These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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NDA 20-636
Viramune® Tablets
(nevirapine tablets)

DIVISION OF ANTIVIRAL
DRUG PRODUCTS
CSO: Anthony Zeccola

301-827-2335



_/C DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
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,“.
e Food and Drug Administration
Rockville MD 20857

NDA 20-636 JUN 2| 555

Boehringer Ingelheim Pharmaceuticals, Inc.
Attention: Pamela S. Strode

900 Ridgebury Road

P.O. Box 368

Ridgefield, Connecticut

Dear Ms. Strode,

Please refer to your February 23, 1996 new drug application {NDA) submitted
under section 505(b) of the Federal Food, Drug, and Cosmetic Act for Viramune®
(nevirapine) Tablets, 200 mg.

We acknowiedge receipt of your amendments dated:

March 7, 1996 March 22, 1996 March 26, 1996 March 28, 1996 (2)
March 29, 1996 April 9, 1996 (2) April 12, 1996 April 19, 1996
April 24, 1296 April 25, 1996 April 29, 1896 April 30, 1996
May 1, 1996 May 3, 1996 May 10, 1996 May 15, 1996

May 21, 1996 May 24, 1996 May 28, 1996 May 31, 19986
June 12, 1996 June 18, 1996{2) June 19, 1996(3) June 20, 1996(2)
June 21, 1996

Viramune® (nevirapine) is indicated in combination with nucleoside analogues for
tne treatment of HIV-1 infected adults who nave experienced clinical and/or
immunologic deterioration.

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 product is safe and effective for use as recommended in
the draft labeling submitted June 21, 1996. Accordingly, the application is
approved effective on the date of this letter.

We acknowledge your commitment to comply with the conditions of Accelerated
Approval as stated in your June 20, 1996 letter. Additionally, we acknowledge
your commitment to conduct the phase 4 studies also listed in the above letter.

The final printed labeling {(FPL)} must be identical to the June 21, 1996 draft
labeling. Marketing the product with FPL that is not identical to this draft labeling
may render the product misbranded and an unapproved new drug.



Please submit twenty copies of the FPL as soon as it is available, in no case more
than 30 days after it is printed. Please individually mount ten of the copies on
heavy weight paper or similar material. For administrative purposes this
submission should be designated "FINAL PRINTED LABELING" for approved NDA
20-636. Approval of this labeling by FDA is not required before it is used.

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

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

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

Under section 736(a){1){B})(ii) of the Prescription Drug User Fee Act of 19382, this
letter triggers the remaining 50% of the fee assessed for this application. You will
receive an invoice for the amount 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 with the requirements for an approved NDA
set forth under 21 CFR 314.80 and 314.81.

If you bave any questions, please contact, Anthony M. Zeccola, Regulatory
Management Officer, at (301} 827-2335

Sincerely yours,

ot Ve L

David W. Feigal, Jr., M.D., M.P.H.
Director

Division of Antiviral Drug Froducts
Center for Drug Evaluation and Research



sognringer
Ingelheim

Boehringer ingeiheim
Pharmacauticals, Inc.

afeys. a subsidiary of
Ce!euraamgaus 1 the s Boehringer Ingeiheim ration

900 Ridgebury Rd.
P.O. Box 368
Ridgetield, Connecticut 06877-0368

June 20, 1966

Center for Drug Evaluation and Research
Food and Drug Administration
HFD-530, Document Control Room
9201 Corporate Boulevard

Rockyville, MD 20850

Attention: David W. Feigal, Ir.,, M.D., Director
Division of Antiviral Drug Products

Re: VIRAMUNE® (nevirapine) Tablets, 200 mg
NDA 20-636/Amendment No. 029

Dear Dr. Feigal:

Our NDA 20-636 for VIRAMUNE® (nevirapine) Tablets, 200 mg, submitted on
February 23, 1996, has been reviewed per the regulations outlined in 21 CFR 314
Subpart H, "Accelerated Approval of New Drugs for Serious or Life-Threatening
Ilinesses™.

In accordance with these regulations, we hereby commit to the following as conditions of
accelerated approval:

. Study ACTG 193a* is scheduled to complete clinically in June, 1996.

@ Inted v avos g led pagwee ‘203) 7939988
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DRAFT U.S. PACKAGE INSERT

VIRAMUNES® (nevirapine) Tablets
EINAL DRAFT
June 21, 1996
VIRAMUNE®
(nevirapine)
Tabiets
WARNING:

VIRAMUNE® (NEVIRAPINE) IS INDICATED FOR USE IN COMBINATION WITH
NUCLEOSIDE ANALOGUES FOR THE TREATMENT OF HiV-1 INFECTED
ADULTS WHO HAVE EXPERIENCED CLINICAL AND/OR tMMUNOLOGIC
DETERIORATION. THIS INDICATION IS BASED ON ANALYSIS OF CHANGES IN
SURROGATE ENDPOINTS IN STUDIES OF UP TO 48 WEEKS DURATION. AT
PRESENT, THERE ARE NO RESULTS FROM CONTROLLED CLINICAL TRIALS
EVALUATING THE EFFECT OF VIRAMUNE® WITH NUCLEOSIDE ANALOGUES
ON THE CLINICAL PROGRESSION OF HiV-1 INFECTION, SUCH AS THE
INCIDENCE OF OPPORTUNISTIC INFECTIONS OR SURVIVAL.

THE DURATION OF BENEFIT FROM ANTIRETROVIRAL THERAPY MAY BE
LIMITED. ALTERATION OF ANTIRETROVIRAL THERAPIES SHOULD BE

CONSIOERED IF DISEASE PROGRESSION OCCURS WHILE PATIENTS ARE
RECEIVING VIRAMUNE®.

RESISTANT VIRUS EMERGES RAPIDLY AND UNIFORMLY WHEN VIRAMUNE?®
IS ADMINISTERED AS MONOTHERAPY. THEREFORE, VIRAMUNE® SHOULD
ALWAYS BE ADMINISTERED IN COMBINATION WITH AT LEAST ONE
ADDITIONAL ANTIRETROVIRAL AGENT.

VIRAMUNE® HAS BEEN ASSOCIATED WITH SEVERE RASH, WHICH IN SOME
CASES HAVE BEEN LIFE-THREATENING. WHEN SEVERE RASH OCCURS,
VIRAMUNE® MUST BE DISCONTINUED.

DESCRIPTION: VIRAMUNES is the brand name for nevirapine (NVP), a
non-nuclecside reverse transcriptase inhibitor with activity against Human
Immuncdeficiency Virus Type 1 (HIV-1). Nevirapine is structurally a member of the
dipyridodiazepinone chemical class of compounds.

Page 1
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VIRAMUNES® is availabie as tablets for oral administration. Each tablet contains
200 mg of nevirapine and the inactive ingredients microcrystaliine cellulose, lactose
monohydrate, povidone, sodium starch glycolate, colloidal silicon dioxide and
magnesium siearate.

The chemical name cf nevirapine is 11-cyclopropyl-5,11-dihydro-4-methyi-6H-
dipyrido[3,2-b:2',3'-8][1,4]diazepin-6-one. Novirapine is a white to off-white
crystalline powder with the molecular weight of 266.3 and the melecular formula
C15H14N40O. Neviapine has the foliowing structural formuia:

MICROBIOLOGY: Mechanism of Action: Nevirapine is a non-nucleoside reverse
transcriptase inhibitor (NNRTI) of HIV-1. Nevirapine binds directly to reverse
transcriptase (RT) and blocks the RNA-dependent and DNA-dependent DNA
polymerase activities by causing a disruption of the enzyme's catalytic site. The
activity of nevirapine does not compete with template or nucleoside triphosphates.
HIV-2 RT and eukaryotic DNA polymerases (such as human DNA polymerases a, 13,
¥, or §) are not inhibited by nevirapine.

in Vitro HIV Susceptibility: The relationship between in vitro susceptibility of HIV-1
to nevirapine and the inhibition of HIV-1 replication in humans has not been
established. The in vitro antiviral activity of nevirapine was measured in peripheral
blood mononuclear celis, monocyte derived macrophages, and lymphoblastoid cell
lines. 1Cg, values (50% inhibiory concentration) ranged trom 10-100 nM against
laboratory and clinicai isolates of HIV-1. in cell culture, nevirapine demonstrated
additive to synergistic activity against HIV in drug combination regimens with
zidovudine (ZDV), didanosine (ddl), stavudine (d4T), lamivudine (3TC) and
saquinavir.

Resistance: HIV isolates with reduced susceptibility (100-250-fold) to nevirapine
emerge in vitro. Genotypic analysis showed mutations in the HIV RT gene at amino
acid positions 181 and/or 106 depending upon the virus strain and cell kne

Page 2
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employed. Time to emergence of nevirapine resistance in vitro was not altered when
selection included nevirapine in combination with several other NNRTIs.

Phenotypic and genotypic changes in HIV-1 isolates from patients treated with either
navirapine (n=24) or nevirapine and ZDV (n=14) were monitored in Phase U1 trials
over 1 10 212 weeks. After 1 week of nevirapine monctherapy, isolates from 3/3
patients had decreased susceptibility to nevirapine in vitro, one o more of the RT
matations at amino acid positions 103, 106, 108, 181, 188 and 190 were detected in
some patients as earty as 2 weeks after therapy initiation. By week eight of
nevirapine monotherapy, 100% of the patients tested (n=24) had HI\’ isolates with a
>100-fold decreas in susceptibility to nevirapine in vitro compared to baseline, and
had one or more of the nevirapine-associcied RT resistance mutations; 19 of 24
patients (80%) had isolates with a position 181 mutation rogardiess of dose.
Nevirapine+ZDV combination therapy did not alter the emorgence rate of nevirapine-
resistant virus or the magnitude of nevirapine resistance in vitro; however, a different
RT mutation pattem, predominantly distributed amongst amino acid positions 103,
106, 188, and 190, was observed. !n patients (6 of 14) whose baseline isolates
possessed a wild type RT gene, nevirapine+ZDV combination therapy did not
appear to delay emergence of ZDV-rasistant RT mutations. The clinical relevance of
phenotypic and genotypic changes associated with nevirapine therapy fias not been
established.

Cross-resistance: Rapid emergence of HIV strains which are cross-resistant te
NNRTIs has been observed in vitro. Data on cross-resistance betwean the NNRTI
nevirapine and nucleoside analogue RT inhibitors are very limited. in four patients,
ZDV-resistant isolates tested in viiro retained susceptibility to nevirapine and in six
patients, nevirapine-rasistant isoiates were susceptible to ZDV and ddl. Cross-
resistance between nevirapir:e and HiIV protease inhibitors is unlikely because the
enzyme targets involved are difterent.

ANIMAL PHARMACOLOGY: Animal studies have shown ihat nevirapine is widely
distributed to nearty all tissues and readily crosses the blood-brain barrier.

CLINICAL PHARMACOLOGY: Absorption and Bicavalladility in Adults:
Nevirapine is readily absorbed (>90%) after oral administration in healthy volunteers
and in adults with HIV-1 infection. Absclute bicavailability in 12 healthy adults
following single-dose administration was 93 + 9% (maean + SD) fora 50 mg tablet and

Page 3
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91 £ 8% for an oral solution. Peak plasma nevirapine concentrations of 2 + 0.4 ug/mb
(7.5 uM) were attained by 4 hours following a single 200 mg dose. Following multiple
doses, nevirapine peak concentrations appear to increase linearly in the dose range of
200 to 400 mg/day. Steady state trough nevirapine conocentrations of 4.5 + 1.9 pug/mi
(17 £ 7 uM), (n = 242) were attained at 400 mg/day.

When VIRAMUNES® (200 mg) was administered to 24 healthy aduits (12 female, 12
male), with either a high fat breakfast (857 kcal, 50 g fat, 53% of calories from fat) or
antacid (Maalox® 30 mL), the extent of nevirapine absomption (AUC) was comparable
lo that cbserved under fasting concitions. In a separate study in HIV-1-infected
patients (n=6), nevirapine steady-state systemic exposure (AUCT) was not
significantly altered by ddl, which is formulated with an alkaline buftering agent.
VIRAMUNE® may be administered with or without food, antacid or ddl.

Distribution: Nevirapine is highly lipophilic and is essentially ronionized at
physiologic pH. Following intravenous administration to healthy adults, the apparent
volume of distribution (Vciss) of nevirapine was 1.21 + 0.09 L/kg, suggesting that
nevirapine is widely distributed in humans. Nevirapine readily crosses the placenta
and is found in breast milk. (see PRECAUTIONS, Nursirg Mothers) Nevirapine is
about 60% bound to plasma proteins in the plasma concentration range of 1-10 ug/mL.
Nevirapine concentrations in human cerebrospinal fluid (n=6) were 45% (+ 5%) of the
concentrations in plasma; this ratio is approximately equal to the fraction not bound to
plasma protein.

Metabolism/Elimination: In vivo studies in humans and in vitro studies with human
liver micrcsomes have shown that nevirapine is extensively biotransformed via
cytochrome P450 (oxidative) metabolism to several hydroxylated metabolites. /n
vitro studies with human liver microsomes suggest that oxidative metabolism of
nevirapine is mediated primarily by cytochrome P450 isozymes from the CYP3A
tamily, aithough other isozymes may have a secondary role. In a mass
balance/excretion study in eight healthy male volunteers dosed to steady state with
nevirapine 200 mg given twice dally followed by a single 50 mg dose of 14C-
nevirapine, approximaiely 91.4 + 10.5% of the radiolabeled dose was recovered,
with urine (81.3 £ 11.1%) representing the primary route of excretion compared to
feces (10.1 + 1.5%). Greater than 80% of the redioactivity in urine was made up of
glucuronide conjugates of hydroxylated metabolites. Thus cytochrome P450
metabolism, glucuronide conjugation, and urinary excretion of glucuronidated
metabolites represant the primary route of nevirapine biotransformation and
elimination in humans. Only a smalil traction (<5%) of the radioactivity in urine

Page 4
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(representing < 3% of the total dose) was made up of parent compound; therefore,
renal excretion plays a minor role in efimination of the paremt compound.

Nevirapine has been shown to be an inducer of hepatic cytochrome P450 metabolic
enzymes. The phammacokinetics of autoinduction are characterized by an
approximately 1.5 to 2 fold increase in the apparent oral clearance of nevirapine as
reatment continues from a single dose to two-to-four weeks of dosing with 200400
mg/day. Autoinduction also results in a corresponding decrease in the terminal
phase halt-life ot nevirapine in plasma from approximately 45 hours (single dose) to
approximately 25-30 hours following muttiple dosing with 200-400 mg/day.

Special Populations: Renal/Hepatic Dysfunction: The pharmacokinetics of
nevirapine have not been evaluated n patients with either renal or hepatic
dysfunction.

Gender: In one Phase | study in healthy volunteers (15 females, 15 males), the
weight-adjusted apparent volume of distribution (Vdss/F) of nevirapine was higher in
the female subjects (1.54 L/kg) compared to the males (1.38 L/kg), suggesting that
navirapine was distributed more extensively in the fermnale subjects. However, this
difference was ottset by a slightly shorier terminal-phase halif-life in the females
resulting in no significant gender difference in nevirapine oral clearance or plasma
concentrations following either single- or multiple-dose administration(s).

Race: An evaluation of nevirapine plasma concentrations (pooled data from ssveral
clinical trials} froir: HIV-1-infected patients {27 Black, 24 Hispanic, 189 Caucsasian)
revealad no marked difference in nevirapine steady-state trough concentrations
(median Cminss = 4.7 ng/ml Black, 3.8 pg/mL Hispanic, 4.3 pg/mL Caucasian) with
long-term nevirapine ireatment at 400 mg/day. However, the phamacokinetics of
nevirapine have not been evaluated specifically for the effects of ethnicity.

Age: Nevirapine pharmacokinetics in HIV-1-infected adults do not appear to change
with age (range 18-68 years); however, nevirapine has not been axiensively
evaluated in patients beyond the age of 55 years. Nevirapine is metabolized more
rapidly in pediatric patients than in adults. (see PRECAUTIONS, Pediatric Use)

Drug interactions: No dosage adjustments are required whe VIRAMUNE® is
taken n combination with ZDV, ddl, or ddC. When the ZDV data were pooled from
two studies (n=33) in which HIV-1.infocted patients received VIRAMUNE® 400
mg/day either aione or in combination with 200-300 mg/day ddl or 0.375 t0 0.75

Page 5




JUN 21

191
192
193
194
195
196
197
198
199

201

203
204
205

207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

229

‘96 14:13 FROM BI TO 9182725101432080 PRGE . 2€7

mg/day ddC on a background of ZDV therapy, nevirapine produced a non-significant
decline ot 13% in ZDV AUC and a non-significant increase of 5.8% in ZDV Cmax. In
a subset of patients (n=6) who were administered nevirapine 400 mg/day and ddl on
a background of ZDV therapy, nevirapine produced a significant decline of 32% in
ZDV AUC and a non-significant deciine of 27% in ZDV Cmax. Paired data suggest
that ZDV had no effect on the phammacokinetics of nevirapine. In one crossover
study, nevirapine had no effect on the steady-state phammacokinetics of either ddi
(n=18) or ddC (n=6).

Available data on the potential interactions between nevirapine and other CYP3A
substrates are livited and preliminary; therefore, recommendations for dose
adjustments cannot be made. (see PRECAUTIONS, Drug Interactions, for
recommendations regarding rifampin, rifabutin, protease inhibitors and oral
contraceptives)

in vitro: Studies using human liver microsomes indicated that the formation of
nevirapine hydroxylated metabolites was not affected by the presence of dapsone,
rifabutin, rifampin, and trimethoprinysulfamethoxazole. Ketoconazole significantly
inhibited the formation of nevirapine hydroxylated metabolites.

In vivo: Monitoring of steady-state nevirapine trough plasma concentrations in
patients who received long-term VIRAMUNE® treatment in combination with
ketoconazole (n=11) revealed no evidence of a significant inhibitory effect on
nevirapine metabolism. Steady-state nevirapine trough plasma concentrations were
elevated in patients who received cimetidine (+21%, n=1 1) and macrolides {+12%,
n=24), known inhibitors of CYP3A.

Gteady-state nevirapine trough concentrations were reduced in patients who
received rifabutin (-16%, n=19) and rifampin (-37%, n=3), known inducers of CYP3A.
Nevirapine is an inducer of CYP3A, with maximal induction occy Ting within 2-4
weeks of initiating multiple-dose therapy. Other compounds that are substrates of
CYP3A may have decreasad plasma concentrations when co-administered with
VIRAMUNES®. Theretore, careful monitoring of the therapeutic effectiveness ot
CYP3A-metabolized drugs is recommended when taken in combination with
VIRAMUNE®. (see PRECAUTIONS)

INDICATIONS AND USAGE: VIRAMUNE® (nevirapine) in combination with
nucleoside analogues is indicated for the treatment of HIV-1 infected adults who have

Page 6
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experienced clinical and/or immunologic deterioration. This indication is based on
analysis of changes in surrogate endpoints in studies of up to 48 weeks duration. At
present, there are no results from controlied clinical trials evaluating the affect of
VIRAMUNES® with nucieoside analogues on the ctinical progression of HIV-1 infection,
such as the incidence of opportunistic infections or survival.

The duration of benefit from antiretroviral therapy may be limited. Alteration of
antiretroviral therapy should be considered if disease progression occurs while
patients are receiving VIRAMUNES.

Resistant virus emerges rapidly and uniformty when VIRAMUNE® is administered as
monotherapy. Therefore, VIRAMUNE® should atways be administered in
combination with at least one additional antiretroviral agent.

Description of Clinical Studiss:

Patients with a prior history of nuciecside therapy:

ACTG 241 compared treatment with VIRAMUNE®+ZDV-dd| versus ZDV+dd! in 398
HIV-1-infected patients (median age 38 ysars, 74% Caucasian, 80% male) with
CD4+ call counts <350 celis/mm3 (mean 153 cells/mm?3) and a mean bassline
plasma HIV-1 RNA concentration of 4.59 log,o coples/mL (38,905 cepies/mL ), who
had received at least 6 months of nucleoside therapy prior to enroliment (median
115 weeks). Treatment dosas were VIRAMUNE®, 200 mg daily for two weeks,
followed by 200 mg twice daily, or placebo; ZDV, 200 mg three times daily; gdl,

200 mg twice daily. Mean changes in CD4+ cell counts are shown in Figure 1. For
198 patients in the virology sub-study, mean HIV-1 RNA concentration changes from
baseline are shown in Figure 2.
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258 Figure 1: Mean Change from Baseline for CD4+ Cell Count (absoiute
259 number of CD4+ celis/mm3), Triat ACTG 241
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Figure 2: Mean Change from Basaline in HIV-1 RNA" Concentratio. 's
iLog,, copies/mL), Virology Sub-study of Trial ACTG 241
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Foximent with VIRAMUNE®S has not been euleblishad

Trial Bl 1037 compared treatment with VIRAMUNE®+ZDV versus ZDV in 60
HIV-1-infected patients (median age 33 years, 70% Caucasian, 93% male) with
CD4+ cell counts between 200 and 500 celis/mm?3 (mean 373 cells/mm3) and a mean
baseline plasma HIV-1 RNA concentration of 4.24 log,o copies/mL (17,378
copies/mL}, who had received between 3 and 24 months of prior ZDV therapy
(median 35 weeks). Treatment doses were VIRAMUNE® 200 mg daily for 2 weeks,
followed by 200 mg twice daily, or placebo; ZDV, 500-600 mg/day. Mean changes in
CD4-+ cell counts are shown in Figure 3. Mean HIV-1 RNA concentration changes
from basaline are shown in Figure 4.
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280 Figure 3: Mean Change from Basetine for CD4+ Celt Count (absolute
281 number of CO4+ cells/mm?3), Trial Bl 1037
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Figure 4: Mean Change from Basaeline in HIV-1 RNA Soncentrations
(Logyo copies/mL), Trial Bl 1037
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Patients without a history of prior antiretroviral therapy:

Bl Trial 1046 compared treatment with VIRAMUNE®4+ZDV-+ddl versus VIRAMUNE®
+ZDV versus ZDV+ddi in 151 HIV-1-infected patients (median age 36 years, 94%
Caucasian, 93% male) with CD4+ cell counts of 200-600 celis/mm3 (mean 376
cells/mm3) and a mean bassline plasma HIV-1 RNA concentration of 4.41 0G0
copies/mL (25,704 copies/mL). Treatment doses were VIRAMUNE®, 200 mg daily
for two weeks, followed by 200 mg twice dally, or placebo; ZDV, 200 mg three times
daily; ddi, 125 or 200 mg twice daily. Changes in CD4+ cell counts at 24 weeks:
mean levels of CD4+ cell counts in those randoimnized to VIRAMUNES®+ZDV+dd! and
ZDV+ddl remained significantly above baseline; however there was no significant
difference between these armns. Changes in HIV-1 viral RNA at 24 weeks: there
was no significant difference as measured by mean changes in plasma viral RNA
between those randomized to VIRAMUNE®+ZDV+ddi and ZDV+ddl. Howaver, the
proportion of patients whose HiV-1 RNA decreased below the limit of detection (400
copies/mL) was significantly greater for the VIRAMUNE®+ZDV+ddl group (27/36 or

Page 11



Jun 21

305

307
308

310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339

341
342

'96  14:14 FROM Bl TO 9182725101432000 PACE.B13

75%), when compared to the ZDV+ddl group (18/39 or 46%) or the VIRAMUNE®
+ZDV group (0/28 or 0%); the clinical significance of this finding is unknown.

CONTRAINDICATIONS: VIRAMUNE® is contraindicated in patients with clinically
significant hypersensitivity to any of the components contained in the tablet.

WARNINGS: Severe and life-threatening skin reactions have occurred in
patients treated with VIRAMUNE?®, including Stevens-Johnson syndrome (SJS).
VIRAMUNE® must be discontinued in patients developing a severe rash or a
rash accompanied by constitutional symptoms such as fever, blistering, oral
lesions, conjunctivitis, swelling, muscle or joint aches, or general malaise.
(see PRECAUTIONS, Information for Patients; ADVERSE REACTIONS)

VIRAMUNE® therapy must be initiated with a 14-day lead-in period of 200 mg/day,
which has been shown to reduce the frequency of rash. Dose escalation should not
occur if rash is observed during this lead-in period until the rash has resoived. (see
DOSAGE AND ADMINISTRATION)

PREC/ JTIONS: General: When administering VIRAMUNE® as part of an
antiretroviral treatment regimen, the complete product information for each
therapeutic component should be consulted before initiation of treatment.

While nevirapine is extensively metabolized by the liver and nevirapine metabolites
are extensively eliminated by ihe kidney, the phamacokinetics of nevirapine have
not been evaluated in patients with either hepatic or renal dysfunction. Therefore,
VIRAMUNE® should be used with caution in these patient populations.

Abnormmal liver function tests have been reported with VIRAMUNE®, some in the first
few weeks of therapy, including cases of hepatitis. VIRAMUNE® administration
should be interrupted in patients experiencing moderate or severe liver function tast
abnomalities unti! liver tunction tesis retum to baseline values. VIRAMUNE®
treatment shouid be permanently discontinued if liver function abnormalities recur on
readministration.

Drug Interactions: Although clinical studies have not been conducted, induction of
CYP3A by nevirapine may result in lower plasma concentrations of other
concomitantly administered drugs that are extensively metabolized by CYP3A. (see

Page 12
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CLINICAL PHARMACOLOGY) Thus, if a patient has been stabilized on a dosage
regimen for a drug metabolized by CYP3A, and begins treatment with VIRAMUNES,

dose adjustments may be necessary.

RitampirvRifabutin: There are insufficient data to assess whether dose adjustments
are necessary when nevirapine and ritampin or rifabutin are coadministered.
Therefore, these drugs should only be used in combination if clearty indicated and
with careful monitonng.

Protease Inhibitors: Nevirapine may decrease plasma concentrations of protease
intubitors. Therefore, until clinical data are available that evaluate the need for dose
adjustments, these drugs should not be administered concanitantly with VIRAMUNES,

Oral Contraceptives: There are no clinical data on the effects of nevirapine on the
pharmacokinetics of oral contraceptives. Nevirapine may decrease plasma
concentrations of oral contraceptives (also other hormonal contraceptives),
theretore, these drugs should not be administered concomitantly with VIRAMUNE?®,

Information for Patients: Patients should be informed that VIRAMUNE® is not a
cure for HIV-1 infaction, and that they may continue to experience ilinesses
associated with advanced HIV-1 infection, including opportunistic infections.
Treatment with VIRAMUNE® has not been shown to reduce the incidence or
frecuency of such ilinesses, and patients should be advised to remain under the care
of a physician when using VIRAMUNE®,

Patients should be informed that the long-term effects of VIRAMUNE® are unknown
at this time. They should also be informed that VIRAMUNE® therapy has not been
shown {o reduce the risk of transmission of HIV-1 to others through sexual contact or
blood contamination.

Patients should be instructed that the major toxicity of VIRAMUNES is rash and
shouid be advised to promptly notify their physician of any rash. The maijority
of rashes associated with VIRAMUNE® occur within the first 6 weeks of initiation of
therapy. Therefore, patients shoukl be monitored carefully for the appearance of
rash during this perniod. Patients should be instructed that dose escalation is not to
occur if any rash occurs during the two-week lead-in dosing period, until the rash
resolves. Any patient expenencing severe rash or a rash accompanied by
constitutional symptoms such as fever, blistering, oral lesions, conjunctivitis,
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swalling, muscie or joint aches, or general malaise should discontinue medication
and consult a physician,

Patients should be informead to take VIRAMUNE® every day as prescribed. Patients
shouid not alter the dose without consutting their doctor. If a dose is missed,
patients should take the next dose as soon as poésible. However, it a dose is
skipped, the patient should not double the next dose.

VIRAMUNE® may interact with some drugs; therefore, patients should be advised to
report to their doctor the use of any other medications.

Patients should be instructed that oral contraceptives and other hormonal methods
of birth control should not be used as a method of contraception in women taking
VIRAMUNE®.

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term carcinogenicity
studies of nevirapine in animals are currently in progress. In genetic toxicology
assays, nevirapine showed no evidence of mutagenic or clastogenic activity in a
battery of /n vitro and in vivo assays including microbial assays for gene mutation
(Ames: Salmonella strains and E. col), mammalian cell gene mutation assays
(CHO/HGPRT), cytogenetic assays using a Chinese hamster ovary celi line and a
mouse bone marmrow micronucleus assay following oral administration. In
repraductive toxicology studies, evidence of impaired fertility was seen in female rats
at doses providing systemic exposure, based on AUC, approximately equivalent to
that provided with the recommended clinical dose of VIRAMUNE®.

Pregnancy: Pregnancy Category C: No observable teratogenicity was detected in
reproductive studies performed in pregnant rats and rabbits. In rats, a significant
decrease in fetal body weight occurred at doses providing systemic exposure
approximately 50% higher, based on AUC, than that seen at the recommended
human clinical dose. The maternal and developmentat no-observabile-effect level
dosages in rats and rabbits produced systemic exposures approximately equivalent
1o or approximately 50% higher, respectively, than those seen at the recommended
daily human dose, based on AUC. There are no adequate and well-controlled
studies in pregnant women. VIRAMUNE® should be used during pregnancy only if
the potential benefit justifies the potential risk to the fetus.

Nursing Mothers: Preliminary results from an ongoing pharmmacokinetic study
(ACTG 250) of 10 HIV-1-infected pregnant women who were administered a singie
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oral dose of 100 or 200 mg VIRAMUNE® at a median of 5.8 hours before delivery,
indicate that nevirapine readily crosses the placenta and is found in breast milk.
Consistent with the recommendation by the U.S. Public Health Sarvice Centers for
Disease Control and Prevention that HIV-infected mothers not breast-feed their
infants to avoid risking postnatal transmission of HIV, mothers should discontinue
nursing if they are receiving VIRAMUNES.

Pediatric Use: Safety and effectiveness of VIRAMUNES® in pediatric patients have
not been established.

VIRAMUNE® has been studied in two open-label, uncontrolled trials (Bl 882, Bl 892)
in 37 HIV-1-infected pediatiic patients with a median age of 0.9 years (range: 0.1 %o
15 years) who were treated for a median duration of 20.7 months. Seven patients
developed rashes while receiving VIRAMUNE®. In an ongoing, controlled trial of
VIRAMUNE® combination therapy in HIV-1-infected pediatric patients (ACTG 245),
one of approximately 268 patients treated with VIRAMUNE® experienced Stevens-
Johnson syndrome.

Because there are no data on multi-dose pharmacokinsetics in children, no
recommendation on dosing can be made. Based on single-dose phamacokinetics
in 9 HIV-1-infected pediatric patients (age 9 mos. to 14 years) who were
administered nevirapine in a suspension formulation, it appears that oral clearance
is approximately 2-fold greater in children when compared to adults.

ADVERSE REACTIONS: The most frequently reported adverse events related to
VIRAMUNE® therapy were rash, fever, nausea, headache, and abnormal liver
function tests.

The major clinical toxicity of VIRAMUNER® is rash, with VIRAMUNES®-attributable rash
occuming in 17% of patients in combination regimens in Phase 111l controlled
studies. Thirty-seven percent of patients treated with VIRAMUNE® experienced rash
compared with 20% of patients treated in control groups of either ZDV+dd! or ZDV
alone (Table 1). Severe or life-threatening rash occurred in 7.6% of VIRAMUNE®-
treated patients compared with 1.2% of patients treated in the control groups.

Rashes are usually mild to moderate, macuiopapular erythematous cutaneous
eruptions, with or without pruritus, located on the trunk, face and extremities. The
majority of severe rashes occurred within the first 28 days of treatment; 25% of the
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surgical intervention. All patients recovered. Overall, 7% of patients discuntinued
VIRAMUNE® due to rash.

Table 1: Percentage of patients with rashes in controlied triais®

ACTG 2410 Bl 1037 8! 1011 COMBINED DATA
NVP+ZDV| ZDV+dd! |NVPZDY| ZDV  |NVPsZDV| ZDV NVP | CONTROL
+cidt

n 197 20t 90 30 25 24 252 255
Rash events of ol
Grades and al 6% | 230% | 287% 8.7% R2.0% £2% 373% | 20.0%
Causality
Grade 3 of 4 rash
overss; all causality | 8.1% 1.8% 3.3% o% 80% 0% 7.6% 1.2%

a Al recommendad dose of one 200 myg tablet dally for The tirsl 14 aarys loflowed by one 200 Mg tabist twice dalty
®  Yal ACTG 241 was 0esigned 10 repor Geace 34 (sovers of e-Svemlening) svants: excagt for sever pre-speciled svents

wriuding rash for which all grades are reporied

Table 2 lists treatment-related clinical adverse events that occurred in patients
receiving VIRAMUNE® in ACTG 241 and in Trials Bl 1037 and B 1011.
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472 Table 2. Comparative incidence of Selected Drug-Related Events in Controlled

473
474

475
476
477
478
479
480

481

Trials
ACTG 241 Trial Bl 1037
and
B8 1011
Grade /4 events All geverities
INVP+ZDV | 2DV+ad] |NVP+ZDV |ZDV alone
agdl
Number ¢f patients 197 201 55 k )
inverall incidence of
reiated adverse svents % 3% 42% 3%
Rash 8 2 20 3
Fever 3 3 " 3
Naussa 5 4 8 3
Headactw 3 3 11 0
Diarhea 2 2 0 0
Abdominai pain 1 2 2 0
Ulcarative stomatitis 0 0 4 0
Periphera! Neuropathy o 2 0 0
Parassthesia 1 0 2 0
Myaigia 1 0 2 7
Hepatitis 1 0 4 9

Leboratory Abriormalities: Table 3 summarizes marked laboratory abnormalitivs
occurring in three controlled studies.

Table 3. Percentage of patients with marked laboratory abnormalities

Data comtined for comtrolied tais
ACTG 211, Bl 1037 & B! 1011

VIRAMUNE® Conirol
n=252 n=055

Hematology
Decreased Hg (<8.0 g/dL) 1.2% 2.0%
Decreased platelets (<50,000/r1m3) 08 08
Decreased neutrophils (<750/mm3) 11.1 10.2
Bloodi chaemistry
Increased ALT (»250 UA)) 34 3.5
Increasod AST (>250 U/L) 2.0 2.4
Increased GGT (>450 UL) 2.4 1.2
Increased total bilirubin (>2.5 mg/dL) 0.4 1.2
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Asymptomatic elevations n GGT levels are more frequent in VIRAMUNE™ recipients
than in controis. Because hepatitis has occasionaily been reported in VIRAMUNE®-
treated patients, monitoring of liver function tasts should be considered.

OVERDOSAGE: Thers is no known ant.dote for VIRAMUNE® cverdosage. No

acute toxicities or sequelae were reported for one patient who ingested 800 mg of
VIRAMUNE® for one day.

DOSAGE AND ADMINISTRATION: The recommended dose for VIRAMUNE® is
one 200 mg tablet daily for the first 14 days (this lead-in pericd should be used
because it has been found to lessen the frequency of rash), followed by one
200 mg tablet twice daily, in combination with nucleoside analogue antiretroviral
agents. For concomitantly administered nucleoside therapy, tha manufacturer's
recommended dosage and monitoring should be followed.

Monitoring Of Patients: Clinical chemistiy tests, which include liver function tasts,
should be performed prior to initiating VIRAMUNE® therapy and a: appropnate
intervais during therapy.

Dcsage Adjisstment: VIRAMUNE® should be discontinued if patients
experience severs rash or a rash accompanied by constitutional findings (see
WARNINGS). Patlents experiencing rash during the 14-day lead-in period of
200 mg/day should not have their VIRAMUNES® dose increased until the rash
has resolved. (see PRECAUTIONS, /nformation for Patisnts)

VIRAMUNE® administration should be interrupted in patients experiencing moderate
or severe liver function test abnomalities (excluding GGT), until the liver function
test elevations have retumed to baseline. VIRAMUNE® may then be restarted at
half the previous dose level. VIRAMUNE® should be permanently discontinued if
moderate or severe liver function test abnommaiities recur. (see PRECAUTIONS)

Patients who interrupt VIRAMUNE® dosing for more than 7 days should restart the
recommended dosing, using one 7200 mg tabiet daily tor the first 14 days (lead-in)
toliowed by one 200 mg tablet twice daily.

No data are available to recommend a dosage of VIRAMUNES® in patients with
hepatic dysfunction, renal insufficiency, or undargoing dialysis.
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HOW SUPPLIED: VIRAMUNES® (nevirapine) Tablets, 200 mg, are white, oval,
biconvex tablets, 9.3 mm x 19.1 mm. One side is embossed with “54 193", with a
singie bisect separating the "54" and “193°. The opposite side has a single bisect.

VIRAMUNES® Tablets are supplied in botties of 100 (NDC 0054-4647-25) and
individually blister-sealed unit-dose cartons of 100 tablets as 10 x 10 cards
(NDC 0054-8847-25).

Store at 15°C - 30°C (59°F - 86°F). The botties should be kept tightly closed.

Manufactured by:

Distributed by:

Boehringer Ingetheim Phamaceuticals, Inc.
Ridgefield, CT 06877

Roxane Laboratories, Inc.
Columbus, OH 43216

CAUTION FEDERAL LAW PROHIBITS DISPENSING WITHOUT PRESCRIPTION

Version 1A Jure 2V, 1098
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VIRAMUNE® Tablets, 200 mg

NEW DRUG APPLICATION

(nevirapine) Boehninger Ingeiheim
Pharmaceuticals, Inc.
( 13.0 PATENT INFORMATION Ridgefield, CT 05877
1)  Name of Drug Product VIRAMUNE®
2)  Active Ingredient(s) nevirapine (the chemical name for which is
11-cyclopropyl-S5,11-dihydro-4-methyl-6H-
dipyrido[3,2-b:2',3'¢]{1 4]diazepin-6-one)
3)  Stength(s) 200 mg
4) Dosage Form tablet
Route of Administration oral

5)  Name of Applicant Bochringer Ingelheim Pharmaceuticals, Inc.
6) NDA Number 20-636
H
7)  Applicable Patent Numbers and U.S. Patent No. 5,366,972
Expiration Date of Each November 22, 2011

8)  Type of Patent drug, drug product and method of use

9)  Name of Patent Owner Boehringer Ingelheim Pharmaceuticals, Inc.
and Dr. Karl Thomae GmbH, as joint
owners

CORFIDENTTIAL Page

VIRAMUNE DOC/Page |

107 10/%93
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14




VIRAMUNE® Tablets, 200 mg : . NEW DRUG APPLICATIOM

(nevirapine) Bochnnger Ingeiheim

Pharmaceuticals, inc.
13.0 PATENT INFORMATION Ridgefield, CT 06877
10) Declaration

The undersigned declares that Patenit No. 5,366,972 covers the formulation,
composition, and/or method of use of Viramune. This product is the subject of this
application for which approval is being sought.

Alan Stempel

Capacity: Attorney for Patent Owner and Applicant

Date: October 20, 1995

CONFIDENTTAL Page
VRAMUNE DOCPage ?

1072049 ¢
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EXCLUSIMITY SUMMARY FOR NDA #20.636 SUPPL #

Trade Name Yimmune® Generic Name_nevirapine _

Appiicant Nammmmhnﬂmﬁnmw HFD #530
Approval Date if Known_iungm

PART t IS AN EXCLUSIVITY DETERMINATION NEEDED?

1. An exclusivity determinati will be made for ali ongina! applications. but only for certain Suppiements.
Complete PARTS 1] and I} of this Exclusivity Summary only if yOu answer "yes" to one or more nf the following
Question about the submission,

a) isitan onginal NDA?
YES/L/ NO/ /

—

b} Is it an effectiveness Supplement?

YES/__/ NOix/

—

it yas, what type? (SE1, SE2, elc.)




d) Did the applicant request exclusivity?
X/ NO/__/

If the answe: »", how many years of exclusivity did the applicant request?

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

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

YES/__/ NO/__J

If yes, NDA # Drug Name

iIF THE ANSWER TO QUESTION 2 1S "YES", GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.
3. !s this drug product or indication a DESI upgrade?

yes/ |/ NO/X/

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

PART Il FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES

{Answer either #1 or #2 as appropriate)
1. Single active ingredient product.

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

YES/__/ NO/X/

Kevised 8-10-90 -2-




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

NDA #

NDA #

NDA #

2. Combination product. .

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

YES/__/ NOIXJ

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

NDA #

NDA #

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART 11 IS "NO", GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8. IF "YES", GO TO PART Il

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

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

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

-3-



YES/ NO/__ ¢

— —

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

(@) Inlight of previously approved applications, is a clinical investigation ( either conducted by the applicant or
available from some other source, including the published literature) hecessary to suppoit approval of the
application or supptement?

YES/_/ NO/_y

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

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

YES/_/ NO/

(1) If the answer to 2(b} is "yes". do you personally know of any reason to disagresa with the applicant's
conclusion?

YES/ __/ NO/_ ¢

et ——

ifyes, explain:




(2) If the answer to 2(b) is "no", areyou aware of published studies noi conducted or sponsored by the
applicant or other publicly available date that could independently demonstrate the safety and effectiveness of
this drug product?

YES/__/ NO/__J

if yes, explain:

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

Studies comparing two products with the same ingredient(s) are considered to be bioavailability studies for the
purpose of this section.

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

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

Investigation #1 YES! 1 NO/__J

investigation #2 YES/ _/ NO/__/

P ——

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




b) For each investigation identified as "essential to the approval", does the investigation duplicate the results of
another investigation that was relied on by the agency 1o support the effectiveness of a previously approved drug
product?

Investigation #1 YES/_ I NO/___{

tnvestigation #2 YES/_/ NO/__{

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

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

4. To be eligible for exclusivity, a new investigation that is essential to approval must also have been conducted or
sponscred by the applicant. An investigation was "conducted or sponsored by” the applicant if, before or during
the conduct of the investigation, 1) the applicant was the sponsor of the IND named in the form FDA 1571 filed
with Agency, or 2) the applicant (or its predecessor in interest) provided substantial support for the study.
Ordinarily, substantial support will mean providing 50 percent or more of the cost of the sudy.

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

{investigation #1

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

Investigation #2

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




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

investigation #1

YES/___/ Explain NO/___/ Explain

investigation #2

YES/___/ Explain __ NO/__/ Explain

(c) Not withstanding an answer of "yes" to (a) or (b), are there other reasons to believe that the applicant shouid
not be c7."lited with having “conducted or sponsored” the study? (Purchased studies may not be used as the
basis for exclusivity. However, if all rights to the drug are purchased (not just studies on the crug), the applicant
may be considered to have sponsored or conducted the studies sponsored or conducted by its predecessor in
interrest)

YES/ /7 NO/_ |/

If yes, explain:

aucpﬁ?&” Ctar e/z/9¢
Anthony M. Ze Date ©
- Consumer Safety Officer

David W. Feigal, Jr., M.D., MPH Date
Division Director

-7-
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VIRAMUNE® Tablets, 200 mg NEW DRUG APPLICATION

{nevirapine) Bochringer Ingelheim
EXCLUSIVITY INFORMATION Ridgefield, CT 06877

1) The applicant, Boehringer Ingelheim Pharmaceuticals, Inc., believes that after approval
of the New Drug Application, VIRAMUNE® Tablets will be entitled to a period of
marketing exclusivity under the provisions of 21 CFR 314.108, and is, therefore,
claiming exclusivity.

2)  Reference is made to 21 CFR 314.108(b)(2) to support the applicant's claim to
exclusivity for VIRAMUNE® Tablets.

3)  The applicant claims exclusivity under 21 CFR 314.108(b)(2), and accordingly must
submit information to show that, to the best of the applicant's knowledge or belief, a
drug has not previously been approved under section 505(b) of the Federal Food, Drug
and Cosmetic Act containing any active moiety in the drug for which the applicant is
seeking approval. This information is as follows: The sole active moiety in the drug for
which the applicant is seeking approval, VIRAMUNE® Tablets, is nevirapine (the
chemical name for which is 11-cyclopropyi-5,11-dihydro-4-methyl-6H-dipyrido{3,2-
b:2',3'e][1,4]diazepin-6-one). To the best of the applicant's knowledge and belief, no
drug containing nevirapine as an active moiety has previously been aoproved under
section 505(b) of the Federal Food, Drug and Cosmetic Act.

BOEHRINGER INGELHEIM PHARMACEUTICALS, INC.

W=l

Martin M. Kapian, M.D. J D.

Title: Director, Drug Regulatory Affairs

Date: February 5, 1996

CONFIDENTIAL Page

EXCLUSIY DOC/age |
020696
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DRUG STUDIES IN PEDIATRIC PATIENTS
(To be completed for all NME's recommended for approval)

NDA #__20.636  Trade (generic} names_Viramune® (neviragine)

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

. A proposed claim in the dratt labeling is directed toward u specific pediatric iliness. The

application contains adequate and well-controiled studies in pediatric patients to support
that claim.

. The draft labeling includes pediatric dosing information that is not based on adec;uate

and well-controlled studies in children. The application contains a request under 21 CFR
210.58 or 314.126(C) for waiver of the requirement at 21 CFR 201.57(f) tor A&WC
studies in children.

a. The application contains data showing that the course of the disease
and the effects of the drug ere sufficiently similar in adults and children
to permit extrapolation of the data from adults to children. The waiver
request shculd be granted and a statement to that effect is included in
the action letter.

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 apprepriate).

- Pediatric studies (e.g., dose-finding, pharmacokinetic, adverse reaction, adequate and

well-controlled for safety and eificacy) should be done after approval. The drug product
has some potential for use in children, but there is no reason to expect early widespread
pediatric use (because, for example, alternative drugs are available or the condition is
uncoemmon in children.

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

X (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 explain the status of
discussions,

b. tf the sonsor is nat willing to do pediatric studies, attach copies of FDA's
written request that such studies be done and of the sponsor's written
response to that request.
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___ 4, Pechatnic studies do not need to be encouraged because the drug product has little
potential for use in children.

___ 5. If none of the above apply. explain.

Explain, as necessary, the foregoing items:

U 4 e _</13/5¢
Anthony M. Zetcola Date
Consumer Safety Officer

cc: Orig NDA
HFD-530/Div File
NODA Action Package
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1. Summary Viramune® (nevirapine} is the first non-nucleoside inhibitor of HIV-1 reverse transcriptase
to be submitted 1o the FDA for regulatory counsideration in the treatment of HIV infection (new molecular
entity, NME). The clinical portion of the submission consists of six studies in HIV-infected subjects which
provide information on the effect of this drug on laboratory values, including particularly the numbers of
cweulating CD4 lyimphocytes, and on measures of viremia, particularly HIV-1 RNA levels in serum, which
are genarally considered 1o be surrogate endpoints that are reasonably likely to predict clinical benefit in
this patient population. The applicant has requested approval of nevirapine for the indication “In
combination with nucleoside analogues is indicated for the treatment of patients with HIV-1 infection who
have experienced clinical and/or immunoiogic deterioration.”

Rachel's comment: This saction needs to be expanded. It should summarize the whole review. It should
state in advance that Safety and Efficacy will be summarized at the end of the review.
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2. Background - Regulatory History

The original IND for nevirapine (IND ) was submitted on (date), and the adult Phase |/ll program was
witiated. Controlled clinical trials with surrogate marker endpoints in adults were initiated in {(mo, yr). A
closed session meeting with the Antiviral Drugs Advisory Committee was held on { ) Apr, 1995 to discuss
whether the compieted studies were sutficient to justify submission of a marketing application. A pre-NDA
meeting was heldon ( ) 1995. The NDA was submitted to the FDA on 23 Feb 1996. The NDA post-
submission meeting between the Applicant and DAVDP representatives was held on 18 Mar 96, and the
Applicant was asked if additional viral surrogate endpoint data was availabie that might be submitted to
the NDA. On 12 April 96, the Applicant submitted to the NDA a 6-month analysis of activity data from
an international non-IND trial, Study 1046.

Nevirapine is not approved for marketing in any country.

Materials Raviewed: NDA 20-636 consists of 239 volumes. Major amendments include summary
information on a new trial 1100.1046 (dated 12 April 96) and a Safety Update (dated 29_£p(96).

Chemistry/Manufacturing Controts: Please refer to Dr. Steven Miller's review.
Animal Pharmacology/Toxicology: Please refer to Dr. Peter Verma's review.
Microbiology: Please refer to Dr. Walla Dempsey's review

Statistics: Please refer 10 Dr. Michael Elashof{'s raview.
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3. Summary of NDA clinical section

The clinical section of this apgplication includes the study reports of three randomized controlled clinical
tnials in HIV-infected adults, and two uncontrolled studies. Also included is safety information from 18
clinical trials; these studies are either compieted but partially analyzed, or are ongoirng. The NDA also
summarizes information from 10 clinical pharmacology studies, and safety information is summarized for
one of these.

Of the three randomized, controlled trials, two (Study 1100.1031/ACTG 241 and 1100.1037) were double
blinded, and their reports are submitted as the primary evidence of etficacy for this NDA, while Study
1100.1011, an open-label study, is submitted as providing supportive evidence'. Table 1 summarizes
major features of these studies.

Table 1. Comparison of controllad clinical studies of nevirapins in anti-retroviral experienced, HIV + subjecis

Trial }1031 {ACTG 241} 1037 1011

Location iUS (16 centers) US (7 centers) Aust/tal/Neth (TT cefers)
{Total no. |308 60 49

{rDessgn {Randomized, doudle-blind Randomized. double-blind Controlled, open label
iPopulallon iz 13y 213 y, asymptomatic 218y

i iCD4 <350 CD4 200-5C0 CD4 <500

' (26 m_pror nucleosides 3-24 m prior ZDV ZDV >6m

Stratification 'CD4550 (n=10Q) None None

‘ ,€D4 51-200 {n =150}
a |CD4_201-350 in = 150)

—_
|

‘Treatment INVP 400 mg +ddi 400 mg +ZDV 800 |NVP 400 mg + ZDV 500-600 mg |NVP 400 mg QD + 500-600 mg

groups Img vs_ddi 400 mg _+ ZDV 600 mgq vs ZDV 500-600 mgq ZDV

‘Primary 1CO4 at 16, 24, 48 wks; CD4 at 3, 6 mio; HIV RNA (PCR); |p24 antigen response
lendpoing 'HIV RANA (PCR}; PBMC microculture  |PBMC microcuiture

‘Follow-up (48 wks & mo 28 wks iaxt to 92)

In addition, safety and efficacy information from t-vo non-comparative, Phase 1/2 dose-escalation trials
{Study 1100.744/ ACTG 164, 1100.834/ACTG 168) are included:

| Table . Companson of non-controlled phase 1/2 clinical studies of nevirapin: in HIV + subject:
Thal 744 (ACTG 164) [ 834 (ACTG 168)
: Lacation US (6 cantars) US (5 centars)
| Totai no. 63 83
i Dasign Uncontroiled, dose et ai-ion Uncontrolled, dosa escalation
[ Population HIV-infsctad adults, CD 4 < 400 | HIV-infected adults, CD4 <400
*Treatment groups 125 mg 11 subjects 12.5mg TU sisujuctn
' o 5C g 10 50mg 16

200 mg 9 200mg 12

-400 mg 22 400mg 25*
600 mg 1 6§00mg 28*
*most received 200 mg NVP lead-in for 2 or 4 wks

. Objectve Dose-tinding Dose-finding
| Prnmary andpoint PK, chnics! toxicity PK, clinical toxicity
{ Follow-up | 24 wks 24 wks

'The trial designation prefix 7 700. denotes a nevirapinc study, and will be omitted hereafter.
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During the course of the reviaw of this NDA, and at the request of the FDA, summary information from
a recently completed trial that evaluated the effect of NVP therapy in combination with nucleasides in an
anti-retrovirak-naive HIV + populaiion, Study 1046, was submitted. Features of this study are summarized
in Tabie .

sble . Study 1046: Controlled clinical trisl of neviragine in anti-retroviral naive, HiV + subjects

Locations Canada, Australia, Netherands, italy

Total no, 1652

Design Randomized, doubls-blind

Population HIV +, antiretroviral nuive, CD4 200-600

Stratification By country

Traatment groups NVP +ddl + ZDV vs NVP + ZDV vs ddl + ZDV_ {1:1:1)
| Primary endpoint CD4 and HIV RNA at 18 and 28 weeks

! Foltow-up 128 weeks
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4. Satety and efficacy in adults with nucleoside anti-retroviral therapy experience
4.1 Clinical Trial 1031 (ACTG 241)

A. Design The study is a placebo-controlied, randomized, double-blind study conducted at 16 US sites
that evaluates the efficacy (CD4 and HIV viral load surrogate markers and preliminary data on clinical
efficacyl, safety, qualiity-of-life effects and pharmacokinetics of nevirapine, when used in combination with
ddi +ZDV in HIV-positive subjects. Eligible subjects had more than 6 months of prior nucleoside therapy
{monotherapy or in combination) and CD4 cell count<350/mm?. The primary surrogate endpoints were the
changes in absclute CD4 count and in HIV-1 measures (virus titer in quantitative PBMC micro-cultures and
decline in p24 antigenemia).

This study was initiated on 12 May 1993 and the study report includes data collected through 30 Jul 94.
Surrogate endpoint analyses were conducted when the last patient randomized compieted the 48 week
evaluation.

