates
for the emergence of PCV-resistant variants during the course of

G
; o
Microbiologist
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