B. Results: Study population and subject disposition

1. Study Population: A total of 400 patients were enrolied and 398 received study drug.

a. Baseline characteristics: These are summarized in Table

Table . Baseline demographics, by study arm
NVP +ddl + ZDV PLA +ddl+ 2DV
N 127 - - 201
Age, mean (SD) 39.2 (7.8) 38.4 (8.6)
trange) {16-61) 121-85)
Sex-male, N (%) 163 (82.7) 156 (77.6)
fornale 34 {17.3) 45 {22.4}
Race-white, N (%} 147 (74.6) 148 (73.6)
-lach 19 (9.6} 21 {10.4)
-Hisp.anic 28 (14.2) 30 (14.9)
CD4, mean (SD) 155.8 {109.5) 149.7 (109.3)
i meadizn {range) 137.8 (2-443) 138 {1-4186) i
}_Prnor nuclaoside usage N (%) N (%)}
j <51 weeks 36 {18.3) 34 {(16.9}
| 51-100 47 (23.9) 54 (26.9)
i 101150 s e 3 38 1A
| 151-200 42 (21.3} 41 (21.4)
| 201-35¢ 17 (8.8 18 (9
L > 350 19 19.6) 16 {8}

Comment: A subset of subjects (approximately 9%) had CD4 cell counts> 350. This
raises the question as to how the baseline CD4 was established. According w0 the
protocol, 3 determirations of CD4 cells, at Jeast 72 hrs apart, were to be made before
initiation of study treatment. Study eligibility was to be determined based sofely on the
first of these; the baseline CO4 value was established by averaging the second and third.
This method is considered appropriate for such trials. The fact that a minority of subjects
had CD4 counts > 350 seems unlikely to matenally influence the outcome or interpretation
of the study.
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b. Srratification. Subjects were stratified by CD4 count: CD4 =201-350, 150 subjects; CD4 =51-200,

150 subjects;

Comment:

D450, 100 subjects.

subunit. (Study Table 2.3).

2. Disposition of subjects

The numbers of subjects per study arm are similar by center and center

a. Time on study medication and follow-up is summarized in the following table:

Table . Time on study drug and time to last follow-up

Study arm NVP + ddl + ZDV PLA +ddi + ZDV
Exposure to NVP or PLA, mo. Median irange/ 10.85 (0.26-13.41) 10.85 (0-12.66)
Exposure to ddl, mo. Median range) 10.75 (0.26-13.41) 10.78 (O-1270r2) =
Exposure to ZDV, mo. Aedian {rangel 10.82 {0.26-13.41) 10.82 (0-12.62)

! Exposure 1o any study drug, mo. Median (rengs/

11.01 {0.26-13.41)

11.011C-12.98)

Comment: The study arms appear to be well balanced with respect to aggregate time of
exposure to study drugs.

A summary of subjects treated, taking nevirapine or placebo, participating in trial, and completing study

is summarized in Table

. {See Study Table 3.1}

}Table . Subjects on NVP +dal+ 2DV vs PLA +ddl + ZDV, an_q_p_a_r1_i'g:ipiting in triai, by study arm and study wanak

No.Treated Atwk: (4 18 12 |18 (20 [24 128 132 |36 {40 [44 (48 |Cumpleted Study

NVP+ddl+2ZDV |On NVP. (194 (186 (175 [169 [161 (154 (146 |144 |140 (138 (133 94

n=197 In Trial: 197 [194 1194 |193 {190 [188 1182 (181 (177 1176 |173 [|157 {172 (87.3 %!}

{PLA +dgl + ZOV ‘On PLA: 194 |184 (180 {173 164 |160 |160 {156 [143 |147 {136 96

In=201 iin Trial: 199 (195 j192 188 [184 [181 {179 |17R (176 (175 [170 [156 [169 (84.1%)
Comment:

The Applicant was questioned on the relatively large decrease in subjects

in the trial between weeks 44 and 48 {n=30). It appears that the last scheduled study
visit (Wk 48 visit] actually occurred during weeks 46 or 47 of the study, due to clinic and
subject scheduiing constraints for the large majority of the 30 subjects in gquestion. Thus,
these subjects completed the study in a normal fashion, and were not lost to follow-up.
The two study arms remain balanced throughout the trial,

b. Study terminations are summarized in the following Table:

Table . Study terminations, number, %, and cause , by treatment group

Treatment group Termenations- No. (%) Deaths Refuses contact Unable 10 contact
NVP +ddl + ZDV 25197 (12.7%) 8 9 -]

PLA +ddl+ ZDV 327201 (15.9%) 8 17 7

Comment: The treatment groups are sirnilar, except that more placebo recipients refused
contact than did NVP recipients. A review of the line listings failed to disciose a reason



NDA 20-636

Medical Officer's Review

Page: O

for this difference; MNVP-associated toxicity frash) was not disprogortionately greater in
NVP recipients who refused contact or could not be contacted.

¢. Study drug discontinuations are summarized in the following table:

Eablc . Study drug discontinuations

|

|Treatment No No. Participating in triat [No. Taking all trial meds |No. taking ddl &/or ZDV | No. taking NVP/PLA
group troated |{% of treated) {% of treated) (% of treaied} (% of treated)

Week 24 44 48 24 44 48 24 44 48 24 44 48

NVP 197 188 173 157 152 128 90 154 133 95 154 133 94
+ddl + Z0V (95.4) |187.8) [i79.7 [i77.2) [164.0} li45.7) {178.2) |I67.5) |148.2) j(78.2) |(67.5) [147.7}
FLA 201 181 170 156 155 125 87 180 135 96 162 136 96
+ddl + 20V {90.0)_|(84.6} [t77.6) [(77.1) [162.2) |143.3) 1(79.6} 87.2) l147.8) |{79.6) [(67.7) |{47.8) |

Comment: Drug exposure to both NVP/PLA and to nucleoside rermains balanced inbath
arms of the trial through Week 48. There is a pronounced fall-off of subjects participating
in the trial and in those taking NVP/Pla and background nucleosides between weeks 44
and 48. However, this appears to relate to the timing of the last scheduled visit (see

Time on Study Medication and Foliow-up, above).

Reasons for discontinuation of all study drugs are summarized in Table

E‘able . Discontinuation of all study medication, by trastment group and by cause

L NVP + ddi + ZDV PLA +ddi+2ZDV
i__R“ecenved study medication - 197 201
l_l‘-:armanemly_complaud all study medication 129 {65.5%) 124 166.7%)
\Discontmuauons due to :
i Death while on study drug(s) 4 (2%) 2 (1%
E Treatment toxicity, protocol-dafined 8 {4.1) 5 (2.5)
Treatment taxicity, non-protocol-defined 14 (7.1} 16 (8)
l Clinical endpoints, protocol-definad o 0 {0}
E Treatment with experimental drugs having dantivit 1l activity 42 0t0)
Lost to follow-up 7{3.6) 7{3.5}
' Subject’'s request 250127 33{16.4)
| Investigator's raquest o o)
| Miscallaneous, protocol-dsfined 3(1.5) HO.5)
| Other 1{0.5) 1(0.5)
| Unknown 211} 1{0.5) 3

Commaent: A relotivefy high propartion of subfects completed this 48-week stucy. Fewer
were lost to follow-up among nevirapine recipients than controls; this is not expected to
materially influence the outcome or interpretation of the study.

C. Results: Efficacy

1. Applicant’s analysis

Primary endpoints defined by this ACTG study protocol are: (i} change in absolute CD4 count (all subjects);
(il change in quantitative PBMC HIV-1 microculture titer (subset of subjects); (i} decline in p24

antigenemia; {iv) the time to the occurrence of and AIDS-defining event or death.
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Comment: For accélerated approval, there has been more experience projecting clinical
benefit of an expenmental antiretroviral from the effect on absolute CD4 cour.t than from
effects on other surrogate endpoints, including measures of viral load. Further, CD4 data
were collected for all subjects, whereas data on viral markers was collected on a subset
of subjects. Therefore CD4 measures are given greater emphasis than viral load measures

in the analysis of this study.

a. Change in CD4 count and % are summarized in Tables

Tablz . Change in immunclogic markers from basetine to wks 40-48, by studv treatment
Marker NVP +ddl + 2DV ! PLA +ddi + ZDV | Difference between p-value
roups (95% Ch
Change in absolute CD4 count {cells/mm?)
LS Mean 5.81 -15.80 21.4% (8.C, 34.8) .002
SE 5.04 4.88 6.23
Median -4.80 -17.14 - -
N 167 167
Absolute CD4 count {(AUCMB) *
LS Mean 1953 -0.33 19.86 (10.88,28.84) <0.001
Standard Error 3.28 3.27 4 58
Median 12.28 -3.08
N 196 196
% CD4 cells {AUCMB) "
LS Mean 1.32 -0.21 1.53 (1.04, 2.02) < 0,001
Stanc.ard Error 0.18 0.18 0.25
Median 0.99 -0.14
N 196 196 ]

*AUCSs include ail subjects with post-treatment resuits

Comment: The between-treatment difference in mean CD4 counts at 48 weeks is 21
cells, in favor of the nevirapine-containing study treatment; the p-value is significant and
the 95% confidence intervals do not include zero. Analyses of other parameters produce
simifar resulits, and support this conclusion.

The effect af therapy on changes in immunologic response by baseline CD4 stratum vias also examined.
The results at Week 40-48 are shown by CD4 stratum and treatment group in Table

—

Table . Immunclogic responses by CD4 stratum and treatment group

CD4 350-201 CcD4 51-200 CD4 <50
| Vanable NVP  IPLA Dt NVP 'PLA |om NVP |PLA [DiH
: Cegdl L addl 135% Cj +ad! +d4ol |95 Ch +dd! | rdel o 19%% CP

+2DV | + 2DV +20V | +2DV +2ZDV | +ZDV

Change, Aus.. CD4 :
LS Mean 19.14 [3.08 (16.06 0.03 -39.59 [39.62 -11.19 |.5.31 |-5.8B9
Standard Errar 815 [72.79 (11.27 7.51 7.74 [10.78 11.52 [10.33 [15.47
Madran 2.38 [11.97 {1-6.03, 38.15}(2.59 -41,99 [(18.49, 80.75) [-6.87 |-5.05 [(-36.21,24.42)
N 59 64 72 88 30 37
% Change, Abs.CD4
LS Mean 8.25 |o05 (8.2 -3.06 |-35.00 [31.94 -22.36 |-19.21 |-3.15
Standard Error 586 |560 |81 5.40 §56 |7.75 8.28 |7.42 |11.12
Madian 0.74 [3.87 |(-7.68, 24.08)|1.95 -40.58 [{16.75,47.13) |-30.61 |-35.63 |{-24.95, 18.85)
N 59 64 72 66 30 37
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T
Change, %CD4
L5 Mean 119 [.04) |16 0.23  1-2.75 |2.98 .0.89 [-.40 |{-0.49
Stendard Error c4e loas |o.e6 0.44 [0.45 (0.83 0.67 |0.80 0.9
Maedian 1.52 |-0.41 [{0.31,2.89) (-0.04 |-.2.43 {(1.75,4.27) [-0.41 |0.00 [i-2.25,1.2704
N 59 64 72 86 30 a7

Commaent: The treatment effect on (D4 measures by entry CD4 count was most clearly
evident in subjects having CD4 51 200 at entry. The reasons for this are unclear.

Other analyses conducted on the effect of study treatment on ‘mmunological markers, by baseline CD4
stratum and treatment group included absolute CD4 (AUCMB and NAUC), %CD4 cells (AUCMB]).

b. Viral endpoint responses are summarized in Table

Table . Change in_surrogate virologic_endpoints from baseline to weeks 40-48, by study regimen
Marker NVP +ddl +. oV PLA +ddl + ZDV Ditference betweasn groupe |e-vaiue
{95% Ch)

Change 11 log,,PBMC (/10" calls) |

LS Mean -0.28 -0.02 -0.26 (-0.520, 0.002) =0.052
1 Standard Error 010 Q.09 0.13

| Mead:an -0.08 -0.07

(N | 76 79

| Change in log,, HIV-RNA (copiasimi] |

ILS Mean .0.14 0.13 0.26 1-0.48, -0.04, =.024
| Standard Error 0.08 0.08 0.11

| Median -0.07 017

N 74 75

Llog,o PBMC [AUCMB)
LS Mean -0.36 -0.15 -0.21 {-0.39, -0.03) = (Q.026
| Standard Error 0.07 0.07
'Madian -0.34 -0.06

N 93 95

log,, HIV-ANA {AUCMB)
LS Mean -0.43 -G.17 -0.26 (-0.44, -0.08) =.003
Standard Error 0.06 0.06 0.09

Maeadian -0.27 -0.07

N 35 93

*AUCs include all subjects with posi-tragiment results

Comment: In these treatment groups, compa:isons of mean measures of circulating HIV,
including HIV-RANA (quantitative PCR) and viral infectivity (PBMC assayl support the
interpretation, based on CD4 cell data, that NVP when used in combination with ddi+ 2DV
is supernior o placebo.

However, there are limitations to the virological data. The virology endpoints were
performed on alf the subjects at half the centers, chosen in advance. Since each center
enroffed approximately 25 subjects, only about half of all study subjects were tested.
Approximately equal numbers of subjects were tested in each of the treatment groups.
Approximately three-fourths of subjects had evaluable virological Zata at 40-48 weeks.
A further fimitatic n of the virological data is that samples for HIV RNA deterrnination using
the PCR assay were tested as two batches, and that aliquots of the baseline sampie that
were tested in each batch were sufficiently different that the Applicant adjusted all values
of one batch on the basis of this difference in baseline samples. For these reasons, the
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virological data in this study are considered to be supportive.

¢. Subgroup analyses

Effect of therapy by prior nucleoside therapy. A secondary analysis of immunologic and virologic markers
by prior rnucleoside therapy and by treatment group was conducted. Analyses of immunologic markers are
summarized in Table

Tabie . !mmunologic responss by prior nucieoside therapy and by trea:ment grou
Prior ZDV only Any prior ddt and/or ddC
v b
anable NVP PLA Ditt NVP PLA Ditt
+dd| +adl {95% CI) +dd! +ddl 195% CI)

L +ZDV +ZDV +ZDV + 2DV

Change, Abs.. CD4

LS Mean 30.67 3. 27.36 -5.15 -27.15 22.00

Standard Error 11.05 11.28 14.31 5.12 4,90 €3 <

Vedian 14.74 7.47 (-0.69, 55.41) -7.51 -26.32 {B8.36, 35.64)
| w 54 52 107 115
]
% Change, Abs.CD4
b LS Mean 857 -6.51 15.08 -7.23 -26.29 19.08
| Standard Error 65.38 8.50 8.27 4.49 4.30 6.10
| Med:an 13.01 3.87 113, 31.29 -11.16 -2B.50 1770, 31.02)
PN 54 52 107 115
iChange, %CD4
i LS Mean 1.42 -0.39 1.82 0.2 -2.05 1.84
" Standard Error 0.65 0.67 0.85 0.3 0.29 0.41
| Median 1.86 0.39 {0.15, 3_49!_ -0.41 -1.25 (1.04, 2.64}
N |54 52 167 115

The effect of study treatment on immunological responses, by prior nucieoside therapy (ZDV onlyl, CD4
stratum, and study treatment are summarized in Table

;Tabla .

Immunocicgic response, by CD4 stratum and study treatment, in subjects with prior nucteoside therapy of ZDV
onky
; £D4 201-350 [ cDa 51;?_00 CD4x50
? NVP  |PLA | Diit NVP  {PLA | Ditt NVP  [PLA |Dift
| +dat | +ddi [(95% Cl} +ddl | +ddl [{95% CI} +ddl | +ddl |(95% CH
+«ZDV ; + 2DV +2DV | +2DV +ZDV | + 2DV

"Changs. Abs.. CD4

LS Mean /81,4 (3228 1131 2935 1-22.34 161 79 .1 27 1.4 R7,12.81
i Standard Error 116,16 [1517 | 21.44 16.93 (20,93 | 26.92 28.26 [31.71 |42.48
- Medran 4552 |35.34 [(-22.90, 61.14) {1516 [-43.62 (({9.03, 114.55) |-11.51 -4.14 |(-69.65, 96.B7)
- N 25 29 21 16 8 7
| %Change, Abs.CD4 |
I LS Mean "19.10 {14.05 {5.08 17.27 |-29.15 | 46.41 -27.12}-13.80|-13.53
| Standard Error 8.84 |[B.BS (12.5 9.88 |t2.21 |15 16.49 18,50 (24.79
i Median 17.60 (1473 1(-19.48, 29.58) {13.93 |-43.69|{15.82, 77.20) |-37.58]-33.05 | (-62.12, 35.08)
LM 125 29 21 16 8 7 |
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IChangc. %CDa ! |
1 LS Mean i2.64 1.23 1.41 21 -2.05 (4.5 -2.37 |0.22 -2.58
Standard Error 0.88 0.88 1.25% 0.29 1.22 1.57 1.65 1.85 2 47
Maeadian 2.61 [ 1.17 {-1.04, 3.88) 2.74 -2.90 |{11.07, 7.23) -1.22 |-0.4Y ((-7.42, 2.26)
L 25 |29 21 16 8 7

2. FDA analysis

The FDA anailyses generally concurred with those of the applicant, and will not be reiterated.

D. Results: Safety
1. Applicant’s Analysis
a. Deaths A total of 16 deaths are reported that were related to events with onsets while on Study drug,

or within 7 days of last study drug. One of these (ID# 181351) was ascribed by the investigator as
possibiy related to study treatment.

—
kT_abh, . Events lsading 1o daath having onsets white on study drug or within 7 days of last study drug, by treatmant group

L NVP/ddiZDV | ddirzov

fip » Treatment | Time to | Event D » Treatment | Tims to | Event
‘ (Age/Sex/Race) Timate |Death {Age/Sax/Race) Time 10 Death

‘ Event {da) Ftdal ’ Event ida) [(da)

Comment: Acute hepantis (ID# 620212): Hepatit's B virus and hepatitis C virus infections
were diagnosed in this subjeci, and hepatitis is presume. to be virus- induced, and not
specifically related to study treatment. Myocerdial infarction (ID#320634) and esophageal
malignancy of unspecified type (ID#320137) are uncommon causes of death in patients
with AIDS, but are presurned to be unrejated to study drug treatment. The vo..e Gf ceath
irr subject # 181351 is listed as a lymphoma. is unlikely to be nevirapine-refaiod. Lut is
cunsistent vatn lymphoma thatis AlDS-associsted.  Othaer geaths appea- to be of iypical
causation for patients with AIDS.

A further 9 deaths occurred due 10 events having onse?s more than 7 days after last study drug (on-study,
off-drug):

{Tablo ._Events leading to death having onssts off study drug (> 7 days after last study drug), by treatment group

P NV P/ddI/ZDV i ddI/ZDV

iID ’ !Trntmont [Tamo to {Evonl 1o # Treatment | Tirne to T‘Event
}iAgeISuxﬁ\aco) i Time Pre- | Death | {Age/Sex/Race) Time Pre- |Death |

i o . Event i{da) | (da) ; Event (da} | (da) |
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Comment: These appear to be typical AlDS-related deaths.

d. More severe adverse svents

More cummon adverse events 2 Grade 3°, regardiess of causality are summarized in Table
adve:se events are defined as Gradea 3, and life-threatening events are defined as Grade 4.

Severe

Table  Adverse events, Grade 3 or 4, occurring in 2 2% of subjects in sither treatment group’

NVP/ddIfZDV Aol D o

Rash', N 1%/ 16 (8.1) 3 11.5%)
Granulocytopenia 12 16.1} 10 {5)
Liver function test abnormalities 10¢5.1) §1(3.0)
Nausea 9 (4.8} 7 (3.5)

! Fover 6 (2.0} 5 (2.5}
Headache 5 12.%) 512.5)
D.arrhea 4 {2.00 3{(1.5)

i Vamiting 311.5) 4 (2.0)
Abdormnal pain 21.0) 4(2.00

\pce 1405, 412.0)

TIncludas rash, rash maculo-papular, Stevens-Johnson syndrome, urticaria, resh erythematous, erythema muitiforme and sllergic

reaction with rash

e. Specific adverse events

Rash

All rash and allergy events, regardiess of grade or causality are summarized {from the Clinical Trial Report,

Appendix 15.9.2.5} in Table :

i:t;la ._All rash and allergy

{

L NVP/adI/ZDV PLA/ ddI/ZDV Total

|Allergic reacuon 7 13.6) 1(0.5) £ (2.0

i Allergec reaction with rash 301.5) 1 (0.5} 411.0y

| Rash 64 (32.5) 48 (23.9) 112 (28.11

l‘Rash maculc-papulae 12 (6.1) 4 (2.0 16 (4.0}

[ Folliculns 8(a.1) 3 N5 11(2.8)

| Prunus 7 (3.8) 2 (1.0) 9 (2.3) ]

‘Severe advarse events are defined as Grade 3, and life-threatening events are defined as

Grade 4.
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[ Skin dsorder 42,0 7(3.5) 11(2.8)

Urticana 4(2.0) 2 (1.0) 6 (1.5) !
Rash erythematous 3 (1.5} o] 3{0.8 |
Stavens Johnson syndrome 2.0 1o 0 (0.9

Dermatitis 1 {0.5) Q 1(0.3)

Pruntis, gerutal 11{0.5) 0 140.3)

Grade 3 or 4 rash events of all types, having onsets while on study drug or within 7 days of its
discontinuation are summarized in the following table:

Table . Subjects having rash, Grade 3 or 4, with onset whils on study drug, by treatment group _}
NVP/ddI/ZDV PLA/ ddI2DV Total

Rash maculo-papular, ¥ (%] 6 (3.0 1 {0.5}) 7 (1.8)

Rash 2 (1.0) 0 2 (0.2)
Stevens-Johnson Syndrome 200 0 2 t0.5)

Urticaria 201,00 1 (0.5} 3 {08 "

Rash erythernatous 1 {0.5} 0 1 (0.3
iLEryll’\eﬂw multuforme 0 1 {0.5) 1 (0.3

Commaent:

It is c'ear in this controlled trial that treatment with NVP in combination with ddl + 2DV is

associated with disproportionately more rash and rash-related allergic events than is control treatment with

ddi + ZDV,

This includes events classified as allergic reaction, allergic reaction with rash, rash,

maculopapular rash, erythematous rash, Stevens-Johnson syndrome, pruritis, urticaria, and folliculitis.
Further, severe and life-threatening rash (Grades 3 and 4} were more frequent in nevirapine-treated sujects

than in controls.

ver functi it ¥ Riliary. S isard

Subjects having Grade 3 or 4 liver function test elevations are summarized in Table

This includes 2

subjects (# 1846, #181405) noted to have Grade 4 Increased L.FTs, and for whom it is assumed that
SGPT, SGOT, GTT, Alik Phos, and TBili all reached Gr 3. Events ars restricted to those cccurring between
Day O and 7 days following study drug discontinuation, or the Week 48 visit.

irTable ._Subjects having Grado 3 or 4 LFT slevauons, by treatment group

‘ NVP +ddi+ 2DV PLA +ddI + ZDV
(GTY,. N 9 5

| Allk Phos 1 4

[;l'_cﬂal Bilirubin — 2 o 4

érSPY '3 8

15G0T 10 ]

GTT, only 8 3

{_che.' LFT twith or without GTT)) 17 17

Subjects having Grade 3 or 4 liver function test elevations are sommarized in the following table . This
nformation was provided in response to reviewers’ request that inforrnation similar to that provided in the
NDA for Study 1037 be provided in a consistent manner for all studies.
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Tabla . No of subjects with reported LFT sievations by type grade, tteatrnant group while on-trestment’ J
NVP +ddt+ ZDV (N =) ddl+ ZDV_(N=) !
Grade 2 3 4 Grade 2 3 4 |
SGOT-on treatment 8 4 4 0 SGOT-on trastment 8 2 4 2 |
SGPT-on treatmemnt 1C 4 4 2 SGPT-on treatment 7 1 4 2 ;
GTT-on treatment :] k] 4 1 LTT-0n treatmant 7 4 2 1 ;
Total Bili-on treatment 1 0 0 1 Total Biti-on treatment 3 0 0 13

‘Note: for Tnal 1031 {ACTG 241), lab vaiues were not routnely collected, Invesugators were to report apnly Gr 3/4 sbnormalities.

Values reported by DAIDS wers recalculated by BIPI.

Livar and biliary system disorders irrespective of
15.9.2.5), are summarized in Table

causality or grade {from Clinical Trial Report Appendix

Table . Subjects having lver and bilisry system disorders, by treatment group |
NVP + ddl + 2DV dd) + ZDV Total =

Liver function tests abnormsyl numbers 10(5.1 7 13.5) 17 (4.21 |
Gamma-GT mncreasad 3.5} [y J310.8)
Hepatitis 2{1.0 0 2 {0.5) :
Cholecystitis 1140.5) 1{0.9% 2 (0.5 ‘
Cholelithiasis 1 10.5) 21(1.0) 31{0.8) !
{H”awmegaly 110.5) 110.5) 2 {0.5) 1\
| Jaundice 1 10.5) 0 1{0.3)

Comment: The available LFT d: ta from

Study 1031 is limited. With the exception of

GGT, no excess of LFT elevatic.is is noted in the NVP-containing study treatment group.
The two cases of hepatitis » rere HEV-associated. There is no evident excess of liver
disease in NVP recipients. /vo evidence of NVP-induced hepatitis was found in this study.

Musculpskeleral system disarders

Musculoskeletal system disorders irrespective of causality or grade (from Clinical T~

15.9.2.5) are summarized in Table

wport Appendix

 Table . Subjects having musculoskelatal system disarders :

NVP + ddi + ZDV ddt + ZDV Totsl |
| Myaigia_ - 713.60 5 (2.5} 12 (3.0) )
Arhratga L ‘32,0 3:1.5; 713 |
|[Muscie weakness s 0 310.8) :
Arthropathy 1110.5) 0 1.10.3) |
L Arthrosis 1§0.73 s 140.3) ]
Muscte malformation 1 10.5) c 1¢0.3)
Myositis 1 (0.5) o 1410.3) i
Skelatal pan 1 {0.5) o 110.3) ]
Arthnus aggravated 0O 11{0.%) 11(0.3) ]

Comment: More nevirapine rrcipients had an assortment of musculoskeletal system
disorders than did controls, but examination of the specific disorders listed did not suggest



NDA 20-636 Medical Officer's Review Page: 17

a consistent underlying pattern of gisease.
2. FDA analysis

Review of Case Report forms: A random selection of Case Report Forms were examined. in most
instances these appeared to be appropriately filled out, were reasonably compiete, with few corrections.

Deaths: The case report forms for ail deaths were reviewed. There is no evidence of rash-associated
deatts. Acute hepatitis (grade 2} developed in subject No. 620212 while on NVP +ddl+ ZDV (treatment
Day 223), and subsequently, subject was found to be HBYV + and HCV +. Last study treatment was
received on Day 281; death occurred on Day 477. Death was not ascribed to NVP by the investigators.
In .everal instances, the case report forms did not include the form listing the cause of death. In thase
instances, the subiject line listings were consulted, and it appeared that these subjects had ceased active
participation in the study, but that information related to the cause of death had been pursued and in
general the information supplied appaared to be reasonably complete.

Comment: There was no evidence that NVP is the cause of death of any of these
subjects.

Grade 3 and 4 Rashes: Case report forms (n=20) of Grade 3 and 4 rashes were reviewed. Of these, 17
were in recipients whose study treatment included NVP, while 3 were in placebo recipients. Of these 17
subjects who received NVP and develoced Grade 3 or 4 rash, 13 appeared to be related to study treatment,
as follows: 11/13 had onsets occurring before the Week 8 study visit imost before the Week 4 visit) and
2/13, while onsets occurred later in the study, recurred on NVP rechallenge. Three additional NVP
recipients had late (post Week B) rashes, in which thare was neither a close temporal relationship with
onset of study treatment, nor of rechalienge. One subject was described as having Gr 1 rash and dry
mouth on several study visits, yet Stevens-Johnson syndrome was mentioned at one point in the case
report form; it is unclear to the reviawer how this description justifies use of Stevens-Johnson syndrome
and classification as a Grade 3/4 rash. In recipients of the NVP placebo, the 3 subjects with Grade 3/4
rashes likawise had rash onset prior 10 Waeek 8.

Comment: The excess rash that is NVP-related is mostly occurring early (first few weeks)
after initiation of study treatrneant. Rashes having onset after Week 8 may also relate to
NVP treatmeni, as rash recurrence in several NVP-rechaillenged subjects indicates.

E. Conclusions

With 398 subjects, Study 1031 (ACTG 241) is the largest trial in this application. The study was well-
balanced with respact to baseline demographic characteristics of the subjects and their prior nucleoside
usage. Approximately 85% of subjects completed the 48-week trial, which is unusually high for a tnial of
this duration in this aopulation. The studw arms :emaired balanced rhroughout the 48-week pariod.

In this relatively advanced imedian CD4, 138} , rather axtensively ‘nucleoside-axperianced (median prior
nucleosides, 115 weeks) population, treatment with NVP in combination with ddl + ZDV, resulted in greater
mean CD4 increases by approximataly 30 celis at 20-28 weeks and by 20 ceils at 40-48 weeks, when
comgared to dd! + ZDV. For NVF +dd| + ZDV, the CD4 cell increase was sustained above basehine for the
48-week tnal duration.

For assay and for other virological measures, subjects at 8
of the 16 trial centers were assayed. Other limitaticns of the HIV RNA data included that samples were
tested in two batches. and values in one batch were adjusted. The magnitude of the difference between
mean changes in the tnal arms was relatively small (approximately 0.3 log,,). The limitations of this data
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are discussed in Dr. Elashoft's revisw. If these limitatinns are igrored, the ditferences between treatment
groups for mean HIV RNA changes are siat'stically significant, and in the NVP +ddl + ZDV treatment group,
HIV-RNA remained below baseline for the 45 week duiation of the trial. The other virological data,
included HIV infectivity in an /n vitro peripheral biooo mononuclear cell assay, showed greater reduction
in the NVP +ddt + ZDV group as well. Thus, despita their limitations, these data do support the CD4 data
in showing that treatment with NVP + ddl + ZDV is superior to ddi + 2DV with respect to surrogate endpoint
improvemaznts in the population tested in this trial.

in examination of the safety information, none of the deaths were due to rash and none appeared 1o be
otherwise related to study treatment. Rash was the primary nevirapine-associatec toxicity that was
avidert, although liver function test abnormalities were more frequently observed in navirapine recipients
than in controls. Isolated GGT elevations ware sean in particular, although a modest dispropoition of
transaminase elevations may have occurred in nevirapine recipients. More nevirapine recipients had an
assortment of musculoskeletal system disorders than did controls, but examination of the specific disorders
listed did not suggest a consistent underlying pattern of d.sease.
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4.2 Clinicel Trial 1037

A. Design This placebo-controlled, randomized, double-blind study was conducted at 6 US centars, to
evaluate the efficacy (CD4 and HIV viral load surrogate markers), safety, and guality-of-life effects of
nevirapine, when used in combination with ZDV in asymptomatic HIV-positive subjects. Eligible subjects
had 200-500 CD4 cells and 3-24 months prior ZDV experience. Exclusion criteria included the diagnosis
of AIDS, chinically important disease other than HIV-1 infection, and previous treatment with antiretrovirals
other than ZDV.

The primary surrogate endpoints were the changes in CD4 count and in HIV-1 measures (HIV RNA by PCR
and virus titer in PBMC microcuiture}. Treatment effects were evaluated at 12-16 weeks and at 20-28
weeks. Changes in CD4 count and in HIV titer and RNA were summarized using area under the activity
variable-treatment duration curves, adjusted for the pre-treatment value of the activity variable.

The study was initiated in Sept, 1993 and the study report includes data cotlected through July, 1995.
Surrogate endpoint analyses were conducted when the last patient randomized completed the Week 28
evalyation. — -

8. Rasults: Study population and subject disposition

1. Study population. Baseline characteristics ara summarized in Table

'Tab!e . Biseline demographics, by study arm

NVP + ZDV DV
Age, mean {SD) 33.6 (6.4) 34.7 (8.4)
median {range) 32.5 (2451 33.5 {21-52)
Sex-male, N (%) 26 (B7) 30 (100
female 4 {13} 0 ()
Race-white, N (%) 21 {70) 21 (70)
{ -black 7423 & {20
-Hispanic 2 (%) 3(10)
Yrs since seropositive, mean 1.9 2.2
median (range) 1.410.2-4.7 1.3 (0.5-8.8)
range, interquartile | 2.4 1.4
HIV-1 risk factor, N (%)
homosexual sex, maie 19 (63) 24 (80O}
IV drug user 4(13) 4013)
sex partner is HIV-infected 7(23) 2 N
transfusion 0 4]
othar 41(13) 4{13)
unidentifisd 1 {3 1 {31
CD4, maan 390 356
median (interquartile rangea} 398 N2, 342 (156}
; rnnenar V211 €18 158-£43 ‘
{CD4, %, mean 23 20
meadian (interquartile range) 24 (9) 20 (6)
min-max 9-35 12-3R
HIV RNA (leg 10), rean 4.3 4.
median (interquartile ranges) 4.4 (0.9 4.201.2)
: min-max 3.3-5.7 2.3-5.8
IF'-'BMC {log10), mean 1.0 1.1
i median (interquartile range) 0.9 (1.0} 0.9 (0.9}
L_._. mun '04 - 31 ‘05 - 3.1
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!;nor nucleoside usage, meuian, wks 28.5 wks 34.0 wks

O-26 whs, N (%) 11437 11 {37

>26-52 9 (30} 14 {47)

>62-78 5017} 1 {3

>78-104 3] 4(13)

> 104 2_h 0

Comment: The study arms appear well-balanced, except that a higher proportion of

subjects in the NVP+ZDV arm (12/30 vs 5/30) had more than 1 year prior nucleoside
wierapy. This is unlikely to have had an impact on the outcomne of the study.

2. Disposition of subjects

Sixty subjects were randomized, 30 to aach arm, and all received study medication. 54 (90%) completed

the study.

a. Study terminations, study drug discontinuations, time on study drug and follow-up: —- =

54 of 60 subjects {90%) completed the study. Reasons for tarmination are summarized in the following

Table.

Two subjects treated with NVP and ZDV had adverse events that were considered to be drug-

related. Subject 2028 experienced Stevens-Johnson syndrome, discontinued nevirapine on Day 16, and
was discontinued from the study on Day 57. Subject 2058 experienced hepatitis, discontinued nevirapine
on day 27, and was discomtinued from the study on Day §7.

Table . Study terminations by treatmant group and cause, rumbsr (%)
Treatment group, ANVe NVP +ZDV, 30 PLA + 2DV, 30 Total, 60
Protocol complation 26 (87) 28 (91 54 (90}
Adverse avant 2* 16.7) 0 2 {3.3)
Protocol viclation 0 1(3.3) 1(1.7)
Lost to follow-up 24{8.7} [ 1(3.3) 35
Table . Time on study drug and time to iast foliow-up
Study arm NVP + ZDV PLA + ZDV Total
Exposure to study drug, weeks. Masan frange) | 24.8 (2.3-29.3} 27.1 {15-30. 1) 25.8 (2.3-30.i)
i Nn. with exposure {total) {30) {30) {60)
! >2-4 wks 3 0 3
P> 812 1 0 1
i >1216 o] 1 1
i >16-20 0 1 1
>20-24 1 ¢ ]
>24-28 13 19 32
| >28 12 9 21

Comment: in the NVP +ZDV arm, there were 2 subjects with nevirapine-related toxicities
{Stevens-Johnson syndrome, hepatitis) developing in the first 4 weeks of treatment, and
for whom study treatment was discontinued. This accounts for the wider range of study
drug exposures in this treatrment group. However, the mean exposure to study treatment
rermains relatively simifar in both study arms.

C. Results: Efficacy
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1. Applicant's analysis

Primary endpoints defined by the study protocol are: (i) change in CD4 count, and (ii) changes in HIV RNA
by PCR and virus titer in PBMC microculture. Changes in CD4 count and in HIV titer and RNA were
summarized using area under the activity variable-treatment duration curves, adjusted for the pre-
treatment value of the activity variable,

a. Change in CD< count and % are summarized in the following Table; all values except p-value rounded

to nearest tenth:

Table . Change in immunologic rnarkers from baseline to Wks 12-16 and Wks 20-28, by study treatment
Varable Wks 12-18 Wks 20-28
NVP + 2DV ZDy p-value [ NVP+ZDV | 20V p-value
CD4 change from baseline
mean 44.3 -32.5 <.001 (24,2 -28Le & |0.009
median (IQ range} 52.9182.1) [-31.1(78.2) 14.3 (89.6) {-30.7 i86.3}
sD 74.7 61.2 76.0 65.1
N 26 29 26 29
%CD4 change from baseline
mean 2.8 0.21 0.002 (2. -0.5 0.003
median (IQ range!} 2.5 (3.5 013.5) 2.214.2) -0.7 (3.5}
sD 2.8 2.8 3.2 3
N 26 29 26 29
The median CD4 AUCMB,,,..., was 44 for NVP + 2DV and -11 for ZDV; the AUCMB,,.., was 22 for

NVP +ZDV and -25 for ZDV.

The median C04 NAUC, ... was 1.11 for NVP + 2DV and 0.97 for ZDV; the NAUC, ,,.., was 1.06 for
NVP + ZDV and 0.93 for ZDV. For AUCMB and NAUC between-group comparisons for both time intervais,
significant differences favoring NVP + 2DV (p<0.001) were reported by tha applicant,

In a responder analysis, 22 NVP + ZDV-treated subjects were responders, ¥s 10 ZDV recipients.

Comment: The applicant's analysis is consistent in showing a nevirapine-related treatment
benelit as regards (D4 measures. The maximum magnitude of this benefit over
ZDV + placebo appears to be approximately 50 CD4 cells. The duration of this benefit
appears to be for at feast 28 weeks.

b. Viral markers (log,, HIV RNA by PCR, log,, HIV titer by quantitative microcuiture) are summarized in
the following Table; all values {except p-value} rounded to nearest hindredth.

Table . Change in wirologic markers from baseline t2 Wks 12-16 and Wks 20-28, by study treatment
i Vanabie Wks 12-16 Wks 20-28
|
: NVP+2ZDV | 2DV p-value | NVP + ZDV Zhv p-value
‘ HIV RNA {lcg 10} change from baselins
| mean -0.04 0.01 0525 |0.05 0.13 0.590
‘ median (IQ range) 0.02 10.53) | 0.01 (0.35) 0.15 (0.39) 0.12 {0.31)
| SD 0.43 0.38 0.37 0.3%
IN 28 29 28 29 -
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PBMC ilog 10} change from baseline
maan -0.24 -0.93 0.913 (.0.2% a.19 0.235
median (IQ range) 0.03(1.22} |-0.06 (0.87) -0.10 (0.95) | 0.15 {1.09)
sSD 0.83 0.68 0.79 0.69
N _l2s 29 26 29

The applicant reports that while the median change from baseline in HIV RNA by PCR was not statistically
significant at Wks 12-16 or 20-28, there were statistically significant between-group differences at 2, 4
and 8 weeks.

For HIV-1 RNA {log,,) in the Se median AUCMB, ... was -0.381 for NVP +ZDV
recipients and -0.005 for ZDV recipients (p<.001); the median AUCMB, ,,., was -0.161 for NVP + 2DV
and 0.040 (p=.0C1). In a responder analysis, 23 NVP + ZDV recipients were responders, ¥s 13 ZDV
recipients.

For HIV-1 virus titers in microcultures, there was no statistically significant difference between treatment
groups for AUCMB for either 0-16 or 0-28 week comparisons, or for responder analysis~between-group
comparisan for the 0-28 week interval.

ICD P24 antigen comparisons were restricted to those subjects who were p24 antigen-positive at baseline
(N=20}, although one subject had no subseguent data available. An examination of HIV-1-induced
syncytial ceil formation in an /n vitro assay was aiso conducted.

Comment: The nevirapine-related effects on HIV-RNA fquantitative _'and on HIV
in & quantitative infectivity assay (PBMC test) at 16 and 28 wecks do not reach statistical
significance by the applicant’s analysis. The median HIV-ARNA AUCMSE for 0-16 and 0-28
weeks do reach statistical significance. In general, other analyses show no consistent
nevirapine-related viral surrogate endpoint effect, or are best considered as exploratory
analyses.

D. Results: Safety

1. Apgplicant's Analysis

a. Deaths. There were no deaths reported during this study (Study 1037, Part 1),

b. Serious Adverse events (fatal, immediately life threatening, permanently or severely disabling, or

requires or prolongs hospitalization; includes congenital anomaly, cancer and overdose), regardless of
causality, are summarized in Table .

Table . Seriour adverse avants, regardless of causality e T —— o
! NVP + ZDV 2DV Total
| Tots! 1reated 30 30 80
| Totai zubjects witii > 1 serous event 6 2 8
Gastromntestinal 11{3.3) 0 1(01.7)
Dysphagia 1(3.3) 0 1{1.7)
Stomatius ulcerative 11(3.3) ) 1.7
Liver and biliary system 1{3.3) 0 1(1.7)
Hepatitis 1(3.3) 0 1 N.7}
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. ]
! Neoptasms 0 1(3.3) 10.7
©_Brain neoplasm benign 0 1 {3.3) 11,7
Psychiatric Dizorders 21(6.7) 0 l2 {3.3)
Depression aggravated 113.3 Q 10.7
Depression psychotic 1{3.3) 0 1(1.7
Aasistance mechanism 143.3) 0 1{(1.7)
l Cellutitis 113.3) 0 0.7 —]
Respirator system 1143.3) 0 101.7)
Sinusitis 1{3.3) o] 1.7
Skin and appendages 2(6.7) 0 21(3.3)
Skin disorder 1(3.3) o] 1{1.7)
Stevens Johnson syndrcmae 1{3.3) 0 1{1.7}

f. Severe Adverse Events, Specific
Rash

All rash and allergy events, regardiess of grade and causality are summarized (from the Clinical Trial
Report, Table 13.11.1} in Table

.Table . Rash and selected other skin disorders, and ailergy, regardiess ot grade or causality, by treatment group o
i 7 NVP +ZDV v Total

| Allergic reaction 143.3) [s] 1.0

i Allergic reaction with rash 0 1 13.3) 1(1.7)

| Allergy 113.3) - Jras 2.(3.3)

mlergy aggtavated 0 1(3.3} LA TY)

[Rash 14{3.3) 0 1(1.7

' Rash maculo-papuiar 30 3{10) 8 (10} ]
| Posatis 113.9) 113.3) 213.3) ]
{Urtlcarla N 1{3.3) 0 101.7

| Rash arythematous 3(10.04 0 3(5.00

I{Sievens Johnson syndroma 11 13.3 ] . 111.7) i

Subjects hawing Grade 3 or 4 rash events of all types, having onsets while on study drug or within 7 days
of its discontinuation are summarized by subject number in the following table:

Takie Subjsets having rash, severe (i prasume Gr 3 or 4} with onset while on study drug, by treatmant group

{NVP + 2DV DV

N T

' Subjact No | Event Subject No | Event
LZ_OZB | Stevens Johnson None

| 2042 Rash

| Skin disorder {cutansous sarcoid}

! stomatitis ulcerative

Note: The information summarized here is abstracted from CTR table 13.12.1, and is noted-to be "severe
adverse events”, not specifically stated to be 2Gr3
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et functi ” . iliary.S isord

LFT elevations by type, pretreatment vs maximum on-treatment grade, and by treatment group are
summatized in the following table {From CTR Appendix 15.9.2.5.3 Tabie 1):

Table . No of subjects with LFT elevations by type, grade, treatment group and on-treatmant status
NVP +ZDV (N=30) ZDV (N=30)
Grade <1 1 2 3 4 Grade < 1 2 a 4
SGOT N SGOT N
pretreatment 30 28 1 1 o o pretreatment a0 25 5 0 o 0
on traatment 30 22 5 2 Q 1 on treatment 30 19 9 2 0 o]
SGPT SGPT
pretreatmaent a0 25 3 2 0 0 pretreatment 30 21 5 4q 0 4]
on treatment 30 17 7 4 1 1 on treatment 30 21 3 3 J 0
GTT, GTT,
pretraatment 30 28 2 0 0 0 pretreatment a0 28 1 1 0 0
on treatmsnt 30 18 ] 5 2 1 on treatmant 30 26 2 2= @ 0
1‘ Tatal Bili Total Bili
pratreatment 30 28 2 o] 0 o] pretreatmant klv} 30 o] 0 v} ¢}
' an treatment 27 27 |0 o] 0 0 on treatment 30 26 |4 0 0 0] j

Comment: With the possible axception of Grade 1 and 2 SGPT elevations, the NVP-related
LFT elevations appear largely to be restricted to GTT,.

2. FDA analysis
a. Deaths: There were no deaths in this study.

b. Toxicity: Grade 3 and 4 rash: One subject traated with NVP + 2DV devaloped Stevens-Johnson
syndrome, 2 days after NVP was increased to 400 mg/day.

E. Conclusions

With 60 subjects, Study 1037 is the smaliest of the controlied double-blind clinical tria's in this application
that were designed to test for surrogate endpoint effects with nevirapine therapy, ard is therefore viewed
as a supportive study. The study was well-balanced with respect to baseiine demographic characteristics
of subjects between treatment groups, and relatively well balanced with respect to baseline ZDV usage.

90% of subjects completed this 28-week study, and the study arms remained balanced throughout the
study period.

In this iess-advanced (median CD4, 367 cells), ZDV-experianced population (31 weeks median prior ZDV),
treatmant with NVP in combietion with ZD'V, resulted in greatar mean CD4 cell increases {aoproximstety
50 cells at 28 weeks} than did treatment with ZDV alone. NVP +ZDV recipients returned to CD ° baseline
between Weeks 24 and 28. in the comparison of virological effects of NVP +ZDV to ZDV alone, NVP
recipients experienced an approximately 1.6 log,, mean decrease in viral RNA which was maximal at Week
2, HIV RNA returned to baseline betwsen weeks 12 and 16, however. Nevirapine recipients experiencz.
an approximately 0.4 log,, greater decrease in HIV RNA over the 28 weeks of the study, compared to
controls.

In examination of the safety information, 2 nevirapine-treated subjects developed severe rash, including
one who had Stevens-Johnson syndiome. With respect to LFT elevations, there were disgroportionately
more GGT elevations in nevirapine recipients than controls.
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4.3 Clinical Trial 1011

This is an open-labe! trial which ervolled just 49 patients, only 69% of whom completed the trial. For these
reasons this study is considered to be supportive and will be briefly summarized. It was placebo-controlled,
randomized, and was conducted at 10 centers in the Netherlands, ltaly and Austratia. The purpase was
to evaluate the efficacy (primary endpoint, change in HIV-1 ICD p24 antigen), safety, and tolerance of
nevirapine, when used in combination with ZDV in HIV-infected aduits. Eligible subjects had CD4 <500,
p24 antigen 225 pg/ml, and had used ZDV : 500 mg/day for 2t least 6 months. Exclusion criteria included
clinically important disease other than HIV-1 infection, and selected HIV-associated active opportunistic
infections, visceral Kaposi's sarcoma requiring treatment, and athers. The primary surrogate endpoint was
change in ICD p24 antigen at 12-16 and 20-28 weeks.

The 49 subjects who were enrolled were a median age of 32 years, predominantly white males, had been
seropositive for about 5 years and had median CD4 counts = 202 and median prior nucleoside usage of 70
weeks. All received study drug. The median exposure to study drug was 5.5 months in both treatment
groups. Thirty-four subjects (69%) completed the study. Those discontinuing the study included 9 (36%)
of NVP + ZDV recipients and 6 (25%) of ZDV recipients. Twenty-eight percent of NVP recipients and 4%
of controls discontinued the study because of adverse events.

Change in CD4 count and percent are summarized in Tabie

—

\

. Table . Change in immunologrc markars from base'ine to wks12-16 and 20-28, by study treatment

- Weeks 12-16 Wesks 20-28

‘\ Marker NVP +ZDV | PLA +ZDV value' NVP+ZDV | PLA+2ZDV_ 'p value*

; Change in abs. CD4 count (cails/mm’)

I Mean 8.1% -28.81 7 0.96 -32.27 -47.31 0.52

' Median -20.5 -11.0 -8.0 -10.25

LN 20 19 20 20

| %change in abs.. CD4 count {% of baseline)

i Mean 0.69 -0.65 0.18 0.26 -1.81 0.064
Median ©.28 -1.00 0.0C -1.21%

L— N 20 198 20 20

i Absolute CD4 count {AUCMB)

1 Mean 2054 -15.72 0.18 1.48 -26.56 Q.34

| Meaian 13.38 -B.28 3.569 -11.98

L_N 20 20 20 20

Blocked Wilcoxon Pank Sum

Changes in viral surrogate endpoints are summarized in Table

ﬂble . Thange in virologic markars from baseline to Wks 12-16 and Wks 20-28, by study trasiment

f Vanable Wks 12-168 Wiks 20-28

! NVP+ZDV | ZDV pvalue | NVP 420V __ | 2DV p-value

E log,, HIV RNA change from basaline

. mean 0.0% 0.23 0.09 0.13 0.24 0.31

| median 0.03 0.20 0.03 0.32

N 19 19 18 10

li0g.oHIV ANA (AUCMB)

| moan .0.36 0.10 0,0000 | -0.12 0.19 0.0002

| median -0.33 0.08 -0.15 0.14

N _ L1s 19 1 19 17
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I ICD p24 antigen %change trom bassiine j I

| mean -34,92 0.91 0.003 |-20.11 0.05 0.014
madian -35.59 0.00 -30.52 -8.5h8

LN 18 19 20 20

Comment: The efficacy data provide anly very limited evidence of a nevirapine effect.
This may be because these subjects had had previous 2DV experience for a8 minimum of
6 months, so the effect was largely due to nevirapine, and was transient. This could be
explained by rapid onset of nevirapine resistance. No data on NVP resistance
provided on subjects in this study report, however.

-
was

Safety

There was one death during this trial. The subject was a 49 year old male who had prograssive PML and
swallowing disturbance, and died after receiving NVP + 2DV for 3 days. —_ -

The important adverse events regardless of causality and grade, by system and treatment group are
summarized in Table

Table . Selacted adverse events, regardiess of cause and grade, by systam and treatment greup
- _ NVP + ZDV 20V Total
rsubjﬁcls treated 25 24 49
{Livar and biliary 13 0 3
I Skin and appendages l 17 9 26 ]

Of adverse events involving skin, there were 9 subjects-with rash among nevirapine recipients (36%]), vs
2 in controts (8%). Five subjects develeped Gr 3 or 4 rash. Of these, 4 were being treated with NVP, and
rash began within 4 weeks of initiation of NVP. The other subject had received only ZDV.

LFT elevations by type, pretreatment vs maximum on-treatment grade, and by treatment group are
summarized in Table :

Tatle . No of subjscts with LFT elevations by type, grade, treatmant group and on-treatment status

NVP + 2DV (N =25} ZDV (N=24)

Grade ' PTE 2 (3 _la  |Grade <1 | 3 (3 Ja
= t +
|SGOT IN SGOT N
| pretreatrnent ' 25 21 4 (o} 0 o pretreatment 24 17 8 1 o o}
}r_ on treatment 25 15 8 1 1 0 on treatment 24 8 9 5 2 0]
| SGPT ' } ‘ SGPT |
' pretreziment 25 427 2 z ) 0 prezreatmon’ 24 12 g 2 1 C
| ontreatment 125 10 12 2 0 1 on treatment 24 1 7 4 3 ¢]
Kad | ﬁ . laTT,

. pretrastment |25 v3 k] 0 0 pretrestment 24 19 3 1 1 o
| ontreatment 125 |5 10 ls 2 2 on_treatment 24 {14 |5 3 1 1
: Toral Bib i Vot 3ik
{ Pretreatmsnt 125 25 o 0 0 0 pretreatmant 24 24 0 Q Q aQ
on treatment - 25 25 |0 0 0 0 on treatment 24 20 4 0 0 0
Comment: The single death appears to be unrelated to nevirapine treatrment. Rash,

including Grade 3 and 4 rash is related. LFT elevations do not appear to occur selectively
in the NVP-containing treatment group.
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4.4 Clinical trials 744 (ACTG 164) and 834 (ACTG 168)

Trials 744 and 834 are early open-label dose escalation trials that did not include placebo controls. Data
from these trials were used to detemine the dose of nevirapine used in the surrogate endpoint trials 1031,
1037 and 104€, which would become the dose proposed for marketing.

In Study 744, nevirapine as monotherapy was (ested in 52 ZDV-experienced adults, using 12.5, 50, 200
and 400 mg QD doses for 20 weeks. HiIV-1 p24 responses were measured at 1-week intervals for the first
€& weeks, and at 2-week intervals for the ramainer of the trial. At the 12.4, 50 and 200 mg QD dose
levels, p24 1esponses ware transient, returning to approximately basaline levels in 2 to 5 weeks. A? the
400 mg QD dose level, pZ2¢ antigen lievels decreased to about -75% of baseline by week 3 and the effect
was sustained throughout the duration of the trial. indicating that doses below 400mg QD were uniikely
10 be useful.

In Study 834 compared 12.5, 50, 200, 400 and 600 mg NVP in combination with ZDV in 83 ZDV-
experienced adults for 24 weeks, using p24 antigen as the endpoint. P24 antigen affects yerg relatively
sustained for trial duration in those subjects who received the 400 and 600 mg NVP doses but had
dissipated prior to 24 weeks in subjects receiving lower doses.

By this point, it had become apparent that rash was an important nevirapine-associated toxicity, and that
rash, which was seen in approximately 10-15% of subjects receiving nevirapine doses of 200 mg QD or
less, increased in frequency to about 60% in recipients of the 400 mg QD cose. A subset of patients
received a 200mg nevirapine lead-in dose for 2 weeks, followed by 400mg or 600mg QD doses; about
20% and 30% of these. respectively, developed rash.

Conclusion: These studies provided evidence that a 200 mg QD lead-in for 2 weeks, followed by 400 gm
Qb would be the optimal dose for further studies, considering both the surrogate endpoint evidence and
the data relating tu nevirapine-associated toxicity. They provide evidence that nevirapine-associated rash
is dose-related.
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5. Safety and Efficacy in Anti-retroviral Naive Adults
8.1 Clinical Trial 1046

In view of the limited viral marker data available in Studies 1033, 1037 and 1011, the Applicant was
asked at its NDA post-submission meeting with DAVDP representatives (18 Mar 96) if additional viral
marker data was available that might be submitted to the NDA. inresponse, on 12 April 96 the Applicant
submitted to the NDA a 6-month analysis of activity data from an interinational non-IND trial, Study 1046.
The triai was not clinically complete until 15 May 96. Information from this analysis is summarized below.

A. Deasign

The study is a randomized, placebo controlied, double blind, multi-national trial comparing the immunologic
and virologic effects of NVP +ddl+ ZDV vs ddi+2ZDV vs NVP+ZDV in the treatment of antiretroviral
naive HIV-1 infected subjects with CD 4200-600 and no AIDS-defining diseases. The trial was conducted
in Canada, the Netherlands, italy and Australia.

Amengl L
8. Results: Study population and subject disposition (Applicant's analysis)
1. Study population: Baseline characteristics
Table. Bassline demographic charactenstics, by treatment group
NVP + ddl + ZDV ddl + ZDV NVP + 2DV

i Number 51 53 47 p-value
aga, mean (SD) 8 110.7) 36.4 (8.1) 37.849.1)

range 22-62 21-54 25-85
| Sax-male, N (%) a7 {92 50 (wa: - 43 (91

female 418) 3 {6) 4 {9}
[Race- white. N (%!} 149 (96) 51 (96) 42 (90}
: -black ;o (o] o]
! -huspanic 0 G 11(2)
i 2van 0 12 0
! -other L 2t4) 1(2; 4 {8)
I HIV disease typs
I -asymptoniatic 50 (98) 51 (96) 45 (36)
| -ARC 1(2) 2 14) 2 (4)
i -AIDS 0 o 0
! Yoars saropositive '
| -madian, 1Q range 1.7 13.3) 1.5 ({2.9) 1.1 (3.8
i -rmin-max 0.1-10.0 0.2-9.7 0-10.2
éCDd count
) -median, range | 340 (200-883) 380 (145-755} 395 (185-810) p=0.09
L nterquartie range 140 160 . 128.5 :
| %CD4 (SD) [21.7{72.3) (n=51) 21.6 (7.4) (n=52) l20.9 15.8) (n= 47} p=0.80
" T
{log,, HIV RNA (SD} 14.24i0.55) {n=51} 4.47 (0.63) (n=50) 4.52 (0.69)in=47) p=0.03
I
{1CD p24 Aq (SD) 1226 {153} (n= 10 152 (111} (n=13) 193 (1768} (nm 18) p=0.93 {
(B, microglobulin {SD) 12.49 {1.08) (n= 48} 2.57 (1.02) (n=46) 2.81 {0.82) in=43) p=0.19

Baseline immunologic and virologic characteristics by country are summarized in Table:

| Tapis . Baseline immunologic and virologic stalus by country
T T T

! Mean (3D}

| Austraha

' Canada

taly

1 Netherands

Lg—valua
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|cDa count, N 375 (1181N=38  [394 (120 N=69 | 406 (108) N=16 | 317 (113} N~ 29 pu0.02 |

% CD4 | 21.3(6.4)N=235 23.1{2.00 N=E9 22.7i14.31N=18 17.2 (6.5) N=29) p=.001

r i

log,, HIV RNA 464 (0.64)N=34 4.21(CE0)N=E9) 14.3B(0.70)N=18 482 (0.53) N=29 p=0.001

ICD p24 Ag 23317 N N=1T SO A21N=1 104 174 N=§ 272 {161y N=13 p=0.02

P, microgiobuln | 2.30 (0 4B)N=35 [2.25{098) N=59 |3.61(1.05]N=16 3.26 (0.75) N=27 | p<0.00r |
2. Disposition of subjects is summarized in Table :
-

Table . Deisposition of subjects by treatment group

NVP + ddl + ZDV ddl + ZDV NVP + 2DV

Number 51 53 47
| Completed first 6 mo a1 asg 28

Failed to complata due to:

Advarse event 7 6 10
worsaning of disease under study 0 1 o -
worsening of previous disease 1 0 1

© other adverse event 6 5 9
! Lack of athcacy o 0 o

Protocol violation 3 3 2 ‘
Lost ta follow-up 1 4 2 |
: Withdrawal t 2 4 !
" Qther 0 Q 1 N
a. Time on study medication and follow-up
b. Study discontinuations
_Table . Study discontinuations by treatment group I
| ' NVP/adZDV__ | ddizov NVPZDV Total |
[ Tntal treatad '61 53 47 151
| Disct nunued study, N (%) _| 10 (20) 15 (28) 19 (40) 44 {29
LComp eted study, N (%) 41 (800 38 {72} 28 (80) 107 (71}

c. Study drug discontinuations are summarized in Table

d. Protocol vin'ations:
violations involvirig missed laboratory tests.

C. Results: Efficacy

1. Appricant’s analysis

Fifty-one percent of subjects had at least one protocol violation. Nearly all were

The applicant has provided analyses of CD4 cell counts and HIV-RNA levels at 16 ard 28 weeks, using
boih DAVG and mean change from baseline at 16 or 20-28 week approaches. Treatment comparisons of
each of the three treatment groups at these times were

a. Change in CD4 celf count of selected analyses and comparisons are summarized in Table

’—— 1
' Table . CD4 change from baseline by treatment group _ -

| l Changs, DAVG, Weeks 0-28 Change at Woek 20-28

_NVP+ ZDV . 47 cells 22
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[ ddi + ZDV 87 78
t NVP + ddl + ZDV 87 113
p-balug by treatment companson
NVP+ddi+ZDV vs ddi+ 7DV [ 0.23 0.0z
NVP +ddi+ 2DV vs NVP+ZDV | 0.18 J.98
LN tor_analysis 150 118
b. HIV ANA measures of selected anaiyses and comparisons are summarized in Table
Tabie. HIV RNA log,. copies /mi change from baseline, by treatment group
Change, DAVG, Wesks O-28 Change st Week 20-28
NVP + 2DV -0.85 -0.56
ddl + ZDV -1.41 -1.43
NVP +ddl + ZDV -1.83 -1.72
p-balus by treatment compafson —
NVP +dol + 2DV vs adt + ZDV 0.2 0.10
NVP +« ddi+ 2DV vs NVP + ZDV 0.0001 0.0001
‘N tor _analysis 149 112

2. FDA analysis
Conduct of the Study
b. Analyses Performed

1]

D. Results: Safety

1. Applicant’'s Analysis: The information provided on adverse events is limited to informatior: provided
in Amendments 10 and 14; the latter includes line listings of adverse events by center and subject.

a. Deaths
form is not providec.

b. Serious Adverse Events

There was one death during the first 6 months of the trial, a probable suicide. The case report

in the line listings, one serious, non-rash was found:

Subject, #3415, developed hepatitis with Grade 4 liver enzyme elavations during NVP + ZDV treatment,
resolving dufing nevirapine interruption, and recuriing during nevirapine rechalienge.

c. Aash 15 summarized by treatment group, frequency, severity and timing in Table

_Table Tral 1045: Summary of rasn by trsatment g:icup J
Treatment group _ NVP +ddl +ZDV (n=51) |ddl + ZDV (n=563} NVP +ZDV (n=47) !

| Patients with rash 14 (28%}) 7 (13%) 16 (34%)

' Severity

" Mild . M 7 10

. Moderate 1 0 4

| Severe 2 0 2
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Timirg
Days 1-14
Days 15-28
Days 29-56
After Day 56

Ll =]

|2

= NMNN

W = 5

d. Liver function test aunormalities and Liver and Biliary System disorders

LFT elevations by type, pretreatment vs maximum on-treatmeni grade, and by treatment group are
summarized in the following table {From ):

Table . No of subjacts with LFT elevations by type, grade, treatment group and on-treatment status
NVP +ddl+ 2DV (N=51} NVP +ddl IN=47) ddl + ZDV IN=53})
Grade < |1 ]2 {3 |4 [Grade <|1 |2 {3 4 |Grade | E<J112]3 4

I 1 1
sGoT N | | SGOT SGOT ‘

511437 (1 |0 |O 47(39(6 (1 (O (1 53(44(8 11 |0 |0
pretreatmen: 51,3511 /3 1 |1 |pretreatmen|47(25(12|4 |2 |4 |prewreatmen|52/(42|8 ’1 O [1
t i \ t T
| on ' ! f on on ]
treatment P treatment treatmant i
SGPT b | |seeT SGPT

1§1,370121 |1 0 47{32012/2 (0 |1 53/38114{1 |0 |0
pretreatmen'51/32 12‘5 0 12 pretreatment47 |26 (10(3 (2 |5 |pretreatmen|52128:20!3 11 [0
t | ' t e t

on ’ | F ! on on |
|treazment Pl . __ltreatment treatment
|GTT, o GTT, GTT,

'51{43|8 |0 0 |0 47(40}4 |3 |0 |0 52(47|5 |0 (0 |0
pratreatmen' 512711615 11 |2 |pretreatmeni471191417 |4 |3 |pretreatmen) 51 44J6 0 |1 )0
1 ! \ t t

on 1 on on

treatment . treatment treatment
\Total B . | Total Bili | Total Bl
i 515801 |0 [0 |0 47 43’3 0|0 §3(511r |1 [0 |0
pretreatmen: 511446 [0 10 {1 |[pretreatmen|47)38,6 1 |1 |pretreatmen|52|43|7 (1 |1 |0
t | i Pt t
L oon ! I ‘ | on L w on I .
[treatment L l | treatment l L] [ l |treatment [ o | |

E. Conclusions

This study enrolled 151 antiretroviral-naive subjects into three treatment groups, with approximatsly 50
subjects per group. The study was waeli-balanced with respact to baseline demographic characteristics of
the subjects. The median baseline CD4 count and mean HIV RNA levels were lower in the NVP +ddl + 2DV
group than in either of the other treatment groups. Owverall only about 70% of subjects completed the
study, with disproportionately more study discontinuations in the NVP + ZDV treatment group.
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All treatment groups experienced a significant increase in CD4 cells from baseline.

When NVP +dd! + ZDV was compared to ddl + ZLV, diffarences in mean changes for CD4 and HIV RNA
were not significant, raising the question of whether nevirapine adds anything to the ddl+2ZDV
combination. But the magnitude of the CD4 and HIV RNA effects were similar to those seen in nucleoside-
expenenceu indiviiuaeis in Stirdy 1031, Study 1046 is only a little more than one-third the size of Study
1031, however, and thus sample size couw) 2volain the failure to find a difference between these two
treatment groups.

When NVP +ddi + 2DV was compared to NVP + ZDV, significant differences in mean changes for CD4 and
HIV RNA were found, which provides evidence that nevirapine combined with two nucleoside RT inhibitors
is superior to nevirapine in combination with a single nucteoside.

The safety data is extremely hmited. No nevirapine-associated deaths were seen. Rash frequency, onset,
and duration were similar to that observed in other studies. The line listings note that one nevirapine
recipient developed hepatitis and Grade 4 LFT elevations that subsided on drug interryptiqn and that
recurred on nevirapine rechal'enge.
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6. Studies in pediatric patients

The applicant has provided pharmacokinetic data in 9 pediatric patients, and safety data in 37 subjects.
Commaent: This data is insufficient to support expansion of the indication to include
pediatric patients.

7. Studies in other special patiant populations

Although nevirapine induces p450 enzymes in the liver and is extensively metabolized, no data has been
provided in subjects having hepatic or renal failure.

Commant: Absence of data ir these patient populations was not deemed to be of
sufficient concern to withhoid approval at this time. These studies will be requested as
part of the Applicant's Phase IV commitments.
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8. Summary of Etficacy and Safety

Efficacy

Safety
DEATHS

A review of deaths which included examination of all the case report forms indicated that no deaths
appeared 10 be due 10 nevirapine treatment. In trials 774, 834, 1011, 1037 and 1031, no severe rashes
were noted to be present in subjects who died. The single subject who developed hepatitis and died
developed evidence of acute hepatitis after 223 days on treatment (Trial 1031, NVP +dd! + ZDV treatment
group) was subsequently found to be HBV + and HCV +; hepatitis is not considered to relate to nevirapine
treatment in this subject.

L i

RASH

1. Relationship of NVP dose to rash incidence. Rash was first identified as a complication of NVP therapy
in dose ranging trials (744 and 834}. The relationship of NVP dose to rash incidence is summarized in
Table .

Table . Relationship of NVP dose to rash incidence, Trials 744 and 834

Dose Rash incidence

12.5 mg QD 14%
{ 50 mg QD 15% - -
! 200 mg QD 10%
| 400 mq @D 53%

On the basis of cumulative evidence from Trials 744 and B34 and subsequently Trial 854. the applicant
states that the incidence of rash was higher {32%) in 600 mg QD recipients than in 400 mg QD recipients
{19%)]),

2. Effect of 200 mg NVP lead-in on rash incidence. In trial B34, extended prior exposure to NVP at lower
doses followed by NVP, 400 mg QD resulted in fewer rashes (7% were NVP-related) and no temporal
clustering. In preclinical studies, autoinduction of N.:P was nearly complete after 2 weeks of treatment.
For this reason, a 200 mg QD lead-in for 2 weeks was instituted, followed by NVP treatment at 400 mg
QD. The modification of 400 mg QD NVP dosing to 200 mg BID was based on pharmacokinetic
considerations, not rash

3. Incidence of rash by grade in comparative trials. The incidence of rash by severity in Trials 1011, 1031
and 1037 is summarized in the following Table .

! Table . Incidence of rash in comparative tnals by treatment group

; NVP, 200 mg lead-in, than 400 mqg (N = 252} Control (N =255)

! Subjects with rash, N {%) |94 (37} 51 (20

| Grads 1 50 1209 34 (13)

" Grade 2 25 {10) 14 (5) -
| Grade 3 14 (5.6) _ 2(0.8)

| ZGrade 4 5 (2.0 140.4)
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4. Temporal reiationship of rash onset 1o initiation of NVP therapy. The onset of rash by severity in Trials
1011, 1031 and 1037 is summarized in the foliowing Table

{Tabia . Onset of rash tollowing NVP therapy in comparaiive inals
NVP recipients =252, Controls =255 Days 0-14 Days 15-28 | Days 29-42 | After Day 42
Subjects having rash, irrespective of grade No. /%)
NVP 200 mg {ead-in, tnen 400 mg (N =94} 27010.7) 20(7.9 10 (4.0} 37 (4.
Controi (N=51} 17.i6.7) 8 (3.1 5 (2.0 21 (8.2)
Subjects having Grade 3 & 4 rash
NVP 200 mg lsad-in, then 400 mg (N =19) 6 8 0 5
! Control {N=3) 2 0 o] 1

S. Rash cutcome. As noted above, there were no deaths resuiting from rash

Severe rash. In the Integrated Safety Summary, (Table 20, Vol. 1.149, p. 663/126, #f), the applicant
summarizes information on subjects experiencing Grade 3 and 4 rashes in all NVP clinical trials through 1
Aug 95. This includes subjects in all unblinded and blinded trials, and includes subjects first exposed to
NVP when rolied over 1o an NVP-cantaining regimen following unblinding of a controiled trial. For trials
remaining blinded as of 1 Aug 95, all rashes are considered to be NVP-related.

In this table, 84 subjects are listed with Grade 3 or 4 rashes. Of these, 78 are in adults and 6 are in
children. Of these, 42 cases of rash are subjects whose study treatment remains blinded. These are
summarized in Tabie

Table . Grade 3 and 4 rashes, all trials, through 1 Aygust 956

Subjects unblinded tc treatment assighment Subjects blinded to treatment assignment

N4 i Ge2 LGed [Gm NA Gr 3 Gr 4 ‘
| 3/42 3/42 F3ova2 1 6142 8/42 26/42 B/42 i

Hospitalizations. As a measure of the seriousness of these rash events, 23 of B4 subjects with Grade 3
and 4 rashes were hospitalized. Hospitalizations are summarized in Table .

Table . Grade 3 and 4 rashes with hospitalization, all triais, through 1 August 95

Subjects unblinded to treatment assignmant Subjects blinded to trestment assignment

NA i Gr2 1Gr 3 lGra NA Gr 3 lGra
Lo:3 03 L7130 L 258 Lo 8/26 {48 }

In the 3 controlled trizls submitted (1011, 1037, 1031) Grade 3 and 4 rashes, regardliess of causality,
occurring while on study drug of within 7 days of its discontinuation, are listed by trial number and
treatment group in the following Table.

Table.
TnalNo/ | Case No [NVP [Rash | Onset, |Rash | NVP/PLA | Rechall | Description
| Traatmnt’ ! dase | Gr | Da Dur, Da | Disc. result

Ao
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'Study 1031; NVP/JJI/ZDV vs PLA/ddi/ZDV
Study 1037: NVP/ZDV vs PLA/ZDV
Study 1011: NVP/ZDV vs PLA/ZDY

i :
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9. Reviawer's assessment/conclusions
A. Risk-benefit assessment

Risk. The principle toxicity-associated risk of navirapine therapy is rash. in controlled clinical trials, severe
and life threatening {Grades 3 and 4) rashes, inciuding Stevens-Johnson syndrome, occurred more
frequently in nevirapine recipients than in controls (7.6% vs 1.2%). To date, none of the rashes observed
have led to death although 27% of patients with Grade 3 or 4 rashes were hospitialized. Subjects
developing Gr 3 and 4 rashes recovered following discontiruation of study medication. Since rash is a
toxicity that would be expected to be recognized by the patiem, if patients are instructed to seek medical
attention for any rash and to discontinue nevirapine therapy if severe rash occurs, this would appear to
provide a3 margin of safety in the use of this medication. Because the large majority of rashes observed
were of mild or moderaie degree and resoived during continued nevirapine treatrnent, these do not appear
to require interruption or discontinuation of nevirapine.

The other nevirapine-associated adverse event of note is liver function tast abnomalities, Isplated GGT
elevation was disproportionately more frequent in nevirapine recipients than in controls, occurring in 6.3%
vs 1.6%. GGT elevation may relate to the auto-induction of liver enzymes by nevirapine. Transaminase
elevations (particularly SGPT) also were observed more frequently in nevirapine recipients than in controls
(9% vs 5%). However, the evidence to date from controlled trials does not indicate an increased number
of hepatitis cases in nevirapine treatment groups when compared to controis.

A further risk of nevirapine relates to the development of resistance. It is rlear that NVP as monotherapy
and NVP in combination with ZDV leads to rapid emergence of resistant HIV-1 isolates {1-12 weeks).
Resistance deveiops more rapidly than has generally been seen for other antiretrovirais. Preliminary data
in two antiretroviral-naive patients treated with NVP in combination with ddi+ZDV raise the possibility that
NVPir. combination with antiretrovirals may delay the emergence of NVP-resistant strains, but more data
will be required to evaluate this possibility.

Benefit. The chief therapeutic effect demonstrated thus far to be associated with nevirapine therapy is
a surrogate endpoint effect, with increased CD4 cell counts and reduced viral measures, including plasma
HIV RNA levels, in nevirapine recipients,

In nucleoside-experienced patignts, navirapine in combination with ddl and 2DV, when compared to
ddl + ZDV alone, showed a mean CD4 advantage of approximately 30 cells at 28 weeks and of 20 cells
at 48 weeks, with differences that were statistically significant. The virologica! data, including plasma HIV
ANA levels determined by the waile having limitations, likewise showed a benefit in
favor of nevirapine. These surrogate endpoint effects were shown to be sustained for the entire trial
duradion of 48 weeks, considerably longer than has typically been demonstrated for other antiretrovirals
for treatment of HIV.

Another study in ZDV-experienced subjects also showed mean CD4 celi and HIV RNA surrogate endpoint
differences in favor of nevirapine when NVP +ZDV was compared to ZDV alone; these differences were
staustically significant. These NVP-associated surrogate endpoint effects, however, were sustained for
a shorter duration than was observed observed in the three-drug combination of NVP + ddl + ZDV.

In nucieoside-naive subjects, all treatment groups (NVP +ddi+2ZDV vs ddl+Z0V vs NVP+ZDV)
experienced a significant increase in CD4 cells from baseline; however, the comparison of mean CD4 and
HIV-RNA effects batween NVP in combination with ddli/ZDV to ddI/ZDV did not reach statistical
significance But the magnitude of the CD4 and HIV RNA effects were similar to those seen for this
treatment comparison in nucleoside-exparienced subjects, which was statistically significant. Since the
study in nucleoside-naive subjects had one-fourth the number of subjects per treatment group compared
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10 the trial in nuclaoside-experienced individuals (approximately 50 vs 200), this could explain the failure
to detect statistical significance in this comparison in nucleoside-naive patients.

In conclusion, treatment with nevirapine in combination with ddl and ZDV, when compared to ddl and
ZDV, appears to confer a surrogate endpoint advantage (by CD4 and virological measures) in nucleoside-
experienced, and probably also nucleoside-naive individuals. By analogy with information from clinical
endpoint studies of other antiretrovirals in HIV-infected subjects, one would expect that the nevirapine-
associated surrogate endpoint effect to translate into a clinical benefit, when appropriately designed and
successfully conducted clinical endpoint trials are completed and analysed. The risk associated with rash,
on the other hand, while not insignificant, appears to be acceptable, as does LFT elevations. Resiztance
to NVP is of concern, but is also a concern for other antiretrovirals. For this reason, one may conclude that
the risk-benefit comparison for nevirapine favors its approval for marketing.

B. Therapeutic use.

The rapid emergence of NVP-resistant HIV isolates, particularly when NVP is used in magotberapy, but
also when used in combination with ZDV in ZDV-experienced individuals, argues that NVP should not be
used as monotherapy , and that when NVP is used in combination with ZDV in ZDV-experienced patients,
the duration of a demonstrable treatrnent effect may also be quite limited. Based on the limited inforrnation
available in the trials conducted to date, it would appear that NVP may b2 most effective when used in
combination with 2 nucleosides, particularly when used in nucleoside-naive individuais or, in nucleoside-
experienced patients, when NVP treatment is instituted in combination with at least one new nucleoside.
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10. Racommeanded regulatory action

This appiication, NDA20-636, for nevirapine, 200 m¢ BID, i combination with nucleoside analogues for
the treatment of adults with HIV-1 infection who have experienced clinical and/or immunologic disease
progression, is recommended for approval.

John R. Mariin
Medical Officer



NDA 20-636 Medical Officer's Review

Page:

40

caoncurrences.
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HFD-530/DivDir/ DFeigal
HFD-530/TL/RBehrman
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Appendix 1. Labeliing Discussion

A series of labelling discussions were conducted both preceeding arxd following the Advisory Commitiee
meeting on June 7. 1996. The major parts of the initial draft label that were modified based on these
discussions included the indication, inclusion of a black box warning, selection of the clinical tial
information that appropriately represented the key surrogate endpoint effects observed in the major clinicai
trials, an appropriate representation of the safety information, and an appropriate representation of the
clinically relavant HIV resistance information.

The indication as originally proposed was to restrict nevirapine use to treatment of patients with advanced
HIV-1 infection whose curmrent antiretroviral therapy is no longer deemead adequate. Based on efficacy data
in nucleoside-naive population subjects submitted during the review, the indication was expanded 1o a
broader patient population, including those who have experienced clinical and/or immunological
deterioration.

A black box warning was added to the draft iabel to emphasize that: (i) the indication is based solely on
surrogate endpoint data, (ii) the duration of benefit may be limited and that alternate therapy should be
considered if disease progression ovccurs {it) because viral resistance amarges rapidly with nevirapine
therapy. combination ther?py should be used, and {ivl that nevirapine causes rash which can be life
threatening, and that nevirapine must be discontinued if rash is severe.

Graphical representation of surrogate endpoint efficacy data was restricted to the Studies 1031 and 1037,
in which efficacy endpoints showed significant mean differences between nevirapine-containing treatment
and control. Because of the failure for mean surrogate endpoint data in Study 1046 to show a statistically
significant difference between nevirapine in combination with ddl + 2DV vs ddl +ZDV , the description of
this information was limited to text.

Representation of the safety data was modified to emphasize data from controlled triais, particularly rash,

Resistance information was modified to emphasize the available clinical data, including the settings in
which nevirapine-resistant virus has been observed to emerge, including its rapid emergence in patients
treated with nevirapine monotherapy.
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Appendix 2. Phase IV

In the Phase IV (post-marketing) stage of nevirapine development, tha applicant is requested to provide
commitments as follows:

Clinical endpaint trials:

Other studies:
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Statistical Review and Evaluation

NDA# : 20-636
APPLICANT: Boehringer Ingelheim Pharmaceuticals, Inc.
NAME OF DRUG: Viramune® (nevirapine)

INDICATION: Treatment of patients with advanced HIV-1 infection whose current antiretroviral
therapy is no longer deemed adequate.

DOCUMENTS REVIEWED: Volumes 2.1, 2.99-2.134; Amendments 9, 10, 13, 15, 18. 20, 21.
MEDICAL INPUT: John Martin, M.D.

1 Summary

Nevirapine belongs to a new class of antiretroviral agents called non-nucleoside reverse transcriptase
inhibitors. Three studies were submitted under accelerated approval to support the claim that
the addition of nevirapine to cne or more nucleoside drugs provides an improvement in surrogate
markers for HIV disease. Two of the studies were conducted in a nucleoside experier.ced population,
and one in a nucleoside naive population. One study had results out to 48 weeks with a high
degree of followup, longer than has been seen in recent applications. Together, the studies provide
support for the applicant’s claim. The addition of nevirapine to the combination of ZDV and ddl
increased subjects’ CD4 count by approximately 20-30 cells and decreased svbjects’ RNA levels by
approximately .2-.3 log copies. These effects appeared to be durable out to the end of the studies.
The data suggest that nevirapine is more effective in the context of a three drug regimen, where at
least ane of the other drugs is one to which the patient is naive. Further, as will be discussed, the
HIV-RNA results should be viewed with caution.

2 Study Designs

The NDA submission contained results from two randomized, blinded clinical trials, BI1031 (ACTG
241} and BI1037. Additionally, the applicant submitted preliminary results from study BI1046.
These studies were designed to assess the impact of adding nevirapine to one or more nucleosides
through an analysis of surrogate marker changes. This section summarizes the relevan. aspects of
the study designs for each of these three trials.

DRAFT



2.1 Study 1037

Study 1037 was a randomized, double-blind, placebo-controlled tria! that compared ZDV/NVP to
ZDV monutherapy. Nevirapine was given as 200 mg once daily for the first two weeks, increasing
to 200 mg bid after that lead-in period. Subjecis must have had between 3 and 24 months prior
ZDV therapy, and between 200 and 500 CD4 cells at screering. Subjects were randomized by
center, using permuted biocks of size 4. Sixty subjects were to be randomized. Subjects were to
be followed for 28 weeks after the starc of therapy. with visits scheduled for 2, 4, 8, 12, 16, 20, 24.
and 28 weeks after the start of therapy.

2.2 Study 1031 (ACTG 241)

Study 1031 was a randomized, double-blind, placebo-controlled trial that compared ZDV/DDI/NVP
to ZDV/DDI. The dose scheduie was the same as for study 1037. Subjects must have had greater
than 6 months of prior nucleoside (ZDV. ddI, or ddC) experience, and less than 350 CD4 cells at
screening. Subjects were stratified by their screening CD4 cell count (0-50, 51-200, 201-350), with
the goal of 100 subjects in the lower CD4 strata and 150 subjects in each of the other two strata.
Sixteen ACTG centers participated, and randomization was carried out within each ACTG cen-
ter. Eight of the sixteen centers were designated to participate in the virology substudy, in which
virologic marker data including HIV.RNA would be collected in addition to the other surrogate
markers. A total of 400 subjects were to be randomized, of which 200 would be in the virology
substudy. Subjects were to be followed for 48 weeks after the start of therapy, with visits scheduled
for 2, 4. 8, 16, 24, 32, 40, 44, and 48 weeks after the start of therapy.

2.3 Study 1046

Study 1046 was a randomized, double-blind, placebo-controlled trial that compared ZDV/DDI/NVP
to ZDV/DDI to ZDV/NVP. The dose escalatior. schedule for nevirapine was the same as that in
the other two trials. The study was conducted in Australia, Canada, Italy, and the Netherlands.
Patients were to be initially nucleoside naive. with between 200 and 600 CD4 cells at screening.
One hundred twenty patients were to be randomized equally among the three treainent arms.
Randomization was done within country using permuted blocks of size 6. Subjects were to be
foilowed for 52 weeks after the start of therapy, with visits scheduled for weeks 1, 2, 4, 8, and every
4 weeks following.

1
N
"o

lanned Analvses

For each study, the primary efficacy variables were change from baseline CD4 cell count and HIV-
RNA level in an eight week window of time at the end of the studies. Since the applicant's
terminology for the various pre-treatment measurements used in the calculation of baseline was
used quite inconsisteritly, a redefinition of terms is necessary. For the purposes of this review, the
screening value is the value used to determine eligibility for the studies. The entry value is the
value at the start of therapy, and a pre-entry value is any other value. Table i illustrates which
values were to be collected for CD4 cell count and HIV-RNA level. Note that RNA values were

to



Table 1: Pre-Treatment Schedule

Study Marker Screening Pre-Entry Entry

All CD4 X X X

1046 RNA X X

1031  RNA Batch | X X
RNA Batch 2 X

1037  RNA Batch 1 X X
RNA Batch 2 X

not used for eligibility in any trial, although they may have been collected at the same time as
screening CD4 counts. Also, in trial 1031 and 1037, RNA was sent to the lab in two batches.

For both markers, the log transform was used, and the baseline value was defined as the mean of the
entry value and the latest pre-entry value. For RNA, only batch 1 values were used, and if either
the entry or pre-entry value was missing, the other was used by itself. For CD4, if one of the values
was missing. the screening value was substituted for that value and then the mean was calculated.
The final value of a marker was defined as the mean of all values obtained during the eight week
interval of interest. Analysis was to be based on linear models incorporating treatment and center,
using log-transformed marker values. Of specific interest in 1046 were the two comparisons of th 2
nevirapine containing arms to the ZDV/DDI arm. Clinical endpoints were to be analyzed using
the logrank test. There were no interim efficacy analyses.

3 BIPI Analysis

This section summarizes the analyses submitted by BIPI. [ will focus on the CD{ and HIV-RNA
results from the three trials discussed in the previous section.

3.1 Study 1031
3.1.1 Definition of Endpoints

There were several differences hetween the protarcl-specified analysis (the ACTG analvsis) and the
applicant’s analysis. First, the applicant used untransformed CD4 counts instead of log transformed
counts, Also, the applicant reclassified 20 patients’ CD4 stre*- m based on their baseline CD4, in-
stead of using the assigned CD4 stratum based on the screening value. Baseline CD4 was calculated
as the geometric mean of the entry value ang the pre-entry value. Final CD4 was the geometric
mean of all observations within the 8 week window of time at the end of the study (weeks 40, 44.
and 48). I no observations were in the window, the subject was treated as missing. HIV-RNA
was treated as detailed above, with the following exceptions. Week 44 data was only used when
either week 40 or 48 was missing (week 44 data was only measured in 30 subjects, of which 6 were
used).  Also. several subjects were classified as having “uninterpretable” RNA data if the Batch
] and Batch 2 values were “very different.” The applicant did not provide a definition of “very




Figure I: AUCMB Calculation

Baseiine

different.” These subjects were excluded from the applicant's analysis. For each of the analysis
modifications. the applicant provided an analysis using the protocol-specified methed. Very little
difference was observed in either che estimated treatment effects or their p-values. Thus only the
applicant’s primary analysis is presented in this section.

Figure 1 illustrates the computation of the Area Under The Curve Miaus Baseline (AUCMB) for
time T. Data points are connected by lines, and the area of the shaded region is calculated. Recall
that the baseline was the mean of the pre-entry and entry (time 0) values. This area is then divided
by T to yield the AUCMB. When a subject had dropped out prior to time T, the AUCMB was
calculated only up to the dropout time. When the entry value was missing, the applicant set it
equal to the value a1 pre-entry.

3.1.2 Main Results

Four hundred subjects were randomized, 197 to triple therapy and 203 to ZDV/DDI. Two subjects
randomized to ZDV/DDI did not receive study drug and had no followup data, and were excluded
from the analysis. Four other subjects received incorrect study medication, and were analyzed
according to the medication they received. The result of these adjustments was that the analysis
contained 197 subjects in the triple therapy arm and 201 in the ZDV/DDI arm. Of these, 99 in
each arm were enrolled in the virology substudy.

Subjects in study 1031 were primarily male (80%) and white {74%), and averaged 39 years of age.
The median duration of prior nucleoside therapy was 115 weeks, and the median CD4 cell count
wae 198 cells. No significant differences were observed bstween the treatinent groupe in any of the
baseline variables. No differences were observed between subjecis in the virology subgroup and
subjects not in the virology subgroup.

Of the 197 subjects in the triple therapy arm and 201 subjects in the ZDV/DDI arm, 172 and 169
completed the trial, respectively. The dropout rate was fairly constant throughout the trial, with
between 2 and 8 subjects dropping out each month.

Analysis of variance (ANOVA) models, including treatment, baseline CD4 strata, and center (plus
treatment/CDJ strata and treatment/center interactions) were used to assess the treatment effect.
The estimated treatment eflect was a weighted average ot the effects over the CD4 strata and



Table 2: Trial 1031: Results of BIPI Analysis

Endpoint Metric N ZDV/DDI/NVP ZDV/DDI p-value

CD4 Mean Change Week 20-28 328 26 -5 001
Mean Change Week 40-48 328 6 -16 .002
AUCMB Week 28 392 23 6 00
AUCMB Veek 48 392 20 0 01

RNA Mean Change Week 20-28 155 =27 -.08 137
Mean Change Week 40-48 149 -.14 1l 024
AUCMB Week 28 188 -.57 -.27 .001
AUCMB Week 48 188 -.43 -.17 .003

Table 3: Trial 1031: Week 40-48 "D4 Treatment Effect by Subgroup

CD4 Strata ZDV Only Any ddI or ddC | Total
< 50 14 2 -6
51-200 62 15 40
201-350 19 20 16
Total 27 22 21

centers, using weights proportional to the sample sizes (SAS: PROC GLM with Type IT sums of
squares). The results for trial 1031 are shown in Table 2. For both 24 and 48 weeks, and for both
the mean change from baseline and the AUCMB, the estimated CD4 treatinent effect was about
20 cells, and was statisticaily significant. With the exception of the mean change from baseline at
24 weeks. triple therapy also resulted in a significantly greater reduction in HIV-RNA levels than
did double therapy.

3.1.3 Subgroup Analyses

The estimated treatment effects across the three CD4 strata and the type of prior nucleoside
experience are snown in Table 3. This table contains the week 40-48 CD4 estimated treatment
effects. T'he greatest treatment eflect was seen in the middle Ci4 strata for both types of prior
nucleoside experience. The treatment effect was generally seen to be greater in the ZDV only
subgroup.

3.1.4 Clinical Results

Although trial 1031 was designed primarily to assess surrogate marker changes, the clinical endpoint
data can be analyzed as well. Thirty two subjects in the triple therapy arm and 29 subjects in the
ZDV/DDI arm experienced clinical progression and/or death. This difference was not found to be



significant {p = .71) using the logrank test. A significant treatment by prior nucleoside use (less
than 2 years vs. greater than 2 years) was observed. In the less than 2 year category the triple
therapy had fewer clinical endpoints, with the reverse in the grecter than 2 years category.

The applicant also defined criteria for being o responder. A CD4 responder is defined as a patient
with CD4 greater than baseline, and an RNA responder is defined as a patient with RNA below
baseline. At 24 weeks, the triple therapy arm had more CD4 responders (33% vs. 21%) and more
RNA responders (44% vs. 37%). By 48 weeks, these percentages had dropped to 15% vs. 8% for
CD4 response and 30% vs. 24% for RNA response. The differences in the CD4 response rates were
significant.

In addition, the applicant examired the time to the first of two consecutive values below/above
baseline for CD4/RNA. The median time for the CD4 cell counts to fall below baseline was 32
weeks in the triple therapy arm and 17 weeks in the ZDV/DDI arm. The median time for the RNA
values to go above baseline was 41 weeks in the triple therapy arm and 32 weeks in the ZDV/DDI
arm.

3.1.5 Conclusions

The applicant made the following conclusions:

Qver a 48 week treatment period, combination therapy with NVP/ZDV/DDI was more effective than
therapy with ZDV/DDI in decreasing HiV lpad and improving immune markers tn patients with
advanced HTV infection (CDJ cell counts <350 cells/mm?) and eztensive prior nuclroside therapy.
Greater proportions of NVP/ZDV/ddl recipients were CD4 cell count and HIV-RNA responders ar
compared to the ZDV/ddI treatment group.

3.2 Study 1037
3.2.1 Endpoints

The endpoints were defined in the same manner as described for study 1031, with the exception
that the baselitie value was substituted for the eniry value in the AUCMB calculations.

3.2.2 Main Results

Subjects in study 1037 were primarily male (85%) and white (70%), and averaged 34 years old.
Subjects iu the ZDV/NVP arm had a median duration of prior nucleoside therzpy of 28 weeks,
compa.ed to 34 weeks for subjects in the ZDV arm. Subjects in the ZDV/NVP arm had a somewhat
nigher CD4 cell count (median 398 cells vs. 342 cells) and HIV-RNA value (median 4.4 log copies
vs. 4.2 log copies}. However, there were no significant differences between the two treatment groups
with respect to any demographic or baseline variable.

ANGCVA models (using Type I surns of squares as in study 1031} were used o0 analyze the CD4 and
RNA data. The ANOVA models included treatment and *“virtual site”. The virtual sites resulted



Table 4: Trial 1037: Results of BIPI Analysis

Endpoint Metric N ZDV/NVP ZDV p-value

CD4 Mean Change Week 12-16 55 53 -31 .001
Mean Change Week 20-28 55 14 -3 009
AUCMB Week 16 60 44 -11 .001
AUCMB Week 28 60 22 -24 .001

RNA Mean Change Week 12-16 55 .03 .01 525
Mean Change Week 20-28 55 16 A2 .590
AUCMB Week 16 60 -.38 -01 001
AUCMB Week 28 60 -.16 .04 001

from the grouping of the 6 sites into 3 pairs of approximately equal sample size. The applicant
provided an analysis using actual site and found little difference between the two.

Table 4 shows the results for trial 1037. Nearly all randomized subjects were followed for the full
28 weeks and had values in both time windows (26/30 in the ZDV/NVP arm and 28/30 in the
ZDV arm). Both the AUCMB and the mean change for CD4 were significant, while for RNA only
the AUCMB was significant. This was due to the rapid diminishing of the initial RNA difference
by 8-12 weeks.

3.2.3 Conclusions

The applicant made the following conclusions:

NVP+ZDV was more effective than continued ZDV therapy in decreasing viral load and improving
tnmune parameters tn HIV-1 infected patients with CDJ4 cells between 200 and 500 cells/mm3.
Although differences between treatment groups for HIV-RNA PCR were lost by weeks 12-16, HIV-
RNA PCR decreased initially and AUC measurements for HIV-RNA PCR were significantly betier
for the NVP+ZDV group. CDJ cclls were significantly improved in the NVP+ZDV group by week
2 and remained significantly improved through week 20. Virologically and immunologically, patients
benefited from adding N VP to their ZDV for siz months.

3.3 Study 1046

A preliminary analysis of trial 1046 was submitted by the applicant after the sutmission of the
NDA. The analysis covered only the first 6 months of data. In addition, the depth and scope of
the analysis were less than in the trials covered in the NDA submission.



Table 5: Trial 1046: Baseline Means by Country

Marker Australia Canada Italy Netherlands p-value
CD4 375 394 406 317 .02
RNA 4.54 4.21 4.38 4.62 .001

3.3.1 Endpoints

Endpoints were treated the same as in stuay 1031. Recall! that all RNA data in this trial were
analyzed in a single batch.

3.3.2 Main Resuits

A total of 152 subjects were randomized, 51 to triple therapy, 53 to ZDV/DDI, and 47 to ZDV/NVP.
Subjects in study 1046 were primarily male (93%) and white (94%), and averaged 37 years of age.
The median CD4 cell count was 362 cells. There was a significant difference (p = .03) between the
treatment groups noted in baseline HIV-RNA. The triple therapy arm had an average RNA value
of 447 log copies, compared to 4.24 for the ZDV/DDI arm and 4.52 log copies for the ZDV/NVP

arm.

Subjects had significantly different baseline marker values between the four countries in which the
trial was conducted. As Table 5 illustrates, average baseline CD4 cell counts ranged from 317 cells
in the Netherlands to 406 cells in ITtaly, while average baseline HIV-RNA values ranged from 4.21
log copies in Canada to 4.64 log copies in Australia. The pattern of baseline values across countries
was different for CD4 than it was for HIV.RNA| as well as for other immunologic and virologic
markers.

The trial 1046 results are shown in Table 6. The p-values are for the pairwise comparisons, and are
from ANOVA models with treatment, country and treatment/country interaction terms. Highly
significant country effects were observed in the HIV-RNA models. There was some suggestion of a
country/treatment interaction in the CD4 models.

At the agency's request, the applicant provided a breakdown of the mean changes by country and
treatment arm. Inspection of these results revealed that the CD4 results were indeced variable from
country to country. In Australia, the triple therapy arm had a smaliler response than either of the
iwo double therapy arms. This contrasts with the Netherlands, where triple therapy was strnikingly
better than the two double therapy arms. Canada and Italy had patterns similar to the overall
resuits. Baseline CD4 differences betweei the countries would not seem to account for the observed
effect since. for example, Australia and the Netherlands had the lowest baseline CD4 counts. The
HIV-RNA results did not show this country/treatment interaction.

As a further, exploratory analysis, the applicant provided analysis of covariance {ANCOVA) mod-
els incorporating baseline CD4 and RNA values into the analyses. Baseline CD4 was a significant
predictor in the CD4 models, and baseline RNA was a significant predictor in the RNA mod-
els. Interestingly, the inclusion of these variables did not change the significance level of either
the country/treatment interaction in the CD4 models or the country term in the RNA modeis.




Table 6: Trial 1046: Results of EIPT Analysis

Endpoint  Metric Z/D/N Z/D Z/N pzpNn-zD PzD-ZN PIDN-ZN

CD4 Mean Change 12-16 117 95 44 44 .08 .01
Mean Change 20-28 113 78 22 18 05 .001
AUCMB Week 16 72 62 37 58 a7 .Ja
AUCMB Week 28 87 67 47 .23 28 .02

RNA Mean Change 12-16 -1.76 -1.55 -.50 35 001 .001
Mean Change 20-28 -1.72 -1.43 -.55 14 001 .001
AUCMB Week 16 -1.61  -1.44 -99 24 .002 001
AUCMB Week 28 -1.63 -141 -85 .15 001 .001

The reduction in variability induced by the extra variables did result in the triple vs. ZDV/DDI
comparisons for the RNA results achieving statistical significance. The applicant argued that the
ANCOVA models incorporating baseline RNA should be preferable to the ANOVA medels since
the treatment groups differed with respect to baseline RNA values.

For both endpoints and at all times and metrics studied, triple therapy was better than double
therapy, but none of the comparisons between triple and ZDV/DDI were statistically significant.
Triple therapy was significantly better than ZDV/NVP for both CD4 and RNA, while ZDV/DDI
was significantly better thaa ZDV/NVP only for the RNA comparisons.

3.3.3 Responder analysis

The applicant compared the percentage of subjects in each treatment groups whese RNA values
were pelow 200 copies. During the 20-28 week period, 67% of subjects on triple therapy and 2%
of subjects on ZDV/DDI had an average RNA value below 200 copies. A Mantel-Haentzel test,
stratified by country. found that this difference was statistically significant (p = .001).

3.3.4 “Compliance” analysis

The anplicant exainined the effect of an irterruption in study medication on eventual outcoine and
concluded: For both ZDV+ddl and triple therapy, missed treaiment was assoctated with failure to
sustain undetectable levels of virus, as evidenced by the fac! that ali ezcept one of the non-compliant
patients in these groups fail to reach the limit of detection.

3.3.5 Conclusions

The appiicant made the following conclusions:



Both ZDV+DDI and ZDV+DDI+NVP were superior to ZDV+NVP in immunologic and virologic
activity. The triple therapy was consistently superior to ZDV+DDI, though differences were not
consistently statistically significant. Sustained suppression of viral replication to below the limit of
detection was achieved in more _han half of patients treated with this triplc therapy regimen.

4 Reviewer Comments

While many small details of the applicant’s analyses are somewhat non-standard, the applicant
provided alternative analyses in the NDA to address these concerns. These alternate analyses
include using the screening CD4 cournt instead of the baseline CD- count to determine CD4 strata
in 1031, using arithmetic means rather than geometric means for CD4 counts, using actual ra*her
than virtual sites in 1037, using HIV-RNA values without a batch adjustment in 1031 and 1037,
and not dropping the four subjects in 1031 due to batch differences. These analyses indicate that
the applicant’s resuits are essentially the same as those from a more standard approach. Thus. this
section will focus on some of the limitations of the data and some caveats to the conclusions based
on the data, rather than on a reworking of the results section.

4.1 HIV-RNA Issues

It is important to examine the effects of the lower limit of detection on the analysis of the HIV-RNA
data. The phrase “lov.er limit of detection” is used to mean 3 different things. The first meaning
is the lowest non-zero number that the laboratory reports. This seems to be a number based on
the methodology used to generate the data {dilution factor, machine sensitivity, etc.). All numbers
reported should ve integer multiples (including 0) of ihis number. This value was 20 copies in 1031
and 1037 and | copy in 1046. This might be termed the laboratory lower limit. Second. there is
the lower limit reported with the assay, which is a consensus numbe: based on experimental data.
The interpretation of this number seems to be that vaiues reported below this number should not
be completely trusted. Each study used vhe same assay, and that assay’s lower limit has been: set
at 400 copies. This may be termed the accuracy lower limit. Lastly, there is the number which
the applicant substituted for reported values below that number. This was 20 copies in 1031 and
1037 and 200 copies in 1046. This may be termed the statistical lower limit. It is this number that
affects the estimates of mean changes and of the treatment effect.

Table 7 shows the estimated treatment effect in terms of mean change from baseline in study 1046.
The estimated treatment effect is much greater when 0 copies is used as the statistica! lower Limit
than when 200 or 400 copies are used. This results from the fact that more subjects in the triple
therapy arm had values below 200 or 400 than in the ZDV/DD! arw. Using higher values for the
limit of detection result in a2 markediy smaller estimate of the treatment effect. This means that
viie the only added effect of nevirapine on RNA levels is ‘o make low levels lower.

Whiie the results of the applicant’s percent below the lower limit (responder) analysis in study
1046 may be ‘nteresting, the analysis does not convey much information. First, the same as for
the analysis of mean changes, the percentages depend on the lower limit chosen. Additionaliy,
since there is no known clinical relevance of 200 copies or any other cutoff value, the responder
analysis simply reflects the observed difference in the distributions of change from baseline between
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Table 7: Trial 1046: Week 20-28 RNA Results for Different Statistical Lower Limits of Detection

Lower Limit (copies) 0 200 400 1000
Treatment Effect 106 -.32 -19 -05
“Evalue 006 .11 304 772

the two treatment groups. The significance of the responder analysis results from the reduction in
variability from using a binary endpoint insteac of a highly variable continuous endpoint. That is,
in the absence of a clinically relevant cutoff, the two analyses are fundamentally similar.

The fact that iu studies 1031 and 1037, the RNA data was assayed in two batches illustrates how
relatively smali the RNA differences are between the treatment groups. In study 1031, Batch 1
consisted of the pre-entry sample and entry, weeks, 4, 16, 24, 32, and 48. Batch 2 consisted of entry,
weeks 8, 40, and 44. The entry sample was assayed in both batches to determine if differences existed
between the batches. It was determined that there was in fact a significant difference between the
batches of about .1 log copy (p = .02), with Batch 2 having the higher median RNA value. The
applicant subtracted .1 log copies from all Batch 2 values. In study 1037, Batch 2 (pre-entry, weeks
2, 4. and 8) was found to have a nedian RNA value which was lower than Batch 1 (pre-entry,
entry, weeks 12, 16, 20, 24, and 28) by about .16 log copies. This nuinber was added to all Batch 2
values. The effect of the adjustment of RNA values in both studies, and the exclusion of 4 subjects
in 1031, on either the estimated treatment effects or their significance levels was minimal, but it
points out that the observed treatment effect of about .20-.25 log copies is relatively quite small.

4.2 Loss to Followup

Long term foliowup was quite good in each of the three trials discussed. In trial 1037, 54/60 subjects
completed the full 28 weeks on study. In trial 1031, 341/398 subjects completed the full 48 weeks
on study. Trial 1046 was still ongoing when the 6 month results were submitted. In each of the
studies. the dropout rate was similar in the treatment arms. Importantly, the AUCMB analyses,
which included all subjects, yielded similar treatment effects to the analysis of mean changes.

4.3 “Compliance” Analysis: 1046

For trial 1046, the applicant made the argumert that compliance with study nedication was an
important predictor of overall benefit. However, it appears that the cause and effect relationship
suggested may be reversed, that is, non-compliance may resull from poor initial benefit. For
example, subjects who stayed on study medication during weeks 16 through 28 had experienced an
average drop of 120 CD4 cells during the first 16 weeks on study. In contrast, subjects who went
off study medication a some point during weeks 16 to 28 had experienced an average drop of onlx
40 CD4 cells during the first 16 weeks on study, Additionally, it is worth pointing out that those
who went off study medication did so primarily by dropping ddl and not nevirapine. In conclusion,
greater compliance may well result in improved response, but in this trial that cause and effect
relationship cannot be separated from the opposite cause and eflect relationship described above.
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Table 8: Trial 1031: Alternative Subgroup Analysis of Week 40-48 Treatment Differences

Marker ddl Naive ddI Experienced
Ch4 30 cells 7 cells
RNA -.38 log copies  -.03 log copies

4.4 Population

In drawing overall conclusions. it is important to keep in mind the relative sample sizes of the
studies.

While the applicant provided an analysis of the subgroup in study 103! who had only received ZDV
prior to entering the study, an alternate way to assess the impact of pricr nucleoside therapy is to
split up the study into a ddl naive subgroup and a ddI experienced subgroup. Table 8 shows the
estimated J0-48 week effects comparing triple therapy to ZDV/ddl by prior ddl subgroup. From
these results it appears that the overall significance level of the treatment difference was driven by
the ddl naive subgroup. Based on this finding, and the fact that the magnitude of the difference
between triple therapy and ZDV/ddI in study 1016 was similar to the ddl naive subgroup in 1031,
it appears that the effect of nevirapine is most pronounced when given with at least one drug to
which the patient 1s naive. The lack of significance in 1046 may be attributed to the much smaller
sample size (30/arm versus 200/arm).

Although study 1037 showed an effect for adding nevirapine to just one drug, the apparently limited
durability of this effect [8-12 weeks for RNA and 24-28 weeks for CD4) would indicate that a two
drug combination may not be the optimal use for this drug. The compa:atively poor performance
of the NVP/ZDV arm in 1046 supports this idea. Both the magnitude and duration of the CDid
and RNA effects 11 1046 were much less in the NVP/ZDV arm than in either of the ddI containing
arins.

One can speculate on the reasons behind the observations that nevirapine seems to work better
when started with two other drugs, where at least one of these is a new drug for the subject. Tt is
known that resistance sets in very rapidly wher nevirapine is given as monotherapy. In addition, all
subjects on the combinatior. of nevirapine and ZDV who were tested become resistant to nevirapine.
Since the Gnset ol cesistance is siower tor lower levels of the virus, a drug combination that reduces
the virus to very low levels can avoid the rapid onset of nevirapine resistance. Clearly, the more
drugs. especially new drugs, the lower the RNA levels will be, and thus the longer nevirapine will
e eliective.

4.5 Conclusions

The addition of nevirapine to one or more nuclecsides has b=en shown to produce an increase in CD4
cell counts and a small yecrease in HIV-RNA levels. The durability of this effect appears longer
than has been shown in recent applications. These findings, from three clinical trials, justify the
applicant’s claim that nevirapine, in combination with nucleoside analogues, provides a significant
surrogate marker benefit.
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SYNOPSIS
INTRODUCTION
Nevirapine {chemically related to dipyridodiazepinone class) is described by the
applicant as a hignly potent non-nucleoside with activity against Human
Immunodeficiency Virus (HIV-1) enzyme reverse transcriptase {(RT). Nevirapine
binds directly to HiV-1 RT and appears to block RT polymerase by altering the
position of critical amino acids within the enzyrne’s catalytic site, resulting in
slowing of the chemical reaction catalyzed by the RT. Nevirapine does not block
the activity of mammalian polymerase (including human polymerase alpha, bsta,
deita and gamma). The in vitro IC4,s ranged frem 10 nM to 100 nM when tested
against several HIV-1 strains and clinical isolates.

Nevirapine is >roposed to be used in combination with nucleoside analogues for the
treatment of patients with advanced HIV-1 infection whose current antiretroviral
therapy is no longer deemed adequate. The proposed dose is one 200 mg tablet
q.d. for the first 14 days (lead-in period due to autoinduction), followed by one
200 mg tablet b.i.d.. in combination with nucleoside analogue antiretroviral agents.

The applicant has adequately studied the pharmacokinetics of nevirapine at the
proposed dose. However, some of the limitations of this NDA submission inciude;
tack of characterization of pharmacokinetics in hepatic dysfunction and renal
insufficiency, including the effect of dialysis; absence of in vivo drug interaction
studies of nevirapine with the drugs commonly used by AIDS patients.

Neviraping undergoes auiloinduction and on multiple dosing apparent oral clearance
increases by about 70% (from 22 mL/Kg/h to 3€ mlL/kg/h}, terminal phase hatf-life
of nevirapine decreases from about 45 hours following single dose to about 25-30
hours following multiple dosing with 200 mg/day.

ABSORPTION:

Nevirapine tabiets are weii absoibed with an absolute bioavailability (50 mg tablet}
of greater than 90%. A high fat diet and antacid significantly affect the rate of
absorption without significantly affecting the extent. Thus nevirapine could be
taken without regards to food. The dose (12.5 mg to 600 mgqg per day)
proportionality studies in patients indicate that the pharmacokinetics of a 400 mg
dose appear to be proportional to 200 mg dose. However, compared to the lower
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doses {12.5 and 50 mg) the higher doses have lower bioavailability. Further, AUC
and Cmax showed a better proportionality when dose is adjusted for body weight.

Results from a single dose rising study in HIV patients indicated that; the AUC or
Cmax plotted against dose deviates from linearity; if dose is adjusted for weight,
Cmax and AUC appear ‘.0 show linearity with higher doses resulting in shorter half-
life; patients with a history of intravenous drug use had longer half-lives {compared
to patients with no history of i.v. drug use); patients taking concomitant
antifungals had the highest AUC for their doses.

DISTRIBUTION:

Nevirapine is highly lipophilic and is about 60% bound to piasma protein binding
over the plasma concentration range of 1-10 ug/mL. The volume of distribution is
simiiar following i.v. and oral administrations and is not substantially affected by
gender. The mean Vdss following 50 rag i.v. infusion, oral solution and ural tablets
was 1.34 + 0.12,1.33 + 0.11 and 1.37 + 0.14 L/kg, respectively. In a study
to assess ge~der effects, apparent oral Vdss following 200 mg oral dose was 1.54
+ 0.12,1.38 = 0.11,1.46 + 0.4 for 15 females, 15 males and overall

(N =30}, respectively.

MEeTABOLISM:

Nevirapine undergoes autoinduction and on multiple dosing, apparent oral clearance
increases by about 70%, AUC decreased by about 40% and half life decrzased
from spout 41 hours to 30 hours. Autoinduction appear to continues beyond 14
days of nevirapine however, most of the autoinduction occurs by Day 14 of
dosing.

In a mass balance study under the conditions of autoinduction, about 81% of the
radio‘abelled dose was recevered in the urine and 10% in the feces. Less than 5%
of the administered dose was recovered unchanged in the urine. Nevirapine is
extensively biotransformed via cytochrome P450 (oxidative) metabolism to several
hydroxylated metabolites. The major urinary metabolites were 2/3 hydroxy nevirapine
glucuronide (55%) and nvdroxymethyl nevirapine glucuronide (29%). Based on
chromatographic signal, nevirapine accounted for about 75% of the species

circulating in the plasma. In vitro activity for the cytochrome P450 indicates that
CYP4503A is the isoenzyme primarily responsible for metabolism of nevirapine and
CYP2D6 is implicated to a very minor extent.

EXCRETION:

Most of the radioactivity (80%) in urine was represented by glucuronide conjugates of
hydroxylated metabolites. Less than 5% of the dose is excreted unchanged in the
urine. Thus, metabiolism, including giucuronide conjugation, and urinary excretion of
the metaboiites is the primary route of nevirapine elimination in humans.
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HEALTHY VERSUS PATIENTS:
Nevirapine appears to have similar pharmacokinetics in adult patients and healthy
volunteers.

PEDIATRICS:

Based on single dose data in HIV infected children (9 months to 14 years) receiving
7.5 t5 120 mg/mm? (N=3 per dose group), the AUC ard Cmax increased
prooortionally with dose. Further, children appear to have a two fold higher
clearance, shorter half-life (about 24 hours), lower AUC and Cmax compared to
adults. However, since nevirapine undergoes autoinduction, clinical relevance of
single dose data in children is unknown. The sponsor has indicated that a multiple
dose trial in pediatric patients and ongoing.

DRUG INTERACTIONS:

At clinically relevant doses of nevirapine, mear steady state zidovudine (ZDV)
pharmacokinetic parameters were not significantly affected. In another study using
triple therapy (ZDV + ddl + NEV), a 32% decline in ZDV was noted in patients.
Nevirapine did not appear to affect ddC pharmacokinetics. Nevirapine oral clearance
when coadministered with ddi+ZDV was 2.32 + 1.34 Uhr compared to 4.21 + 2.22
L/h when nevirapine was administered with ddc + ZDV thus, the mean nevirapine
clearance in the ddi triple therapy is about one half of that in ddc + ZDV triple therapy
group. This finding suggests that patients may benefit frorm reduction in nevirapine
Jose (three patients had CL/F of 0.55, 1.15 and 1.39 producing Cminss of greater
than 10 pg/mL). These two groups (ddi and ddc) differed even in ZDV
pharmacokinetics. The reason for this difference is unknown.

Preliminary data (N=11) indicate that saquinavir exposure (AUC) is reduced by about
20% (range -60% to +86%; saquinavir change in AUC for 11 patients 2, 29, 73, 86,
-16. -18, -24, -38, -39, -54, -60%) when co-administered with nevirapine. This
observation suggests that the effect of autoinduction produced by nevirapine was
vaiable and will affect the clearance of protease inhibitors, which are substrates of
CYP3A.

in vitro Drug Interactions:

in vitro drug interaction studies with human liver microsomes indicate the following:
nevirapine pharmacckinetics is less likely to be affected by dapsone, rifabutin and
trimethoprim; and is likely to be affected by rifampin. ketoconazole and
sulfamethoxazole. Further, in vitro nevirapine incubation with human liver
microsomes does not appear {o affect the pharmacokinetics of sulfamethoxazole or
trimethoprim. Nevirapine is likely to affect the metabolism of rifabutin. The effects of
nevirapine or dapsone, rifampin and ketoconazole were not assessed in vitro. Since
nevirapine undergoes autoinduction, relevance of its in vitro effects on metabolism of
other drugs is unknown.
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Dose-RESPONSE/BLOOD LEVEL RESPONSE:

In an attempt to correlate Dose-Response/Blood Level Response (12.5 to 400 mg
dose), the applicant measured immune complex dissociation (ICD) p24 antigen levels
(virological activity, up to 24 weeks of treatment) and decline to less than 50% of their
baseline as indicator of response to nevirapine therapy. If the response was seen on
two consecutive visits, patients were defined as responders. Patients showing an
increase in CD4+ counts of 50 or more on two consecutive visits were defined as
having immunologic response. The applicant reports that three of the four patients
with the shonest duration of p24 suppression below 50% of their baseline had 3 of
the 4 lowest steady state trough concentrations. Results indicated that a 400 mg/day
dose of nevirapine reduced ICD p24 antigen levels in 68% of the patients (13/19).
immunologic activity (increase in CD4+ counts) was not impressive for any of the
doses tested. Although CD4+ and ICD p24 were the surrogate markers used at the
time the study was conducted, the recent trend is to monitor \he viral load and RNA
genotype as well.

SUBPOPULATION ANALYSIS:

Nevirapine steady state trough concentrations were monitored in several studies and
the individual patient median Cminss (N=387 patients) was utilized for determinations
of relationship of Cminss to demographics, disease state and drug interactions.
Regression analysis (performed by applicant at this reviewer's request) of the data
from two studies indicated that Cminss and AUC are correlated with an R-Squared of
0.856. suggesting thai examining Cminss is a reasonable initial approach in
assessing pharmacokinetic differences.

Median Cminss for 200, 400 and 600 mg/day appeared to increase proportionally.

None of the nevirapine treatment regimens in combination with ZDV (n=185} or ZDV
+ ddl (n=176) had an effect on the nevirapine Cminss compared to nevirapine
monotherapy (n=268' However, in a formal drug interaction study, steady state
apparant clearar. =creased in patients receiving dd! (compared to historic control).
This finding ques ... the validity of using median Cminss to look for the differences
in pharmacokinetics.

No trend in increased or decreased median Cminss was noted based on age (18 to
63 years of age), gender, weight, ethnicity or baseline disease factors (AIDS, ARC,
Hepatitis B). In a formal study assessing gender effect, body weight adjusted
apparent clearance for females was about 24% higher compared to males suggesting
higher metabolic capacity for female subjects. Volume of distribution was significantly
different, however, differences were less than 20%.

Median Cminss were also used for assessment of drug interactions. Median Cminss

for all the patients were compared to the median Cminss for patients who were also
cancomitantly taking rifampin (n=2), rifabutin (n=18), cimetidine (n=12), ranitidine
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(n=18), erythromycin (n=3), clarithromycin (n=14), azithromycin (n=7), ketoconazole
(n=11).

It was noted that cimetidine arnd macrolides, known inhibitors, elevated nevirapine
median Cminss whereas, rifampin and rifabutin, known inducers of CYP3A, slightly
lowered median Cminss compared to the overall median Cminss. it also appears that
cimetidine, macrolides and rifampin would have a significant interaction because most
of the median Cminss in these groups were outside the range of 75% (upper or lower
limit of the boxplots) of Cminss for the overall patients. However reliability of Cminss
as a measure for interactions is questionable. With high variability in Tmax, the
relationship of Cminss to the overall exposure (AUC) is unknown.

DiSSOLUTION:

Nevirapine has better solubility at lower pH, the dissolution is much faster when using
0.1N HCL as the dissolution media. The applicant has requested that phosphate
buffer at pH of 2.0 be used as the dissolution media, as it gives better discrimination
ability. The dissolution method and specifications proposed by the applicant are
acceptable.

FORMULATION:
The production batch of tablet formulation contains drug substance whereas,
the clinical batch contains drug substance.

Tablets are equally bioavailable compared to solution or pediatric suspension that
was used to stirdy single drse pharmacokinetics in children. The proposed to-be
marketed tablets were bioequivalent to the tabiets that were used in the pivotal
clinical triats.

Comments/Recommendation:

1. Pharmacckinetics has not been characterized in hepatic impairment or in patients
undergcing dialysts. 1t is suggested that the sponsor characterize the
pharmacokinetics of nevirapine in these poputations

2. The maximum plasma concentration (Cmax) and AUC adjusted for weight appear
to show tetter proportionality than absolute dose. This ~uggests that patients lighter
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in weight may tend to have more toxicity related to high drug concentrations and
patients heavier in weight may show decreased efficacy. At this reviewer's request
the applicant performed analysis to assess relationship between body weight and
adverse events and efficacy markers. The resuits showed that rash was more
frequent in the low weight (<64.25 Kg) patients (58% in nevirapine group and 28% in
control group) and less frequent in higher weight (>80.2 kg) patients (29% in
nevirapine group and 17% in control group). rlowever, this analysis was confounded
by the fact that patients in low weight group were sicker (lower CD4 counts) patients.
This hypothesis needs to be further explored, by looking at low and high weight
patients within a same CD4 range. Based on the results, assessment to lower
nevirapine dose in low weight patients can be made.

3. Preliminary data.suggest that, a history of |.V. drug use appears to increase half-
life. For better care and patient management clinical relevance of this finding should
be further explored.

4. The in-vitro drug interactions were generally conducted to study effect of other
drugs on the pharmacokinetics of nevirapine. Since. nevirapine is an autoinducer
and autoinduction is difficult to establish in-vitro, it is recommended that the applicant
conduct in-vivo drug interactions for relevant drugs.

Preliminary data (N=11) indicate that saquinavir exposure (AUC) is highly variable
and the average AUC is reduced by about 20% when co-administered with
nevirapine. The sponsor has aiso attempied to look at the median Cminss for
patients in their data base who were on concomitant medications. Nevirapine
treatment regimens in combination with ZDV (n=185) or ZDV + ddi (n=176) had an
effect on the nevirapine Cininss compared to nevirapine monotherapy (n=26).
Whereas, in study 1009 decreased steady state apparent clearance was noted for
patients receiving ddi as compared to that of monotherapy. It is recommended that
the effect of nevirapine on the pharmacokinetics of other drugs be studied. Further,
effect of nevirapine on cimetidine and macrolides, known inhibitors; and rifampin and
rifabutin, known inducers of CYP3A be assesses (quantitatively). The effect of
nevirapine on oral contraceptives should also be assessed.

5. Appatent clearance of nevirapine in patients concomitantly taking ddi is reduced
to half compared to patients taking monotherapy or combination with ZDV. This
finding indicates that patients taking ddl concomitantly will have much higher
concentrations compared to patients taking ddc or patients not taking ddl. This issue
has been discussed with the reviewing medical officer to expiore the clinical
relevance (increased toxicity in ddi treated group) of this finding.

6. The dissolution method and specification proposed by the applicant is acceptable.
N 1S

A
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60 minutes.

Review Related Issues:
Following is a list of additional information requested from the applicant:

1. Since better dose proportionality was ohserved for AUC and Cmax when dose...
{This Section Wiil Summarize our input in the data analysis - TO BE ADDED)

DRAFT

Chandrahas G. Sahajwalla Ph. D.
Division of Pharmaceutical Evaluation i
Office of Clinical Pharmacology & Biopharmaceutics

Concurrence:

Janice Jenkins, Ph.D.

Team Leader, Antiviral Drug Products Section
Division of Pharinaceutical Evaluation il

cc:
/NDA 20-836

IHFD 530/Div File D
/HFD 530/CSO/Zeccola /? -
/HFD 530/MO/MartinJ

fHFD 530/Biopharm/Sahajwaila
IHFD 530/Biopharm/Jenkins
{HFD 880/Fleischer

/

/

Guneral Notes:

A secondary peak generally occurring between 12 to 24 hours after
administration of nevirapine was noted in plasma zoncentration time profiles in
ail the studies.

Unless specified otherwise, oral formulations used were 50, 100 and 200 mg
tabiets {for batch number reference please refer to Appendix at the end of the
review).

The drop outs mentioned in the reports dropped out for acceptable reasons.
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MASS BALANCE/METABOLISM:

Title: Open-Label, Multiple-Dnse Study to Characterize the Pharmacokinetics
and Excretion/Mass Balance of '“C-Labeled Nevirapine and Metabolites in
Healthy Volunteers (Study # 1100.816, Volume 71, Page 1)

The objectives of the study were to: (1) characterize the pharmacokinetics and
excretion/mass balance of *C-labeled nevirapine and metabolites; (2) isolate, identify
and quantfy major metabolites of nevirapine in plasma and urine; (3) determine the
partitioning of radioactivity between plasma and red blood cells. The study alsc was
designed to further assess safety/tolerance of the multipie-dose regimen using
healthy volunteers.

In an open label study, 11 healthy volunteers (8 completed the study) received 200
mg qd nevirapine for two weeks followed by 200 mg q12 (400 mg/day) for two weeks
and an additional 50 mg dose of *C-nevirapine solution (200 mL) 24 hours after the
last 200 mg dose. Blood, plasma, urine and fecal samples collected over 0-240
hours were analyzed for total radioactivity, parent compound and metabolites.
Plasma nevirapine trough concentrations were aiso determined (Day 14, 26 and 27
AM and Day 26 PM) to assess compliance.

Resuits:

The excretion/mass balance of *C-labeled nevirapine was determined under
conditions of autoinduction and the data for individual subjects are provided in Table
1 and the results summarizes in the foliowing table:

—= — S
Parameter Radioactivity Radioactivity
Mesn = SD Plasma Whoile Blood
{N =8)
Cmax DPM/mL 3486 = 5MNM 3425 + 467
AUCID-int) 92889 + 17744 92515 x 18537
OPM.h/mi
CHF mi/kg/hr 361 =+ 6.5 364 + 7.1
Hatt-lite 27.3 - 386 218 + 2.5
hours
MRT 309 = 5.5 301 £ 5.3 D
hours
- — -
Total % 9t4 2 in§
Radicactivity
Recovered
% Radioactivity in 313 2 11
Urine
% Radioactivity in 101 = 1.53
Faces
SRR SN TR
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Trough nevirapine concentrations on days 14, 26 and 27 were suggestive of
volunteers' compliance (data not shown).

The mean blood to plasma ratio of AUC(0-inf, radioactivity) was 0.99

CL/F, T,.,, MRT, and Cmax obtained for plasma and whole blood were also
similar. The results from an in-vitro study (not part of this study) to determine
partitioning of nevirapine {1-10 ug/mL) into whole biocod and red bilood cells
indicated that nevirapine partitions (rbc/plasma 1.56 + 0.11 and 1.27 + 0.11
at 1 and 10 pyg/mL, respectively) into red blood cells in an inverse concentration
dependent manner.

Plasma nevirapine T,,, and Cmax were 24.4 + 3.94 h and 3768 + 1570
ng/mL, respectively. Radioactivity in plasma was detectable up to 96 hours
whereas, nevirapine plasma ievels were detectable up to 144 hours. Plasma
nevirapine half-life was higher compared to plasma radioactivity half-life, possibly
because the assay was more sensitive than the assay for radioactivity
measurements.

The metabolites isolated/identified from the urine samples are presented in the
tabie below. In the urine, the glucuronide conjugates of nevirapine hydroxylated
metabolites accounted for about 85% of the total radioactivity. In most subjects
less than 3% of the radioactivity was recovered (in one subject 11.7% recovered)
in the urine as parent compound.

[ - e
Matabohts Pomtion of % Recovered
OH Graup wy Lirine

273 hydroxy- "C-navitamng  glucuronide 20l 54 5% £ 5.1
hydroaymathyl "“C neviraping  gluLurorde mathyl- (4} 29t 2 656
8-hydronymathyt-"'C-nevitepine  glucuromde ] 16 £ 0.2

M (unigamirtiad] 29: 06
3-hydroxy-"C-nevirapine k] 15+t 03

hy, gronyemathyl-"*C nevirapwng mathyl-(4) 07:x03
"C.Nevirgpine 13 235

To determine plasma concentrations of the metabolites, plasma samples for all the
subjects were pooled and concentrations approximated using nevirapine plasma
calibration curve. Nevirapine accounted for about 75% of the total
chromatographic signal. Metabolites identified in plasma were 2/3-hydroxy
nevirapine glucuronide {12%), hydroxymethy! nevirapine glucuronide {5%),
hydroxymethyl nevirapine (4%) and 3-hydroxy nevirapine {0.6%) (Figures 1 and
2}. Nevirapine and metabolites combined accounted for 95% of the plasma

radinactivity,
Nine of the 11 volunteers reported abnormailities in the liver function test, including
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one case of clinical hepatitis. There were 28 other adverse events experienced by
9 of the 11 subjects classified by the applicant as non-serious.

The in vitro activity for the cytochrome P450 was investigated by the applicant
and Figure 2A summarizes the results. Based on the percentage of dose as
individual metabolites excreted in the urine, about 70% of nevirapine’s contribution
can be attributed to CYP3A. To a minor extent, CYP2D6 may also be involved in
the metabolism of nevirapine.

In conclusion, under the conditions of autoinduction, nevirapine is extensively
metabolized with about 91% of the radioactivity recovered in 96 hours. in the
urine most of the nevirapine is excreted as hydroxylated giucuronide, whereas, in
plasma unchanged nevirapine was the predominant circulating species. In vitro
findings indicate that nevirapine is mainly metabolized by CYP3A and to a very
minor extent by CYP2D6.

PHARMACOKINETICS:

Title: Open Label Study to Assess the Single- and multiple-Dose Pharmacokinetics
of Nevirapine 200 mg in Healthy Volunteers (Study # 1100.1056, Volume 79,
Page 1)

The objectives of the study were to: (1) characterize the single- and multiple-dose
pharmacokinetics of nevirapine in heaithy volunteers; (2} further assess safety and
tolerance of the clinical regimen; {3) further characterize the effect of gender on
nevirapine pharmacokinetics.

Thirty {15 M, 15 F) healthy volunteers received 200 mg nevirapine on Day 0 of the
study; 200 mg qd nevirapine for two weeks {Days 7 - 20} followed by 200 mg bid
(q12h, 400 mg/day} for two weeks {(Days 21 to 35 AM). Trough plasma
concentrations were determined on Days 10, 12, 15, 25 and 30. To characterize
the effects of autoinduction on pharmacokinetic disposition, plasma and urine
samples were coliected over O to 168 hours on Days O and 35, and between O to
24 hours on Day 20.

Results:

The study was terminated due to three cases of toxic hepatitis in female volunteers
receiving 200 mg bid dose. It was possible to evaluate pharmacokinetics in 30
volunteers after single dose, 18 volunteers following 200 mg qd for 14 days and 4
volunteers following 200 mg bid for 14 days.

The pharmacokinetic data for individual subjects are provided in Tables 2-4. The

mean pharmacokinetic parameters obtained following a single 200 mg dose of
nevirapine are summarized in the following table:
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Females Males AH Subjects P Value

N=15 N=15 N=230 Male vs. Famain
Cmax pgimL 21 = 04 19« 03 20z 04 0.300
AUC ug*himil 147.2 = 42.4 1304 = 274 1388 + 361 0.340
CL/F (L) 15 ¢+ 04 16 £ 03 15+ 04 0.340
CLIF 246 + 7.7 199 + 3.9 22.2 = 6.5 0.082
mi/Kg/h
Vdsa/F (L) 93.9 =+ 15.3 1116 + 184 1028 + 189 0.01
Vdss/F (LiKg) 1.54 = 012 1.3 £+ 0.1 1.46 + 0.14 0.001
MRT (h) 70.7 = 305 719 = 155 71.3 ¢ 23¢ 0.362
Halt-Lite {h} 41.2 a7 44.0 £+ 12.9 0.300

Clearance (CL/F), Cmax, MRT, T,,,, and AUC were not affected by gender. Body
weight adjusted apparent clearance for females was about 24% higher compared
to males suggesting higher metabolic capacity for female subjects. Volume of
distribution was significantly different, however, differences were less than 20%.
Resuits of this analysis indicate that single dose pharmacokinetics of nevirapine are

not significantly affected by gender.

Multiple duse pharmacokinetics in healthy volunteers:

Pharmacokinetic parameters (Day 20) obtained following 200 mg qd nevirapine for

two weeks are sumrnarized in the following table:

.- —— . = - L

Famales Males All Subjects P Value

N=10 N=8 N=18 Male va. Female
Cmax pg/mL 51 =+ 0.8 48 =10 5.0 + 0.9 0.450
Cmin pgimt 3.0 £ 1.0 311+ 06 30+ 08 0.625
AUC pg*himl 864 = 20.3 849 x 16.0 85.7 + 180 0.894
CL/F {L/h) 24 + 05 24 + 05 24 x 0E 0.894
CL/F 405 = 12.2 294 £ 55 366 £ 1111 0.030
mLiKgh
Half-Life {h) 27.7 IN=5} 344 (N=&) 30.3 ¢+ 5.9 0,111

R PN

No statistically significant differences in Cmax, Cmin, CL/F, T,,,, or AUC were

noted based on gender foliowing multiple doses (Day 20). Body weight adusted

apparent clearance for females was about 38% higher compared to males. As
observed following single dose of nevirapine, the higher weight adjusted oral
clearance in females was offset by greater weight in males, resuliting in no

Pharmacokinetic parameters following a singie dose 200 mg of nevirapine and 200
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mg qd for 14 days are compared in the following table:

wmm
Single 200 mg 200 mg od P Vaiue
Dose {Day 0) {Day 20)
AUC uyg*himL IN=18) 147.2 2 399 85.7 £+ 18.0 p< 0.0t
CL/F (L/h) (N=18B) 145 = 0.36 242 x 0.47 p<0.01
CL/F 21.0 £ 6.4 35512 113 p<0.01
mL/Xgih N =18}
tial!-Lite (h} (N=9) 41.2 30.3 p<0.01
4 TN P

On average, apparent oral clearance increased by 70%, AUC decreased by 42%
and the mean half-life decreased from 41 hours to 30 hours. These resuits are
consistent when looking at the data for individual subjects. These results are
indicative of autoinduction of nevirapine following multiple doses.

Pharmacokinetic parameters following single and multiple doses of nevirapine

{Days O, 20 and 35) are presented in the following table:

e T T T
N=4 Single 200 mg 200 mg od 200 mg bid
Dose (Day O {Day 20 (Bay 35}
AUC pg*himL 112.81 = 1617 72.74 £ 3.79 63.06 + 11.10
CL/F {L/h) 1.8 = 0.23 2.76 = 015 3.24 + 0.49
CL/F 21.18 = 4.05 32.96 + 8.02 37.7 = 5.00
mL/Kg/h
Hatt-Lite {h) 45.9 - 32.6

Based on data in a limited number of subjects (N =4}, a further increase in
clearance and decrease in AUC were noted on Day 35 comparad to Day 20,
indicating further induction of enzyme occurring between Days 20 to 35.
However, significant autoinduction was noted in first two weeks.

Estimated nevirapine rena! clearance on Day 20 was about 15% higher on Day 20
which was not statistically significant. Renal clearance represented a smali

fraction of the overall systemic clearance (see table below}.

T R —
Single 200 mg 200 mg qd P* valua 200 mg bid
Dose {Day 0); N 256 {Day 20): N=18 {Day 35); N=4&
CL, imL/h) 189 =+ 7.3 219 £ 1'.0 0.326 235 + 98
ClLn ImL/¥Kg/h) 0.27 =+ 0.09 0.31 + 05 0.217 0.27 + 0.07
Ratio (%}° 13 =08 1.0 0.6 ﬁ.o.ooz 0.7 £ 0.3
SR St

I
- Uay U versus Uay Zu

** . Ratow= {CL, dvnded by CL/F*100)

Chatt 59796 5/12/96 51696 . &

1598

12




A total of 75 adverse events were reported, 44 of which were attributed to the
drug by the investigators. Two of the three femele volunteers experiencing toxic
hepatitis were in the upper quartile of AUC however, their concentrations go not
appear to be unusually high.

In conclusion, on multiple dosing, nevirapine undergoes autoinduction which
appears to continue beyond 14 days of dosing. Autoinduction increases the
clearance and decrease the AUC and half-life by about 50%. No significant gender
differences in nevirapine concentrations following single or multipie doses were
ncted. Toxic hepatitis ied to early termination of the study and the adverse events
appear to be related to higher dose and duration of administration.

Title: A single Rising Dose Pharmacokinetics Phase | Evaluation of Navirapine
Tablets by Oral Administration in Individuals with HIV Infaction (CD4 + Cell Count
<400 mm?), {Study # 1100.742, Volume 54, Page 217)

The objectives were (1) To generate initial information on the pharmacokinetics,
dose proportionality, sensitivity and specificity of the analytical methodology for
monitoring nevirapine piasma levels; (2} To assess safety and tolerance of single
rising oral doses of nevirapine in subjects with HIV infection; {3} To determine
dose to achieve trough plasma levels of 10-20 X IC,, which can serve as the initial
dosage level, as well as to determine a preliminary dosing interval and dosage
escalation schedule for a multiple dose clinical study in HIV infected subjects.

Twenty one HIV-infected patients received (N =3 for each dose) 2.5, 12.5, 25, 50,
100, 200 and 400 mg single dose nevirapine {tablets used 2.5 mg, 12.5 mg and
50 mg). Biood samples were collected up to 48 hours for 2.5 and 12.5 mg dose
and up to 168 hours for doses = 25 mg.

Results:

Mean plasma concentrations of nevirapine are presented in Figure 3 and
pharmacokinetic parameters presented in Tables 5 and 6. Plots of Cmax and AUC
versus dose are presented as Figures 4 and 5.

The mean haif-life, apparent volume of distribution and ciearance were 40 hours
{range 22 to 84 hours}, 1.37 L/kg {range 1.13 to 1.86 L/ka) and 1.37 = 0.17
mlL/kg/min, respectively. Figures 4 and 5 and Tables 7 - 9 indicate (a) When AUC
or Cmax is plotted against dose there is deviation from linearity; (b} When dose is
adjusted for weight, Cmax and AUC appear to show linearity with dose; {c) higher
doses resulted in shorter half-life; (d) patients with history of intravenous drug use
had longer half-life (median of 65 compared to 34.5 for those patients with no
history of i.v. drug use); (e) patients taking concomitant antifungal had the highest
AUC for their doses.
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In conclusion, AUC and Cmax tended to be non-linear at the highest dose. Dose
adjustment for weight tended to show linearity in Cmax and AUC, suggesting that
with a fixed dose, patients lighter in weight may tend to have more toxicity related
to high drug concentrations. History of |.V. drug use appears to increase half-|ife.
Higher doses tended to result in longer Tmax and shorter T,,,. Higher AUC in
patients using antifungal medications concomitantly were noted, which is
consistent with the knowledge thiat nevirapine is metabolized by CYP4503A
isgenzyme. However, results from this stuay should be considered preliminary
since the study was a single dose (nevirapine undergoes autoinduction), parallel
design using several concomitant medications and in very few patients.

....................................................................................................................

Title: An Open-l.abel, Staggered Rising Dose Cohort Study Assessing Safety,
Tolerance, and Activity of Nevirapine (BI-RG-587) in Patients with HIV Infection
{CD4 + Cell Count <400 mm?), (Study # 1100.744, Volume 82, Page 1)

The objectives were to evaluate in HIV-infected adult patients (CD4 + counts <
400/mm?®) the: (1) Safety and tolerance of multiple oral doses of nevirapine for up
to 24 weeks; (2) Pharmacokinetics and dose proportionality of multiple doses of
nevirapine; (3) Effects of treatment with nevirapine for up to 24 weeks on
virological activity (p24 antigen levels) and immunologic response {CD4 + count).

This was a staggered dose-escalation study, evaluating single daily doses of 12.5,
50, 200, and 400 mg, starting with the lowest dose of nevirapine (N= at least 10
patients for each dose level). Originally, it was planned to study doses up to 250
mg however, the protocol was amended to replace 250 mg with 200, 400 and
600 mg dose (data analysis from 600 mg dose is not part of this report). Blood
sampling for pharmacokinetics determinations was performed on Days O and 14 at
0.5, 1,2, 4, and 8 hours and urine was collected over 24 hours. Further, troi'gh
levels were determined on Days 1,3, 4, 7 and 15 and in some patients nevirapine
trough levels were periodically determined up to 100 days.

immune complex dissociation {ICD) p24 antigen levels (virological activity,
measured up to 24 weeks of treatment) that declined to less than 50% of their
baseline were defined as having a response to nevirapine therapy and if the
response was seen on two consecutive visits, patients were defined as responders.
Patients showing increase in CD4 + counts of 50 or more on two consecutive
visits were defined as having immunologic response.

Results:

Nine of the £2 patients enrolled completed nevirapine treatment for 24 weeks.
Median change in baseline of ICD p24 antigen and CD4 + counts are presented in
Figure 6 and 7, respectiveiy. The only group showing statistically significant
decline in p24 antigen ievels at weeks 24, 8, 12 and 16, was the one receiving the

Draft 8/9/98 5/12/96. 3'16/98. 61536 14



400 mg daily dose. The proportion of responders (p24 antigen levels} in sach dose
level was 0/9, 2/6(33%), 3/7{43%) and 13/19{68%) at 12.5, 50, 200 and 400
mg daily doses, respectively. The proportion of responders based on 50 units
increase in CD4 + counts were 1/11{9%), 2/10(20%), 0/8, and 1/22(5%) at 12.5,
50, 200 and 400 mg daily doses, respectively.

Mean nevirapine concentration profiles for first dose and steady-state are
presented in Figures 8 and 9, respectively. Pharmacokinstic parameters are
presented in the following tables:

Nevirapine pharmacokinatics following first dose

Dose img/day) Cmax1 Cmint Tmax1 (median)
Number of patients gimL wgiml hours
125 (N=10) 0.11 = 0.02 0.07 + 0.0 2.0
50 IN=10Q) 0.61 x 014 0.38 + 0.06 1.5
200 (N=9) 1.96 £ 0.53 1.48 = 049 4.0
400 (N=14) 343 =+ 1.04 272 £+ 0.72 4.0
S - - . -

Based on single dose data, dose adjusted Cmin {Figure 10} for four different dosses
was not significantly different and also dose adjusted Cmax for 12.5, 50 and 200G
mg doses was not significantly different. However, dose adjusted Cmax for 400
mg dose were significantly higher at 50 mg than at 400 mg (Figure 11). Besed on
single dose nevirapine Cmax, the pharmacokinetics of nevirapine appear tu be
proportional between 12.5 to 200 mg dose.

Nevirapine pharmacokinetics following multipie doses:
[ .

Dose img/dey!} Cmax,, Cmin, pg/ml Cmin,, ug/ml CL/F Accumulstion
Number of wg/mL ft=0) t= 24) imLikg/te) Ratio

patients

12.5 (N=10} 0.38 £ 0.1 0.25 £ 0.07 0.22 + 0.07 24.57 = 68.50 2,97 + 0.77
50 IN=10) 1.75 = 0.56 1.24 + 0 .47 1.16 £ 0.5 2489 = 12.06 3.04 x1.25
200 (N=6) 3.60 = 0.49 2.17 » 0.53 1.92 + 044 46.55 + 8.59 1.51 £ 0.3C
400 (N=10) 7.24 £ 1 4 436 ¢ 0.84 368 = 1.37 44 00 = 11.68 1.46 + 0.63

A R S —— Nyt

Significantly (2 fold) lower accumutation ratios and higher CL/F values (Figure 12},
were obtained for higher doses (200 and 4C0 mg} compared to the lower dose
{12.5 and 50 mg)} group. There were no significant differences in any of the
parameters between 12.5 and 50 mg doses; and between ?70 and 400 mg doses.
Boxplots of average nevirapine trough concentrations over time (14 to 99 days) for
200 mg and 400 mg group are presented in Figures 13 and 14, respectively.
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Dose-Response/Blood Level Response:

Eleven patients in the 400 mg daily dose group had p24 antigen levels (Table 10)
over at least six weeks of therapy. The applicant stresses that three of the four
patients with the shortest duration of p24 suppression below 50% of their baseline
had 3 of the 4 lowest steady state trough concentrations. However, this reviewer
dose not see any association of lower trough concentration and lack of p24
suppression. Patient 1105 with the lowest mean Cmin had a response and

Patients 120 and 127 had mean Cmin of 3.6 yg/mL; one showed activity and the
other did not).

In conclusion, based on steady state conditions, the pharmacokinetics of 12.5 and
50 mg doses appear toc be proportional and further, the pharmacokinetics of the
400 mg dose appear to be proportional to the 200 mg dose of nevirapine.
Apparent oral clearance of the higher doses {200 and 400 mg) was double that of
the lower doses (12.5 and 50 mg) and the accumulaticn ratio of the lower doses
was 2 fold higher than the high dose. Results indicate that a 400 mg/day dose of
nevirapine reduced {CD p24 antigen levels in 68% of the patients {13/19).
Immunologic activity (increase in CD4 + counts) was not impressive for any of the
doses tested. Although CD4 + and ICD p24 were the surrogate markers used at
the time the study was conducted, recent trend is to monitor the viral load and
genotype.

-------------------------------------------------------------------------------------------------------------------

Title: An Open-Label, Staggered Rising Dose Cohort Study Assessing the
Pharmacokinetics, Safety, and Tolerance of BI-RG-587 in Combination with
Zidovudine in Patients with HIV Infection {CD4 + Celi Count <400 mm?), (Study #
1100.834, Volume 90, Page 1)

The primary cbjectives of this study were: (1) Pharmacokinetics and dose
proportionahty of multiple doses of nevirapine in combination with zidovudine
{ZDV); (2) To assess the safety and tolerance of multiple oral doses of nevirapine
in combination with ZDV; (3} Effect of nevirapine or ZDV pharmacokinetics; (4)
Plasma leveis of nevirapine when co-administered with ZDV and to compare these
levels with those obtained in study 1100.744 in which nevirapine was
administered alone.

Secondary objectives were to obtain virologic and immu.iologic activity data on the
combination of nevirapine and 2DV, and to examine whether resistance to either
drug is slowed by using the combination therapy.

The study design was similar 1o study 744 {described earlier in the review), except
patients were admir.istered ZDV 600 mg/day (200 mg tid) and nevirapine {12.5,
50, 200, 400 or 600 mg/day) was added to their regimen on Day 7 of the study.
All nevirapine doses (except 600 mg given as 300 .ng bid) were administered once
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daily. If toxicities associated with ZDV or nevirapine were reported in any patient,
the relevant {(ZDV or nevirapine) drug dose was reduced until toxicities resoived.
Eighty three patients enrolled (10, 10, 20, 3, 22 and 18 patients in 12.5 mg/day,
50 mg/day, 200 mg/day, 400 mg/day, 400 mg/day atter 200 mg lead-in dose for
2 weeks, 600 mg/day after 4 weeks of 200 mg/day lead-in dose, respectively) and
63 patients completed the study. Most patients were white (88%) males (93%]).

Blood sample for pharmacokinetics determinations were drawn on Days -7, 0 and
14 (Day O refers to when nevirapine was added to the regimen), subsequently the
protocol was amended to take biood samples only on Day -7 and 14 {or Day 14
after the lead-in dose}.

Results:

Median changes from baseline of ICD p24 antigen and CD4 + counts are
presented in Figures 15 and 16, respectively. The proportion of responders (p24
antigen levels, defined in study 744) in each dose level were 25%, 75%, 58%,
89% and 89% in 12.5, 50, 200, 400 and 600 mg daily dose, respectively. The
proportion of responders based on 50 units increase in CD4 + counts ranged
between 10% at lower doses to 28% at the 400 mg dose.

Nevirapine Pharmacokinetic Parameters:

Mean nevirapine concentration profiles for first dose and/or steady-state are
presented in Figures 1B (panel A to E}). Pharmacokinetic parameters are presented
in the following tables:

Nevirapine pharmacokinetics following first dose

e L e ey |
Dose imgiday! Cmax1 Cmmnl Tmax1 (imedian)

Number ot patients wgimL wgimL hours

125 (N=6) 017 2 0.03 0.10 = 0.04 1.5

50 (N=6} 053+ 010 0.35 + 0.06 2.8

200 (N=9) 189 : 040 1.22 = 0.22 25

Based on single dose data tuose adjusted Cmin or Cmax values were not

s anificantly different for 12.5, 50 and 200 mg dosas. First dose mean nevirapine
Cmax and Cmin observeo in this study were compearable to those obtained in study
744 {Nevirapine administered alone), suggesting coadministration with ZDV did not
significantly affect nevirapine pharmacokinetics.

The multiple dose pharmacokinetics were characterized on different days
depending on the dose administered (becauce of lead in 200 mg/day for 400 and
600 mg/day dose). Mean study day of muitiple dose pharmacokinetics was Day
14, 28 and 42 for doses of 200 mg, 400 mg and 600 mg/day, respectively.
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Nevirapine pharmacokinetics following multiple doses:
e

B e
Dose (mg/day) Cmax,, Cmin,, pro/mL CL/F CL/F Accumulation
Number of pgiml {tuQ) Litw (mb/kg/he) Ratie
patiemts
12.5 (N=6} 05 ¢+ 017 0.33 £ 0.10 1.5t + 0.43 21.97 = 4.57 3.16 £ 0.35
50 (N=6} 1.50 =+ 015 1.03 £ N2 1.79 £ G012 2316 » 1.86 292 + 0N
200 IN=8) 4.01 + 0.94 2.48 + 0.86 3.22 + 0.66 4533 + 12.86 1.83 = 0.56
400 (N=13} 691 =+ 1.)M 447 + 0.79 364 £ 1.16 4243 + 1498
600 IN=9 842 = 325 6.25 + 2.32 416 + 1.28 52.74 ¢ 17.68
T - e - - - - - < |

There were no statistically significant differences between pharmacokinetic
parameters (dose corrected where aprropriate} of lower doses {12.5 and 50
mg/day) and between higher doses (200, 400 and 600 mg/day). However, a
significantly {about 2 fold) lower accumulation ratio and higher CL/F for high dose
{200, 400 mg) were obtained compared to the low dose (12.5 and 50 mg) group.
Further, the increase in mean CL/F was 2.5 fold for the 600 mg/day dose
compared to low dose {(12.5 and 50 mg). Apparent oral clearance adjusted for
body weight is presented in Figure 18, this figure suggests that CL/F for daily
doses of <2 mg/kg, <7mg/kg and >7 mg/kg were 2L/hr, 2 to 4 L/hr {for most
subjects) and between 4 to 6 L/hr,

Nevirapine dose-adjusted Cmin, Cmax, and apparent oral clearance versus dose are
presented in Figures 19-23 were consistent with the findings noted in the aarlier

study.

ZDV Pharmacoxinetic Paramaeters:
Percent change in ZDV Cmax and AUC are presented in the following table:

- TS
Neavirapie Dose 12.5 {N = 86} S0 mg iN=6) 200 (N=6) 400 mg IN=8) 600 mg (N=8)
mg/day
{Numbaer of
patients)
Cman(% )Median 24 2 19 0 30
Mean 23 + 45 -8 + 26 69 » 133 2+ 51 46 + 94
Range -41, 78 -44, 30 37. 16 -64, 74 -50, 1B%
p-valus 0270 0.495 0.258 0.907 0.2N8
AUC (% )Median -5 - 5 -13 13
Maean 5 + 32 17 ¢ 16 5 = 23 3 x589 -8 + 38
Range 33, 57 -3, 13 -26, 36 -56, 128 -46, 63
p-value 0.705 0.048 0.630 0.888 0.557
— Sd——— S——

The ZDV concentration time profiles taken alone and concomitantly with nevirapine
are presented in Figure 24. The percent change in ZDV Cmax {Figure 25) was
highly variable (range of median -2% to + 30%) among treatment groups. The ZDV
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AUC was significantly reduced in 50 mg treatment group and in other treatinent
groups no significant differences were rioted. Review cf individual data (Table 11 )
showed that following autoinduction by nevirapine, the percent change in ZDV
AlUC or Cmax was highly variable and at clinically relevant doses {200 - 400
mg/day) the mean change in AUC was -13% (range -£5, 128).

Dose-Response/Biood Level Response:

Percent change in ICD-p24 plotted against dose is presented in Figures 26 and 27,
dose dependent decrease in ICD-p24 was observed. Uoses higher than 200
mg/day did not indica.e any further decrease in ICD p-24 although variability at
600 mg/day dose was much lower compared to lower doses.

The concentration-effect relationship was assessed by the applicant by piotting
(Figure 28) median steady state trough concentrations for eaci patient against
change in p24 on Day 84 of the treatment. Appliicant indicates that trough
concentrations greater than 2.5 yg/mL may be needed to obtain a desirable
decrease in ICD p24 antigen leveis. However, some of the limitations of this
analysis are: Very few patients in the lower dose ievel, other co-factors are not
taken into consideration and ZDV concentrations are not taken into account.

In summary, addition of nevirapine 12.5, 200, 400 or 600 mg/day did not
significantly affect ZDV AUC, while, addition of 50 mg/day significantly {-21%)
reduced ZDV AUC. At clinically relevant doses of nevirapine, mean steady state
ZDV pharmacokinetics {Cmax and AUC4} did not appear to be significantly
affected. The nevirapine pharmacokinetic parameters were consistent with those
observed in study 744. Nevirapine apparent orai clearance was about 2 fold
greater at 200 - 400 mg/day dose and about 2.5 fold higher at 600 mg/day dose
than at the iower doses. Further, the pharmacokinetics of higher doses 200 - 400
mg/day appear to be linear.

Title: Report on the First 28 Days of Trial 1100.1009: Evaluation of the
pharmacokinetics interaction and safety/tolerance of nevirapine, zidovudine (ZDV),
dideoxyinosine (ddi} and dideoxycytidine (ddc) in HiV-1 infected adults when
nevirapine is given in combination with ddi, ZDV + ddi, and ZDV -+ ddc in the
clinic of {Study # 1100.1009, volume 72, page 79)

The study objectives were (1) to characterize the effects of concurrent nevirapine
administration at 200 mg q12h on steady state pharmacokinetics of zidovudine
(ZDV), dideoxycytidine {(ddc) and dideoxyinosine {ddi); (2) to assess safety and
tolerance of nevirapine in combination with ddi, ZDV + ddi, or ZDV + ddc over a
24 week period; and (3} to evaluate the virologic and immunologic activity of the
above therapeutic regin.ens. The pharmacokinetics were evaluated during the first
28 day period of the study and this report only covers that period (objective 3 is
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not covered in this report).

This study was conducted in 24 patients with CD4 + cell counts <400 mm?® and
=50 mm®. Six patients (power to detect 50% difference) each were assigned to
the following four treatment groups (each treatment group received nevirapine
{NEV) 100 mg gq12h for the first two weeks followed by 200 q12h for 22 weeks):

A 200 to 300 mg ddi in divided doses q12h (NZV given concurrently)

B 200 to 300 mg ddi in divided doses q12h (NEV given 2 hours prior to ddi}

C 200 to 300 mg ddi q12h + 300 - 600 mg ZDV given tid + NEV given 2 hours
prior to nucleoside administration.

D 0.375 to 0.75 mg ddc given tid, + 300 - 600 mg ZCV given tid + NEV given
concurrently.

All patients were on these nucleoside regimen without any dose change, for at
least 6 weeks prior to the study. On Day -1, blood samples were collected for
measuring nucleoside concentrations, using validatea assays. On day O, 100
mg gq12h of nevirapine was added and on Day 14, the nevirapine dose was
increased to 200 q12h. On Day 28 blood samples were collected to evaluate
effect of nevirapine, on steady state pharmacokinetics of nucleoside (comparing to
Day -1, paired t-test).

Results:

The applicant had only reported the mean differences in AUC and Cmax. At the
request of this reviewer, the applicant submitted (dated 5/13/96} the mean AUC,
Cmax, oercent difiterences and a plot comparing apparent oral clearance CL/F (L/hr
and mL/kg/nr}) in this study and other studies.

Pharmacokinetic parameters for individual subjects can be found in Tables 12-15,
Mean parameters are summarized in the following table:

e e i |
Nucieoside AUC (ng"h/mL) Cmax ng/mL
- Nev + Neov % Change p- - Nev + Ne % Change p-
{rangs} value {range)} vaiue
ZDv 729 742 0 0.89 672 = 589 = +4 0.66
{+ DDC) * * {-29 t0 +36) 218 215 -77 10 +971
(N=85) 132 289
20V 1528 1021 -33 0.03 1677 1223 + 15 C.30
{ + DD} * + {-74 10 -3) + 743 712 (-83 10 +84)
(N =6} 361 458
DDI{N=18) 1964 2150 +15 0.29 1398 1461 +9 0.79
t * {-65 10 + 75) + 526 * 907 {-52 to
674 B36 +263)
DDC (N=5) 36 x 36 2 +21 0.96 1225 11 2 4 +1 0.09
22 19 {-29 10 +76) {-26 to + 68}
e o T e R
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Note that ZDV AUC and Cmax were much lower in group taking CDC compared to
group taking DDI.

Effect of Staggered versus Concurrent Nevirapine on ddi:

Dideoxyinosine contains an alkaline buffering agent, p-values {two sample t-test)
for AUC and Cmax for nevirapine indicate no significant differences. However,
when nevirapine was taken 2 hours prior to DD administration, mear nevirapine
AUC and Cmax was 22% and 29% higher, respectively. The sponsor has only
reported that the means were not significantly different without reporting the
percent increase. The results indicate that taking nevirapine 2 houre prior to DDI
may increase the bioavailability of nevirapine by about 20%.

Effect of Nevirapine on ddi PK:

No significant differences were found in the mean steady state ddi AUC (mean
difference 187 + 724 ug*h/mL) and Cmax (mean difference 62 + 962 pyg/mL).
Individual data revealed that patients 1603 and 1610 had substantial increases in
ddi concentrations.

Effect of Nevirapine on ddc PK:

No significant ditfferences were found in the mean steady state ddc AUC {mean
difference 4.2 = 12.7 ng*h/mL) and Cmax (mean difference 0.45 + 5.4 ng/mL).
Individual data revealed that patient 1631 had substantial increases in ddc
concentrations (aithough this patient had vomited on the day of treatment).

Effect of Nevirapine on ZDV PK:

(ZDV + ddc group):

No significant differences were found the in mean steady state ZDV AUC (mean
difference 13 + 209 ng*h/mL) and Cmax (mean difference -84 + 394 ng/mL).
Individual data revealed that patient 1631 had substantial increases in ZDV
concentrations.

(ZDV + ddti group)

A significant decrease (32%, p=0.02) in the mean steady-state ZDV AUC (mean
difference -507 = 409 ng*h/mL) was noted in this treatment group. A
statisticaily non significant decline in Cmax (percent decrease 27%, mean
ditference -454 + 3867 ng/mL) was observed. Individual data revealed that
patients 1624 had a substantial increase in ZDV levels.

Effect of Triple Therapy on Nevirapine PK:

The applicant reports no significant differences (p=0.07, permutation t-test) in
nevirapine clearance ({CL/F) when administered with ddi+2ZDV {2.32 + 1.34 L/h)
compared to when administered with ddc+ZDV (4.21 = 2.22 L/h). However, the
mean clearance in the ddc group is about twice that in the ddi group. The mean
nevirapine clearance reported from historic data is about 3.5 to 4.0 L/hr for 400
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mg per day doses of nevirapine. The nevirapine apparent oral clearance in the ddi
group is about hailf of that observed in the other studies whereas, CL/F for the ddc
group is comparable to the reported clearance. The clearance for individual
subjects has been provided in Figures 29-30. Three patients had CL/F of 0.55,
1.15 and 1.39 producing Cminss of greater than 10 yg/mL who may benefit from
reduction in nevirapine dose. These two groups (ddi and ddc) differed even in ZDV
PK. The reason for this difference is unknown.

The results indicate that nevirapine clearance in the ddi group was much lower
compared to that for the ddc group or to other studies. Reason for this decreased
clearance is not known. It appears that patients taking ddi concomitantly may
benefit from reduction in dose if they are experiencing adverse events reiated to
nevirapine.

In conclusion, a 32% decline in ZDV AUC was noted in the group taking

NEV +ddi+ ZDV. Oral nevirapine clearance was about one half in the group taking
ddi + NEV + ZDV. It appears that patients on ddi+ZDV + NEV triple therapy may
benefit (reduced toxicity) by reducing nevirapine dose.

Nevirapine Sub-group Analyses:

Comparing nevirapine clearance for different group (see below) showed no
significant differences (or trends) in clearance: Difference in CD4 counts, age {18
to 47 years), weight, prior nucleoside use, gender (F = 3}, race {n =2 blacks}.

Title: Double Blind, Rising Single-Dose to investigate the Pharmacokinetics and
Tolerance of Nevirapine (BIRG-587) following Intravenous Infusion to Normal Male
Volunteers (Study # 1100. Volume 65, page 1)

This study was not reviewed (recommended dosing regimen in the labeling is 200
mg qd for two weeks and 200 mg bid oral administration after two weeks).

BIOAVAILABILITY/BIOEQUIVALENCE:

Title: Absolute Bioavailability of Nevirapine From Tablets and Solution Following
Single-Dose Oral and Intravenous Administrations to Normal Adult Volunteers
(Study # 1100.815, Volume 69, Page 50)

In a randomized , open-label, three way cross-over {3 week wash-out} study, the
absolute bioavailability {15 mg i.v. infusion over 37.5 minutes) of nevirapine from
tablets {50 mg) and solution {50 mg) was determined in 12 healthy male
volunteers.
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Results:

The mean plasma concentration time profiles are presented in Figure 31.
Pharmacokinetic parameters for individual subjects are provided in Table 16. Mean
pharmacokinetic parameters are summarized below:

Mean Cmax AUC (0-inf) | Tmax T2 F - Compartmenmal

+ ng/imL | pg * himl h h Absolute Parameters LV.
5.0. bio.

50mg || 5542 [ 33.7 71 | 1.4 483+ | 910 cL T8
Sol. 112 10.6 8.3 mL/kg/h

50mg 6512 345z 73 | 1.0 51.32 93.0 ¢ 18.0 = 52.8¢

Tablet 119 11.0 9.2 4.5

“he mean absoiute bioavailability of 50 mg solution or tablet doses of nevirapine
was greater than 90% (range 77 to 112}. Mean Vdss following i.v. infusion, oral
solution and oral tablets was 1.34 x (.12, 1.33 £ 0.11 and 1.37 + 0.14 L/kg,
respectively {Table 16). The i.v. data were best described by a two compartment
model (Boxenbaum F test) compared to a one compartment model. Mean Cmax
and Tmax indicate that tablets had slightly better absorption compared to soiution.

....................................................................................................................

Title: Open Label, Randomized, Four-way Crossover Study to Assess the Relative
Bioavailability of Nevirapine in Fifteen Healthy Male Voiluntsers {Study # 1100.896,
Volume 63}

This was an open label, randomized, four-way crossover (14 day washout period}
study in 15 healthy male {14 completed) volunteers to assess the relative
bioavailability, pharmacokinetics and tolerance of nevirapine {four formulations):
100 mg of solution nevirapine powder 0.25 mg/mL in 1.25% citric acid solution;
100 mg of the pediatric suspension (5 mg/mL); and 100 mg doses of two different
tablet formulations, 50 mg (2x50 ma) and 100 mg (1x100 mg).

Results:

Mean concentration time profile for the four formulations are provided in Figure 32.
Individual pharmacokinetic parameters are provided in table 17 and the mean data
are summarized below:
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——— e - - -} .~ — . T
Formuiation AUCint Cmax Tmax Feintive 90% CI for 90% Cl for
Mean t SD ng*h/mL ng/ml h Bio. AUC Cmax
Suspension 74932 1 1184 2 20x29 1.01 2 95.5, 71.0, 849
100 mg 23679 182 0.09 106.3
1*100 mg tablet 75462 = 1050 = 3.0z 39 1.04 = 97.3, 69.1, 82.6
20670 203 017 108.3
2* 50 mg tablet 71433 1103 = 20z 22 0.98 = 92.0, 66.3, 79.3
+ 19918 2N 01 102.4
Solution 71864 1498 = 1.0 £ 11
100 mg 17740 2432
L N L I Sy
:58% E| Based on ln(xUE) and InlEmaxL

The relative bicavailability of the suspension and two tablet iformulations were all
within 90-110% of the solution (Table above). There was no significant difference
in Cmax among the suspension and tablet formulations. However, Cmax was
significantly lower and mean Tmax higher for the suspension and two tablet
formulations compared to the solution.

The mean apparent oral clearance (CI/F), Vdss, T,,, and MRT were 18.98 + 4.0
ml./kg/hr, 0.98 + G.12 L/kg, 45.3 = 9.2 hr and 52.9 + 7.7 h, respectively. No
significant differences in CI/F, Vss/F, T,,, or MRT between blacks {n=4) and white
(n = 9) volunteers were noted. No significant period effect was noted for CL/F,
Vdss, T,,, and MRT.

Title: An In-Vivo Bioequivalence Assessment of Nevirapine 200 mg Tablets
Manufactured in the Production facility of Boehringer Ingelheim Pharmaceuticals,
Inc., Danbury, CT (Study # 1100.934, Volume 87)

The objectives of this study were to assess the bioequivalence of an NDA batch
(NDA3; Lot PD-1462) of nevirapine 200 mg tabiets relative to a clinical batch (Lot
PD-1229) of 200 mg tablets; to assess the bioavailability of nevirapine tablets
relative to an oral solution; and, to further assess safety and tolerance of single
dose nevirapine 200 mg.

Twenty four {18 completed) healthy male volunteers received single doses of four
treatments (wash out three weeks between treatments} in a random assignment to
a 4X4 Latin Square design. Blond samples were collected for 168 hours following
treatment for bioequivalence and bioavailability assessments. Following are the
four treatments adm:nistered:
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Treatment A: One 200 mg milled tablet {clinical batch)

Treatment B: One 200 mg milied tablet (NDA batch)

Treatment C: Four 50 mg unmillad tablets (clinical batch)

Treatment D: 400 mL of citric acid solution containing 200 mg nevirapine.

Results:

The mean pltasma concentration time profiles are presented in Figure 33 and
pharmacokinetic parameters for individuals are presented in Tables 18 - 21. Point
estimates and 30% C.| are presented in the following table:

— o
[ Parsmuter | Point 90% Ci T:dm 90% CI Poimt 90% CI Paint | 80% ClI
sstimate B/A sstimate A/D estimate B/D estimate C/D
B/A A/D 8/D c/D
AUC 0.96 0.93-1.00 i.08 1.04-1.11 1.03 1.00-1.07 1.03 0.99-1.07
Ln AUC 0.96 0.82-0.99 1.08 1.04-1.12 1.04 1.00-1.07 1.04 1.00-1.07
AUCint 0.97 0.93-1.00 1.06 1.02-1.09 1.02 0.99-1.06 1.04 1.00-1.07
Ln AUCinf | 0.96 0.93-0.99 1.06 1.02-1.09 1.02 0.98-1.05 1.03 1.00-1.07
Cmax 1.06 ©.896-1.15 | 0.85 0.77-0.83 | 0.9 0.82-0.98 | 0.92 0.84-1.00
Ln Cmax 1.06 0.98-1.15 | 0.B4 0.77-0.92 | 0.9 0.82-0.97 | 0.90 0.82-0.97
Tmax 0.39 - 2,93 - 1.03 - 1.19

The data indicate that the 200 mg milled tablets (production lot} are bioequivalent
(90% CI for Ln AUC and Ln Cmax within 0.80 to 1.25) to the 200 mg tablets used
in the pivotal clinical trial. The results atso indicate that oral tablet formulations
were complerely bioavailable relative to the solution formutation however, as would
be expected the tablet formulations had a lower Cmax compared to solution. It
should be noted that Tmax for the clinical trial 200 mg tablets was longer
compared to other tablet formulations.

Effect of Food:

Title: Randomized, Open Label, Four Period, Three Treatment Crossover Study to
Assess the Effects of Food or Antacid on the Bioavailability of Nevirapine in Normal
Adult Volunteers {Study # 1100.1055, Volume 75)

The objectives were to: (1) determine the effect of concurrent administration of
antacid (Maalox) or food (high fat) on the bicavailability of nevirapine; (2) assess
the effects of gender on nevirapine pharmacokinetics and (3) further assess
safety/tolerance of nevirapine 200 mg single dose.

Twenty four (12M, 12F) healthy volunteers received tivree treatments: A =200 mg
nevirapine fasting; B =200 mg nevirapine following high fat meal; C=200 mg
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nevirapine followed by 20 mL Maalox. The sequence for crossover administration
(n=4 per group, three weak washout period) was ABCA, BCAB, CABA, CBAC,
BACB, ACBA.

Resulits:
The mean plasma concentration time profiles are presented in Figure 34 and
pharmacokinetic parameters for individuals are presented in Tables 23 - 28.

The mean pharmacokinetic parameters are presented in the following table:

|==-=l====-——-=___—_—-=_-_—__——l==
M_an : SD Fasted Fed Antacid
AUCint pg*h/mt. 140.8 + 421
Maan 1346 = 32.7 1405 + 32.4 99.0, 108.7
90% CI 98.5, 108.2 0.148
P-value 0.201
AUCO-t yug*h/mL 123.9 = 301
Mean 1211 = 247 1247 = 21.9 9€.1, 104.3
90% ClI 96.9, 105.1 0.426
P-vaius 0.246
Cmax ug/imL 1.7 + 0.3
Mean 2.1 207 1.9 £+ C.3 75.0, 93.0
90% CI 86.5. 1045 < 0,0
P-vaiue 0.328
Tmax 84 £ 1.0
L Mean = SEM 4.4 1.0 6.3 +10 2-24
Rangea 1-10 1-24 < 0.01
P-value < 0.

— — L B N

The results indicate that both food and antacid significantly affect the rate (Tmax)
of absorption anu further, antacid significantly reduces the nevirapine Cmax.
However, extent {AUC) of bioavailability is not affected by either food or antacid.

As shown in the following table, gender does not have any significant effect on

CLU/F, T,,, and MRT. Vdss was statistically significantly reduced in males however,
the mean difference was about 10%.
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e e e e
Mean + SD Females (N=12) Males (N=11) Al
P-Value)
CL/F 1.48 £ 0.31 1.68 z 0.45 1.57 = 0.39
L/h {0.45)
CL/F 23.0 + 55 220 x 5.1 225 + 5.2
mLrkg/h {0.61)
MRT 730 = 15.7 68.1 = 126 706 » 14.2
h 10.41)
T1/2 47.3 44.6 45.9
h {harmonic Mean) 0.61)
Vdss 160+ 018 1.45 = 011 i52 = 0.7
Likg {0.04)
= & . .. - 5 . ... - . -

In conclusion, food and antacid significantly affect rate of absorption of a 200 mg
singie dose of nevirapine without significantly affecting the extent. Since extent of
bioavailability is not significantly affected by food or antacid no dose adjustments
are needed. Gender does not significantly affect the pharmacokinetics of a single
dose 200 mg nevirapine. There was one reported spontaneous aborii.n which was
not attributed to the drug by the investigators.

PEDIATRICS:

Title: A single Rising Dose Pharmacokinetic Phase | Evaluation of Nevirapine
Suspension by Oral Administration in Children with HIV-1 Infection (Study 0853,

Study # 1100.853, Volume 56, Page 61)

The objectives of the study were {1} To generate initial information on the
pharmacokinetics and dose proportionality in HIV-infected chiidren; {2) To assess
the safety and tolerance of single rising doses of nevirapine in HIV infacted
children; (3) To confirm that single doses which achieve trough plasma levels of
about 10-30 X IC,, and 100-200 X IC,, in adults achieve similar trough levels in
HIV-infected children and to determine a preliminary dosing interval and dose

escalation schedule for a multiple dose clinical study.

Nine HIV-1 positive children (9 mo. to 14 years) were administered 7.5, 30, or 120
mg/m? (N =3 for each dose) of nevirapine as pediatric suspension in a parallel

design study.

Results:

The mean plasma concentration time profiles are presented in Figure 35. The
pharmacokinetic parameters obtained are summarized in the following table:
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—“-n_—_-—__-—
Mean t SO 7.5 mg/m* Dose 30 mg/m? Dose 120 mg/m? Dose Qwverall
{N=3) (N = 3} (N=3) Combmned for all

doses

Cmax ngimiL 265 + 70 724 + 1€9 2870 = 230

X IC, ** 25 68 2M

Tmax {median h) 2 z 4

AUC ng"h/mi 3151 = 1687 30233 = 5912 135137 + 4254

CL/F 335 + 94 406 + 13.2 36.3 £ 2.3 36.8 = 105

mi./Kg/h

Haii-Life ihi Range 1810 49 16 to 39 27 w0 24 24.8 (harmonic
Mean)

li' - Emax sxpressed a3 multple of in-wvitro N R

Looking at the relationship between dose and Cmax and AUC, the
pharmacokinetics appear to be dose proportional (Figure 36 and 37). Mean
apparent clearance and half-life appear to be similar for all three doses.

The nevirapine clearance decreases with increasing age (figure 5 and 6 of the
report). Age related clearance was also reflected by correlation between age and
half-life (Figures 38). One 9 month old subject who had active hepatitis during the
trial had a longer half-life {35.5 hours) . Apparent clearance adjustec for body
weight correiated well with age and was about 42.64 mL/kg/hr for under 6 year
old children compared to 29.5 for children between the ages of 7 to 14.

Comparison of pharmacokinetic parameters (single dose data) between HIV
tnfected children and adults (Figures 39 and 40) reveal that children had higher
clearance ({36.8 =+ 10.5 versus 18.9 = 4.0 in adults) and shorter half-life (24.8
versus 45.3 hours). However, since it is known that nevirapine undergoes
autcinduction, clinical relevance of single dose data in pediatric patients is
unknown. Further, pharmacokinetic data in pediatric patients is limited to 3
patients at each dose level.

tn conclusion, doses of 7.5 to 120 mg/m? appear to be dose proportional.
Apparent nevirapine clearance appears to decrease with age. Assuming similar
bioavailability in children and adults {(pediatric suspension was bioequivalent to
tablets in adults), children appear to have higher clearance and lower AUC and
haif-life. Since nevirapine undergoes autoinduction, clinical relevance of single
dose data is difficult to interpret and is unknown.

SUBPOPULATION ANALYSIS:
Nevirapine steady state trough concentrations were monitored in studies
1100.744, 1100.834, 1100.1037, 1100.1031 (ACTG 241). The individual
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patient median Cminss (N = 387 patients} was utilized for determination of the
relaticnship of Cminss to factors such as demographics (age, weight, gendsr,
ethnicity} and disease state (HIV classification, nistory of Hepatitis B). Resuits are
summarized in Figures 41 to 55 and the following table summarizes the data:

Mean £ SD of Median Cminss computed by the applicant: The numbers reported
in the body of the report were slightly ditferent than what was found in the SAS
output. The following table has been compiled from the data found in the SAS
output:

P N
Varisble Median Cminss
Doses reportad are mg/day
200 mg dose (IN=127) 284 + 1.23
400 mg dose (N = 242} 447 + 1.86
600 mg dose (N=18) 580 + 1.96
Trisd 744, 400 mg N =18 406 + 1.
Trisl 834, 400 mg N=25 413z 1.70
Trisd 1031, 400 mg N= 156 46 195
Trisl 3037, 400 mg N =43 4.34 + 1.68
Fomains. 400 mg, N= 37 4.98 + 2.97
Male, 400 mg. N =205 438 ¢ 158
Blacks, 400 mg. N= 27 553 x 3.3
Hispanic3, 400 mg, N=24 390+ 1.76
Whites, 400 mg, N= 189 440 + 1.5
AIDS or ARC, 400 mg, N =64 458 + 1.83
HIV Asymptomatic, 400 mg, N=178 443 ¢+ 1.88
No Hepatitis B, 400 mg. N =196 4.50 = 1.87
Yea Hepatitis B, 400 mg. N= 46 433 + 1.84

Dose Froportionality: Median Cminss for 200, 400 and 600 mg/day were 2.84 +
1.33 ug/mL (N=127), 4.46 + 1.86 ug/mL (N=242), and 5.9 & 1.95 ugmlL
(N =18}, respectively. The median Cminss appears to increase linearly.

None of the nevirapine treatment regimens in combination with ZDV {(n=185) or
ZDV + dd! (n=176) had an effect on the nevirapine Cminss compared to
nevirapine monotherapy {(n=26). However, in study 1009 decreased steady state
apparent clearance was noted for patients receiving ddi as compared to that of
monotherapy. This finding questions the validity of using median Cminss to look
for differences in npharmacokinetics.
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No trend in increased or Jecreased median Cminss was noted based on age,
gender, weight, ethnicity baseline disease factors {AIDS, ARC, Hepatitis B).
However, as discussed 2arlier in the review, the single dose pharmacokinetics of
nevirapine in pediatric patients differ between children and adults. This is possibly
due to metabolic differences {hepatic metabolic systems are more active in younger
children than in adults) and not due to formulation differences (suspension and
tablets were equally bicav ailable in adults).

Subpopulation Analysis for Drug Interactions:
(Fax submission 5/10/96)

Median Cminss {r =311) from studies 1100.744, 1100.834, 1100.1010,
1100.1011, 1100.854, 1100.1037 and 1100.1031 (ACTG 241) were used for
assessment of drug interactions. Boxplots {(Figures 56 to 53} compare median
Cminss for all the patients to the median Cminss *or patients who were also
concomitantly taking rifampin {n =2}, rifabutin (n =18, Figure 56), cimetidine
{n=12), ranitidine {(n= 18, Figure 57), erythromycin (n =3}, clarithromycin {n =14},
azithromycin {(n =7, Figure 58), ketoconazole (n=11, Figure 59).

It can, be seen that cimetidine and macrolides, known inhibitors, elevated
nevirapine median Cminss whereas, rifampin and rifabutin, know inducers of
CYP3A slightly lowered median Cminss compared to overall median Cminss. |t
appears that cimetidine, macrolides and rifampin would have a significant
interaction because most of the median Cminss in these groups were outside the
range of 75% (upper or lower limit of the boxplots) of Cminss for the overall
patients.

Based on the finding that Cminss comparisons for patients taking ddl did not
appear to be different {to overall patient population, Figure 43); whereas, the mean
neviragpine apparent clearance (Figure 30} for the group taking ddl was reduced to
50%. This finding indicates that the reliability of Cminss as a surrogate marker for
interactions is questionable. Median Cminss may give a preliminary indication of
interaction, but the extent of drug interaction cannot be based on comparing the
median Cminss. Further, nevirapine’'s effect on the metabolism of other orugs is
unknown.

In vitro Drug Interaction Studies

This section describes assessment of in vitro interaction between nevirapine and
cummonly used medications in patiants with the HIV-1 infection: dapsone,
rifabutin, rifampin, ketoconazole, trimethoprim, sulfamethoxazole

Nevirapine is metabolized in vitro to 2-hydroxy-nevirapine (ZHNVP),

Dratt 8996 % 1298 51896 61596 30



3-hydroxy-nevirapine (3HNVP), 8-hydroxy-nevirapine (8HNVP), and hydroxymaethyl-
neavirapine (HMNVP), hereafter referred to as 12-hydroxy-nevirapine {12HNVP).
2HNVP and 12HNVP were the major metabolites. BHNVP, a minor metabolite, was
not detected in all of the analyses and, therefore, was not included in the
applicant’s data anailysis for all the in-vitro drug interaction studied.

Title: Potential for Metabolic Drug Interaction with Nevirapine as Determined in
vitro with Human-Liver Microsomes {Dapsaone, Report # U95-3023, Volume 70 }):
The potential for drug interactions between nevirapine (0, 25 and 100 M) and
dapsone (0, 0.8 and 8 yM) was examined in vitro using human liver microsomes.

The rates of formation of 2ZHNVF, 12HNVP, and 3HNVP in the 25

4M nevirapine incubations containing no dapsone were 1.0, 1.3, and 0.2
picomoles/minute/milligram of microsomal protein, respectively; in the 100 M
nevirapine incubates with no dapsone, the rates of formation were 5.2, 6.2, and
0.5 picomoles/minute/milligram of microsomal protein, respectively. Adding 0.8 or
8.0 uM dapsone to the incubations with nzvirapine gave similar rates (Table 29
and 30} of metabolic formation which were not statistically significant.

In Conclusion, the data suggests that the drug interactions between nevirapine and
dapsone may be less likely in patients receiving these concomitant medications.
However, the effect of nevirapine on dapsone is unknown.

Title: Potential for Metabolic Drug Interaction with Nevirapine as Determined in
vitro with Human-Liver Microsomes {Rifabutin, Report # U95 3150), Volume 70}:

The primary objective of this study was to determine the effect of rifabutin on the
in vitro metaboiism of nevirapine by human liver microsomes. As a secondary
objective, the effect of nevirapine on the metabolism of rifabutin in these
incubations was monitored. The potential for drug interactions between nevirapine
(0, 25 and 100 M) and Rifabutin (0, 0.6 and 6 M)} was examined in vitro using
human liver microsomes.

The rates of formation of 2ZHNVP, 12HNVP, and 3HNVP in the 25 yM nevirapine
incubations containing no rifabutin were 1.23, 1.23 and U.369
picomoles/minute/milligram of microsomal protein, respectively; in the 100 uM
nevirapine incubates with no rifabutin, the rates of formatiocn weie 5.85, 5,43 and
1.68 picomoles/minute/milligram of microsomal protein, respectively.

Statistically significant reductions in the rates of nevirapine metabolite formation
were observed in the presence of rifabutin (Tables 31 and 32). The highest {31 %)
reduction was observed in the rate of 2HNVP formation by 6.0 M of rifabutin.
The apparent Ki's of nfabutin on the in vitro formation of the two major
maetabolites, 2HNVP and 12HNVP, by human-liver microsomes were 22 and 44
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uM, respectively. The applicant indicates that these concentrations are well above
the cancentration of rifabutin that would be expected to occur at the site of
metabolism in the liver {(about 6.0 uM}. BHNVP, a minor metaboiite, was not
included in the data analysis d.ie to an analytical problem (co-eluting peak i1 the
chromatogram).

As a secondary objective, the effect of nevirapine 25 or 100 uM concentrations on
rifabutin metabolism was studied in the incubations containing either 0.6 or 6.0 yM
rifabutin. A trend of dose-dependcnt inhibition of rifabutin by nevirapine and a
statistically significant reduction in rate of metabclism of C.6 uM rifabutin in
presence of 100 uM nevirapine was observed. The apparent Ki of nevirapine for
the inhibition of rifabutin metabolism by human liver microsomes was 26 M.

In summary, 6.0 4M rifabutin inhibited the rate of metabolism of 12HNVP and
2HNVP by 25% and 31%, respectively in 25 and 100 /M neviragine incubations,
respectively. Inhibition of HMNVP or 3HNV{ was less than 20%. Apparent Ki
vatues for the inhibitions were 22 and 44 uM for 2HNVP and 12HNVP,
respectively. A trend of dnse-dependent inhibition of rifabutin by nevirapine was
noted. Nevirapine had an zpparent Ki of 26 uM for the inhibition of rifabutin
metabolism in human liver microsomes. This value is about the plasma Cmax
achieved in patients receiving nevirapine. Based on the in-vitro data, rifabutin
inhibition by nevirapine is more likely than inhibition of nevirapine by rifabutin.

Title: Potential for Metabolic Drug Interuction with Nevirapine as Determined in
vitro with Human-Liver Microsomes (Rifampin, Report # U95-3024, Volume 70):

The objective cf this study was to determine the effect of rifampin on the in vitro
metabolism of nevirapine by human liver microsomes. The potential for drug
interactions between nevirapine {0, 25 and 100 ¢M) and rifampin (O, 10 and 30
L4M} was examined in vitro using human liver microsomes.

The rates of formation of 2HNVP, HMNVP, 3HNVP and 8HNVP in the 25

uM nevirapine incubations containing no rifampin were 1.76, 1.37, 1.24 and
0.267 picomoles/minute/milligram of microsomal protein, respectively; in the 100
LM nevirapine incubates with no ritampin, the rates of formation were 10.48,
6.22, 4.91 and 1.34 picomoles/minute/milligram of microsomal protein,
respectively (Tables 33 and 34). 2HNVP formation was significantly reduced
(19%) in the incubation containing 30 uM rifampin and 25 yM nevirapine. An
other difference, although not statistically significant, was a reduction by 21% in
the formation of 2ZHNVP (incubation of 30 uM rifampin and 100 M nevirapine).
The apparent Ki for this reduction was 120 uM which is above the reported Cmax
(30 uM} of rifabutin.

inhibition of nevirapine meatabolism to 2HNVP by rifampin is possible for the
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patients taking these two drugs concomitantly. Further, the effect of nevirapine on
rifam- mnknown.

T tial for Metabolic Drug Interaction with Nevirapine as Determined in
vitic .... Human-Liver Microsomes (Ketoconazole, Report # U95 3011, Volume
70):

The objective of this study was to determine the effect of ketoconazole on the in
vitro metabolism of nevirapine by human liver microsomes. The potential for drug
interactions between nevirapine {0, 25 and 100 yM) and ketoconazole (0.1, 1.0
and 10 uM) was examined in vitro using hurman liver microsomes.

The rates of formation of 2ZHNVP, HMNVP, 3HNVP and 8HNVP in the 25

LM nevirapine incubations containing no ketoconazole were 0.66, 1.46, 0.12 and
0.08 picomoles/minute/milligram of microsomal protein, respectively (Tables 35
and 36); in the 100 uM nevirapine incubates with no rifampin, the rates of
formation were 5.7, 6.2, 0.56 and 0.25 picomoles/minute/milligram of microsomal
protein, respectively (Tables 35 and 36). In the presence of 1.0 yuM ketoconazole
and 100 uM nevirapine, the rates of formation of 2HNVP, HMNVP and 3HNVP
were inhibited by 70%, 53% and 38%, respectively. Whereas, in 25 uM
nevirapine and 0.1 4M ketoconazole the rates of formation were inhibited by 36%,
21%, and 50%, respectively. The apparent Ki's for 2HNVP, HMNVP and 3HNVP
were 0.8, 3.3 and 0.4 uM, respectively. 8HNVP, a minor metabolite, was
detected in the incubation with no ketoconazole however, in other incubations it
was not detectable.

In summary, the in-vitro rate of metabolism of nevirapine was reduced for all the
four metabolites. The apparent Ki's of ketoconazole for inhibition are within the
range of expected concentrations of 200 mg daily dose of ketoconazole. Results
indicate that there is a significant potential of drug interaction when these two
drug are taken concomitantly by the patients. It should also be noted that effect
of nevirapine on the in-vitro metabolism of ketoconazole is unknown.

Title: Potential for Metabolic Drug interaction with Nevirapine as Determined in
vitro with Human-Liver Microsomes (Trimethoprim, Report # U95-3060, Volume
75):

The objective of this study was to determine the effect of trimethoprim on the in
vitro metabolism of nevirapine by human hver microsomes. The Secondary
objective was, to monitor the effect of nevirapine on the in vitro metabolism of
trimethoprim in these incubations. The potential for drug interactions between
nevirapine (0, 25 and 100 yM) and trimethoprim (0, 25, 100 M) was examined in
vitro using human liver microsomes.
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The rates of metabolite formation are provided in Tables 37 to 39. The rates of
formation of ZHNVP, HMNVP, 3HNVP and 8HNVP in the 25 M nevirapine
incubations containing no trimethoprim were 1.49, 1.21, 0.6 and 0.34,
respectively picomoles/minute/milligram of microsomal protein, respectively; in the
100 yM nevirapine incubates with no trimethoprim, the rates of formation were
8.89, 6.66, 2.45 and 1.33 picomoles/minute/milligram of microsomal protein,
respectively.

Statistically significant increases (about 3 and 1.5 fold in presence of 25 and 100
MM nevirapine, respectively) in the rates of 3HNVP formation were observed in the
presence of 100 yM trimethoprim. Whereas, the presencg of 100uM trimethoprim
produced a 20% reduction in the rate of formation of BHNVP in the 100 uM
nevirapine incubations. The applicant reports (data not shown in the report}
apparent Ki's of trimethoprim for the formation of 2HNVP, HMNVP and 8HNVP
were 384, 305 and 153 uM, respectively and further indicate that these
concentrations are well above that would be above expected in patients.

The addition of nevirapine to the incubations of trimethoprim had no statist'cally
significant effect on the rates of formation of trimethoprim metabolites. It should
be noted that trimethoprim metabolites were not identified, but were designated as
M1, M2 and M3. Based on no effect on the rates of formation of M1, M2 and
M3, it appears that nevirapine is not likely to affect trimethoprim metabolism.

In summary, 100 4M trimethoprim inhibited the rate of metabolism of 8HNVP by
20% in 100 uM nevirapine incubations and increased the rate of formation of
3HNVP by about 3 and 1.5 fold in the 25 and 100 M nevirapine incubations,
respectively. The presence of nevirapine had no statistically significant effect on
the production of trimethoprim metabolites. The in-vitro data suggests that drug
interaction between trimethoprim and nevirapine are less likely.

Title: Potential for Metabolic Drug Interaction with Nevirapine as Determined in
vitro with Human-Liver Microsomes {Sulfamethoxazole, report # U95-3081,
Volurte 75):

The objective of this study was to determine the effect of sulfamethoxazole on the
in vitro metabolism of nevirapine by human liver microsomes. Secondarily, the
effect of nevirapine on the in vitro metabolism of 1.25 nM sulfamethoxazole to
sulfamethoxazole hydroxylamine {HA-SMX) in theses incubations was monitored.
The potential for drug interactions between nevirapine (0, 25 and 100 yM) and
sulfamethoxazole (0, 0.2, 125 mM)] was examined in vitro using human liver
microsomes.

The rawas of metabolite formation are provided in Tables 40 to 42. The rates of
formation of 2ZHNVP, HMNVP, 3HNVP and 8HNVP in the 25 uM nevirapine
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incubations containing no suifamethoxazole were 1.045, 0.992, 0.363 and 0,129
picomoles/minute/milligram of microsomal protein, respectively; in the 100 uM
nevirapine incubates with no sulfamethoxazole, the rates of formation were 5.679,
4.663, 1.456 and 0,800 picomoles/minute/milligram of microsomal protein,
respectively. The addition of 0.2 or 1.25 mM sulfamethoxazole resulted in
statistically significant reductions in the formation rates of 2ZHNVP, HMNVP and
BHNVP with greatest being 80% reduction in 8HNVP in the presence of 1.25 nM
sulfarnethoxazeole. The formation rate of 3HNVP was only reduced by 1.25 mM
sulfamethoxazole. The apparent Ki's of sulfamethoxazoie for the in vitro formation
of 2ZHNYP, HMNVP, 3HNVP and 8HNVP were reported to be 2.92, 1.42, 6.63 and
0.19 nM, respectively (data not shown by the applicant). The applicant reports,
that these with the exception of ki for 3HNVP, ki values are within those reported
in plasma or serum of patients that were treated with trimethoprim and
sulfamethoxazole. The data suggest that sulfamethoxazole may inhibit metabolism
of nevirapine when these drugs are taken concomitantly.

The effect of nevirapine on the in vitro metabolism of sulfamethoxazole HA-SMX
was studied indirectiy by monitoring the presence of nitro-sulfamethoxazole
(NO2-SMX) in the extract of the microsomal incubations. The HA-SMX was
converted to NO2-SMX with 90% efficiency during the extraction process. Based
on the areas of the NO2-SMX peaks in the chromatogram, the presence of
nevirapine 25 or 100 M concentrations had no statistically significant effect on
the appearance of NO2-SMX.

In summary, the presence of 0.2 and 1.25 mM sulfarnethoxazole decreased the
rate of formation of all nevirapine metabolites, with the exception that the rate of
formation of 3HNVP was not significantly affected at 0.2 mM. Ki values obtained
for all (except 3HNVP) nevirapine metabolites were within the range of plasma or
serum concentrations expected in AlDS patients receiving trimethoprim-
sulfamethoxazole Based on in-vitro data sulfamethoxazole has the potential to
inhibit the formation of ali nevirapine hydroxyiated metabolites. The presence of
nevirapine did not appear to affect the in vitro metabolism of sulfamethoxazole.

ANALYTICAL METHODS:

Analytical methods utilized for determination of nevirapine concentrations

were reviewed and found to have acceptable variability. Details of analytical
methods will be included prior to finalization of review. methods were used
for ddi, AZT and ddc determinations.

DISSOLUTION:

The applicant had only submitted dissolution using phosphate buffer at pH2.0. At
the request of this reviewer the applicant submitted dissolutioh data in water and
0.1N HCI, Nevirapine has better solubility at lower pH, the dissolution is much
faster when using 0.1N HCL as the dissolution media. The appiicant has requested
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phosphate buffer at pH of 2.0 be used as dissolution media, as it gives better
discrimination ability. The dissolution method and specifications proposed by the
applicant are acceptable.
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NDA: 20-636

Date Submitted: November J, 1995

Date Assigned: November 15, 1995

Date Review Completed: January 26, 1996
Assigned Reviewer: Pritam S. Verma, Ph.D.
HFD-530

SPONSOR: Boehringer Ingelheim Pharmaceuticals, Inc.
900 Ridgebury Road
PO Box 368
Ridgefield, Connecticut 06877-0368

DRUG: VIRAMUNE" H
USAN Names: Nevirapine H;C |
Code Name: BIRG 587 BS ‘ N
Qthexr Nameg: NVP, BIRG 587

m

Chemical Name (USAN): A:; 6H-Dipyrido
[3,2-b:2’3’-e] [1,4]diazepin-6-0one,
1ll-cyclopropyl-5,11-dihydro-4-methyl N

B: 11-Cyclopropyl-5,11-dihydro-4-methyl
-6H-dipyrido(3,2-b:2’3'-e] (1, 4]
diazepin-6-one

CAS Registrv: 129618-40-2
Molecular Formula: CysHy N0
Molecular Weight: 266.31
Solubility: 0.1 mg/ml in water at 25°C
Melting Point: 247 - 249°C

Physical Description: an off-white crystalline powder
pKa: 2.9

INDICATION: Combination of Nevirapine with ddI and ZDV in
previously treated HIV patients for whom current
therapy is deemed inadequate.

RELATED IND:
ROUTE OF ADMINISTRATION: Oral

PROPOSED TREATMENT REGIMEN: 400 mg/day
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INTRODUCTION:

Viramune" (nevirapine) represents a class ©of non-nuclecoside
compounds that inhibits reversge transcriptase (RT) activity of
human immunodeficiency virus-type 1 (HIV-1). Nevirapine was
chosen from a series of dipyridcdiazepinone inhibitors of HIV-1
RT which were identified from a synthetic program of muscarinic
receptor antagonists by random screening. Nevirapine does not
inhibit human DNA polymerases «, 8, 6 or ¥ to any great extent.
The compound is now in development as a therapeutic agent for the
treatment of HIV-1 infection in various patient populations.
Tentatively, this NDA is for nevirapine as a non-competitive
inhibitor for HIV-1 RT in combination with ddl and ZDV in
previously treated HIV patients for whom current therapy is
deemed inadequate. Presently, the sponsor has submitted a Pre-NDA
Submission of the NONCLINICAL PHARMACOLOGY AND TOXICOLOGY
TECHNICAL SECTION of this NDA.

BACKGROUND :

Nevirapine was characterized adequately in nonclinical
toxicological studies carried out during the course of its
development. Acute oral toxicity studies conducted in mouse, rat,
dog and monkey revealed that the No-Observable-Effect-Level
(NOEL) was in the range of 100 to 200 mg/kg. These studies
indicated that the sensitivity of the species tested was: rat >
dog > mouse > monkey. In the chronic one-year rat and dog
studies, principal target organs included iiver, esophagus,
intestines, bone marrow, lymph nodes, spleen, thymus, thyroid,
adrenal, tonsils, testes, epididymides, prostate and skin. In the
dog study, the NOEL for nevirapine was considered to be 50
mg/kg/day and the maximum tolerated dose was 200 mg/kg/day.

Nevirapine was adequately absorbed following oral administration,
and systemic bicavailability ranged from 30% in dogs to 75% in
chimpanzees. Nevirapine was cleared by hepatic oxidative
metabolism to metabolites hydroxylated in the 2-,3-,8- and 12
positions, which underwent phase II metabolism to the
corresponding glucuronides in most species. In addition, 12-
hydroxynevirapine was further oxidized to form 4-
carboxynevirapine. The pathways of biotransformwmation in animals
reflected those occurring in humans. The rate at which nevirapine
was cleared from the systemic circulation varied with the species
and was ranked in the following order: mouse > dog > monkey >
chimpanzee. Nevirapine caused autoinduction of liver metabolizing
enzymes, therefore the potential exists in humans for drug
interactions with concomitant medications which were metabolized
by the same cytochrome(s} P450 as nevirapine. Nevirapine also
crossed the placental barrier and was excreted into breast milk,
and therefore the fetus and nursing baby would be exposed to
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nevirapine in mothers taking the drug.

SUMMARY :

The review of the individual nonclinical toxicity,
pharmacokinetics and general pharmacology studies can be found in
Appendix # 1.

Acute toxjcity studieg: results and equivalent dose in humans are

summarized in Appendix # 2 (Table 1). The acute studies were
conducted in mice, rats and dogs. The approximate oral LD, of
nevirapine was shown to be > 2000 mg/kg in mice, > 500 mg}kg in
rats and > 3200 in dogs. The NOELs were shown to be 200 mg/kg
(male) and 400 mg/kg (female) in rats, 100 mg/kg (female) and 200
ng/kg (male} in mice, and 150 mg/kg in dogs.

- ici ies: results and comparison of animal
NOELs with the human therapeutic dose are summarized in Appendix
# 2 (Table 2 & 3) and Appendlx # 6 (Table 1), respectively. Mice:
in a 13-week diet study, nevirapine induced target organ toxicity
in the liver, thyroid gland, hematopoietic-reticuloendothelial
system, heart, intestine and kidney. Based on clinical signs and
microscopic finding, the MTD was 1500 mg/kg/day. The NOEL was 50
mg/kg/day. Based on a body surface ar2a conversion factcr, an
equivalent dose in humans would be 16.7 mg/kg/day. Ratg: in a
series of 4 separate studies, nevirapine was orally administered
to rats in doses ranging between 1-150 mg/kg/day for a period of
4-13 weeks. Doses of > 50 mg/kg/day produced signs of toxicity
that were dose-related in severity, were generally more severe in
females than males, and induced liver enzymes. Liver and thyroid
changes observed were consistent with altered T4 and TSH levels
secondary to hepatic enzyme induction., The major effects
included: decreased motor activity, lacrimation, skin lesions,
decreased food consumption and body weights; decreased
erythrocyte parameters, reticulocytosis and increased APTT;
increased serum cholesterol, GGT levels and urine proteins; and
hepatocellular, thyroid-follicular and adrenal cortical
hypertrophy. Doses of > 100 mg/kg/day caused mortality in female
rats and were associated with pronounced gross pathology and
histopathology. The NOELs ranged between 5-10 mg/kg/day in these
studies. Based on a body surface area conversion factor, an
equivalent doses in humans would be 0.71-1.42 mg/kg/day. 52-week
rat toxicity study: clinical signs of toxicity included skin
lesions with scratching and biting. A few rats were killed jip
extremis. Changes in clinical pathological parameters included
reduced erythrocyte parameters, WBC, TPT values and dose-
dependent increases in cholesterol, AST, ALT, BUN, creatinine and
proteinuria. Histopathological changes included ulcerative
dermatitis accompanied by glossitis, hepatocellular hypertrophy,
thyroid follicular cell hypertrophy and hyperplasia, thymic
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atrophy and adrenal cortical hypertrophy. The NOEL for male rats
was 5 mg/kg/day, a NOEL was not identified for female rats. Dogs:
in 3 separate studies (2-wk, 4-wk & 13-wk), clinical signs of
toxicity included sedation, reduced activity, ataxia and
increased body temperatures. The severity of the changes tended
to increase with dose, and at 650-800 mg/kg/day (4-wk)} decreases
in erythrocyte parameters were also evident. Changes in clinical
pathology parameters included relative lymphopenia, decreased in
serum potassium, increased in cholesterol, triglycerides, calcium
and AP levels. Histopathological changes included
bronchopneumonla, lymphoid depletlon/necrosls and deceased
spermatogene51s, and epithelial atrophy in the prostrate and
epididymides at 700 wmg/kg/day level (13-wk). The NOELs ranged
between 20-200 mg/kg/day. Based on a body surface area conversion
factor, an equivalent doses in humans would be 10-100 mg/kg/day.
The approximate MTD was 650 mg/kg/day in 4-week study. 5S52-week
ggg_;gxggigx_ﬁgngx* clinical signs of toxicity directly related
to nevirapine administration included deceased motor activity,
tremors, ataxia, ptosis, emaciation, absence of gum (gingivaj}
capillary refill time, distended abdomen, third eyelid eversion,
dehydration, yellow sclera and gums, and labored respiration. The
principal target organs were liver, esophagus, intestines, bone
marrow, lymph nodes, spleen, thymus, tonsil, testes, epididymides
and prostate. The NOEL was 50 mg/kg/day. Based on a body surface
area conversion factor, an equivalent dose in humans would be 25

mg/kg/day.

1 Yop! les: results are summarized in Appendix # 2
(Table 4). Several special toxicity studies were conducted in
rats,rabbits, guinea pigs and dogs. Increases in thyroid gland
weight, associated with follicular cell hypertrophy and
hyperplasia in rats was shown to be caused by increased
circulatory TSH levels that were compensatory to increased
metabolism and elimination of T4, which in turn was the result of
hepatic microsomal enzyme induction. Results from six irritancy
studies in rabbits indicated that nevirapine was not a dermal
irritant. Nevirapine produced slight conjunctival irritatica
(with complete recovery within 72 hr) when applied to ocular
tissues. Nevirapine was not found to be a dermal sensitizing
agent in guinea pigs.

Reproductive and developmental toxicity studies: results and

equivalent dose in humans are summarized in Appendlx # 2 (Table
5). Segment I study in rats:; signs of parental toxicity occurred
at doses of 50 mg/kg/day and included reduced body weight gain,
lethargy, sedation and scratching/scabby dermal lesions. Doses of
< 50 mg/kg/day in males and < 25 mg/kg/day irn females did not
affect estrous cycles or significantly reduced the fertility
index. The fertility index and the gestation index were
significantly reduced at 150 mg/kg/day (high) in males and 50
mg/kg/day (mid) in females. Impairment of reproductive
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performance significantly increased preimplantation and
postimplantation loss and decreased viability rates (mid & high).
The NOEL for parental, reproductive and developmental toxicity
was considered to be 5 mg/kg/day. Based on a body surface area
conversion factor, an equivalent dose in humans would ue 0.7
mg/kg/day. Segment II study in xats: body weights, number of
corpora lutea, fetuses, implantacions and resorption sites were
significantly reduced (50 mg/kg/day, high). Three individual
skeletal malformations (bifid and missing ribs in one [low]};
cleft vertebra in cne and cleft palate in another (high) fetuses
were observed. In the absence of a dose-response curve, the
malformations could not be attributed to the treatment. The
maternal and the developmental NOEL was 25 mg/kg/day. Based on a
body surface area conversion factor, an equivalent dose in humans
would be 3.6 mg/kg/day. Segment I study in rabbiis: weight gains
were markedly suppressed at 300 mg/kg/day {(high) level. There was
a statistically significant reduction in the number of corpora
lutea, implantation sites and live fetuses, which was paralleled
by an increased number of early resorptions (high). Total
resorption of the entire litter occurred in 3 (high), 1 (mid) and
2 (low) rabbits. Visceral and skeletal examinaticn of fetuses
revealed that malformations were only present in the mid-dose
dams, and included one fetus with bifid rib and hemivertebra and
one fetus with a cranial hematocele. The number of fetuses with
variations (incomplete ossification of skull/limbs, ventricular
septal defects, limb flexure and/or malformed sacral vertebrae)
was slightly increased in low and mid dose groups when compared
to the concurrent controls; however, the changes were not dose-
related or statistically significant In the high dose group,
13.8% of the fetuses (vs 0% in controls) had supernumerary ribs.
The maternal and the developmental NOEL was 100 mg/kg/day. Based
on a body surface area conversion factor, an equivalent dose in
humans would be 32.3 mg/kg/day. T ; .
offspring (F1) in the 40 mg/kg/day dose group (high) had
significantly reduced postpartum viability, retarded maturation
and reduced fertility. The maternal and
reproductive/developmental MOELs were 40 and 25 mg/kg/day,
respectively. Based on a body surface area conversion factor, an
egquivalent doses in humans would be 5.7 and 3.6 mg/kg/day,
respectively.

Genotoxicity studies: results are summarized in Appendix # 2
(Table 6). In the Ames bacterial assay, there was no significant

increase in the number of revertant bacterial colonies. In the

two in vitrov mammalian cell (CHO/HGPRT and CHO chromosome

aberration) assays, there was no mutagenic¢ or clastogenic

effects, while in the in vivo mouse micronucleus test, no =
significant 1increases in micronuclei were observed. Nevirapine

was devoid of mutagenic or clastogenic effects.
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Gengral pharmacology studies: for the summary, see Appendix # 3
(Table 1) .

for the summary,
see Appendix # 4 (Table 1-10).

CONCLUSIONS:

In the clinic, the test compound is being administered as an oral
formulation at a dose level of 400 mg/day (approximately 6.7
mg/kg/day) . The proposed therapeutic dose produced a mean steady-
state AUC value of 130 ug*hr/ml. The kinetic data from
subchronic/chronic toxicity studies in rats and dogs showed that
the mean AUC value at the therapeutic dose was found to be
considerably higher than that achieved in the nonclinical
toxicity studies at the NOELs/NOAELs. Based on either the body
surface area equivalence factors or drug 2xposure (AUC values),
the dosages used in the clinic are higher than the NOELs/NOAELs
identified in animal studies (Appendix # 6, Table 1).

Nevirapine can be classified as Pregnancy Category C. Nevirapine
should be used during preynancy only the potential benefit
justifies the potential risk to the fetus. Nevirapine also
crossed the placental barrier and was excreted into breast milk,
and therefore the fetus and nursing baby would be exposed to
nevirapine in mothers taking the drug. However, the U.S. Public
Health Service Centers for Disease Control and Prevention advises
HIV-infected women not to breast-feed to avoid post-natal
transmiscion of HIV to a child who may not be infected.

There are no nonclinical pharmacology and toxicolcgy issues which
would preclude the approval of this Pre-NDA. The sponsor
submitted protocols, which have been approved by the Executive
CAC, to initiate the two-year carcinogenicity studies in mice and
rats.

The issue of labelling will be addressed when the NDA is
submitted and the review of the labelling appended to tihis
review.

APPENDICES:

Six appendices are attached. These are listed below.

1. Non-clinical toxicology, pharmacckinetics and
pharmacology.

2. Tabulated summary cof nevirapine anima. toxicity
studies.
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3. Tebulated summary of nevirapine general pharmacology

studies

4, Tabulated summary of nevirapine animal pharmacokinetic

studies.

S. Comparison of animal and human pbarmacokinetic

parameters

6. Comparison of animal NOELs with the human therapeutic

dose.
Concurrences:
P
HFD-530/DFreema 2 "l” ?‘
HFD-530/JFarrellydy [5[9¢

HFD-530/PVerma &N g,’;‘;\ a6

Disk
HFD-530/JFarrelly

cc

HFD-530/NDA 20-636
HFD-340
HFD-530/AZeccola
HFD-530/PVerma
HFD-530/JMartin
HFD-530/SMiller
HFD-530/NBattula
HFD-345/GJames
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Pritam S. Verma, Ph.D.
Reviewing Pharmacologist



NDA # 20-636 PHARMACOLOGIST’S REVIEW Page 8

Appendix # 1
Non-clinical toxicology, pharmacokinetics and pharmacology.
NON-CLINICAL TOXICOLOGY

Toxicity Studies Summary: The studies marked with an astrict were
conducted in accordance with the FDA Good Laboratory Practice
Regularions.

Acute Toxicity Studies

1. Nevirapine acute oral (gavage) toxicity study in male
and female mice, Batch # 1, Boshringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, August 23, 1990,
(TX-9011/091-0019) *

2, Nevirapine preliminary acute oral (gavage) toxicity
study in female rats, RM-1152, Boehringer Ingelheim
Pha'maceuticals, Inc., Ridgafield, CT, August 14, 1950,
(TX-9002/090-0534)

3. Nevirapine acute oral (gavage) toxicity study in male
and female rats, RM-1177, Boshringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, Dacember 21,
1990, (TX-901G/U91-0020)*

4. Nevirapine acute toxicity study by inbhalation in rats,
Baich # 1, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, December 21, 1930, (TX-9113/091-0507)+

5. Nevirapine preliminary oral {(capsule) rising dose
tolerance toxicity study in dogs, Lot # RM-1152,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, September 26, 1990, (TX-9004/U90-0599)

6. Oral Rising Dose Toxicity Study of nevirapine
(Granulation) in Beagle Dogs, Lot # TX-0412,

August 27, 1992, (TX-9302/U92-0637)+*

ltio] _— tudi

7. A l4-Day Intravencus Toxicity Study of Nevirapine in
the Albino Rat, Lot # TX-0493,
May 28, 1992,
(TX-9207/91-096)*

8. Nevirapine 4-week oral (gavage) toxicity study in male
albino ratas, Lot # RM-1177, Boehringer Ingelheim
Pharmaceuticals, Inc., May 31, 1991 (TX-9103/091-0537)*



NDA # 20-636 PHARMACOLOGIST’S REVIEW Page 9

9.

10,

11.

12,

13,

14.

15.

16.

17.

18.

19.

A 4-wocek oral {(gavage) toxicity study in female rats,
Lot # RM-1177, Boshringer Ingelheim Pharmaceuticals,
Inc., September 4, 1991, (TX-9102/U091-0404)*

A l3-Week Orxral (Gavage) Toxicity Study of Nevirapine in
the Albino Rat, Lot # RM-1212
May 3, 1993, (TX-9303/U093-0462)*

Thirteen week oral {(diet) range-finding toxicity study
in the CD-1 mouse with nevirapine, Batch No. RM-1177,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgetield,
CT, July 13, 1994, (93-159/TX-9306)*

Thirteen week oral (diet) range-finding toxicity study
in the rat with nevirapine, Lot # RM-1290, Boehringer
Ingelheim Pharmaceuticals, lInc., Ridgefield, CT, May
12, 1995, (D95-3128/TX-9305)*

Nevirapine: l4-Day Oral (Capsule) Toxicity Study in the
Beagle Dog, Lot # XP-1413-029, Boshringer Ingelheim
Pharmaceutical, Inc., Ridgefield, CT, 5 June, 19350,
(TX9007/90-034)*

Two Week Oral Toxicity Study ¢f nevirapine
(Granulation) in Beagle Dogs (Dose Range Finding),
Batch # TX-0488,

September 25, 1993,
(TX-9301/092-0643) "

A l4-Day Intravenous Infusion Toxicity Study of
Nevirapine in the Beagle Dog, Lot # TX-0496,

May
28, 1992 (TX-9208/91-097)+«

A 28-day oral (capsule) toxicity study of nevirspine in
the beagle dog, Lot # G, Boeshringer Ingelheim
Pharmaceuticals, Inc., May 23, 1991, (TX-9105/091-
0552)*

A 4-week oral (capsule) toxicity study of nevirapine in
the Beagle dog, Lot # G, Boshringer Ingelheim
Pharmaceuticals, Inc., May 23, 1291, (TX-9104/U91-
0352)

A 1l3-Waek Oral (Capsule) Toxicity Study of Nevirapine
in the Beagle Dog, Lot # RM-1230/12413,

May 13, 1993, (TX-
9116/U93-0463)"

52-Week Oral {(Gavage) Toxicity Study of Nevirapine in
the Male and Female Rat, Batch No. # 13007, Boehringer
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20.

Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, August
6, 1993, {(093-2023/TX-9304)~

52-week oral toxicity study in dogs with nevirapine
granulation, Lot # RM-1373, Boehringer Inge.heim
Pharmaceuticals, Inc., Ridgefield, C7, October 11,
1995, (U95-3317/93-169)*

special city Studi

21.

22.

23.

25.

26.

27.

28.

29.

Effect of Oral Dosing of nevirapine on Circulating
Levels of Tryroid Hormones in Ferxale Rats, Lot # RM-
1177, Boehringer Ingelbeim Pharmaceuticals, Inc.,
Ridgefield, CT, June 4, 1993, (7X-9111/U%3-0530)+*

Assessmeut of primary eye irrifation study in rabbits
with pevirapine, Lot # 117,
March 28, 1991, (TX-9108/90-049)+

A 5-Day Intravenons Irritancy Study in the Albinn
Rabbit with Nevirapine, Lot # PD-1138,

May 28, 1992
(TX-9205/91-092)*

A 5-Day Intra-Arteripgl Irritancy Study in the Albino
Rabbit with Nevirapine, Lot # TX-0496,

, May 28, 1992
(TX-9206/91-093)*

A Single Dose Intramuscular Irritancy Study in the
Albino Rabpbit with Nevirapine, Lot # TX-0436,

. May
28, 1992 (TX-9204/91-091)~

Assessment of primary dermal irritation study in
rabbits with nevirapine, Lot # RM-1177,
March 28, 1991, (TX-9109/90-050)*

Assessment of acute dermal toxicity study in rabbits
with nevirapine, Lot & RM-1.77,
March 28, 1991, (TX-9107/90-048)*

Agsessmernt of dermal sensitization study in guinea pigs
with nevirapine-close patch technique, Lot # RM-1177,

March 28, 199, (TX-
9i10,/091-0417}"

Exploratory base (IV) Tolerance Study in the Beagle Dog
on nevirapine, Baich I, Lot # 1177, Boabhringer
Ingelhaim Pharmacuwuticals, Inc., Ridgefield, C1', March
31, 1992, (TX-9201/U092-0254)~*
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30. PFive Day Exploratory I.V. Pormulation Study in the Dog,
Lot # TX-0493, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, May 19, 1992, (TX-9117/092-0471)+

F juctive Toxici Seudi

31. Nevirapine: Study of fertility and general reproductive
performance in rats after oral treatment by gavage
(segmant I), Batch No. # 13007, Boehringer Ingeiheim
Pharmaceuticals, Inc., Ridgefield, CT, March 25, 1994,
(U94-2043/TX-9402/72Q)*

32. Range finding teratology study in rats with nevirapine
by coral gavage, Lot # RM-1177, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, March 4, 1991,
(TX-3106/U91-0353)~

33. Teratology Study in Rats with nevirapine by Oral
Gavage, Lot # RM-1177, Boehringer Ingelheim,
Birkendorfer Strabe, Dacember 20, 1991, (TX-9211/U92-
0299) ~

34. Nevirapine: Study of peri- and postnatal development in
rats after oral treatment by gavage (segment III),
BPatch No. # 13007, Boshringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, March 25, 1994,
(094-2083/TX-9403/82Q)*

35. Range finding teratology study in rabbits with
nevirapine by oral gavage, Lot # RM-1177, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, March
7, 1991, (TX-9112/091-0529)+*

36. Teratology Study in Rabbits With Nevirapine by Oral
Gavage (Segment II), Lot # RM-1177, Boeh inger
Ingelheim, Birkendorfer Strabe, October 21, 1991, (TX-
9210/U92-0312)*

.. i 14
37. Nevirapine mutagenicity testing with Salmonella
typhimurium TA 1535, TAl1537, TA98 and TAl1l00Q. Pre-

incubation reverse mutation asgsay, Lot # RM-1152,
Boehringer Ingelheim Pharmaceuticals, Inc.. Ridgefield,
CT, December 12, 1989, (U90-0142/TX-8901)*

38, Nevirapine mutagenicity testing with Salmonella -
typhimurium TA 1535, TA1537, TA98 and TAl00 and
Escherichia coli WP2 uvr A. Pre-incubatica reverse
mutation assay, Lot # RM-1152, Boehringyer Ingelheim
Pharmaceuticals, Inc¢., Ridgefield, CT. July 16, 1990,
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9.

40.

41.

42.

43.

44.

45.

46.

(090-0479/TX~-9001) *

BIRG 0106 {metabolite of neavirapine) mutagenicity
testing with Salmopnella typhimurium TA 1535, TA1537,
TA1538, TAS8 and TAl00 and Escherichia c¢oll WP2 uvr A.
Pre-incubation reverse mutation assay, Lot # 1303/64,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, August 28, 1990, (U90-0544/TX-9001)*

Nevirapine: CHO/GPRT mutation assay, Lot # RM-1177,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, November 14, 1990, (U%0-0676/TX-9009)*

Chromosome aberrations in Chinese hamster ovary (CHO)
cells, Lot # RM-1177, Boehringer Ingelheim
Fharmaceuticals, Inc., Ridgefield, CT, December 26,
1990, (TX-9101/950-040)*

Nevirapine: Micronucleus test in mice, Batch # I,
Boehringer Ingelheim Pharmaceutical, Inc., Federal
Republic of Germany, August 19, 1992,
(TX9202/MUT0198/U92-0175)*

Nevirapine: Mutagenicity testing with Salmonella
typhimurium and Eschexjchia goli. Plate incorporation
reverse mutation assay with and without metabolic
activation, Lot # 2439-98-1, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, April 11, 1995,
{(U95-3056/40025-02)

CAPIC: Mutagenicity testing with L5178Y TK+/- mouse
lymphoma cells, forward mutation assay, Lot # IVT-0105,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, August 23, 1995, (U95-3316)*

BIRH 414 BS: Mutagenicity testing with Salmonella
typhimyrium and Escherjchia coli. Plate incorporation
reverse mutation assay with or without metabolic
activation, Lot # 2589-25-3, Boshringer Ingelheim
Pharmaceuticals, Inc.., Ridgefield, CT. August 24, 1995,
(U95-3319) "

YIRG 616 BS: Mutagenicity testing with Salmonella
typhimurium and Escherichia coli. Plate incorporation
reverse mutation assay with or without metabolic
activation, Lot # 2589-21-2, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, August 24, 1955,
(U95-3321) ~
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47. Exploratory {(IV) tolerance study in the female rat with
30% propylene glyccl, Lot # I, Boshringer Ingelheim

Pharmaceuticals, Inc., Ridgefield, CT, June 20, 1995,
(U95-3162/TX-9203)*

48. Preliminary Rising Dose Oral (Capsule) Toxicity Study
in the Beagle Dog, Lot # RM-1162/1169, Boehringer
Ingelhein Pharmaceutical, Inc., Ridgefield, CT, 22 May,
1990, (TX9007/90-030)

Review of Toxicity Studies:

1. Novirapine acute oral (gavage) toxicity study in male and
female mice, Batch # 1, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, August 23, 1990, (TX-9011/091-001S)+

Groups of male and female mice (5/sex/group) were given via
gavage single oral doses of nevirapine at dose levels of 0, 50,
100, 200, 400, &00, 1600 or 2000 mg/kg. The animals were observed
for 14 day after dosing. Regults: drug-related signs of toxicity
were evident at doses of 400 mg/kg (males) or 600 mg/kg (females)
or higher. These effects included decreased motor activity and
ptosis. Slow/labored breathing was noted at doses of 1200 mg/kg
and higher. In general, clinical signs first appeared
approximately 2-3 hr after dosing and disappeared within 48 hr.
Fecal output was affected, with a decrease noted for some females
at 1200 mg/kg and above and males at 16450 mg/kg and above. One
female mouse (1600 mg/kg) was euthanized due to its moribund
cordition. The only drug-related macroscopic finding for this
mouse was white material in the lumen of the ileum and jejunum.
The NOEL for this study was 200 mg/kg (é) and 400 mg/kg (9). No
target orgais were identified macroscopically. The MID was 1200
mg/kg, and the median lethal dose exceeded 2000 mg/kg.

Comments: Doses of 200 mg/kg (4) and 400 mg/kg (%) may be
considered NOELs in this study. Based on a bedy surface area
conversion factor, equivalent doses in humans would be 16.7 mg/kg
(3) and 33.3 mg/kg (%¥).

2. Nevirapine preliminary acute oral (gavage) toxicity study in
female rats, RM-1152, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, August 14, 1990, (TX-3002/U3%0-0534)"

Groups of female rats (2/group) were given single oral doses of
nevirapine via gavage at dose levels of 50, 100, 250, 500, 750 or
1000 mg/kg. The animals were observed for 7 days after dosing.
Results: one rat (500 mg/kg) and all rats (750 or 1000 mg/kg)
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were euthanized ip extremis approximately 24 hr after dosing.
Drug-related signs of toxicity were evident at doses of 500 mg/kg
or higher. These effects inclwied viscous clear ocular discharge,
evidence cf chromodacryorrhea (brown flecks around the eyes,
snout and forefeet), decreased motor activity, signs of
dehydration, hypothermia {colcness to touch), decreased feces and
weight loss. Behavioral/clinical signs of toxicity were first
observed approximately 2 hr after dosing and continued to be
evident on the day after dosing. Drug-related gross pathological
findings were cbserved only in animals killed jin extremis and
consisted of pulmonary hemorrhages (500 mg/kg or higher) and
green urine (750 mg/kg or higher). There were no drg-related
toxicological or gross pathologic effects at doses of 50, 100 or
250 mg/kg.

Comments: The NOEL for female rats in this study was 250 mg/kg.
Based on a body surface area conversion factor, an equivalent
dose in humans would be 35.7 mg/kg (9).

3. Nevirapine acute oral (gavage) toxicity study in male and
female rats, RM-1177, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, December 21, 1990, (TX-9010/U091-0020)*

Groups of male and female rats (5/sex/group) were given single
oral doses of nevirapine via gavage at dose levels of 50, 100,
220, 400, 600 or 800 mg/kg. The animals were cbserved for 14 days
after dosing. Regults: two female rats (400 mg/kg), three (600
mg/kg) and five (800 mg/kg) were euthanized jn extremis on study
days 1 or 2. Probit analysis of mortality data for these animals
indicated a median lethal dose of 502 mg/kg. Drug-related signs
of toxicity were evident at doses of 200 mg/kg or higher for
female rats and 400 mg/kg or higher for male rats. These effects
included viscous clear ocular discharge, evidence of
chromodacryorrhea (brown flecks around the eyes, snout and
forefeet), chromorhinorrhea, slow breathing, greenish or brown
urine, greenish or brownish staining of the abdomen, decreased
motor activity, signs of dehydration, evidence of hypothermia
(coldness to touch), decreased feces and weight loss and moribund
condition. Behavioral/clinical signs of toxicity were first
observed approximately 3 hr after dosing and some signs
continuing for several days. Drug-related macroscopic findings
were observed principally in females given doses of 400 mg/kg and
higher and killed moribund. These finding included red and/or
pale discoloration of the adrenal cortex, focal and/or multifocal
red discoloration of the lungs (hemorrhage, thymic atrophy, and
green urine.

Comments: Doses of 100 mg/kg for female and 200 mg/kg for male
rats may be considered the NOELs. Based on a body surface area
conversion factor, equivalent doses in humans would be 14.3 mg/kg
{9) and 28.6 mg/kg (J). Potential target organs were the lungs,
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adrenal glands and thymus. Sex differences in sensitivity to
toxic effects of nevirapine may be attributed to a slower rate of
metapolism and higher plasma concentration of drug in the female
rar.

4. Nevirapine acute toricity study by inhalation in rats, Batch #
1, Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
December 21, 1990, (TX-9113/091-0507)*

Seven male and female albino rats (strain Chbb:THOM; weight 231 -
280 g; age 11 weeks) were administered nevirapine (dose 161.1
mg/kg; concentration 1.28 mg/L}) via nose-only inhalation exposure
for 4 hr to study the acute toxicity of the drug as micronized
dust. The terminal autopsies were performed after 2 weeks of the
treatment. One day after the exposure, one female rat showed
reduced motility and piloerection, but recovered on the following
day. There were no treatment-induced changes in rectal body
temperature, and no death occurred during the study. One male rat
showed moderate food reduction and slight weight reduction during
the first week of the study. Animals sacrificed after 24 hr (2
male and 2 female) and 2 weeks (5 male and 5 female) exposures
showed no gross or histopathological changes. In conclusion,
nevirapine has shown a very low acute toxicity in rats when
administersd as a respiratory dust via inhalation.

5. Nevirapine preliminary oral (capsule) rising dose tolerance
toxicity study in dogs, Lot # RM-1152, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefieid, CT, September 26, 1990, (TX-
9004/0G99-0599)

One male and one female dog were given nevirapine orally in
capsules at e=scalacing single doses of 50, 150, 250 or 400 mg/kg,
with a 1-3 day washout period between doses. Resultsg: reduced
amounts of defecation were observed for several hr after dosing
(250 mg/kg} only. No clearly drug-induced gross or
histopathologic alteracions were identified.

6. Oral Rising Dose Toxicity Study of Nevirapine (Granulation) in
Beagle Dogs, Lot # TX-0412,

. August 27, 1992, (TX-9302/U92-
0637) ~

Nevirapine (66% pure, a granulation formulation) was administered
crally in a single alteyxnating dosages of 100, 200, 400, 800,
1600 and 3200 mg/kg to one male and one female beagle dog (age:
28-45 months; weight: 11-12 kg) as well as in a dosage of 1000
mg/kg to one additional male and female animal consecutively over
a period of 7 days. The purpose of this study was to assess the
toxicity of a granulated formulation of nevirapine when
administered orally to beagle dogs. Clinical Observations: single
administration of 100 and 200 wmg/kg - no abnormal findings; 400
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and 800 mg/kg - white particles in the feces; and 1600 and 3200
mg/kg - white particles in the feces; repeated vomitus and slight
ataxia. Repeated (7 days) administration of 1000 mg/kg/day
resulted white particles in the feces; the male vomited on day
one; the female vomited repeatedly and was slightly sedated. The
food intake was not influenced. The female (7 days) showed a mild
decrease in the weight gain. ini i ion
values of GGT, AP and total cholesterol were slightly or
moderately increased in both male and female. Both females
{singlz and repeated doses) had a slight decrease in hemoglobin,
erythrocyte counts and hematocrit. In the repeated dose animals,
the leucocyte number was increased in the female and the
percentage of lymphocytes was decreased compared to that of the
neutrophils in the differential blood picture in both animals.

the repeatedly dcsed female showed lymphoid depletion
of the thymus and lymph nodes as well as reduced erythropoiesis
in the bone marrow as a result of nevirapine administration.

Comments: The single and the repeated (7 days) administrations of
high dosages of nevirapine to beagle dogs revealed CNS signs,
emesis and biochemical evidence of liver toxicity. Based on these
findings, the highest dose for repeated dose toxicity studies
should not exceed 1000 mg/kg/day.

ltiple D Toxicity Studj

7. A l4-Day Intravenous Toxicity Study of Nevirapine in the
Albino Rat, Lot # TX-0493,
May 28, 1992, (TX-9207/91-096)*

Groups of male and female Sprague-Dawley rats (weight: 251-292 g
for males and 189-222 g for females; age: 8-10 weeks; 10
rats/sex/group) were given nevirapine (1 ml/kg from 0.8 mg/ml
solution in 30% propylene glycol/10% alcohol/0.9% sodium
chloride) at dose rates (ml/min) of 0.3 once-a-day (low dose),
0.5 once-a-day (mid dose) and 0.5 twice-a-day (high dose) by slow
bolus tail vein injection for 14 consecutive days. The control
animals received the vehicle (0.5 ml/min twice-a-day) only. The
purpese of this study was to determine the toxicity of the
intravenous administration of nevirapine in rats.

There were no mortalities. There were no treatment-related
effects on body weights and food consumption data. Lesions of the
tail such as pale, yellow, red and dark areas (ranging from 1-4
cm in length) and scabs were seen in all groups with the highest
incidence in the high dose and control groups (both groups dosed
twice daily). One male (control) showed moderate exfoliation on
day 14. Dry or wet green material was found on the cage tray
paper of three females at 5 different occasions (control and low
dose groups) .
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In females, analysis of mean values compared to controls revealed
statistically significant decreases in white blood ¢2l1l1 count
(mid and high dose) and platelet count (m:d dose). Animals
[control (4), high dosz (2), mid dose (1)] showed marginally to
slightly decreased rec blood cell counts and statistically
significant decreased red cell distribution width (RDW) {(low and
mid dose). Additionally, all these animals showed a high
reticulocyte count and a low hemoglobin and hematocrit.

Compared to control animals, there were statistically significant
increases in A/G ratios {(males in mid cose, females in low and
mid doses) .

At the routine urinalysis, all groups showed an incidence of
blood in urine collected overnight starting at day 1 of the
treatment which continued throughout the study period. The
incidence in week 2 was slightly higher compared to week 1. The
daily urine test for oc.ult blood was positive for the presence
of blood for all groups, with a marginally higher incidence in
both mid and high dose animals.

Relative to body weight and brain weight, there was a
statistically significant reduction in absclute and relative
spleen weights in males (high dose) and in females (low and high
dose}. In addition, without statistical significance, relative
spleen weights were also reduced in males (low and mid dose).
Absolute and relative (relative to body weight and brain weight},
thyroid/parathyroid weights for males (low dose) were
statistically significantly higher than those of controls. Gross
pathological examination revealed miscellaneous findings in rats
from all groups, with the most frequent being pale areas in the
liver. Some rats from all groups had scabs or ulcerations on the
skin of the tail and one female (high dose) had blue
discoloration on the tail. Histopathological evaluation of the
injection sites revealed thrombosis, fibrosis, hemorrhage and
mixed cell infiltration which were distributed throughout control
and all treated groups. A foreign crystalline material was
observed within the injection site lesions (one male each in high
dose and control).

Comments: The design of this safety study did not permit
delineating the role of the test article in the overt toxicities
that were seen in the animals. The observed toxicities may have
cccurred due to a complex function of different dosing regimens
of the vehicle, particularly in control and high dose groups,
test article itself, toxic nature of the vehicle or the injection
procedure. Also, the sponsor has not menticned the time period
between the doses in those instances where the animals received
twec doses a day. Nevertheless, the intravenous administration of
nevirapine solution in 30% propylene glycol/10% alcohol/0.9%
sodium chloride to rats at a dose level of 0.8 mg/kg/day at a
rate of 0.3 and 0.5 ml/min once-a-day and twice-a-day at a rate
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of 0.5 ml/min for 2 weeks, resulted in various overt toxicities.
The clinical observations included lesions, scabs or ulcerations
and exfoliation on the tail. Histopathological evaluation of the
affected tissues demonstrated thrombosis, fibrosis, hemorrhage
and mixed cell infiltration in both control and treated groups.

A statistically significant reduction in absolute and relative
weights of spleen and an increase in thyroid/parathyroid weights,
pale areas in the liver of all groups, although not accompanied
by abnormal histopathological changes, were observed. Compared to
control, there were significant decreases in red blood cell count
and RDW, and platelet count in treated animals; however, each of
these value was within expected range for rats of this strain.
The increased A/G ratio in both male and female animals (low and
mid doses) indicated that the increase, generally speaking, may
be due to liver dysfunction [decrease in albumin synthesis] that
may be related to the test article. The daily urine test for
occult blood was positive for the presence of blood approximately
50% of the time for all groups, with a marginally higher
incidence of blood in urine of mid and high dose animals.

8. Nevirapine 4-week oral (gavage) toxicity study in male albino
rats, Lot # RM-1177, Boahringer Ingelheim Pharmaceuticals, Inc.,
May 31, 1991 (TX-9103/U91-0537)*

Groups of male Sprague Dawley VAF/Plus albino rats (weight 229 -
289 g; age 7 weeks; 15 animals/group) were administered
nevirapine (1, 10, 50 and 150 mg/kg in 10 ml/kg solution) orally
by gavage or vehicle (0.5% Methocel) for a minimum of 28 days.
Five animals per group were assigned to a recovery phase of the
study and received no treatment during the 4 week recovery
period. No death occurred during the study. No drug-induced
effects on body weight, food consumption, rectal temperature or
ophthalmological examinations were noted. There were no drug-
related clinical signs of toxicity at doses of 1 or 10 mg/kg. At
50 mg/kg, one rat had black/brown chromorhinerrhea (on day 7); at
the high dose of 150 mg/kg one animal had black/brown
chromecdacryorrhea (days 8-28) and swelling of nose (days 8-13).
Minor hair loss on the neck or forefeet, brown staining on the
feet or limbs were observed in a few rats in both control and
drug-treated groups. During the recovery phase, one animal (10
mg/kg) developed brown/black chromodacryorrhea and
chromorhinorrhea. A dose of 10 mg/kg may be considered as NOEL in
the male rats.

With regard to clinical laboratory data, slightly increased mean
corpuscular hemoglobin concentration (MCHC) in 50 mg/kg group
after 4 weeks of treatment. One animal (10 mg/kg) had decreased
total leukocytes, red blood cell counts, hematocrit and
hemoglobin; upon autcopsy this animal was found to have a
subcapsular hematoma of the kidney. One rat (150 mg/kg) had



NDA # 20-636 PEARMACOLOGIST’S REVIEW Page 19

E RS S EE IS EE IR EEE RS S E S S NN S SR EEE IR IS rrEOEEZ@mSSNESXST=SS

moderate number of Burr cells (abnormal erythrocytes). At the end
of the recovery period, a statistically significant decrease in
hematocrit was noted in the high dose group (150 mg/kg) of
animals. Activated partial thromboplastin time (APTT) was
significantly increased (150 mg/kg) compared to controls after 4
weeks of the treatment, but returned to normal after the recovery
phase. A statistically significant increase in serum cholesterol
{150 mg/kg) compared to controls was noted which returned to
normal after the recovery period. The low dose group (1 mg/kg)
had a statistically significant increase in serum cholesterol as
well; however, a dose response trend was absent.

Pathology data demonstrated that statistically significant dose-
related increases in mean absolute and relative organ weights
occurred in liver (50 or 150 mg/kg), thyroid (150 mg/kg) and
adrenals (150 mg/kg). These increases were reversible after a 4
week recovery period. Drug-related macroscopic findings were
limited tc hepatic enlargement in 2 and thyroid gland enlargement
in 1 of 10 animals (150 mg/kg). Histopathologic findings showed
diffuse centrilobular hepatocellular hypertrophy of the liver in
all animals (50 and 150 mg/kg), diffuse bilateral hypertrophy of
the zona fasciculata of the adrenal cortex in 1 animal (50 mg/kg)
and 5 animals (150 mg/kg), and diffuse follicular cell
hypertrophy generally accompanied oy follicular cell hyperplasia
of the thyroid (50 mg/kg; 8 animals). Cytoplasmic inclusions in
the liver (50 or 150 mg/kg) and in the proximal tubule of the
kidney (150 mg/kg; 5 of 10 rats) were also considered drug-
related. After the 4 weeks of recovery period, hepatocellular
cytoplasmic inclusions (150 mg/kg; 3 of 5 animals) were present.

Plasma samples from a concurrent satellite group of 3 animals per
dose group were collected via cardiac puncture before the start
of dosing, and at 1.5, 5 and 24 hr after dosing on days 1, 14 and
28. The results are summarized in Table 1.
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Table 1
Mean pharmacckinetic parameters of nevirapine following 4 weeks
of oral dosing in rats

_w
Parameters Day Dose levels (mg/kg)
1 10 50 150
Cmax 1 nL.C5 0.67 5.3 8.9
{ug/ml) 14 0.04 0.56 2.9 4.1
28 Q.06 0.67 3.1 3.3
Tmax (hr} 1 1.5 1.5 1.5 1.5
14 1.5 1.5 1.5 5.0
28 1.5 1.5 1.5 1.5
ADC 1 0.23 2.8 21.5 90.6
{ug*hr/m1) 14 0.17 2.1 2.5 56.0
. 28 0.24 2.6 17.1 39.6
S - "~ .- “—- < - - o= - e

The data indicated that nevirapine was adequately absorbed after
doses of 1 to 150 mg/kg. After the first dose, mean peak plasma
levels were 0.05, 0.67, 5.3 and 8.9 ug/ml for 1, 10, 50 and 150
mg/kg groups, respectively. Peak concentrations were observed at
1.5 hr after dosing, except on day 14 (150 mg/kg) group when the
Twax W8S 5 hr. On day 1 mean AUCs increased with increasing doses,
ranging from 0.23 to S50.6 ug.hr/ml after doses of 1 to 150 mg/kg,
respectively. However on days 14 and 28, mean AUCs were lower
(17.1 and 39.6 ug.hr/ml on day 28 for 50 or 150 mg/kg,
respectively) compared to day 1. A similar decrease in AUCs with
repeated dose of nrevirapine was not cbserved in rats (1 or 10
mg/kg) dose groups.

Comments: 1) Oral administration of nevirapine at doses of 50 and
150 mg/kg for 4 weeks induced clinical, biochemical,
hematological, gross-pathological and histopathological
manifestations of toxicity in male rats. A dose of 10 mg/kg may
be considered as NOEL in the male rats.

2) As expected based on previous studies in female rats, the
target organs were liver, thyroid and adrenal glands, and kidney
in the male rats. Other drug-related toxicological meaningful
changes observed in the present studies are: decreases in
hematocrit and leukccytes, increases in APTT and serum
cnolesterol.

3) In this study, cytoplasmic inclusions in the liver persisted
after the 4 weeks of the recovery period in some high dose group
{3/5) animals. This finding indicates that the drug-induced
change reverses more slowly than other morphological toxic
manifestations.

4) Given, nevirapine causes zona fasciculata hypertrophy in the
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adrenal gland. It was possible, the drug induces enzyme synthesis
that metabolize adrenal corticosteroids; which in turn, as a
compensatory mechanism induces the hypertrophy of cells that
produce these hormones. Likewise, the hypertrophy and hyperplasia
of thyroid follicular cells may be, at least in part, due to
increase synthesis of enzymes that metabolize thyroxine.

5) In general, the degree and multiplicity of target crgan
changes in the male rats were less than that observed in previous
study in female rats at comparable doses for 4 weeks. This
increase in sensitivity of the female rat was attributed to
reduced hepatic enzyme synchesis in female as compare to male
leading to comparable reduction in rate and degree of metabolism
of the drug in female rats. However, the present study does not
support that view, since the observed hepatic enzymes levels in
the male rats were in normal range. Therefore, the increased
sensitivity of the female to the drug was due to other sex-
ralated differences.

6) With repeated dosing at 1 or 10 mg/kg, nevirapine plasma
concentrations and AUCs did not decrease; however, both of these
parameters were found to be reduced at terminal end of the study
in 50 and 150 mg/kg groups of rats. In the absence of a hepatic
enzyre induction, the results suggest that the absorptiorn of the
compound may be limited due to changes in, for example, GI fluid
pH, gastric emptying rate, GI blood flow rate, and GI surface
area and "membrane" characteristics.

9. A 4-week ocral (gavage) toxicity study in female ratas, Lot #
RM-1177, Boehringer Ingelheim Pharmaceuticals, Inc., September 4,
1991, (TX-9102/U91-0404)*

Six grcups of female rats (Sprague Dawley, SD) (147-204 grams, 15
animals/group) were administered nevirapine (1, 3, 10, 50, 125
mg/kg) or vehicle (0.5% aqueous Methocel; total volume 10 ml/kg)
by oral gavage once daily for 28-29 consecutive days. Ten animals
per group were killed after the treatment; the remaining five
animals per group were allowed to recover for four weeks and were
sacrificed. One animal (3 mg/kg) was killed in a moribund
condition on study Day 2 and was later found to have
pyelonephritis, cystitis and alterations in the epithelium
(necrosis, hyperplasia) of the kidney or urinary bladder. These
findings were incidental to the treatment. Drug related clinical
signs were observed at all the doses tested. They included: scab,
reduced feces, intermittent tremors, hard area abdomen, hair
loss, brown/black chromorhinorrhea, and excessive lacrimation. In
the 125 mg/kg group, 47% of the rats had adversge clinical signs,
including decreased motor activity, swollen extremities, ptosis,
chromorhinorrhea, and chromodacryorrhea. Two rats, one each at 3
and 125 mg/kg wers found to have cystic calculi and
pyelonephritis, which were considered to be unrelated to the
treatment (by the sponsor). However, upon the ophthalmologic
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examination, iritis, focal retinopathy, corneal scar, and focal
hemorrhage were clearly due to the drug treatment. There were no
reported effects of the drug treatment on food consumption, body
weight, and rectal temperature.

Statistically significant ircreases in reticulocytes (50 mg/kg),
leukocytes (50 mg/kg), erythrocytes (50 mg/kg), and hemoglobin
and hematocrit (10 and 50 mg/kg); decreases in eosinophils (50
mg/kg) were observed during the four weeks of treatment. There
were statistically significant increases in partial
thromboplastin time (125 mg/kg), serum cholestercl (50 and 125
mg/kg); increases in GGT (50 and 125 mg/kg}), calcium, inorganic
phosphorous, total protein, globulin, glucose, albumin, sorbitol
dehydrogenase; and decreases in sodium and chloride. These
changes appeared to be subsided during four weeks of a recovery
period. There were no reported drug related effects on
urinalytical parameters, except that one rat (3 mg/kg) had
increased urinary pH, protein, volume, leukocytes, erythrocytes,
amorphous crystals, occult blood, and hazy appearance.

Statistically significant or significant drug treatment related
increases in mean absolute and/or relative organ weights were
found in liver (21-74%, S0 or 125 mg/kg), thyroid (up to 50%, 125
mg/kg), adrenals (25-37%, 50 and 125 mg/kg), heart (14-20%, 50
and 125 mg/kg), kidney (5-10%, 50 and 125 mg/kg)}, and uterus (up
to 34%, 50 and 125 mg/kg). No increase in weight was reported in
thymus in the present study. Furthermcre, after the four weeks of
a recovery period, absolute and/or relative weight for the liver
{9%), thyroid (18%), adrenals (1%-22%), and ovary (18%) (a 5%
initial increase in weight was not significant, 50 mg/kg)
remained significantly elevated at high doses. Drug induced
macroscopic changes were found, such as diffuse enlargement of
the liver (10 of 10 animals), bilateral adrenal enlargement (5 of
10) and small thymus at 125 mg/kg. DPrug induced histopathological
changes after 4-weeks of treatment at 50 or 125 mg/kg included:
centrilobular nepatocellular hypertrophy of the liver, diffuse
bilateral hypertrophy of the zona fasciculata of the adrenal,
and/or hyperplasia of thyroid follicular cells. In addition, two
high dose animals had minimal diffuse cortical lymphoid depletion
of the thymus. Moreover, histopathological alterations correlated
with increases in the weights of the liver, thyroid, adrenal
gland, and with liver enlargement observed macroscopically.
Howeve:, histopathological alterations after the recovery period
were limited to multifocal or diffuse follicular cell hypertrophy
in the thyroid of 2 of 5 high dose animals. Lymphoid depletion of
the thymus was also observed in two high dose animals. No drug-
induced pathological abnormalities were observed at doses of 1 to
10 mg/kg. Histopathological findings of the ovary demonstrated
multifocal bi-lateral follicular mecrosis 1/10 (125 mg/kg), and
corpus luteum cyst 1/10 (1, 3, 125 mg/kg) and 4/10 (50 mg/kg);
the corpus luteum cyst were still present 1/5 (10, 125 mg/kg),
following the recovery. Results of the uterus histopathology were
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normal; a focal endometrial cyst was present in 1/5 (1 mg/kg)
following the recovery period. Based on clinical and pathological
data, doses 0of 1 to 10 mg/kg did not produce any adverse effects.
A dose of 10 mg/kg was considered the NOEL in fema.e rat.

Nevirapine was adequately absorbed after doses of 1 to 125 mg/kg.
After the first dose, mean peak plasma concentrations were 0.29,
0.76, 4.24, 21.27, and 44.48 pug/ml after doses of 1, 3, 10, 50,
and 125 mg/kg, respectively. Peak concentrations were measured
1.5 hr after dosing on all days in groups 1, 3, 10 mg/kg. At
higher doses, absorption was prolonged, with peak concentrations
occurring 5 hours post dose on day 0 and 28 for the 50 mg/kg
group. Mean AUCs increased proportionately with increasing dose
ranging from 1.54 to 772.23 ug.hr/ml after the first doses of 1
to 125 mg/kg; hcwever, mean AUCs were lower on days 14 and 28,
compared to day 0.

Comments: Nevirapine administration has induced a wide range of
toxicity to various organs, and changes in coagulation, serum
chemistry and hemateclogic system. The principal target organs
after four weeks of the drug treatment were liver, thyroid, and
adrenal gland as reflected by increases in their absolute and
relative weights. This finding was further supported by
histopathological alterations in the respective organs. After
four weeks of a recovery period, that is discontinuation of the
drug treatment, the absolute weights ¢f these organs remained
elevated suggesting that the drug might be capable of inducing
long lasting toxicity to these organs. Although not supported by
histopathological changes, there was an increase in absoclute or
relative weights of heart, kidney, ovary, and uterus; suggesting
that these organs may be possible target organs for the toxicity.
Toxicities were observed above a 10 mg dosage and appeared to be
dose related. (In contrast to original studies on the drug,
statistically significant differences in absolute and/or relative
thymic weights were not noted in the present study}; however,
lymphoid depletion of the thymus was found in two high dose
animals.

Clinical signs after the 4 weeks of a recovery phase were not
reported by the sponsor. Based on clinical and pathological
observaticns, doses of 1 to 10 mg/kg do not appear to produce
adverse effects in this study. Further, the drug sponsor suggests
that the 10 mg/kg dose can produced mean peak plasma levels up to
5.15 ug/ml after 20 days of dosing which was 500 times the in
vitro ICS50 of 10 ng/ml. Hepatic microsomal enzyme induction may
be responsible for the increase cholesterol levels, serum gamma
glutamyltransferase and centrilobular hepatocellular hypertrophy
of the liver. If enzyme induction occurs, AUCs were likely to be
decreased at the terminal end of the study.
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10. A 13-Week Oral (Gavage) Toxicity Study of Nevirapine in the
Albino Rat, Lot # RM-1212,
. May 3, 1993, (TX-9303/U93-0462)*

Groups of male and female Spragua-Dawley ratg {strain: Crl:CD
(SD)BR VAF; age: 35 days; weight: 241-28% g for males and 170-212
g for females} were administered nevirapine daily via oral doring
(gavage) in a suspension of 0.5% hydroxypropyl methylcellulose
(10 ml/kg) for a period of 13 weeks and then terminally
sacrificed. The experimental design is shown in Table 2. The
purpose of the study was to assess the potential toxicity of
nevirapine during daily oral administration in rats.

Table 2
Experimental Design of the Study

Kevirapine
(mg/kg/day)
| roxicity |

No. of snimals/sex/group

ox1cokimtics

Control 0 15 5 5
Low 5 15 5 S
Mid 50 15 5 5
High 125 1% 5

imw

+ Maintained untreated for an 8-week period following the 13-week
treatment period.

Mortality: seven animals died or were sacrificed for humane
reasons during the treatment. There were no deaths in the
recovery phase of the study. Clinical Observations; dose-related
skin lesions and/or areas of severe scabbing were observed in 2
high dose maies and 1 high dose female. A dose-related incidence
of excessive salivation was observed in the high dose females and
to a lesser extent in the mid dose females. There were no
abnormal clinical signs noted during the recovery phase. Body
Weights; a treatment-related effect (reduction) on mean body
weight of females was noted. In the recovery phase, the majority
of mid and high dcse females had body weight gains similar to or
higher than control. No treatment-related elfect of food intake
was not noted for either sex. QphthalmosSCopy: no treatment-
related changes were noted. Incidental findings included
superficial punctate keratopathy, focal nuclear cataract and
focal chorioretinal atrophy. These were common findinas in rats
of this age and strain and there was no difference in the
incidence of the findings in the treated animals versus the
control animals. Hematoloqy: at week 13, there were significant
incieases in reticulocyte counts in mid and high dose females
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when compared to controls. Bone Marxow Smears: the bone marrow of
one female (high) showed an increase in the number of cells from
the granulocytic series, a decrease in the number of cells from
the erythroid series, an abnormal maturation of erythroid series
and an increase M:E ratio which was consistent with
histopathological changes observed in this animal. Clinical
ﬁ;g;ngmgﬁgzz* at week six, treatment-related changes consisted of
significant increases in mean cholesterol, calcium and glebulin
levels for females (mid and high). Significant reductions were
noted in glucose, ALP and chloride levels and significant
increases in ALT were noted for high dose females. At week 13,
treatment-related changes were noted in high dose males and mid
and high dose females. Slightly increased cholesterol levels,
significantly decreased mean triglyceride levels and A/G ratio
and increased mean globulin values were noted for males (high).
Significant increases in mean BUN, cholesterol, total protein,
calcium and globnlin values and reductions in A/G ratio and
potassium values were noted for mid and high dose females. During
the recovery phase, there was a resclution of these parameters
that were observed in weeks 6 and 13. Uripalyses: there were no
changes in the urinary parameters which showed any indication of
an adverse effect attributable to the treatment. Drug Metabolism
and Pharmacokinetics: data from this group of animals were
discussed separately in the following study (DM-9206/U92-0639).
Organ Wejights: after 13 weeks, treatment-related charges were
noted in the mean absolute and/or relative organ weights
[elevated liver weights (mid and high), increased thyroid and
kidney weights (high, males; mid and high, females) and increased
heart and adrenal weights (mid and high, females)}]. Slightly
reduced thymus weights were noted in high dose animals. Slightly
lower testicular weights were noted in the high dose males and
slightly higher ovarian weights were noted in the high dose
females. At the end of the 8-week recovery period, no significant
differences were noted. i i i 100 :
enlarged adrenal and livers were noted in both sexes (high).
Histopathological examination revealed treatment-related findings
in mid and high dose animals consisting of centrilobular
hepatocellular hypertrophy of the liver, thyroid follicular cell
hypertrophy and hyperplasia and hypertrophy of the zona
fasciculata of the adrenal cortex. Cortical lymphoid depletion of
the thymus was noted in a few high dose animals. The
histopathological alterations generally correlated with
alterations for organ weights and with macroscopical observations
and were more marked in females than in males.

Comments: The low dose of 5 mg/kg/day may be considered a NOEL.
The primary target organs identified aftexr 13 weeks of dosing

're the liver, thyroid and adrenal. Centrilobular hepatocellular
Lypertrophy of the liver observed at mid and high doses was
consistent with microsomal enzyme induction, a known property of
nevirapine in the rat. The thyroid follicular czll hypertrophy
and hyperplasia at the same doses were attributable to hepatic
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induction of enzymes that metabolize thyroxine (a known effect).
The pathogenesis of the adrenal cortical hypertrophy was unknown,
lut may involve hepatic induction of enzymes that hydroxylate
corticostercids produced by the adrenal cortex.

Unscheduled sacrifice of two high dose females late in the study
was performed when the animals developed extensive cutaneous
ulceration and severe hindlimb edema. These finding were
considered drug-induced by the sponsor.

11. Thirteen week oral (diet) range-finding toxicity study in the
CD-1 mouse with nevirapine, BPatch No. RM-1177, Boehringer
Ingelhaim Pharmaceuticals, Inc., Ridgeiield, CT, July 13, 1994,
(93-1"3 'TX-9306)*

Groups of male and female mice {strain: Cx1:CD-1(ICRBR) VAF+; 15
animals/sex/group) were given nevirapine in the diet (powdered)
at dose levels of ¢ (control) 50 (low), 500 {(mid) or 1500
mg/kg/day (high) initially. In treatment weeks 5 and 12, the mid
dose was ascalated to 3000 and 6000 mg/kg/day, respectively. From
treatment week 7 until the end of the study, 2% lactose was added
to all feed (including controls) to increase the palatability of
the drug. Drug-diet concentrations were adjusted weekly. The
purpose of the study vAae 0 determine the MTD, NOEL and target
organ toxicity of nevirapine to support dose levels selection for
the 2-year carcinogenicity study in mice. Results: drug
consumption ranged from 75-151% of the targeted dose. Drug-
related food spillage was observed at »3000 mg/kg/day. Addition
of 2% lactose to the food did not reverse the spillage.
Mortality: drug-related mortality/moribundity was observed at the
escalated mid dose of 6000 mg/kg/day only. Four male mice were
found dead in weeks 12 and 13; and 3 female mice were found dead
in week 14. Clinical observation: decreased activity, anogenital
staining, labored respiration, ptosis, distended abdomen, soft
stool and swelling and/or erythema of legs were observed at 3000
and 6000 mg/kg/day. Body wejght and food consumption; mean body
weights in 3000 mg/kg/day male mice were decreased (8%) in week 5
only and increased in females (7-21%) at 1500 and 3000 mg/kg/day.
Mean food consumption was increased (10-48%) in males at >12230
mg/kg/day and 1n females (13-16%) at 23000 mg/kg/day only. Plasma

; mean plasma drug concentrations at the 50,
500, 1500 and 6000 mg/kg/day doses ranged from below quantlflable
limits (<0.25 pg/ml) - 0.33, 0.72 - 1.2, 2.7 - 4.2 and 31.8 -
57.3 ug/ml, respectively, and were roughly dose proportional up
to the 1500 mg/kg/day dose level. Post-mortem analysis: revealed
target organ toxicity at the 1500 and 500-6000 mg/kg/day doses in
the liver, thyroid gland, hematopoietic-reticuloendothelial
systems, heart, intestine and kidney. At the 1500 wng/kg/day dose,
drug-related changes included increased liver weights and size,
hepatocellular hypertrophy and necrosis, increased thyroid with
thyroid follicular epithelial hypertrophy, thymic cortical and
medullary lymphoid depletion, diffuse extramedullary



NDA # 20-636 PHARMACOLOGIST'’S REVIEW Page 27

R ST E ST E S E RS R TR NN T S E N SR RN S FES S EEEIS EmEESESERZE=CE

hematopoiesis in the spleen, cardiac myofiber necrosis and
mineralization and increased kidney weights with renal tubular
degeneration/necrosis and hemorrhage. The following were observed
at the 500-6000 mg/kg/day dose level: liver discoloration and
prominence of the lcbular architecture macroscopically, thyroid
follicular epithelial hyperplasia, decreased thymus weights,
diffuse lymphoid depletion in the spleen, mesenteric lymph node
cortical lymphoid depletion and subscapular macrophage
infiltration, subacute colitis, -typhlitis and -ileitis, acute
colitis and subacute mesenteric inflammation in the stomach.
Spleen weights were increased in females at 1500 mg/kg/day, but
decreased in males at 500-6000 mg/kg/day. These changes were
consistent with enlarged spleen in females (2 highest doses) and
small spleen in males (500-6000 mg/kg/day). Microscopic
abnormalities such as marked diffuse necrotizing hemorrhagic
myocarditis, marked multifocal acute necrotizing colitis and very
severe multifocal hepatocellular coagulative necrosis were seen
in the drug-related mortality/moribundity.

Commentg: Administration of nevirapine to mice in the feed
induced target organ toxicity in the liver, thyroid gland,
hematopoietic-reticuloendothelial systems, heart, intestine and
kidney. Liver and thyroid changes were consistent with altered T4
and TSH levels secondary to hepatic enzyme induction. Since
weight loss was not seen at the dose level of 1500 mg,kg/day,
although the liver and kidney toxicities were noted, the sponsor
has selected the dcse level of 1500 mg/kg/day a MTD. The dose
level of 50 mg/kg/day may be considered a NOEL. The drug exposure
values (AUCs) were not submitted.

12. Thirteen week oral (diet) range-finding toxicity study in the
rat with nevirapine, Lot # RK-1290, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, T, May 12, 1995, (U95-
3128/TX-9305)*

Groups of male and female rats (15 animals/group) were
administered nevirapine daily via oral dosing (diet) at dose
levels of 0 (vehicle control), 5 (low), escalated mid dose group:
25 mg/kg/day (week 1-4) and 100 mg/kg/day (week 5 to study
termination), or 50 mg/kg/day (high) for a period of 13 weeks.
The purpose of the study was to identify target organs, estimate
the Maximum Tolerated Dose (MTD) and No Effect Dose Level (NOEL)
of the test compound in rats. Regults: following drug week 5, six
males and cne female (mid} and two males and one female (high)
showed signs of dermal swelling and erythema of the forelimbs
which were considered to be drug-related. A decrease
{(approximately 8%) in body weight was observed in the female (mid
and high) beginning on day 53 and 70, respectively. Ffood
consumption for the female (mid and high) were decreased
beginning day 35 and £6, respectively. Hematolcogy: revealed a
decrease in RBC, HGB, HCT and MCV (mid) during week 13. A
decrease HCT and MCV was also observed in the female (high). A
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decrease in the percentage of lymphocytes and an increase in
percentage of neutrophils and monocytes were detected in (mid) in
weeks 8 and 13. Clipical Chemistry: an increased serum
cholestercl was detected in males and females (mid). Urine
protein levels were increased in males (mid). Pathology:
significant changes were limited to mid and high dcse groups and
consisted of: swelling of the forelimbs; chronic enteritis
accompanied by granulocytic hyperplasia of the bone marrow,
splenic extramedullary hematopoiesis and lymphadenitis of
draining lymph nodes; centrilobular hepatocellular hypertrophy of
the liver; lamellar body formation in liver; follicular cell
hypertrophy/hyperplasia of the thyroid; increased anterior lobe
secretion of the pituitary gland; accumulation of green
pigmentation in the pituitary gland; and, zona
fasciculata/reticularis cellular hypertrophy of the adrenal
glands. Conclusion: the NOEL for nevirapine under the conditions
of this study was 5 mg/kg/day. On the basis of body conversion
factor, an equivalent dose in humans would be 0.71 mg/kg/day. The
target organs of toxicity include: adrenal, liver, lymphoid
tissue, pituitary, small and large intestines, and thyroid
glands.

13. Nevirapine: 14-Day Oral (Capsule) Toxicity Study in the
Beagle Dog, Lot # XP-1413-029, Boehringer Ingelheim
Pharmaceutical, Inc., Ridgefield, CT, 5 June, 1990, (TX9007/90-
034)

Four groups of male and female purebred beagle dogs (weight: 7.4
- 10.0 kg males and 7.4 - 8.2 kg females; age: 9 - 10 months; 2
animal/sex/group) were dosed with either vehicle (gelatin
capsule) or nevirapine in capsule(s) at doses of 0, 100, 400 or
800 mg/kg once a day for 14 days. The purpose of this study was
to assess the toxicity of nevirapine when given orally to the
dogs. Clinical signs of toxicity including decreased motor
activity, ataxia, tremors, scleral injection and/or lacrimation
were noted. Decreased fcod consumption and weight loss in the
male and female animals in both the mid and high dose groups were
observed. One male (400 mg/kg) with the CNS signs also developed
diarrhea and dehydration, and was not dosed on day 7 to 9 because
of drug intolerance. This animal had a neutrophilic leukocvtosis
and increased serum ALP and AST levels on day 6 and 14. Transient
head tremors also were noted in one female (400 mg/kg) .
Alterations in organ weights included reduced thymic weight and
size in the mid and high dose groups. Discoloration of the lungs
was noted in one or more animals in each drug-treated group.
Lymphoid depletion of thymus, tonsil and lymph nodes was observed
in the mid (#363, male) and high dose groups. The pulmonary
lesions of interstitial pneumonitis and bronchopneumonia were
more severe in the animals of the high dose group. One male and
two females (400 mg/kg) had splenic enlargement with prominent
lymphoid feollicles in one high dose female. One male (400 mg/kg,
#363) that had marked clinical signs and lymphoid depletion in a
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variety of tissues also had mild membranoproliferative
glomerulonephritis in the kidney and mild diffuse chronic
cholangitis in the liver. The cholangitis correlated with
increased serum ALP and AST levels on day 6 and 14. Additionally,
the dog had increased cholesterol, ALT, LDH, white blood cell
count along with lymphopenia and neutrophilia (relative and
absolute) and APTT; decreased glucose, total protein (caused by
decreased albumin), calcium, RBC, hematocrit and hemoglobin.
Other findings in this male were mild granulocytic hyperplasia of
the bone marrow and sinusoidal leukocytosis of the liver and
spleen. Acute necrosis of crypts was observed in the mucosa of
the colon and rectum i one high dose male. There were no drug-
related ophthalmologic or electrocardiograms/heart rate effects.

¥ith considerable inter- and intra-animal variability, peak
plasma concentrations of the drug tended to increase in females
with increasing dose but not in males. For example, after the
first dose in the three dose groups, peak concentrations averaged
0.33, 32.30 and 21.4 ug/ml in males and 0.11, 6.13 and 9.5 pg/ml
in females. Table 3 shows a correlation between the toxicity of
nevirapine, and its peak plasma concentrations and AUCs.

Table 3
Summary of Correlation between the Drug Intensity Exposure and
Induced Toxicity

bog#, Sex & Dose Crm AUC Histopath, Alterations Clinical Signs
(ma/kg) (pg/ml) (ug*hr/ml)

r_———
I r— lymphoid depletion of thymus
#3463 1 61,7 584 snd other lymphoid tissues,
(male, 400 mg) ) 43.3 545 severe interstitial ataxia & tremor,
pneumonitis & broncho- decreased motor
pneumonia, cholangitis in the activity
liver & glomeruio-
#3175 1 41.2 B21 nephritis
{male, 300 mg)
#3180 [ 22.3 254
(temale, BOO mg)
4376 |
(male, 400 mg), lung Llesions NONE
#3155 {low incidence )
(male, 800 mg), - 15-20 ~200
n
{femaie, BOO mg)
all snimals
(100 m) and - less than less than NONE NONE
nrme e i 15 200 I'
(female, 400 mg)
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Comments: 1. Peak plasma concentrations and AUCs were highest in
animals that were showing pathological alterations of lymphoid
depletion of thymus and other lymphoid tissues, interstitial
pneumonitis and bronchopneumonia, liver and kidney lesions.
Secondly, it appears that a peak plasma concentration in excess
of 20 ug/ml and an AUC greater than 250 ug*hr/ml were required,
regardless of dose, to induce significant clinical or
pathological changes in dogs (Table 3).

2. Drug-related alterations in liver weight were not observed in
this study. Drugs, that induce microsomal enzyme synthesis, are
known to cause centrilobular hypertrophy of the liver. However in
this study, the increased enzyme induction was not accompanied by
the pathological change. Secondly, cholangitis in the liver was
correlated with increased AST and ALP levels. However, because of
the chronic nature of cholangitis in the liver and since the
alteration was known to occur in laborateory bred beagle dogs
sporadically, the toxicity may not be related to the treatment.

3. The severity of interstitial pneumonitis and bronchopneumonia
in the lung appeared to be correlated with higher plasma
concentrations and AUCs. The agent may have caused damage to the
alveoli and that could have caused the toxicity.

4. Nevirapine was well-tolerated when given to dogs at repeated
doses of 100 mg/kg/day (both males and females) and at 400
mg/kg/day (females only). The peak plasma concentrations in mid
and high dose groups on day 6 were found to be lower than on day
1 (Table 3). This may have occurred due to the saturation of
absorption process and/or auto-induction of metabolizing enzymes.

14. Dose Range Finding Study: Two Week Oral Toxicity Study of
nevirapine (Granulation) in Beagle Dogs, Batch # TX-0488,

September 25, 1993, (TX-9301/U92-0643)*

Groups of male and female dogs (2 animals/sex/group) were orally
administered nevirapine at dose levels of 0 {vehicle control),
150 (low), 300 {(mid)} or 6900 mg/kg/day for 14 days to determine
dose-range of nevirapine granulated formulation in dogs. Results:
one male dog {(high) showed inactivity, anorexia, hyrothermia and
icterus during week 2 of the study. This dog was killed jin
extremis. Body weight loss of up to 2 kg occurred in high dose
animals mainly during the 2nd week of the study. Corresprading,
significant food consumption was seen in the high dose animals.
The number of erythrocytic precursor cells in the bone marrow was
significantly decreased (high) compared to the controls. Drug-
related alteration in organ weights included decreased thymus
weight in all high dose animals and one mid dose female and
increased spleen weight in two females (high). Histopathology:
the principal drug-related findings (high) were hepatocellular
enlargement, lymphoid depletion and gastric mucosal ulcers or
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erosions. The high dose male killed in moribund condition was
icteric and had endocardial hemorrhage, testicular degeneration,
conjunctival erosions, proximal tubular swelling and degenerating
of the kidneys and hepatic changes of multifocal necrosis,
anisokaryosis, diffuse fatty change, bile tubular hyperplasia and
bile retention.

Comments: A dose 150 mg/kg/day may be considered the NCEL. Based
on a body surface area conversion factor, an equivalent dose in
humans would be 75 mg/kg/day. The immune system and liver were
identified as the principal target organs.

15. A 1l4-Day Intravenous Infusion Toxicity Study of Nevirapine in
the Beagle Dog, Lot # TZ-0436,
May 28, 1992 (TX-9208/91-097)*

Groups of male and female beagle dogs (weight: 6.8-8.9 kg for
males and 6.3-7.6 kg for females; age: 6-7 months; 3
dogs/sex/group) were given nevirapine (1 ml/kg from 0.8 mg/ml
solution in 30% propylene glycol/10% alcohol/0.9% sodium
chloride) at dose rates (ml/min) of 0.3 once-a-day (low dose),
0.5 once-a-day (mid dose) and 0.5 twice-a-day (high dose) by slow
infusion into either the left/right cephalic or saphenous veins
for 14 consecutive days. The control animals received the vehicle
(0.5 ml/min twice-a-day) only. The study was designed to
determine the toxicity of the intravenous administration of
nevirapine in dogs. Due to the poor and deteriorating condition
of the infusion sites (it became difficult to insert the abbocath
into the vein and/or the vein collapsed once the abbocath was
inserted], one male (control) did not receive 3 consecutive doses
due to his condition and was sacrificed on day 14. Clinical
observations for this animal included slight contusions on the
left hindlimb and both forelimbs from day 8 through day 10 and
vocalizing during dosing on day 9 and 10. In other animals,
treatment-related observations included vocalizing during dosing
{one animal, control), contusions on the forelimb(s) and/or
nindlimb(s) (one animal each in control and high dose), severe
alopecia on a small area of the right forelimb (one animal in low
dose), reddish brown colored urine (two animals in control on day
12 and 13), slight salivation and/or biting cf the sling (one
animal in control, one in mid dose and two in high dose) and a
small amount of emesis (one animal in low dose on day 14) during
dosing. There were no mortalities. There were no treatment-
related effects on body weights and food consumption data. There
were no significant differences in the absolute and relative
organ weights.

There were no toxicological effects on the hematological

pavameters. Males and females (all groups) showed an increase in
serum creatinine compared to pretreatment values. The daily pre-
and post-dose tests for occult blood in the urine did not reveal
any significant inter-group differences. The incidence of blood
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in the urine tended to be higher in males from all groups and
females from control and high dose groups after the daily dose.

Dark areas were frequently noted at the infusion sites along with
raised and/or discolored areas in the lungs in animals from all
groups. Histopathological finding at the infusion sites included
fibrosis, hemorrhage, thrcmbosis, eosinophilic material (probably
fibrin) and mixed cell infiltration. A foreign crystalline
material was found in the infusion site lesions of several
animals in all groups. Similar foreign crystalline material was
seen within pulmonary granulomas in two dogs (one each in control
and high dose) .

Comments: The intravenous administration of nevirapine solution
in 30% propylene glycol,/10% alcohol/0.9% sodium chloride to dogs
at a dose level of 0.8 mg/kg/day at a rate of 0.3 and 0.5 ml/min
once-a-day and twice-a-day at a rate of 0.5 ml/min for 2 weeks
resulted in irritation of the injection sites as demonstrated by
thrombosis, fibrosis, hemorrhage and mixed cell infiltration in
the affected areas of both control and treated groups. Both the
incidence of occult blood in the urine after dosing and the
presence of a foreign crystalline material [possibly
corresponding to the vehicle] in the infusion sites of animals in
each group does suggest an adverse effect of the vehicle. The
vehicle may also be respcnsible for causing pulmonary granulomas
in two dogs (one each in contrecl and high dose). The lung lesions
observed in dogs from both control and treatment groups may be
due to a lungworm infestation that is known to occur in beagle
dogs.

16. A 28-day oral (capsule) toxicity study of nevirapine in the
beagle dog, Lot # G, Boehringer Ingelkeim Pharmaceuticals, Inc.,
Msy 23, 1991, (TX-9105/U91-0552)=*

Two groups of acclimatized and fasted, male and female beagle
dogs (weight 7.9 - 9.8 kg; age 5 to 7 months; &
animals/sex/group) were administered nevirapine orally 800/650
mg/kg or vehicle (gelatin capsule) for 4 weeks. Due to a severe
toxicity observed ir the animals (800 mg/kg) after 10 days of the
treatment, the daily dosage was reduced to 650 wmg/kg during rest
of the course of study. Following the 4-week treatment period, 2
males and 2 females of each group were maintained untreated for a
5-week recovery period. The purpose of the study was to assess
toxic effects in dogs at a dcse level approximate to a maximum
tolerated dose (MTD}. No dearh occurred during the 4-week
treatment period or during the recovery period. Drug induced
clinical signs observed during the treatment phase consisted of
sedation, tremors, elevated body temperatures, swollen or
irritated foot pads, redness of gums and/or eyes, and swelling of
the plantar aspect of the limbs. Also, there was a slightly
higher incidence of soft unformed or liquid feces in treated
animals when compared to control animals.
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During the first 10 days of treatment, mild to mcderate sedation,
slight to moderate tremors, often accompanied by an elevated body
temperature (>40 C) were the most significant toxic effects noted
in the animals. Once the dose was lowered from J00 to 650 mg/kg
on the 11lth day, tremors were less severe and boily temperature
returned to normal; however, some of the animals continued to
show mild to moderate sedation accompanied by an abnormal gait
and occasional loss of balance for the remainder of the
treatment. The daily occurrence of white particles in feces was
observed in all treated animals, and blood was also found in
feces of one dog. Sporadic occurrences of emesis were noted among
animals in both control and treated animals. During the recovery
phase however, sedation, tremor, elevated body temperature,
redness of the gums and/or eyes, swollen or irritated foot pads,
and presence of white particles in feces were no longer seen in
any of the treated animals.

Treatment with nevirapine at 800 mg/kg resulted in weight loss
and reduced food intake; immediately following the reduction of
dose to 65 mg/lig, the treated animals continued to lose weight,
however, in the later part of the treatment phase weight gains
were observed. The food intake of treated animals was comparable
to the controls during the recovery phase. Ophthalmological and
cardiovascular examinations (EKG, heart rate and blood pressure)
were found to be normal during the treatment and recovery
periods.

A trend to neutrophilia and lymphopenia was noted in treated
animals. One animal had decreased white blood cell counts.
Statistically significant (p < 0.05; Dunnett’s test) decreases in
red blood c=11 counts, hemoglobin and percent hematocrit were
also noted in the treated animals. At the end of the recovery
phase, the hematclcgical parameters of the treated animals were
comparable to controls except for the red blood cells which
remained slightly depressed in the males. The bone marrow of one
female showed a slight increase in the number of cells from the
eosinophilic series but the animal returned to normal after the
recovery phase.

Statistically significant (p < 0.05; Dunnett’s test) increases in
total kilirubin, ALT, GGT, ALP, cholesterol and triglyceride
levels, and a reduction in phosphorus levels were found in
treated animals. Also noted was an increase in BUN in all the
animals; a slight increase in AST in few dogs and elevated LDH in
one female. During the recovery phase, the ALP levels continued
to be slightly elevated in males, whereas other clinical
biochemistry parameters returned to normal range in both male and
female dogs. Uriralytical parameters revealed no changes
indicative of the treatment-related effect.

Three females had slightly lower thymus weight (absolute and
relative to body weight and to brain weight); one male and a
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female had higher liver weight (absolute and relative), and
slightly lower spleen weights. Furthermore, one male also had a
low testes weight (absolute and relative}, and one female had low
thyroid, parathyroid and adrenal weights {absolute and relative).
After the completion of recovery phase, higher thymus weights
(absolute and relative) were noted in two treated males. No gross
or histopathological abnormalities were reportedly found to be
associated in any of the animals examined.

Comnents: 1) Administration of nevirapine in dogs (800 mg/kg/day)
causes sedation, decreased motor activity, tremors, elevated body
temperature, significant body weight loss and inappetence,
lymphopenia and neutrophilia and increases in ALT, AST, ALP, GGT,
cholesterol and triglyceride levels. Then due to these signs and
biochemical changes, it was considered that some of the animals
would not have survived if the dosing continued at 800 mg/kg.
Therefore, the daily dose was reduced from 800 to 650 mg/kg on
day 11 of the treatment for rest of the experiment. This resulted
in a milder respomnse in the behavioral changes and a gradual gain
in body weight and food intake, that is to say that the animals
recovered sufficiently to conclude that the MTD was 650
mg/kg/day.

2) Although no gross or histopathological abnormalities

of liver were observed in the treated group of animals, the
increase in clinical biochemistry parameters, such as, ALT, AST,
GGT, triglycerides and cholesterol suggest the significance of
the drug treatment on liver and point to the fact that the liver
toxicity may be hidden in the study.

3) The presence of white particles in feces of all the treated
animals suggests that there may be a problem in the absorption of
the drug which should be further investigated; for example, the
feces should be analyzed for parent drug and its metabolites.

4) Nevirapine was toxic to t“e thyroid gland, it was suggested
that the sponsor incorpcrates assays of Ty, T, and reverse Ty as
part of the clinical biochemistry profile.

17. A 4-week oral (capsule) toxicity study of nevirapine in the
Beagle dog, Lot # G, Boshringer Ingelheim Pharmaceuticals, Inc.,
May 23, 1991, (TX-9104/091-0352)*

Groups cof acclimatized and fasted, male and female Beagle dogs
(4.7-8.0 kg, age 5-6 months; 3 animals/sex/drug group) were
administered orally nevirapine (20, S0, 100, 400/500 mg/kg/day)
or vehicle (gelatin capsule) for minimum of 28 days. The group
receiving a dose level of 400/500 mg/kg, for the first 14 days
received 400 mg/kg, then the dose was increased to 500 mg/kg as
of day 15 for the next two weeks. The recovery animals were
maintained untreated for a 5-week period following the 4-week
treatment period. No deaths were reported due to the treatment;
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however, one female dog died in week 2 due to a revealed
bronchopneumonia. There were no clinical signs of toxicity which
could be attributed to the drug treatment. The presence of white
particles in feces was not uncommon in treated animals, but not
found in controls, suggesting a problem in drug absorption. There
were no reported significant differences in the group mean body
weights and food consumption of the treated aniwmals (20, 50, and
100 mg/kg/day groups) in comparison to the controls. The highest
dose group (400/500 mg/kg/day), however, lost 18% weight and
consumed S% less food than the control group. Upon the
ophthalmological examination, no abnormalities were noted other
than those observed at the pretreatment examination. There were
no reported changes related to treatment in EKG tracings, heart
rates or blood pressures. However, slightly decreased heart rates
were found in 4/5 males and 1/5 females at the high dose in the
last week of the study. Results of the hemograms showed
statistically significantly higher mean neutrophil count, lower
lymphocyte count, and decreased platelets in the highest dose
male group. A slight trend to neutrophilia and lymphopenia was
observed in individual male and female rats. At the end of the
recovery period, however, the high dose group continued to have a
slightly elevated neutrophil count and depressed lymphocyte
count. Bone marrow smears were normal. Clinical biochemistry:
significantly lower potassium levels in males; increases in mean
cholesterol, calcium and triglyceride levels in females (400/500
mg/kg); significantly higher mean total protein values (20 mg/kg)
and elevated mean calcium levels (50 mg/kg) were found when
compared to control values. Slightly elevated alkaline
phosphatase levels were found at lower doses as well. One male
{400/500 mg/kg), which had shown reduced food intake and body
weight loss had high serum alkaline phosphatase, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and gamma
glutamyl transferase (GGT) values. After the recovery phase,
potassium levels were low in males; alkaline phosphatase value
were high in females. Marginally lower pH values and incidence of
ammonium urate were noted in urine of males, which returned to
normal after the recovery phase. After 4 weeks of drug treatment,
female dogs (20, 50, 100, and 400/500 mg/kg) had significantly
lower lung weights relative to body weight and significantly
higher kidney weights (100 mg/kg) One female had a slightly
increased spleen (100 mg/kg); one fewmale had slightly reduced
thymus (400/500 mg/kg). Two males dogs had high spleen weights
(400/500 mg/kg); and one male dog had lower thymus weights
(absolute and relative to body weight/brain weight, S0 mg/kg
group) . However, no gross or histopathological findings were sgeen
due to the drug treatment. Although, various inflammatory lesions
in the lungs were scattered throughout all the groups, including =
the controls. Thymic atrophy was noted ip 2 animals one each
(400/500 and 50 mg/kg males) .

Comments: Administration of nevirapine resulted in neutrophilia
and lymphopenia in both male and female dogs. A slight trend to
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both of these discrders wae continued even after the 5-weeks of
recovery neriod. Together with the alterations in the weights of
thymus and spleen at higher dosages, it was explicitly clear that
the drug was toxic to the lymphoid system. In addition, elevated
serum liver enzymes (ALT, GGT, AST and alkaline phosphatase)
coupled with reduced food intake, body weight loss, increased
cholesterol and triglycerides, clearly suggested that the liver
was going to be the target organ for this drug. Yet, there was an
absence of gross or histopathological changes due to the drug
treatment. Toxicities were dose related, and a dose of 109 mg/kg
was considered NOEL in dogs. Plasma drug levels were not
determined in the animals. Further, detailed analysis of white
particles in feces of the drug treated animals should be
performed. Although significantly higher mean total protein
values (proteinemia) were found in one group of females (20
mg/kg), proteinemia was present during the pretreatment period
and reflects elevated levels of serum globulins. The urinalytical
parameters were normal.

18. A 13-Week Oral (Capsule) Toxicity Study of hevirapine in the
Beagle Dog, Lot # RM-1230/1243,
May 13, 1593, (TX-9116/U93-0463)"

Groups of fasting male and female dogs (strain: beagle; age: 5-6
months; weight: 7.7-10 kg for males and 5.9-8.5 kg for females)
were administered nevirapine orally approximately 2 hr prior to
feeding via gelatin capsule once daily for a period of 13 weeks
and then terminally sacrificed. The experimental design is shown
in Tahle 4. Males and females were treated separately. Blood was
collected from the jugular vein of each animal into heparinized
tubes. The purpose of the study was to assess the potential
toxicity of nevirapine during daily oral administration in dogs.

Table 4
Experimental Design of the Study
FT' R——— R —— e e e e |
Groups Dose Males Fomales Recovery*
, | (m/kosday)
Control o L) 3 D 2F
Low ] 3 3 -
Mid 200 3 3
High 500 3 3 - b
WD 700/650* 1 ) | 2M+2F “

* Maintained untreated for a S-week period following the 13-week
treatment period.

*+ Dose level decreased 700 to 650 mg/kg/day as of week 9.
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Mortality: three animals died or were sacrificed for humane
reasols during the treatment. During week B, one male was weak,
mucous membranes were pale and chest auscultation revealed rales
from the lungs and cardiac arrhythmias. The animal was
subsequently sacrificed. One male was ifound dead in week 7. No
abnormal clinical signs were observed prior to its death. One
male was sacrificed in week 4 after showing signs of lethargy,
incoordiation, pallor of mucous membranes and abnormal
respiration. There were no deaths in the recovery phase of the
study. Clinical Observarions: treatment-related clinical signe
were observed among males and females (MID) and for 1 male
(high) . These clinical signs consisted of sedation, reduced
activity, incoordination and elevated body tewmperature. The signs
were generally transient and the onset, severity and/or the
nature of the behavioral changes were variable among the animals.
For the MTD group, following reductica in dose from 700 to 650
ng/kg/day in week 9 [due to signs of overt toxicity], the
severity of the clinical signs previously observed diminished
significantly. The presence of white particles in the feces was
noted among animals in all treated groups. This was not noted
during the recovery phase nor in any control animals. Body
Weights: treatment-related effect (reduction) on mean body weight
of males and females was noted. In the recovery phase (MID),
weight losses were recorded in recovery week 15 for females but
their body weight returned to normal thereafter. Food
ggngumn;;gn+ the weekly mean food consumption values of males and
females in the MTD group were generally lower than control
values. A tendency to slightly lower total food intake was also
noted for females in the high dose and males in the mid dose
groups. Qphthalmological & Cardiovascular Examipnations: no
treatment-related changes were noted. Hematology; during tne
treatment phase, a slight depression in the erythrocyte
parameters and a trend to neutrophilia and lywmphopenia wae
observed in males and 1 female (MTD). The investigations
performed during the recovery phase revealed similar values for
treated and control animals. Bone Marrow Smears: the bone marrow
of one male (MTD, sacrificed in week 8) showed a severe increase
in the number of cells from the granulocytic series, a decrease
in the number of cells from the ervthroid series and an increased
M:E ratio. These changes were considered to be treatment-related.
No abnormalities were noced in the bone marrow of animals
examlned at the end of the treatment or recovery phases. Glinical
one male (MTD) that was sacrificed in week 8 showed
elevated liver enzymes during that week. One female (MTD) showed
increased liver enzymes prior to dose level reduction in week 9.
Urinalyses: there were no changes in the urinary parameters which
showed any indication of an adverse effect attributable to the
treatment. Drug Mecabolism and Pharmacokipetics: data from this
group of animals are discussed separately in the following study
(D-9205/U91-072) . Qrgan Weights: females (MTD) showed slightly
higher liver weights. The weights of the remaining organs for
this group of females and for females in the other treated groups
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were similar to the control group. The organ weights of the
recovery females were similar to controls.

B&gmlnaglgn* for the two moribund sacrificed males, clinical
illness was attributed to bronchopneumonia with secondary toxemia
and/or septicemia. In addition, lymphocytic depletion and/or
necrosis of follicles and/or paracortical-equivalent areas were
observed for a variety of hematopoietic-lymphoreticular tissues
including thymus, spleen, tonsil, lymph nodes, Peyer’s patches of
the intestinal tract and lymphoid follicles of the stomach.
Histopathological examination of the tissues for the male found
dead, revealed that the cause of death was attributed primarily
to toxemia/septicemia resulting from a perforation in the left
cervical region. Treatment-related changes were observed in the
reproductive system for males (high and MTD). These changes
included decreases in spermatogenesis for testes and epithelial
atrophy for prostate and epididymides. One female (MTD) showed
marked diffuse granulomatous bronchopneumonia correlated with
pale green discoloration of the lung.

Comments: Daily administration of nevirapine at a dose level of
700 mg/kg/day resulted in the death of 3 male dogs. Nevirapine
caused sedation, decreased activity, incoordination, elevated
body temperatu:re, reduction in body weight and food intake,
lymphopenia and neutrophilia. As result of these observations,
the daily dose was reduced from 700 to 650 mg/kg/day in week 9 of
the treatment. Exacerbation of spontaneously occurring
inflammatory disease in the lung and other tissues (causing the
death of 3 males) was found to be related to the administration
of nevirapine at 700 mg/kg/day. It was likely that these changes
were secondary effects due to the impairment of immunity by the
test article. Nevirapine was found to have the deleterious
effects on the male reproductive system.

The doses of 200 and 650 mg/kg/day may be considered a NOEL and a
MTD, respectively.

19. A 52-Week Oral (Gavage) Toxicity Study of Nevirapine in the
Male and Female Rat, Batch No. # 13007, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, August 6, 1993, (U93-
2023/TX-9304)*

Groups of male and female rats {strain: Chbb:THOM(SPF); age: 53
days; weight: 227.5-279.5 g for males and 172.1-205 g for
females; 20 animals/sex/group} were administerad nevirapine daily
via oral dosing (gavage) in a suspension ofi 0.5%
hydroxyethylcellulose (5 ml/kg) at dose levels of 0 (vehicle
control), 5 (low), 50 (mid) or 100 mg/kg/day (high) for a period
of 52 weeks and then terminally sacrificed. The purpose of the
study was to assess the spectrum of undesirable side effects,
identify target organs and estimate the Maximum Tolerated Dose
(MTD} and No Effect Dose Level (NOEL) of the drug in rats.
Mortality:. one male (mid) was sacrificed for humane reasons
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during the treatment. One female {mid) died during anesthesia for
blood sampling after having dyspnea and foreleg edema. Cne male
and female (high) were found dead after having poor clinical
condition. Two male and nine females (high) were killed
prematurely because of an esophagus- perforatlon du¢ to gavage
application error and multifocal skin injuries. Clinical
Chservationg: transient dose-dependent sedation occurred in males
{high) and females (m‘d or high) that disappeared after 6 weeks
of dosing in males and after 36 weeks of dosing in females.
Multifocal ulcerative skin lesions associated with scratching and
biting occurred in one female (mid) and 2 males and 10 females
(high) . Body Weightg; a treatment-related significant effect
(reduction} on mean body weight of males (high, -17%) and females
(mid, -21%; high, -41%) was noted. Food and Water Consumptionsg:
food intake tended to increase in animals of both sexes (mid and
high). Water consumption was dose-dependently increased in males
(mid and high) and females (high) and slightly reduced in males
(low) . Ophthalmoscopy: no treatment-related changes were noted.
Hematology: reduced RBC count, hemoglobin and hematocrit were
noted in females (high), with increased reticulccyte count in
both sexes and increased normocyte count in females. Total WBC
count was reduced in mid and high dose males. Decreased
lymphocyte to neutrophil ratio was noted at mid and high doses in
both sexes. TPT was reduced in mid and high doses females Bone
Marrow Smears: numbers and distribution of myeloid and erythroid
series including erythroblasts, were within normal limits.
Q;;n;ggi_ﬁ;gghg_;g;;x; the1ma1n biochengjical caanges were dose-
dependent increases in AST ALT , GGT , total cholesterol,
urea ritrogen and creatlnlne in both sexes at mid and high doses.
ug;ngixggﬁi urine volume tended to decrease and spec1f1c gravity
increased in females with increased protein excretion in females
and to a lesser extent in males at mid and high doses. Feceg
Investigation:; determination of occult blood was con51stent1y
negative. Drug Metabolism and Pharmacokinetics: nevirapine was
adequately absorbed at all deoses and peak plasma concentrations
and AUCs increased with increasing doses (Table S5). Steady state
plasma nevirapine levels were reached by week 8. C,, and AUC were
consistently higher in females compared to males given the same
dose. Peak plasma concentrations occurred at the earliest time
point measured, 1.5 hr postdose, in males (mid and high) and in
animals of both sexes (low). Qrgan Weights: dose-dependent
increases in relative and/or absolute weight were noted for the
following organs: liver and thyroid in males (mid and high);
females thyroid at all doses and liver (mid and high); heart of
high dose males and females at all dcses; kidney in both sexes
(mid and high); adrenals in females (mid and haigh)} and males
(high), and ovary and pituitary of females (mid and high). Gross

and Histological Fxamipation: the principal macroscopical finding

* statistically signilicant p = <0.05
** statistically sxgnlflcant p = <0.01
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was ulcerative skin lesions in one female {(mid) and 12 animals of
both sexes (high). Edematous swelling of the subcutis of the legs
or tail region was noted in one female in each mid and high dose
groups. The main drug-induced histopathological findings were
centrilobular hepatocellular hypertrophy and diffuse thyroid
follicular hypertrophy and hyperplasia in both sexes (mid and
high) . Focal proliferative lesions of the thyroid follicular
cells (cystic hyperplasia and adenoma) occurred at an increased
incidence in males (high) and females (mid and high). Other
findings were bilateral diffuse adrenal cortical hypertrophy
mainly in females (high) and increased incidence and severity of
thymic atrophy (mid and high). Ulcerative dermatitis in males (3
high) and females (2 mid and 13 high), sometimes accompanied by
glossitis was observed.

Table 5
Mean Peak Plasma Concentrations and AUC,.,, of Nevirapine in Rats
in the 52-Week Study

Dose Cru (£5/ML)
(mg/kg) e T — — —r
Week Matle

k Mean LY 50
5 Day 1 0.4 0.1 1.3 0.2 1.0 0.3 0.
50 Day ! 5.0 0.8 13 2.0 18.2 3.1 7.3
100 Day 1 9.5 1.6 3.7 2.6 33.4 10.9 100.7 12.7
5 8 0.4 0.1 1.3 0.3 1.7 0.8 18.8 2.8
50 8 3.9 1.3 21.9 3.0 29.5 13.9 372.1 82.7
100 8 1.8 4.2 49.1 5.3 83.1 43.6 892.6 131.9
5 13 0.5 0.1 1.9 0.2 2.0 0.4 19.8 2.0
S0 13 4.7 1.6 22.5 3.7 37.1 17.5 344.8 85.9
100 13 12.8 4.3 43.3 5.7 110.9 51,4 707.3 139.7
5 26 0.6 0.2 2.1 0.3 3.1 0.9 20.7 3.9
50 26 5.1 1.5 20.7 3.4 40.1 14.6 335.3 63.3

{100 26 1.7 3.9 4.8 5.2 114.9 39.7 810.5 9.8
S 39 0.7 0.2 2.1 0.6 b4 1.5 20.1 5.5
50 39 6.1 1.9 24.8 5.6 58.5 28.3 412.1 133.8
100 39 16.3 9.3 42.9 4.2 204.2 174.7 712.5 173.8
5 52 0.7 0.1 2.0 0.6 3.9 1.3 19.5 5.9
50 52 8.4 0.9 18.2 3.4 54.7 12.4 287.3 1.5
100 52 12.2 3.6 45.9 - 136.6 50.2 737.1 -

A R R S

Comments: The main drug-induced clinical findings were cutaneous
lesions in the form of ulcerative wounds and/or edema, which were
observed particularly in high dose femaies. The primary target
organs identified after 52 weeks of dosing were the liver,
thyroid and adrenal. Nevirapine administration resulted in
centrilobular hypertrophy and hyperplasia of the liver, with
focal benign thyroid follicular cell tumors [presumably due to
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hepatic microsomal induction] at mid and high doses. The thyroid
follicular cell hypertrophy and hyperplasia at the same doses
were attributable to hepatic induction of enzymes that metabolize
thyroxine (a known effect). The pathogenesis of the adrenal
cortical hypertrophy was unknown, but may involve hepatic
induction of enzymes that hydroxylate corticosteroids produced by
the adrenal cortex. The high dose in males and mid and high doses
in females were poorly tolerated clinically, perhaps due to
development of mucocutaneous lesions, with marked body weight
gain suppression. The MTD was iudged to be 50 mg/kg/day for
males, and between 5 and 50 mg/kg/day for females. The NOEL for
males (C,,, 0.7 pg/ml; AUC, 3.9 ug*hr/ml) was 5 mg/kg/day. The
NOEL for females could not be identified; the low dose of 5
mg/kg/day resulted in C,,, and AUC value of 2.0 pg/ml and 19.5
pg*hr/ml, respectively.
The plasma concentrations and the pharmacokinetic analysis
demonstrated that nevirapine as a suspension was adequately
absorbed in both male and female rats and dose related increases
in plasma concentrations were observed in both sexes in this
study. No unusual accumulation of the test compound in either sex
was observed during the course of the study. As expected from
earlier studies with nevirapine, C,, and AUCs were consistently
higher in females which have been shown to metabolize the drug
more slowly than males. Accordingly, incidence and severity of
all toxic changes were more pronounced in iemales.

20. 52-week oral toxicity study in dogs with nevirapine
granulation, Lot # RM-1379, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, October 11, 1995, (U95-3317/93-169%)*

Groups of male and female dogs (strain: beagle; age: 7-9 months;
weight: 7.4-12.5 kg; 4 dogs/sex/group) were administered
nevirapine at initial dose levels of 0 (vehicle control), 50
(low), 150 (mid) or 400 mg/kg/day (high) orally wvia gelatin
capsule once daily approximately 2 hr prior to feeding for a
period of S2 weeks and then terminally sacrificed. Due to signs
of excessive toxicityv, the high dose was decreased in week 3 and
$ to 30C and 200 mg/kg/day, respectively. Correspondingly, the
mid dose was decreased to 100 mg/kg/day in week 5. During weeks
4-7 of the study, 1/8 mid dose and 3/8 high dose animals were
removed from the drug-dosing regimen due to extreme toxicity.
These animals were readmitted to drug-dosing by week 8. Males and
females were treated separately. Blood was collected from the
jugular vein of each animal into heparinized tubes. The purpose
of the study was to assess the potentlal toxicity of nevirapine
during daily oral administration in dogs. MQILELL&X; three
animals (high) were sacrificed moribund prior to the termination
of the treatment. One male was sacrificed on day 20 with signs of
fulminant gastroenteritis; one male was sacrificed on day 115
with generalized bacterial folliculitis; and one female was
sacrificed on day 325 with generalized cutaneous acariasis. One



NDA # 20-636 PHARMACOLOGIST’S REVIEW Page 42

====8::SB====-u‘ﬂ’ﬂﬂﬂ'--'-’-ﬂ-s..--==============="=8‘===‘======

female (high) displayed tremors, decreased motor activity and
ataxia. The two other animals were sacrificed due to debilitated
condition and severe skin changes Clinical Observations:
treatment-related clinical signs were cbserved among mal=es and
females {(mid and high) included decreased motor activity,
tremors, ataxia, ptosis, emaciation, absence of gum capillary
refill time, distended abdomen, third eyelid eversion,
dehydration, yellow sclera and gums, and labored respiration.
Other drug-related clinical sigms consisted of skin changes
(lesions, scabs, erythema, hair loss and swelling), yellow, green
or white discharge from the eyes, greenish discharge from the
nostrils and mouth ulceration. Body Weights and Food Consumption:
body weight loss due to drug toxicity was so severe in selected
high dose animals in weeks 3-7 that diets were changed to
increase appetite. Significant decreases in mean body weights
were seen in females (hlgh) compared to the controls. Body weight
gains were decreased in male and female dogs (mid and high).
Decreases in food consumption occurred in selected animals in
weeks 3-9 (high). Ophthalmological & Cardiovagcular Examipations:
signs consistent with the presence of Hormer’'s syndiome
(bilateral protrusion of the nictitating membrane and
conjunctival injection) were observed during week 4; in week 9
these changes were judged due to inflammation probably caused by
nevirapine. In weeks 9, 13, 18, 38 and 51, there was no
indication of primary ocular disease associated with nevirapine.
No drug-related changes occurred in ECGs. Hematology: changes in
selected animals (high) consisted of decreases in WBC count, RBC
count, hemoglobin, hematocrit, MCHC, platelet count and absolute
nunbers of lymphocytes. Nucleated RBC and/or band neutrophils
were observed in differential count of peripheral blood from
selected animals (high). Clinical Biochemistry: drug-related
changes included increased AST, ALT, ALP, GGT and total bilirubin
in selected mid and high dose animals starting at week 5. Changes
in triglycerides, total protein, albumin/globin ratios were noted
in selected animals (mid and high). Drug Metabolism and
Pharmacokinetics: the observed mean peak plasma concentrations
and AUCs in male and female dogs are summarized in Tables 6-9.
The peak plasma concentrations were generally observed at 1.5 hr
after the low dose; however, in the mid and high dose groups,
peak concentrations were observed wither at 5 or 8 hr samples in
both sexes. This may indicate that with increase in dose,
prolonged absorption results.
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Table 6
The mean peak plasma concentrations (ug/ml) in male dogs

[ = = e e

Dose Day 0 w7 Wk 14 wk 26 wk 39 Wk 52

Low 4.7 6.1 6.3 7.4 3.6 4.6

nid 26.7 8.9 5.5 10.8 14.3 9.3

Wigh 50.7 20.9 17 25.9 28.7 21.1
Table 7

The mean peak plasma concentrations (ug/ml) in female dogs

Dose Day 0 Wk 7 Wk 14 Wk 26 Wk 39 wk 52

Low k9| 6.1 .1 2.3 2.1 5.2

Mig 15.7 10 13.6 5.1 10 10.5

High 30.3 20.9 25.9 1t 25.6 2n.2
Table 8

The mean AUC,., , (#g*hr/ml) in male dogs

Dose Day 0 wk 7 Wk 14 Wk 26 Wk 39 Wk 52
Low 33 31 42 28 23 27
Mid 345 89 ] 112 198 134

Table 3
The mean AUC,., ., (#g*hr/ml) in female dogs

e
Dose Dey O vk 7 wk 14 wk 26 Wk 39 vk 52
Low 12 2 36 17 14 45 “
Mid 145 53 112 &7 82 16 “
Migh 456 29 359 173 357 274
Qrgan Weights: drug-related organ weight changes were present for

the livers (mid and high). There was a statistically significant
increase in the liver mean absolute weight, body weight ratio and
brain weight ratio when compared to the controls. MacrQsgopic
Qbservations: moribund animals: drug-related findings were seen
in the tissues of the liver and gastrcintestinal tract,
hematopoietic-lymphoreticular and male reproductive systems of
one male (high). These changes include pale discoloration of the
liver and red discoloration of the cecum, colon and rectum, with
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red luminal contents present in the lumen of the colon and
rectum. Reduction in size of the thymus, prostate and testes were
seen in one male (high). Liver enlargement was observed in the
female (high). Enlargement of lymph nodes from several locations
was Seen in a high dose male and female, and both animals had
skin changes con51st1ng of multifocal papules and crusting.
treatment-related findings were seen
in the tissues of the liver and hematopo:etlc lymphoreticular
systems. Enlargement of the liver in one high dose male aund
splenic enlargement 1n one female (hlgh) were seen. M;g;gaggu;g
Qbservations:
animals: drug-related hepatic enlargement correlated with
hepatocellular hypertrophy in one female {(high). In one male
(high}), pale yellow parenchymal discoloration of the liver
correlated with treatment related diffuse hepatocellular
vacuolation, and mucosal red discoloration in the cecum, colon
and rectum correlated with typhlitis, colitis, and terminal
colitis (proctitis), respectively. In the same animal, drug-
related marked reduction in the size of the thymus correlated
with corticomedullary lymphoid depleticn and bilateral reduction
in size of the testes and prostate corresponded to bilateral
seminiferous tubular degeneratlon and prostate atrophy,
respectively. i
animals: drug-related hepatlt enlargement correlated with
hepatocellular hypertrophy in one male (high). Lobular
architectural prominence correlated with drug-related
hepatocellular hypertrophy in several animals (mid and high). In
the tissues of the hemacopoietic-lymphoreticular system, drug-
related splenic¢ and lymph node enlargament (high female)
correlated with extramedullary hematopoiesis in the organs.
Treatment-related changes-moribund animals: treatment-related
findings were seen in the tissues of the liver, gastrointestinal
tract, hematopoietic-lymphoreticular, and male reproductive
systems. In the liver of three animals (high), treatment-related
subacute, cholangiohepatitis, hepatocellular vacuolation,
centrilobular hepatocellular hypertrophy, hepatocellular necrcgsis
{1-4 cells) and biliary ductular increases were all seen. I the
gastrointestinal tract, drug-related necrotlzlng ulcerative
esophagitis, neutrophil infiltration in the auodenum, ileitis,
typhlitis (cecum}, colitis, and terminal ceolitis (in the rectum)
were observed in one male (high); lymphoid depletion of the gut-
associated lymphoid tissue (GALT) of the intestinal tract was
seen in the other two animals. In the hematopoietic-
lymphoretigylar tissues, treatment-related focal pulp necrosig in
the spleen, decreased bone marrow hematopoiesis, and
corticomedullary lymphoid depletion in the thymus were seen in
one male (high) and tonsillar lymphoid follicular depletion was
seen in a female (high). Males (high) had diffuse lesions in the
tissues of the male reproductive system. Bilateral seminiferous
tubule degeneration in the testes, bilateral decreased
spermatozoa/tubular luminal debris in the epididymides, bilateral
atrophy of the epididymides and atrophy of the prostrate were
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seen. Treatment-related changes-terminal sacyjfice apjimals: in
thke liver, centrilobular hepatocellular hypertrophy was seen in
males and females (mid and high) with a dos~2-related increarce in
severity, and hepatocellular necrosis (1-4 cells) was oObserve in
males (high). Lymphoid depletion was observed in the GALT of che
intestinal tract of males and females (high). Changes in the
hematopoietic-lymphoreticular system included lymphoid depletion
in the lymph nodes of males and females (mid and high), and
lymphoid depletion in the sp 2nic pulp {(mid and high) with
increases in severity by increasing dose.

Comments: Daily administration of nevirapine at a dose level of
400/300/200 mg/kg/day led to the death of 3 male and female dogs.
Nevirapine was found to have deleterious effects on the male
reproductive system. Principal target organs included liver,
esophagus, intestines, bone marrow, lymph nodes, spleen, thymus,
tonsil, testes, epididymides and prostate. The MTD was 200
mg/kg/day. The NOEL under the conditions of this study was
considered to be 50 mg/kg/day. Based on body surface area
conversion factor, an equivalent dose in humans would be 25
mg/kg/day.

special Toxici i5

21. Effect of Oral Dogsing of Nevirapine on Circulating Levels of
Thyroid Hormones in Female Rats, Lot # RM-1177, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, June 4, 1993,
(TX-9111/093-0530)

Female albino rats (weight: 167-225 g; age: 7 weeks; strain:
Charles River Crl: CD BR VAF/plus) were randomly distributed into
12 groups of 10 females each. Six groups received 125 mg/kg
suspended in 0.5% agueous Methocel orally by gavage at a dosing
volume of 10 ml/kg. Six groups were given 10 ml/kg of the vehicle
control. Three drug-treated and three vehicle control groups
received a single dose; the remaining groups received either drug
or vehicle for 15 consecutive days. Serum levels of the thyroid
hormones were measured by using appropriate validated
radicimmunoassays. The purpose of the study was to assess the
effect of nevirapine on serum levels of thyroid hormones (T3, T4,
TSH and Reverse T3) in female rats when given orally for 15
consecutive days at a dose known to cause hepatic microsomal
enzyme induction, centrilobular hepatocellular hypertrophy and
thyroid follicular cell hyper:rophy and hyperplasia.

Clinical Signs: drug-related signs were observed in few rats and
included increased lacrimation, decreased motor activity and =
evidence of chromodacryorrhea. Inxxgld_ﬂgzmgngﬁ_Lg_glgb

immediately after the first dose of nevirapine, there were slight
increases in serum T4 levels and a slight decrease in T4 levels

after 2 and 24 hr (p<0.05) after dosing, respectively. Aft.r the

15th dose, T4 levels were significantly decreased relative to
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controls at all post dose time points evaluated. These changes in
T4 were accompanied by significant (p<0.C1l) increases in serum
TSH levels and increase in T3 levels. Qrgap Weights:
statistically significant increases in mean and relative organ
weights were noted for liver, thyroid and adrenal.

Histopathelogy: enlarged liver observed macroscopically showed
mild to moderate centrilobular hepatocellular hypertrophy.

Diffuse bilateral hypertrophy of the zona fasciculata of the
adrenal cortex and diffuse thyroid follicular cell hypertrophy
and hyperplasia also were observed.

Comments: Nevirapine elicited the expected (based on the results
of previous studies) decreases in serum T4 and increases in serum
TSH levels when given to female rats at daily oral doses of 125
mg/kg/day for 15 days. Changes in thyroid hormone levels were
consistent with increased metabolism/elimination of T4 due to
micrneomal enzyme induction followed by compensatory increases in
TSt

22. Assesspent of primary eye irritation study in rabbits with
nevirapine, Lot # 117, March 28,
2231, (TX-9108/90-049)"

Nevirapine was evaluated for its primary eye irritation potential
in three male and three female acclimated albino rabbits (2.0 -
2.1 kg) following a single ocular administration of 0.03 g

(0.1 ml weight equivalent) placed into the conjunctival sac of
the right eye, with the left eye serving as the untreated
control. The treated eyes were observed for ocular irritation at
24, 48 and 72 hr after the treatment. The test material produced
slight conjunctival irritation in 4 of the 6 rabbits during the
study. All eyes had returned tc a normal appearance by 72 hr
after the treatment. In conclusion, nevirapine was considered to
be a strong eye irritant.

23. A 5-Day Intravenous Irritancy Study in the Albinc Rabbhit with
Nevirapine, Lot # PD-1138,
May 28, 1992 (TX-9205/91-092)+

Two groups of male New Zealand White rabbits {(weight: 2.46-3.0
kg; age: 20 weeks; S anlmals/group) received either 0.5 ml of
nevirapine (0.8 mg/ml in 30% propylene glycol/10% alcohol/0.9%
sodium chloride} or vehicle control injected into the marginal
ear vein of one ear by infusion (0.5 ml/min) once-a-day for 5
consecutive days. The purpose of this study was to determine the
irritancy of nevirapine following intravenous infusion in the
rabbit. In the nevirapine treated group, one animal was found
dead on day 2 before administration of drug. A moderate amount of
red liquid on the cage tray and red dry material on the nose of
the animal were present. Upon gross patholcgical examination of
the animal, the lungs were dark and uncollapsed with dark frothy
fluid at their cut surface and in the trachea. In both the
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groups, small contusions were obse:fed at the infusion sites from
day 1 until the day of sacrifice. Very slight to slight edema and
very slight to severe erythema were noticed at the sites
throughout the study. Microscopically, slight to severe, subacute
perivascular inflammation characterized mainly by edema,
hemorrhage, eosinophilic material suggestive of fibrin, mixed
cell infiltration and fibroblast proliferation was observed in
the ears of all animals of both groups. In addition, there was
phlebitis and necrosis in the venous wall in animals of both
groups. There were no nevirapine related effects on body weights.

Comments: The intravenous administration of 0.5 ml nevirapine
(0.8 mg/ml in 30% propylene glycol/10% alcohol/0.9% sodium
chloride) by infusion to the rabbit marginal ear vein once-a-day
for 5 days was associated with perivascular inflammation,
phlebitis and necrosis of the wall.

Based upon the results of gross pathological examination, it was
unlikely that the animal died due to the toxicity of the test
article adminizrration. However, the sponsor did not perform a
histopathological examination to determine cause of the death.

24. A S5-Day Intra-Artoerial Irritancy Study in the Albino Rabbit
with Nevirapine, Lot # TX-0496,
May 28, 1992 (T¥-9206/91-093)*

Two groups of male New Zealand White rabbits (weight: 2.44-2.98
kg; age. 20 weeks; 5 animals/group) received either 0.5 ml of
nevirapine (0.8 mg/ml in 30% propylene glycol/10% alcohol/0.9%
sodium chloride) or vehicle control injected into the left
auricular artery of one ear by infusion (0.5 ml/min) once-a-day
for 5 consecutive days. The objective of the study was to
determine the irritancy of nevirapine following the infusion in
the rabbit. There were no deaths during the study. There were no
test article related effects on body weights. Small t.o large
contusions were noticed at the infusion sites in animals of both
groups throughout the treatment period. In addition, on days 4-6,
severe erythema and/or moderate edema were observed with similar
incidence in both treated as well as control groups. Microscopic
examination revealed changes in the treated ear of all animals of
both groups. Perivascular inflammation in the ears was subacute,
moderate or severe. The inflammation extended into the
surrounding tissues and was associated with epidermal ulceration
and crust. In addition, necrosis of the arterial wall with or
without thrombosis and a slight acute arteritis were seen in both
groups of animals. Hence, the daily intra-arterial administracion
by infusion of 0.5 ml nevirapine ({(.8 mg/ml) to the rabbit
auricular artery, for 5 consecutive days, has caused intra-
arterial irritancy.
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25. A Single Dose Intramuscular Irritancy Study in the Albino
Rebbit with Nevirapine, Lot # TX-0496,
May 28, 1992 (TX-9204/91-091)*

Two groups of male New Zealand White rabbits (weight: 2.48-2.81
kg; age: 20 weeks; 12 animals/group) were given a single im bolus
injection (0.5 ml) of nevirapine (0.8 mg/ml in 30% propylene
glycol/10% alcohol/0.9% sodium chloride) in the right thigh and
the vehicle in the left thigh {(Group I) or cnly sterile water in
the right thigh (Group II). The purpose of the study was to
determine the intramuscular irritancy cf nevirapine in rabbits
for 24 hr, 72 hr and 7 days after the injection. There were no
deaths or nevirapine related clinical signs cbserved during the
study. During the cbservation period, very slight erythema and
very slight or slight edema were noticed in both nevirapine as
well as control sites. Gross and histopathological changes
observed at both the control and nevirapine injection sites were
considered to result from irritation produced by the
intramuscular administration of the vehicle. Hence, a single
intramuscular bolus dose of 0.5 ml nevirapine (0.8 mg/ml)} caused
irritation at the injection sites.

Comments: A single im bolus dose of 0.5 ml nevirapine (0.8 mg/ml
in 30% propylene glycol/10% alcohol/0.9% sodium chloride) to
rabbits caused irritation at the injection sites. However, the
incidence was similar in both control as well as treated animals.
Thus, these findings suggest that the irritation at the injection
sites may be related to the injection procedure and/or the
irritant nature of the vehicle or the test article. However most
likely, it was the vehicle which was responsible for the observed
insults in the animals

26. Assessment of primary dermal irritation study in rabbits with
revirapine, Lot # RM-1177, . ’ March
28, 1991, (TX-9108/90-050)~

Three male and three female acclimated New Zealand White rabbits
{2 - 2.3 kg) were tested for primary dermal irritation potential
of nevirapine (0.5 g in 0.9% saline per site) on skin (abraded
and non-abraded) under 24 occluded conditions. Thirty min after
removal of the test material, dermal irritation readings were
taken. A second reading was taken at 72 hr after the patch
removal. The application of the test material did not result in
any dermal irritation. Based on these results, nevirapine was
considered to be non-irritant to the skin of rabbits and was not
a primary skin irritant.

27. Aspessment of acute dermal toxicity study in rabbits with
nevirapine, Lot # RM-1177, March
28, 19931, (TX-9107/90-048)~*

Six male and six female acclimated (2 - 2.3 kg) rabbits were
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equally divided into two groups to study the acute dermal
toxicity of nevirapine. The test compound (2.0 g/kg in 0.9%
saline) was applied to the skin of both groups animals, except
the skin of one group was abraded whereas the other one’‘s
remained intact. The area of application was covered with a 10 cm
* 10 cm gauze patch secured with paper tape, and over wrapped
with Saran Wrap and Elastoplast tape which remained in place for
a period of 24 hr. The initial dermal irritation reading was made
30 min after removal of the test material on day 1 and subsequent
readings were made on days 2, 3, 7, 10 and 14. There was a very
slight dermal irritation on both abraded and intact skin of all
the animals on day 1 only. Other than that, all animals appeared
clinically normal and exhibited weigh gain throughout the study.
In conclusion, nevirapine was not considered to be toxic by
dermal route of exposure.

28. Assesgssment of dermal sensitization study in guinea pigs with
ravirapine-close natch technique, Lot # RM-1177,
., March 28, 1991, (TX-9110/U91-0417)*

Nevirapine was evaluated for a delayed contact hypersensitivity
petential in 12 male and 12 female acclimated albino guinea pigs
(360 - 548 g). The drug (0.2 g, moistened with 0.9% saline) was
applied to an area along the anterior left flank on each of the
10 rest animals. The gites were occluded for 6 hr, wiped clean
and examined for dermal irritation 24 and 48 hr after the
application. Four positive control animals received (0.3% w/v
2,4-dinitrochlorobenzene in 80% ethanol/deionized water) in the
same manner as the test group. The animal receivecd one
application per week for a total of 3 applications. The naive
control animals {10} were not treated in the induction phase. Two
weeks after the third induction dose, a challenge dose of 0.2 g
of the drug was administered along the anterior right flank of
the treated and the naive control animals. The positive group of
animals raceived the positive test material as during the
induction phase.

The drug elicited no sensitization responses in any of the test
or naive control animals. All four animals receiving the positive
control material, 2,4-dinitrochlorobenzene exhibited dermal
sensitization response at challenge. In conclusion based on these
results, nevirapine was not considered a skin sensitizer in

guinea pigs.

29. Exploratory Dose (IV) Tolerance Study in the Beagle Dog on
Nevirapine, Batch I, Lot # 1177, Boehringer Ingelhein
Pharmaceuticals, Inc., Ridgefield, CT, March 31, 1992, (TX-
9201/092-0254) "~

One male and one female dog were administered a single iv dose of
vehicle (50% PG) in a pretest. On study day 0, the male received
a single iv dose of nevirapine (4 mg/kg). On study day 1, both
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animals received a single iv dose of nevirapine {4 mg/kg, bid).
From study 2 through to termination on study day 6, both animals
received nevirapine at 4 mg/kg, bid. Regults: discolored urine
was observed in both animals in pretest and during the dose phase
of the study. The discoloration was confirmed to be blood.
Copclusiong: a maximum achievable dose of 4 mg/kg, bid was
tolerated in dogs.

30. Five Day Exploratory I.V. Formulation Study in the Dog on
Nevirapine, Lot # TX-0493, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, May 19, 1992, (TX-9117/U92-0471)*

Groups of male dogs (2/group) received iv doses of PG at doge
levels of 0 (2 ml saline), 2 ml of 30%, 2 ml of 50% or 1 ml of
S0%. Resultsg: discolored urine (tested positive for blood) was
observed in all groups receiving PG. A significant decrease in
hematocrit (11-21%) was observed in the 50% PG groups but not in
the 30% PG group. Conclusions: 30% PG would be utilized in
nevirapine iv formulations.

: i {ve Toxicity i

31. Nevirapine: Study of fertility and general reproductive
performance in rats after oral treatment by gavage (segment I),
Batch No. # 13007, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, March 25, 1994, (U94-2043/TX-9402/72Q)*

Groups of male and female rats {strain: Chbb:THOM(SPF); age: 8
weeks for males and 14 weeks for females; weight: 236.5-266.9 g
for males and 207.4-269.2 g for females; 24 animals/sex/group}
were administered nevirapine via oral dosing (gavage) in a
suspension of 0.5% hydroxyethylcellulose (10 ml/kg) at dose
levels of 0 (vehicle control) 5 (low), 25 (mid) or 50 mg/kg/day
(high) for females and 0 (vehicle control) 5 (low), 50 {(mid) or
150 mg/kg/day (high) for males. The treatment of males started 10
weeks and of females 2 weeks before mating and lasted in the
females through pregnancy and lactation. Hysterectomy was
performed on half of the dams on day 22 of pregnancy, the other
half was allowed to litter and rear their progeny. The purpose of
the study was to evaluate general reproductive performance and
fertility of rats. Parental toxicity: ciinical signs of tox;cxty
as lethargy was observed in all and scratching and skin scores in
a few males (high). Body weight gain of males and females was
reduced (15-42%) dose-dependently (mid and high) with
concurrently decreased (31-38%) food consunption in females only.
Estrous cygle; two dams (control), three (low), seven (mid) and
five (high) showed an estrous cycle longer than 4 days.

Reproductive toxicity; compared to the controls, the fertility

and gestation indices were markedly decreased (high).

Hysterectomy group: the number of implantation sites was

significantly lower (high) compared to the controls. The
preimplantation loss was significantly higher (mid and high)



NDA # 20-636 PHARMACOLOGIST'S REVIEW Page 51

ER RS EENE SN EE S EEEM IO E A E N I N I R E N AN E RS R A R E NN S E S A E R E R S

compared to the controls. The resorption rate was sigrificantly
higher (high) than the controls. Correspondingly the number of
viakle fetuses was significantly lower (high). The sex ratio
shifted in favor of females. The mean fetal weight was
significantly decreased (22.3%, high) and (13.1%, mid) compared
to the controls. One malformed fetus (low) showed hemivertebra
and missing ribs, and one (mid) showed cleft vertebra and fused
vertebrae. The frequency of delayed ossification was slight (mid)
and significantly increased {(high) compared to the controls.
Ll;;gxgng_g;gnp* a delay of delivery of one day appeared in one
litter (low), in five litters (mid) and in four litters (high). A
delay of two days was obvious in one litter (high). There was a
significant and dose dependent decreased in the mean number of
implantations and new-borns (mid and high). Effect on Fl
offspring: one pup (mid) of a female and two pups (high) of a
female were born dead. After weaning, there was a significant
reduction in the mean body weight gain of the pups (mid) during
lactation at days 14-21. Until]l week 10, a significant weight
reduction was noticed in pups (high) compared to the controls.
Fertility of Fl-generation: the reproductive performance of one
male and one female weanling from each litter was studien from
week 10 p.p. on. One male each in control, low and high Jose
groups did not inseminate their partners. One female (low) did
not become pregnant.

Comments: nevirapine induced letharqgy, sedaticn, scabby wounds
and scratching in the F0 males (high), reduced body weight gain
in males and females of the FO (mid and high), and impairment of
reproductive performance (mid and high) males and females.
Effects of nevirapine in the Fl were reduced fetal weight (mid
and high) and reduced body weight gains (high). A NOEL for
parental as well as reproductive and developmental toxicity was 5

mg/kg/day .

No plasma concentrations were measured in this study. In a
previous terartology study, the plasma peak concentrations
measured after the tenth dose ranged 15.7 to 19.4 ug/ml after 25
mg/kg/day, from 37.8 to 54.7 ug/ml after SO mg/kg/day and from
62.2 to 75.4 pg/ml after 150 mg/kg/day nevirapine.

32. Range finding teratology studv in rats with nevirapine by
oral gavage, Lot # RM-1177, Boel ' cger Ingelheim Pharmacsuticals,
Inc., Ridgefield, CT, March 4, 1991, (TX-9106/0U91-0353)"

Groups of nulliparous, sexually mature, inseminated, female,
Chbb:Thom (strain) rats 'ca. 200 g, "0 weeks old, 6 animals/drug
group) were administered orally nevirapine (25, 50, 150
mg/kg/day) or vehicle (0.5% hydroxymethylcellulose) from early to
late organogenesis: days 7 to 16 of gestation for a total of 10
days. The blood samples were taken at 0, 1.5 and 5 hr after the
treatment. On gestation day (GD) 22, the animals were sacrificed
and parameters with respect to maternal, embryo or fetal toxicity
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were recorded. In the high dose of 150 mg/kg, marked clinical
signs of toxicity were observed for five hr after dosing and
included decreased motor activity, chromorh.norrhea,
chromodacryorrhea and edema of the paws. Two dams one each died
on GD 13 and 15 post treatment. No remarkable clinical signs were
noted in 25 mg/kg group. In 150 mg/kg group, there was a clear
reduction of food intake (62%) during the treatment period
compared with the starting-point; which returned to normal after
the treatment ended. Mean food consumption and body weight gain
values exhibited no significant changes in 25 and 50 mg/kg groups
compared to the controls.

The pregnancy rate was 66.7, 83.3 and 66.7% for the 25, 50 and
150 mg/kg groups, respectively (control group 66.7%). In the high
dose group, all the pregnant animals resorbed their implantation
completely. The low and mid dose groups showed nc changes in the
resorption rate compared to controls. All the pregnant female of
the control and the low dose groups had viable fetuses.
Percentages of early, late and total resorptions and sex ratio
were not affected by the trzatment. However, the mean fetal
weight at the mid-dose was significantly reduced by 15% and ther-
was a tendency for a decline of mean fetal weight in the low dose
(5.1 g) vs control group (5.4 g). In the mid-dose group, three
fetuses were classified as runts, e.g, fetus weighing less than
65% of the control fetuses mean weight. There were no external
variations or malformations present in any of the dose groups. No
pathological findings were seen in the dams at necropsy, and
treatment related effects on the reproductive organs were not
evident in any of the dose groups. The maternal NOZL in this
study may be considered in the order of 50 mg/kg, and fetal NOEL
was 25 mg/kg.

Comments: The present study was a dose range finding study.
Another teratology study that is definitive should be conducted.
In any case, nevirapine when administered during 7 - 16 days of
gestation, resulted in maternal, fetal and embryo toxicities at
150 mg/kg, as indicated by the intercurrent deaths, marked
clinical signs, reduction of food consumption and body weights,
and complete resorption of the implantations in the early stage
of organogenesis. Therefore, nevirapine should b2 considered
highly embryotoxic drug. Since all the animals of this group had
total resorptions, the reduced body weight gain may be attributed
partly to the absence of fetal growth. On the other hand,
maternal tcxicity may have contributed to the embryolethality, as
reflected by the resorption rate in this dose group.

2) Even at the mid dose level, the decrease of the fetal weights
coupled with increase number of runts, reflects toxicity not only
cn the fetus but on maternal health as well. Teratogenicity could
not be determined from this study.

3) The gross pathological findings were not observed in the study



NDA # 20-636 PHARMACOLOGIST’S REVIEW Page 53

AR R L RS S L Sl E N N E N E N N R E R N R E A N R S L L N E T I T RO IS NS EE RIS S =S re =

probably because of the short duration of the treatment (10
days) .

4) The sponsor has ncot submitted the toxicokinetic data from the
study which should be made available with future sulmissions.

5) Based on the findings of this study, the sponsor will use a
dose of 12.5, 25 and 50 mg/kg as a low, middle and high doses,
respectively, in future teratogenicity studies.

33. Teratology Study in Rats With nevirapine by Oral Gavage, Lot
# RM-1177, Boehringer Ingelheim, Birkendorfer Strabe, December
20, 1991, (TX-9211/U92-0299)*

Four groups of rnulliparous, sexually mature and presumed pregnant
female rats {strain: Chkb:Thom (SPF); age: 10 weeks; weight: 200-
230 g; 22 animals/group} were administered via gavage during
gestation days 7 to 16 at cose levels of 0 (vehicle control),
12.5 (low), 25 {mid) and 50 (high) mg/kg nevirapine. The data
from the last 10 studies performed with this strain of rats were
combined to yield historical values. The purpose of this study
was to assess the maternal and embryo/fetal toxicity of the drug
when administered by oral gavage to pregnant rats during the
period of organogenesis. There were no deaths or abortions in any
of the dose groups. No clinical signs or changes in behavior were
noted. In the high dose group, there was a slightly lower food
intake during mid gestation; however, the difference did not
reach statistical significance. Body weight gain in the high dose
was significantly lower. The pregnancy rates were 56.5, 82.6,
82.6 and 87% for ‘he control, low, mid and nigh dose groups,
respectively. There were no significant differences in the mean
number of corpora lutea, implantation sites or the resorption
rate per dam among the treated groups.

All pregnant animals of the different dose groups had viable
fetuses. No dead fetuses were noted. The number of fetuses per
litter and sex ratio were comparable between the dose groups.
Percentages of early, late and total resorption were not affected
by the treatment. In the high dose group there was significantly
reduced mean fetal weight (5.0 g) compared to control (5.4 g).
Two fetuses of the low and mid dose groups were classified as
runts (offspring weighing less than 65% of the control). In
total, 3 fetuses from three different litters had malformations.
One fetus of the low dose showed bifid and missing ribs. Two
fetuses of the high dose had a cleft vertebra or a cleft palate.
Nevirapine was maternotoxic and embryotoxic at the 50 mg/kg
level. The maternal and the developmental NOEL was 25 mg/kg.

Comments: This toxicological investigation was designed to pick
up various adverse effects on embryo/fetal development. Under the
condition of this study, nevirapine treatment resulted in mild
maternal and fetal toxicity. Additionally, the administration of
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nevirapine to pregnant rats during the period of organogenesis
resulted in a moderate incidence of fecsl abnormalities. However,
there was no dose-response relationship observed; moreover, these
abncrmalities are commonly found in the rat strain in this
laboratory. Hence, it was not conclusive whether nevirapine
provokes teratogenic effects in rats.

The pregnancy rate in concurrent control vehicle group (0.5%
hydroxyethylcellulose) was significantly lower compared to the
treated groups or the historical values for this rat strain
(88.7%) obtained in the lakoratory. However, it was not possible
to determine from the study which factors were interfering in
normal pregnancy.

34. Nevirapine: Study of peri- and postnatal development in rats
after oral treatment by gavage (segment IIX), Batch No. # 13007,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, March
25, 1994, (U94-2083/TX-9403/82Q)*

Groups cf pregnant rats {strain: Chbb:THOM(SPF); age: 10 weeks;
weight: 196-266 g; 23 animals/group} were administered nevirapine
via oral dosing (gavage) in a suspension of 0.5%
hydroxyethylcellulose (10 ml/kg) at dose levels of 0 (vehicle
contrel), 5 (Gl), 25 (G2), 40 (G3) or 100 mg/kg/day (G4) during
late gestation (days 16-21) and through weaning. Results; effects
on FO dams were characterized by sedation after the treatment,
chromodacryorrhea, enlargement of adrenals and deaths (G4).
Sixteen dams died or were sacrifice in extremis after 6-12
applications (G4). Eight dams had bilateral adreral enlargement
{(G4) . Because of severe maternal toxicities, G4 was eliminated
from the study. Effects on F1 offsprings were characterized by
the littering of some animals one day early, a marked reduction
in viability rate [day 4) and a slight lowering of weaning rate
at day 21 (G3}). In G3 animals, some litters exhibited group
delays in eruption of incisors, growth of fur and opening of
auditory and vaginal orifices. In malcs (G3), relearning ability
(water maze test) was slightly decreased in week 7. Fertility of
the F1 generation was characterized by a reduction in pregnancy
rate, a decrease in number of corpora lutea and an increase in
pre-implantation loss and resultant reduced number of viable
feruses (G3).

Comments: Based on these findings, the no toxic effect level of
nevirapine for both maternal and reproductive, and developmental
toxicities was considered to be 25 mg/kg/day. No plasma
concentrations were measured in this study. In a previous
teratology study, the plasma peak concentrations measured aftuzr
the tenth dose ranged from 15.7-19.4 ug/ml after 25 mg/kg/day, to
37.8-54.7 ug/ml after 50 mg/kg/day and to €2.2-75.4 ug/ml after
150 mg/kg/day nevirapine.
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35. Range finding teratology study in rabbits with nevirapine by
oral gavage, Lot # RK-1177, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, March 7, 1991, (TX-9112/U091-0529)*

Groups of female, nulliparous, sexually mature and naturally
mated rabbits (strain Chbb:HM; weight 2.5 kg; age 20 weeks;
6/group) were administered nevirapine (100, 250, 500 wg/kg in a
dose volume of 5 ml/kg) or vehicle (Natrosol) via oral gavage
during the period of crganogenesis (gestation day 6 - 18, total
13 days) to determine maternal and embryo/fetal toxicity of the
drug. In the high dose of 500 mg/kg, marked clinical signs of
toxicity were observed for approximately 8 hr after the dosing in
all animz1ls and included: decreased motor activity, lethargy,
miosis and suppressed respiration. No remarkable clinical signs
were noted at the low and mid doses throughout the study period.
A clear decline (12%) and a transient decrease in body weights
were noted in high and low dose groups, respectively. The
pregnancy rates were 83.3%, 66.7% aad 66.7% for low, mid and high
dose groups, respectively (control 83.3%). In the high dose
group, all pregnant animals absorbed their implantations sites
completely. So, too, in the mid dose group there was an increase
rate of resorption (22.8%) compare to the control (5.6%). Low
dose group showed no changes in the resorption rate. Treatment-
related effects on the reproductive organs were not evident, and
no pathological findings were seen at necropsy in any dose group.
All pregnant animals of the control, low and mid dose groups had
viable fetuses. Number of viable fetuses per litter and sex
ratios were comparable among the groups. There was no influence
on mean fetal weight by the treatment. No runts (offspring
weighing less than 65% of the cont:iol mean 23.6 g) were noted.
One fetus of the low dose group showed a hematocele frontalis. No
other congenital anomalies were evident by external examination.

‘Comments: 1) Although the aim of the present study was to select
appropriate dose levels for a definitive teratogenicity study in
the future; nevertheless under the conditions of this study in
rabbits, nevirapine was highly maternotoxic¢ and embryolethal at
500 mg/kg level. Major adverse effects were decreased motor
activity, lethargy, miosis and body weight loss. Embryolethality,
as reflected in increased resorption rate was probably due to
maternal toxicity. In the mid dose alsc, there was a mildly
embryotoxic effect as indicated by an increase in resorption
sites.

2) The hematocele frontalis in one fetus of the low dose group
may be classified as a spontaneous anomaly; since there is no
dose-dependency found.

3) Food intake and water consumption were not decermine in the
study.

4) Results of the toxicokinetics were not included in the present
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study and should be made available by the sponsor with future
submissions.

5) On the basis of this study, the maternal NOEL in rabbits was
in the order of 250 mg/kg, and the embryo/fetal NOEL was 100

mg/kg.

6) Granted, the toxicokinetics data parallels with the observed
dose relationship in the przsent study, the sponsor has suggested
following dosages {mg/kg) for the definitive teratogenicity study
in rabbits: (low 30), (mid 100) and (high 300).

36. Teratology Study in Rabbits With nevirapine by Oral Gavage
(Segment II), Lot # RM-1177, Boebringer Ingelheim, Birkeandorfer
Strabe, October 21, 1991, (TX-9210/U092-0312)+*

Four groups of nulliparous, sexually mature and presumed pregnant
female rabbits {strain: Chbb:HM (SPF); age: 20 weeks; weight: 2.5
kg; 18 animals/group} were administered *iia gavage during
gestation days 6 to 18 at dose levels of 0 (vehicle contreol), 30
{low), 100 {mid) and 300 (high) mg/kg nevirapine. The data from
the last 10 studies performed with this strain of rabbits were
combined to yield historical values. The purpose of this study
was to assess the maternal and embryo/fetal toxicity of the drug
when administered by oral gavage to pregnant rabbits during the
period of organcgenesis. There were no deaths. Marked clinical
signs of toxicity were noted for 4 hr after dosing (high) in all
animals, and included decreased motor activity and lethargy.
Abortions occurred in one rabbit (low dose) and 3 animals (high
dose) . In the high dose group, there was a body weight decrease
{4%) after onset of the treatment, and body weight suppression
persisted to the end of dosing and gestation. The pregnancy rates
were 66.7, Y4.4, 77.8 and 77.8% for the control, low, mid and
high dose groups, respectively. In the high dose group, there was
statistically significant decrease in the number of corpora
lutea, implantation sites and live fetuses paralleled by an
increase in the resorption rate (early} to 40.7% (control, 9.4%).
Late resorption were noted in 3 dams (high), 1 (mid) and 2 {low)
dose groups.

All pregnant animals in the control, low and mid dose groups had
viable fetuses. In the high dose group, the number of fetuses per
litter were halved {31.6) compared to control (7.8) and there was
a numerical decrease in live fetuses as well. One runt (control)
and two runts (low) dose groups were found. The number of fetuses
with variations (incomplete ossification of skull and limbs,
ventricular septal defects, flexure of limbs and misshaped sacral
vertebrae) were slightly increased, in low and mid dose groups
compared to concurrent controls. The number of fetuses with
supernumerary ribs were increased to 13.8% (high dose) vs
controls (0%). In the mid dose group, 4 fetuses from three
different litters had malformations: two fetuses with fused
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sternebrae and the other two fetuses with hematocele frontalis or
bifid rib and hemivertebra.

Nevirapine, when administered tco pregnant rabbits during days 6-
18 of gestation, resulted in maternal toxicity in the high dose
group, as indicated by the marked clinical signs and body weight
reduction. Three abortions in this group were also treatment
related; although, it was not clear whether the abortions were
due to decreased food consumption or were a direct result of
treatment. However, no gross pathological findings related to
treatment were noted in the dams.

In the low and mid dose groups, there were no distinct
maternotoxic effects; also, no influence or fetal growth or other
embryo/fetal toxicity was evident. In the high dose group,
however, the resorption rate was clearly increased; particularly,
early resorptions were found, indicating damage in an early stage
of organogenesis. The decrease in mean corpora lutea and
implantation sites were also treatment related.

Exposure of rabbits to nevirapine during the period of major
organogenesis affected postimplantation. At high dose, the drug
was maternal/fetal toxic and caused fetal malformations. NOAEL
for maternal toxicity appeared to be 100 mg/kg/day and NOAEL for
developmental toxicity may also be 100 mg/kg/day.

Comment3: The incidence of malformed fetuses was similar in
treated and vehicle controls and was within the historical range
values obtained from this strain of rabbit in the laboratory.
Moreover, there was no dose-response relationship observed. Thus,
it was inconclusive whether nevirapine was teratogenic.

The studies in the rats and rabbits were confounded by the low
pregnancy rates in the vehicle contreols as compared to the
trzated groups. The low rate of pregnancy should be investigated
by the sponsor.

city Studi

37. Nevirapine mutagenicity testing with Salmopella typhimurium
TA1535, TAl537, TA98 and TAl00. Pre-incubation reverse mutation
assay, Lot # RM-1152, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, December 12, 198y, (J80-0142/TX-8901)*

In an in vitro assay, nevirapine was evaluated, either with or
without S§9 mix, at concentrations of 0, (vehicle control), 1.7,

5, 16.7, 50, 166.7 or S00 ug/plate using 4 different strains of
ﬂglmgngllg ;xpﬁ;mg;;gm TA1535, TAi1537, TA98 and TA100 for its
mutagenic potential. Resylts: nevirapine did not induce an
increase in colony number in the 4 Sgalmonella Lyphimurium strains
either in the presence or absence of SS9 mix. Copnclusion:
nevirapine was nct mutagenic under the conditions of this assay.
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38. Nevirapine mutagenicity testing with Salmonella typhimurium
TA1535, TAl537, TA98 and TAl100 and EscherichLia coli WP2 uvr A,
Pre-incubation reverse nutation assay, Lot # RM-1152, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, July 16, 1990,
(U90-0479/TX-9001) *

In an in vitro assay, nevirapine was evaluated, either with or
without S9 mix, at concentrations of 0. (vehicle contrel), 1.7,
S, 16.7, 50, 166.7 or 500 pg/plate using 4 different strains of
Salmopella typhimurium: TA1535, TA1S537, TAS8 and TAl00, and WP2
uvr A of Escherichia goli for nevirapine mutagenic potential.
Results; nevirapine did not induce an increase in colony number
in the Salmonella typhimyrium or Escherichia coli strains either
in the presence or absence of S9 mix. Conclusion: nevirapine was
not mutagenic under the conditions of this assay.

39. BIRG 0106 (metabolite of nevirapine) mutagenicity testing
with Salmopella typhigurium TA1535, TA1537, TAl538, TA98 and
TAl00 and Egcherichia coli WPZI uvr A. Pre-incubation reverse
mutation assay, Lot # 1303/64, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, August 28, 1990, (U90-
0544 /TX-9001)*

In an in vitro assay, BIRG 0106 (a metabolite of nevirapine) was
evaluated, either with or without SS9 mix, at concentrations of 0,
(vehicle centrol), 1.7, S, 16.7, 50, 166.7 or 500 ug/plate using
4 different strains of ﬁglmgngllg ;xpn;mnzlum TA1535, TALS537,
TAS8 and TA100, and one strain of Egcherichia goli: WP2 uvr A for
its mutagenlc potential. Eggn;ggi BIRG 0106 did not induce an
increase in colony number in the Salmeonella typhimurium or
Eﬁghg;;gﬁ;ﬁ goli strains either in the presence or absence of 89
mix. Conclusion: BIRG 0106 was not mutagenic under the conditions
of this assay.

40. Nevirapine: CHO/GPRT mutation assay, Lot # RM-1177,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
November 14, 1920, (U90-0676/TX-9009)*

Nevirapine was evaluated, either with or without 89 mix, at
concentrations of 0 (vehicle control), 51, 102, 204, 408 or 816
ug/ml in the CHO/HGPRT mutation assay. Results: cytotoxicities
and mutant frequencies with or without activation {highest to
lowest concentration} were not significantly different from the
vehicle controls. Conclusions: under the conditions of the assay,
nevirapine was found to be negative in the CHO/HGPRT mutation
assay both with and without exogenous metabolic activation.

41. Chromosome aberrations in Chinese hamster ovary (CHO) cells,
Lot # RM-1177, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, December 26, 1990, (TX-9101/90-040)*

Nevirapine was evaiuated for chromosome aberrations using CHO
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cells. The drug was tested at concentrations between 100 and 800
ug/ml, and the assay was conducted both in the absence and
presence of an Aroclor-induced ©-9 activation system. There was
no observable increase in chromosome aberrations in either the
non-activated or S-9 activated test system; however, the mitotic
index was slightly reduced relative to the solvent control at
dose level 800 ug/ml at the 20 hour harvest. Levels of drug
higher than 800 mg/ml could not be tested due to the solubility
limit in the test media. In conclusion, nevirapine causes no
chromosomal aberration in the CHO cytogenetics assay.

42, Nevirapine: Micronucleus test in mice, Batch # I, Boehringer
Ingeiheim Pharmaceutical, Inc., Federal Republic of Germany,
August 19, 1992, (TX9202/MUT0198/U92-0175)+*

Groups cof maie and female mice, Chbb:NMRI, (weight: 28 - 50 g;
age: 10 weeks; 1 animal/sex/group) were adminigtered nevirapine
(2000 mg/kg) orally by gavage in a dose volume of <20 ml/kg.
Sampling was performed at 24, 48 and 72 hr. Vehicle (0.5%
Methocel solution} and positive (cyclophosphamide, 50 mg/kqg)
control groups were included in the protocol. The purpose of the
study was to determine the mutagenic potential of nevirapine in
bone marrow cells of mice using the micronucleus test. At least
1000 polychromatic erythrocytes from each animal were evaluated
for the presence of micronuclei and the ratio of polychromatic to
normochromatic erythrocytes was determined. One male and z female
mouse showed an increase in the number of micronucleated
polychromatic erythrocytes frequency in 72 hr- and 24 hr-
treatment groups, respectively. None of the other mice in any
treatment group showed any biologically relevant or statistically
significant increase in the frequency of micronucleated
polychromatic erythrocytes. In contrast, cyclophosphamide
(positive controi) significantly increased the frequency of
micronucleated polychromatic erythrocytes. In conclusion, there
was no evidence that nevirapine induces chromosome damage in bone
marrow cells of mice.

43. Nevirapine: Mutagenicity taesting with Salmopella typhimurium
and Escherichia ¢oli. Plate incorporation reverse mutation assay
with and without metabolic activation, Lot # 2439-98-1,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, April
11, 1995, (U95-3056/40025-02)+

Nevirapine (concentrations ranging from 156 to 5000 ug/plate) was

tested with Salmonella typhimurium (stralns TAl1535, TA1lS37, TA98

and TA100) or Escherichia cgoli {(pKM10l) in the presence or
absence of rat liver preparation (S9) using the plate

incorporation method of the bacterial mutation assay. Results: in
the presence of an S9 mixture, there was a repraducible, dose
related increase in E. ¢oli revertants at dose levels greater
than or equal to 3000 ug/plate. In none of the Salmonella strains
tested, there was a significant increase in the number of
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colonies after treatment with nevirapine either in the presence
or absence of an S9 mix. Conclusion: nevirapine was mutagenic
under the conditions of thisg assay.

44. CAPIC: Mutagenicity testing with L5178Y TK+/- mouse lymphoma
cells, forward mutation assay, Lot # IVT-0105, Boehringer
Ingelbeim Pharmaceuticals, Inc., Ridgefield, CT, August 23, 1995,
(U95-3318)*

CAPIC, an intermediate in the synthesis of nevirapine, was tested
with L5178Y TK+/- mouse lymphoma cells in vitro over a dose range
of 200-2000 ug/ml in the absence of an activation system. In the
presence of an Aroclor 1254-induced rat liver preparacion and
cofactors (S9 mix), CAPIC was more toxic and a dose range of 1-7
ug/ml was evaluated. After approximately 48 hr to permit
expression of induced mutations, the cells were plated in soft
agar tc determine the frequency of trifluorothymidine resistant
(mutant) cells. Regults: in the absence of an activation system,
there was a dose related decrease in total relative growth over
the entire dose range that reduced che growth to ~10-20% of
concurrent controls. There was a dose-related increase in mutant
frequency at dose levels greatar than 400 ug/ml. In the presgence
of an activation system, thore was a dose-related increase in
mutant frequency that reached significant levels at doses of
greater than 3 pg/ml. Conclusion: CAPIC was mutagenic under the
conditions of this study.

45. BIRH 414 BS: Mutagenicity testing with Salmonella typbimurium
and Escherichia ¢oli. Plate incorporation reverse mutation assay

with or without metabolic activation, Lot # 2589-25-3, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, August 24, 1995,
(U95-3319)*

BIRH 414 8S, an impurity in nevirapine, was tested with
Salmonella typhimurium strains: TA1535, TA1537, TA98 and TAl100
and Escherichia coli WP2 uvrA using the plate incorporation
method of the bacterial mutation assay at a dose range of 156-
5000 ug/plate in the presence and absence of an S$9 mixture.
Regults; toxicity was evident in TAl100 at dcse levels greater
than or equal to 1250 pg/plate in the absence of an activation
system and greater than or equal to 313 pug/plate in the presence
of an activation system. The test compound was toxic to WP2 uvraA
at a dose level of 5000 ug/plate in the presence of an activation
system. In none of the bacterial strains tested was there a
significant increase in the number of colonies after treatment
with the test compound in either the presence or absence of an S9
mix. Conclusion; BIRH 414 BS was non-mutagenic under the
conditions of the study.
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46. BIRG 616 BS: Mutagenicity testing with Salmonella typhimurium
and Escherichia coli. Plzate incorporation reverse mutation assay
with or without metabolic activation, Lot # 2589-21-2, Boehringer
Ingelbheim Pharmaceuticals, Inc., Ridgefield, CT, August 24, 1985,
(U95-3321)

BIRH 616 BS, an impurity in nevirapine, was tested with
Salmonella ;xph;mn;;hm strains: TA1535, TAl1S537, TA98 and TA100
and Egcherichia ¢oli WP2 uvrA using the plate incorporation
method of the bacterial mutation assay at a dose range of 2.44-
78.00 ug/plate in the presence and absence of an S9 mixture.
Results: in none of the bacterial strains tested was there a
toxicity or significant increase in the number of colonies after
treatment with the test compound in either the presence or
absence of an S9 mix. Copnclusion: BIRH 616 BS was non-mutagenic
under the cenditions of the study.

Exploratory studies
47. Exploratory (IV) tolerance study in the female rat with 30%

propylene glycol, Lot # I, Boehringer Ingelheim Phs-zaceuticals,
Inc., Ridgefield, CT, June 20, 1995, (U95-3162/TX-9203)*

Four groups of female rats (3/group) received iv administrations:
Gl (9% saline), G2 (30% Propylene Glycol; 2 ml/kg; 0.5 ml/min
infusion), G3 (30% Propylene Glycol; 1 ml/kg; 0.5 ml/min
infusion) or G4 (30% Propylene Glycol; 2 ml/kg; 0.3 ml/min
infusion) for S5 consecutive days. The purpose of this study was
to determine the effects of tctal dose volume and rate of
administration on the hemclyzing potential of 30% Propylene
Glycol (PG). Regylts: discolored urine (red or green) was seen on
all the animals treated with 30% PG. No significant decreases in
hematocrit. were observed in any of the animals on this study., On
test day 4, 6/9 animals treated with 30% PG exhibited moderate
hematuria. Microscopically, animals treated with 30% PG were
observed with vascular thrombosis accompanied by perivascular
fibrinous exudate and edema. Several treated animals were
observed to have suppurative vasculitis accompanied by vascular
degeneration. Conclusion: these data demonstrated that rats
tolerated administration of 30% PG at dose volumes up to 2 ml/kg
at a dose rate of up to 0.5 ml/min.

48. Preliminary Rising Dose Oral (Capsule) Trxicity Study in the
Beagle Dog, Lot # RM-1162/1169, Boehringer Ingslheim
Pharmaceutical, Inc., Ridgefield, CT, 22 May, 1990, (TX9007/90-
030)

Groups of male and female purebred beagle dogs (weight: 6.7 - 7.2
kg; age: 9 months; 1 animal/sex/group) were given nevirapine
orally in capsules at escalating doses of 200, 400, 800 and 1200
mg/kg in an alternate day dosing regimen. In the second phase,
one animal of each sex was given 800 mg/kg/day for 5 days. The
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purpose of this preliminary dose range finding study was to
assess the toxicity of nevirapine when given orally to the dogs
and to select doses for the two-week repeated dose study. No
drug-related :linical signs of toxicity occurred at doses of 200
and 400 mg/kg. Single doses of 800 and 1200 mg/kg and repeated
doses of 800 mg/kg caused slight to moderate decreases in motor
activity, ataxia and head tremors. Slight to mild increases in
serum ALP and cholesterol levels were observed in che treated
groups. In the escalating dose phase, mild thymic lymphoid
depletion was observed in the females. In the repeated dose
phase, pathological abnormalities included small thymus in the
males, wultifccal red or pink foci in the lungs of both the
animals, thymic depletion or lymphocytolysis in both the animals,
and lymphoid depletion of the tonsii, spleen, gut-associated
lymphoid tissue and lymph nodes in the males. The pulmonary
changes were multifocal and consisted of interstitial
pnevronitis, suhacute and/or chronic bronchopneumonia,
mononuclear arteritis and periarteritis and acute alveolar
hemorrhage.

The pecak plasma concentrations at doses of 200 to 1200 mg/kg in
the rising dose phase ranged from 1.4 - 82.3 ug/ml. The AUCs
showed a roughly linear relationship with the dose. In the
repeated dose phase on day 1, peak plasma concentrations were
76.1 ug/ml for the male and 32.4 ug/ml for the female at 24 hr
post dose. On day 5, peak concentrations were still high in the
male (46.0 pg/ml) vs femals (15.9 ug/ml) at 6 hr post dose. In
addition, there was a 58 to 85% reduction in AUC from day 1 to
day 5 in both the animals.

Comments: Based on the data acguired from this study, the sponsor
selected doses of the test compound: 100, 400 and 800 mg/kg/day
for the 14-day oral toxicity study in the dogs. The observed
difference in the peak plasma concentrations between male and
female animals were consistent with the previous observations in
dogs and other animals. The observed locomotor toxicity in dogs
was a shared property of the benzodiazepines and the degree of
toxicity varies for ditferent compounds in the class.

NONCLINICAL PHARMACOKINETICS & ABSORPTION, DISTRIBUTION,
METABOLISM AND EXCRETION (ADME) STUDIES

Summary of ADME Studies:

1. Whole-body autoradiographical investigations with
nevirapine in rats after iv and oral administratiuns,
Boenringer Ingelheim Pharmaceutical, Inc., Ridgefield,
CT, September 19, 1990, (U90-0542)

2. Induction of drug-metabolizing enzymes in rat liver by
nevirapine, Boehringer Ingelheim Pharmaceutical, Inc.,
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10.

11.

12.

13.

Ridgefieid, CT, QOctober 17, 1990, (DM-9002)

Nevirapine plasma protein binding in several species,
Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield,
CT, October 24, 1950, (DM-9013)

Bioavailability and pharmacckineticsz of nevirapine in
dogs, Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT, October 26, 1990, (DM-5007)

Absorption, distribution and excretion of Ye-
nevirapine in rats, Boehringer Ingelheim
Pharmaceutical, Inc., Ridgefield, CT, October 29, 1990,
(DM-9008)

Nevirapine oral rising dose tolerance study in the male
and femrle monkeys: Plasma concentration results,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, September 21, 1990, (DK-5004)

Nevirapine oral rising dose tolerance study in the male
and female dogs: Plasma concentration results,
Boehrinwger Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, September 21, 1990, (DM-9005)

Nevirapine biocavailability and dose linearity in the
rat, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, November 28, 1990, (DM-9011)

Nevirapine plasma concentrations in male and female
rats during l4-day toxicology study, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
October 18, 1990, (DM-5010)

Nevirapine pharmacokinetics in chimpanzee after single
iv and oral doses, nulﬁ}ple oral doses and
coadministration with C-AZT, Boehringer Ingelheim
Pharmasceuticals, Inc., Ridgefield, CT, December 5,
1990, (DM-9014)

Preliminary absorption, distribution and metabolism of
nevirapine in chimpanzee, monkey, dog, rat and mouse
Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield,
CT, Decembear 7, 19%0, (DM-%001)

Pharracokinetics of nevirapine in chimpanzees: dosing,
sampling and monitoring, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, November 27,
1930, (DM-9015/U91-0189)

Nevirapine plasma cuncentratinns in male and female
dogs during l4-day toxicology study, Boehringer
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14.

1s.

16.

17.

18.

19.

20.

21.

22.

23.

Ingelheim Pharmaceuticals, Iac., Ridgefield, CT,
Deceamber 26, 1990, (DM-950039)

Preliminary oral rising dose toxicity study in dogs:
Plasma concentrations, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, Fabruary 12,
1991, (DM-5103)

Co-administration of nevirapine and AZT to cynomolgus
sonkevs: Blood chemistry & hematology, urinalysis, and
EKG, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT (CK-9104/U91-0235)

Relative Bicavailability of Two Formulations of
nevirapine in Dogs, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT (DM-
9105/nevirapine)

Nevirapine conceantration in plasma samples from
satellite groups of male and female dogs during the 4-
week oral toxicity study, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT (DK-9101)

One week oral (diet) bioavailability study comparing
nevirapine bulk powder to nevirapine granulation in the
rat, Lot # RM-1167, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, May 26, 1994,
(D94-3067/TX-9401)

Nevirapine concentration in plasma samples from

satellite groups of male and female rats during the 4-

week cral (gavage) toxicity study, Boshringer Ingelheim
maceuticals, Inc., Ridgefield, CT, (DM-9102/90-054)

Nevirapine concentration in plasma samples from male
and female dogs after 800 mg/kg oral dose in a 28-day
toxicity study, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, (DM-9106)

Supplementary studies of “C-Novirapine in rats:
Excretion balance aftexr iv and oral dosing, Boehringer
Ingelheim Pharmaceutical, Inc., Ridgefield, CT, March
5, 1992, (DK-9108)

Plasma AZIT Levels hp Chimpanzeas after Oral
Administration of "C-AZT Alone and in Combination with
Nevirapine, AZT Lot # 5499, Nevirapine Batch # H,
Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield,
CT, March 20, 1992, (DM-9110/U92-0198)

Whole-body Autoradiographical Investigations With
Nevirapine in Pregnant Rats After Intravenous and Oral
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24.

25.

26.

27.

28.

29.

30.

31.

32.

Administration, Batch/Lot not provided, Boehringer
Ingelheim KG, Binger Strabe, March 3, 1992, (DH-
9209/092-0220)

Plasma Concentration of Nevirapine in Female Rats
Puring a Range Finding Teratology Study, Batch # RM-
1177, Boehringer Ingelhaim Pharmaceuticals, Inc..,
Ridgefield, CT, February 24, 1992, (DM91095/092-0237)

Plasma Concentration of Nevirapine in Female Rabbits
During a Range Finding Teratology Study, Batch # I, RM-
1177, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, March 2, 1992, (DM-9111/U92-0238)

Plasma Concentrations of Nevirapine in Beagle Dogs
During a Two Week Oral Dose Range Finding Toxicity
Study of Hevirapine Granulation, Batch # TX-0412, RM-
1231, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, Aprili 11, 1992, (JM-9204/U92-0582)

Plasma Concentration of Nevirapine in Female Rabbits
During a Segment II Teratology Study After Oral
Administration (Gavage) of Nevirapine, Batch I, Lot #
RM 1177, Boehringer Ingelheim Pharamaceuticals, Inc.,
Ridgefield, CT, September 1, 1992, (DM-9203/U92-0583)*

Concentration in Plasma Samples from Albino Rats During
a 13-Week Oral (Gavage) Toxicity Study of Nevirapine,
Lot # RM-1212. Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, Cr, September 21,1992, (DM-9206/U92-
0639)

Concentration in Plasma Samples from Beagle Dogs During
a l3-Week Oral (Gavage) Toxicity Study of Nevirapine as
Powder i. Gelatine Capsule, Lot # RK-1230/1231,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, January 26, 1993, (D-9205/09%91-072)

Concentration in Plasma Sarples from Albino Rats During
a l3-Week Oral (Gavage) Toxicity Study of Nevirapine,
Lot # FM-1212, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridcefield, CT, September 21,1992, (DM-9206/U92-
0639)

Nevirapine Concentration in Plasma Samples From Albino
Rata During a 52-Week Oral (Gavage) Toxicity Study of
Nevirapine in the ¥ale and Female Rat, Batch No. #
13007, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, June 4, 1993, (U93-0537/DM-9303)

The comparative metabolite pattern of “C-nevirapinq in
the urine of the male rat and beagle dog, Lot # G,
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33.

34.

36.

37.

is.

39.

40.

41.

42.

Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, Decemer 20, 1993, (DM-9319/U94-0008)

In vitro human red blocd cell partitioning of Yoo
Nevirapine, Lot # Al126-90, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, May 6, 1994,
(U94-3038/DK-9406)

Plasma analysis for one week oral (diet)
bioavailability study cocmparing nevirapine bulk powder
to nevirapine granulation in rat, Lot # RM-1167,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, May 5, 1994, (U94-3053/DM-9318)

Nevirapine plasma protein binding in several species: a
review of the original data plus praviously unreported
data, Batch # GJV 1407:2, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, October 31,
1994, (U94-3128/DM-9419)

Bxcﬁgtion balance studies following oral adminisatration
of C-Nevirapine to mouse, rat, raktbit, dog and

monkey, Batch # GJV 1407:175, Boehringar Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, October 31,
1994, (US4-3153/DM-9410)

Lacteal (milk) transfer of “c-nevirapine after single
oral (gavage) administration in rats, Lot # RM-1167,
Boehringe: Ingelbeim Pharmaceuticals, Inc., Ridgefield,
CT, December 29, 1994, (U95-3043/DM-9505)

In vitro metabolism of nevirapine by liver microsomes
from the chimpanzee, Lot # K, Boehrirger Ingelhaiwm
Pharmaceuticals, Inc., Ridgefield, JT, March 3, 1995,
(U95-3063/DM-9402)

The biotransformation of 1"C--ne\ri.::apine in the mouse,
rat, rabbit, dog and monkey, Lot # K, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CI, March
24, 1995, (U95-3083/DM-9507)

The comparative metabolic pattexrn of “C-nevirapine in
the mouse, rat, rabbit, dog and monkey, Lot # K,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, March 28, 1995, (U95-3090/0K-9506)

The pharmacokinetics of nevirapine in male and female
dog plasma, Lot # I, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, May 31, 1995,
(095-3161/DM-9515)

The comparative metabolic pattern of “C-navirapine in
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43,

44.

45.

46.

47.

48.

49.

50.

51.

rat milk and plasma, Lot # A, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, June £, 1995,
(U95-3167, "¥-9511)

Pharmacokiaetic report of S2-week oral toxicity study
in the beagle dog with nevirapine granulaticn, Lot #
TX-0579, Boehringer lngelheim Pharmaceuticals, Inc.,
Ridgefield, CT, July 14, 1295, (U95-3308/DM-9502)+

In vitro metabolism of nevirapine by liver microsomes
from male rat, female rat, dog and monkey, Lot # K,
Boehringar Ingelheim Pharmaceuticals, Inc., Ridgefield,
~T, July 28, 1995, (U95-3312/DM-9510)

The pharmacokinetics of nevirapine in male chimpanzee
plasma, Lot # XP-1413-140, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, July 28, 1995,
{U95-3313/DM-5516)

Plagma analysis for thirteen week oral (diet) range-
finding toxicity study in the CD-1 mouse with
nevirapire, Lot # RM-1167, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, August 1, 1994,
(U94-3068/DM-9315)

Potential for metabolic drug interaction with
nevirapine as determined in vitro with human liver
microsomes: III. Rifampicin, Lot # K, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
January 16, 1995, (U95-3024/DM-9422)

The pharmacokinetics of nevirapine in male and female
mouse plasma, Lot # I, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, May 31, 1995,
(U85-3160/DM-9514)

Potential for metabolic drug interaction with
nevirapine as determined in vitro with human liver
microsomes: IXI. Rifabutin, Lot # K, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
January 12, 1995, (U95-3023/Dh-9421)

Potential for metabolic drug interaction with
nevirapine &5 determined in vitro with human liver
microsomes: V. Trimethoprim, Lot # K, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
February 24, 1995, (U95-3060/DM-9503)

The in vitro metabolism of nevirapine by human-liver
microsomes, Lot # K, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, August 25, 1995,
(U95-3327)
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Review of ADME Studies:

1. Whole-body autoradiographical investigations with nevirapine
in rats after Iv and oral administrations, Boshringer Ingelheim
Pharmaceutical, Inc., Ridgefield, CT, September 19, 1990, (U90-
0542)

Groups of male rats were administered a single dose of Ye.-
nevirapine via oral (19 mg/kg) or iv (1.05 mg/kg) routes. The
animals were sacrificed after S min, 30 min, 3 hr, 8 hr and 24 hr
to investigate the distribution of the test compound in the
organs and tissues by whole-body autoradicgravhy. Results: after
the iv administration, nevirapine was distributed over the whole
animal, with higher concentrations in the adrenal grands, liver,
kidneys and gastric and intestinal contents. At 8 hr,
radicactivity can be detected only in liver, kidneys and GI
tract. After the oral administration, the compound was adequately
abhsorbed. liigher radioactivity concentrations were found in the
liver, kidneys and GI tract.

2. Induction of drug-metabolizing eazymes in rat liver by
nevirapine, Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT, October 17, 1990, (DM-9002)

Groups of male rats were dosed with nevirapine via gavage at 0
{vehicle control) or 100 mg/kg for four days to study induction
of drug-metabolizing enzymes in the liver and were compared to
those produced by treatment with f-naphthoflavone (BNF) and
phenobarbital (PB). Resultg: the livers from rats treated with
nevirapine (130%), BNF (119%) or PB (142%) had significantly
higher (p=0.01} relative weights (with respect to total body
weights) than did livers from control rats. The levels of
microsomal protein (mg/g liver weight) were greater (p=0.01) in
nevirapine and PB-treated rats than in control rats, while
protein levels in microsomes from BNF-treated rats were
significantly lower (p=0.05) than those ¢f control rats. The
activity of 7-ethoxycoumarin-o-deethylase was elevated in
nevirapine, BP and BNF treated rats with respect to the controls;
however, the 7-ethoxyresorfin-o-deethylase activity was elevated
only in liver microsomes from rats treated with BNF. The activity
of d-benzphetamine-N-demethylase in microsomes from FB and
nevirapine treated animals was significantly elevated over the
activity of microsomes from control and BNF-treated rats.
conclusions: these data indicate that the induction of drug-
metabolizing enzymes resulting from treatment with nevirapine was
similar to that resulting f-om PB treatment.

3. Nevirapine plasma protein binding in several species,
Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield, CT,
October 24, 1990, (DM-9013)

Plasma protein binding of 1"C-nevirap:i.ne was studied by
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equilibrium dialysis at 37°C in rats, dogs, monkeys, chimpanzees
and humans._Resylts: at non-saturating concentrations, binding
averaged 52.2% for rat, 60.9% for dog, 46% for monkey, 45.6% for
chimpanzee and 61.5% for human. Saturation of binding was not
cbserved at nevirapine concentrations up to 19 ug/ml in rat, 0.24
pg/ml in dog, 0.91 ug/ml in monkey 0.89 pg/ml in chimpanzee and
4.9 pg/ml in human. Conclusiong: nevirapine protein binding was
found to be moderate in all species studied.

4. Bioavailability and pharmacokinetics of nevirapine in dogs,
Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield, CT,
October 26, 19%0, (DM-9007)

Four male dogs received a 1 mg/kg (iv) dose, a 20 mg/kg oral
suspension and two different tablet formulations, each consisting
of 200 mg of nevirapine. Dogs were allowed a washout period of
two weeks between doses. Resultg: nevirapine pharmacokinetic
parameters after the 1 mg/kg iv dose are described in Table 1.
After oral dosing, bioavailability averaged 29.5%, 24.6% and
33.3% for the oral suspension, tablet # 1 and tablet # 2,
respectively.

Table 1
Mean rievirapine pharmacokinetic parameters after 1 mg/kg iv dose

Parameters Mean i SD
Elimination half-life (hr) 0.397 (Harmonic mean) "

Clearance (ml/min/kg) 44.7 £ 5.1

Vvss (1l/kqg) 1.78 + 0.47

] '] + 41.7

5. Absorption, distribution and excretion of 1‘C--nev.ira;:a:i.::ua in
rats, Boehringer Ingelheim Pharmaceutical, Inc., Ridgefield, CT,
October 29, 1990, (DM-9008)

Groups of rats received either a single iv (1 mg/kg) or single or
multiple oral (20 mg/kg) doses (for 7 days) of C-nevirapine.
Results: are summarized in Table 2 and 3. In separate
experiments, biliary excretion of C-nevirapine after iv or
intraduodenal (id) dosing was studied. The biliary excretion was
a major pathway during the first 24 hr after dosing, with 33% to
55% of the dose beina recovered in bile during that period. The
kinetics of biliary 'C-nevirapine elimination in bile was nearly
twiﬁg as high in males as in females. Enterohepatic recirculation
of 'C-nevirapine was also found with 46% and 39% of id dosed
biliary C being recovered within 24 hr in mesles and females,
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respectively. Uptake of 1"C-nevirapine into 11 seleﬁted tissues
was studied after oral dosing. Moderate levels of C were
detected in all tissues includina brain at all time point studied
(2, 4 and 8 hr). Elimination of "C from tissues paralleled that
from p.asma, and no target tissues for accumulation of drug
and/or metabolites were identified.

“ Table 2
Plasma C-nevirapine AUCs and MRTs in male and female rats

Parameters Route of dosing
iv single dose sultiple dose
AUC {sg eq.*hr/ml)
a 3.5 64.3 39.0
¢ 5.9 205.1 90.5
MRT (hr)
) 5.2 7.4 6.8
Al 7.3 0.6 8.1

Table

Percentage of dose recoverecd after <C-nevirapine dosing in rats

e e g e e
Route Renal Fecal Carcass Total
iv: 0-120 hr
d 43.0 40.1 0.2 83.3
Q 51.8 30.3 0.4 82.5
orat: U-96 hr
o 51.6 3g.8 6.3 91.7
9 50.3 26.1 0.5 76.9
- S

Compents: Sex differences were observed in the pharmacokinetics
of C-navirapine in rurts. After single iv, single oral and
multiple oral dosing, blcud and plasma levels, AUCs and MRTs were
significantly higher in fegales than in males. A higher peak rate
of biliary elimination of 'C in males may account for these
findings.

6. Nevirapine oral rising dcse tolerance study in the male and
female monkeys: Plasma concantratioan results, Boehringer
ingeineim Pharmaceuticals, Inc., Ridgefield, CT, September 21,
1990, (DM-9004)

Two male and female monkey: were dosed single oral doses of
nevirapine (20 to 600 mg/kg) and plasma samples were collected
approximately 2 hr after dosing and were analyzed by a validated
HPLC assay method. Regults;: plasma concentrations of nevirapine




NDA # 20-636 PHARMACOLOGIST’S REVIEW Page 71

EEAEREE R N SR N EE N EE N EE NS T IR I T E R N A S S N ST E N S R ST N IR EREEESxN S

ranged from 1.93 tc 15.2 ug/ml after the various doses. The
concentration were similar in both the male and female monkeys,
with increase in the dose administered, increase in the plasma
concentration were observed.

7. Nevirapine oral rising dose tolerance study in the male and

female dogs: Plasma concentration results, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, September 21, 1990, (DM-
9005)

One male and female dogs were dosed single oral dosez of
nevirapine (200 to 1200 mg/kg); in addition, a fixed dose of 800
mg/kg/day was administered for 5 day to one male and female dog.
Plasma samples were collected and were analyzed by a validated
HPLC assay method. Regultsg: plasma concentrations of nevirapine
ranged from 23 to 82 ug/ml after the various doses. The AUCs of
nevirapine demonstrated a roughly linear relationship to the
doses administered. After multiple doses of 800 mg/kg/day for 5
days, there was a 60-80% reduction in the AUC in both sexes.

Comments: Multiple dose administration of nevirapine resulted in
decrease in plasma concentrations in both sexes, which may
indicate induction of liver metabolizing enzymes in dogs.

8. Nevirapine biocavailability and dose linearity in the rat,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
November 28, 1990, (DM-9011)

The time course of plasma nevirapine was followed after
administration of 1 mg/kg iv and 5, 20 or 100 mg/kg orally in
rats. Results: after iv administration, nevirapine was
immediately distributed throughout the body. The mean
pharmaccokinetic parameters of nevirapine via both the routes are
described in Table 4. Conclusjions: nevirapine was rapidly
absorbed and evenly distributed in the rat. It was rapidly
eliminated after both iv and oral administrations.
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Table 4
Mean model-independent pharmacokinetic paramet«rs of nevirapine
in rats

Parameters 1 ng/kg, iv 5 ag/kg, po 20 mo/kg, po 100 mg/kg, po
Cmax_(sg/ml) - 2,04 4.55 15.6 i
I Tmax (hr) - 1 1.5 4
MRT (hr) 1.9 2.4 3.5 5
Th (hr) 1.1 1 - -
£ (%) 100 53 49 54 H
Yss {ml/kg) 984 - - -
AUC (xg*hr/ml) 1.97 5.27 19.18 106 |
CL (ml/kg/min a.5 ] - - -

9. Nevirapine plasma concentrations in male and female rats
during 14-day toxicology study, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgsfield, CT, October 18, 1990, (DM~
9010)

Groups of male and female rats were administered nevirapine
orally at dose levels of 10, 50, 100 or 200 mg/kg/day for 14
days. Plasma samples were collected and were analyzed by a
validated HPLC method. Results: are described in Table 5.

Table 5
Mean pharmacckinetic parameters of nevirapine in male and female
rats

e e — e
Dose Male Female
Paramaters (mg/kg)
day O day & day 11 day 0 day & day 11
Cmax (ug/ml) 10 0.84 0.85 0.98 4.22 2.67 3.98
Tmax (hr) 1.5 1.5 1.5 1.5 1.5 1.5
AUC (pg*hr/ml) 3.66 3.43 3.89 50.4 30.6 41,4
Cmax (ng/mi) 50 6.27 1.54 1.6 21,9 2z2.3 174
Tmax (hr) 1.5 1.5 1.% 5 b1 1.5
AUC (ug*hr/mi) 36.74 15.52 13.2 360 322 <37.4
Cmax (ag/mt) 100 11.07 r.27 5.94 29.9 36.78 20.5
Tmax Chr} 1.5 .
AUC (pgihr/mi) ¥6.8 b
Cmax (g/ml) 200 19.99
Tmax (hr) 5
AUC (ug*hr/ml) 264 .2
NIRRT
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10. Nevirapine pharmacokinetics in chimpanzse after single iv and

oral doses, multiple oral doses and coadministration with Ye-

A2T, Boehringer Ingelheim Pharmacauticals, Inc., Ridgefield, CT,
Dacexber 5, 1990, (DM-5014) '

Three female chimpanzees were given single iv or oral doses of
nevirapine at dose levels of 1 and 25 mg/kg, respectively, with 3
washout period of three weeks between doses. Regultg: are
described in Table 6. Ten weeks later, further studies were
carried ocut in the same chimpanzees with and without AZT. Plasma
concentrations of nevirapine were observed throughout the time-
course of each leg of the study with little difference seen after
single nevirapine dosing, multiple nevirapine dosing or
coadministration of nevirapine with 2 mg/kg AZT. Conclusions:
coadministration of AZT and nevirapine did not change the
pharmacokinetics of nevirapine.

Table 6
Mean pharmacokinetic parameters of single and repeated doses (6}
of nevirapine in female chimpanzees

1l. Preliminary absorption, distribution and metabolism of

nevirapine in chimpanzee, monkey,
Ingelbheim Pharmaceutical, Inc., Ridgefield, CT, December 7,

(DM-9001)

dog,

rat and mouse Boehringer
1990,

Nevirapine was administered as single iv (1 mg/kg) and oral (20
mg/kg) doses to rats, monkeys, dogs, chimpanzees and mice. Serial
plasma samples were cbtained and were analyzed by a validated
HPLC method. Results: are summarized in Tables 7 and 8.

R L e
Parameters single 1 mg/kg, iv | single S wg/kg, po repeated 5 mgs/kg, po single 25 mg/kg, po
Cmax (4g/mi) - 3 3.8 9.48
Tmax (hr) 5.7 6 20
MRT (hr) 4.1 0.4 -
% (hr) 15.5
F (%) 100 5 76 bh
vss (mi/kg) 797 - - 4"
AUC (rg*hr/ml) 22.06 80.25 80,58 332.6 “
Cl (mi/kg/min 0.85 - - “
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Table 7
Mean pharmacokinetic parameters after 1 mg/kg iv dose of
nevirapine in rat, monkey, dog and chimpanzee.

mmr—
I Parswters Rat Honkey +0g Chimp
i ClL (mi/kg/min) 8.5 15.9 &3 0.25 H
Ves {ml/kg) 984 1645 1530 97 H
T Chr) 1.9 1.7 0.59 17.2 ﬂ
AUC cag*hr/ml) 1.97 1.06 0.39 22.06
Th (hr) 1.1 1.5 0.41 15.5 Il

Table 8
Mean pharmacokinetic parameters after 20 mg/kg oral dose of
nevirapine in rat, monkey, dog, chimpanzee and mouse.

Parameters Rat Monk ey Dog Chimp Mouse
Cmax (Kg/mi) 4.55 1.45 1 12.28 4.1
Tmax (hr) 1.3 1.2 1.1 5.7 1.2
MRT {hr) 3.5 6.4 3.8 19.6 2
F (%) 49 73 30 5
AUC (ug*hr/ml) 19.18 14.9 2.26 357 8.48 “
! Metabolite B1RJ-106 BIRJ-106 BIRS- 06 RIRJ- 106 BIRJ-104 "

i2. Pharmacokinetics of nevirapine in chimpanzees: dosing,
sampling and monitoring, Boehringer Ingelheim Pbarmaceuticals,
Inc., Ridgefield, CT, November 27, 1990, (DM-9015/U91-0189)

Three female chimpanzees {age B - 16 yr, weight 35 - 43 kg) were
administered: 1) single i.v. (1 mg/kg in 20% ethanol/80% saline
solution) or oral deose of nevirapine {26 mg/kg) with intensive 24
hr monitoring and ope week follow-up, 2) single oral dose
administration of C -AZT (2 mg/kg) with intensive 24 hr
monitoring followed by a single dose of nevirapine (5 mg/kg) with
intensive 24 hr mounitoring and then 7 consecutive dajfly oral
doses of nevirapine (5 mg/kg) and a single dose of C -AZT on the
last day of the study followed by intensive monitoring for 24 hr.
This study was designed to study the pharmacokinetics of
nevirapine in combination with AZ2T; the results were reported
previously in the sponsor‘s report #DM-901l4/nevirapine. The
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animals did not ¢isplav any abnormal behavior during the course
of the study. The hematocrit and the hemoglobin levels decreased
slightly, but returned to normal within few weeks after
completion of the study. The BKG and urinalytical parameters were
normal. Modest to moderate increases were observed in gerum ALT,
AST, LDH, GGT and alkaline phosphatase at the end of the multi-
dose study.

13. Nevirapine plasma concentrations in male and female dogs
during 14-day toxicology study, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, December 26, 1990, (DM-
9009)

Groups of male and female dogs were administered nevirapine
orally as powder in gelatin capsule at dose levels of 10, 50, 100
or 200 mg/kg/day for 14 days. Plasma samples were collected and
were analyzed by a validated HPLC method. Results: are described
in Table 9.

Table 9
Mean pharmacokinetic parameters of nevirapine in maie and female
dogs

Dose Male
Parameters (mg/kg)
day O dav &
Crax (gg/ml) 100 0.33 3.3
Tmax (hr) 2 2
AUC (ug*hr/ml) m 26.7
Crax (gg/ml) 400 32.2 A . . . .
Tmax C(hr) 24 é 2 2 2 2
AUC (ug®hr/ml) 361 372 53.3 hb.5 33.2 7.3
Cmax (ug/mi; 200 21.4 18.7 4.7 9.4 12.6 5.0
Tmax {hr) & [ 2 6 [ 6
AUC (ug*hr/ml) 435 238 19.7 1216 149 43.6

Comments: Prolongation in the absorption was observed with
increase in dose, especially at 400 and 800 mg/kg doses. Multiple
administration of nevirapine at higher doses resulted in a
decrease in concentrations perhaps due to liver enzyme induction.

14. Preliminary oral rising dose toxicity study in dogs: Plasma
coocantrations, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, February 12, 1991, (DM-9103)

One male and female dogs were administcred escalating doses of
50, 100, 150, 200 and 400 mg/kg of nevirapine powder in a

capsule. Plasma samples were collected and were analyzed by a
validated HPLC assay methcod. Regylts: plasma concentrations of
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nevirapine ranged from 0.16 to 54.2 ug/ml after the various
doses.

15. Co-administration of nevirapine and AZT to cyncmolgus
monkeys: blood chemistry & bhematology, urinalysis, and EKG,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefiald, CT (DM-
9104/U91-0235)

Three adult male cynomolgus monkeys (4 - 6 kg) were administered
once daily for 15 consecutive days nevirapine (5 mg/kg, in 0.5%
methylcellulose) by gavage followed immediately by 2 mg/kg of AZT
and then 5 ml of water to rinse the tubing. The animals were
sedated during the course of the study with ketamine HCl (10 - 15
mg/kg) and atropine (0.27 mg) given im. This study was conducted
a5 a prelude to a pharmacokinetic study of nevirapine alone and
co-administration with AZT to chimpanzees. The animals were
monitored and observed closely for abnormal behavior for several
hours immediately after drug administration and daily thereafter.
No deviation from normal attitude or behavior in the animals was
noted, other than the expected effects of ketamine anesthesia.
The EKG and urine analysis parameters were normal. The hematocrit
and nemoglobin levels were decreased slightly, but reverted to
normal within few weeks after completion of the study. In
comparison to the upper normal range of the enzymes, co-
administration of nevirapine and AZT resulted 4 - 6 fold increase
in alkaline phosphatase and modest to moderate increases were
roted in ALT, AST and LDE also. Contribution of AZT towards the
2nzyme induction was not delineated.

Comments: 1. There were no findings in the monkey study that
would preclude the simultaneous administration of nevirapine and
AZT in chimpanzees.

2. The slight decrei&se in the hematocrit and hemoglobin levels
may be due to the intensive blood sampling since the parameters
returned to normal within few weeks of the completion of the
study.

3. The observed increased enzyme synthesis was consistent with
all the previous studies submitted so far; however, it was not
clear whether AZT may play a role, if any, in the enzyme
induction.

16. Relative Bicavailability of Two Formulations of nevirapine in
Dogs, Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT
(DM-9105)

Groups of fasted, anesthetized, fitted with an indwelling jugular
catheter, male and female beagle dogs (9 - 13 kg, age 2 - 4 yr, 2
animals/sex/drug formulation) were administered orally nevirapine
{100 mg/kg dose active ingredient only or granulated
formulation). Blood samples were drawn from the catheter at 0,
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20, 40, 60 min and 1.5, 2, 3, 4, 6, 8, 12, 24 and 30 hr after
dosing. Plasma samples were analyzed bv a HPLC method. Model
independent pharmacokinetic parameters (AUC and AUMC) were
calculated from the plasma concentrations; in addition, C_,, T,
and MRT were also determined. Table 10 compares the parameters
(mean) for the two formulationms.

Table 10
Mean pharmacokinetic parameters of two different formulations in
dogs

EEEEEE T I AR S IR S T S T T I T E R E AR I EE L N SR ECEENEEE S E=EAEEEEEE
Drug Coa Taax AuUC AUMC | MRT Frot
ng?ml hr ng.hr/ml ng.hxr".ml hr median

TR RS T E I T L I T T E NN A T R NN E N R E AR I N E N EF N PN EEEEEEREEERE

Active 3469 3.2 22,459 226,520 6.7

Granule 6893 4.0 61,900 678,579 9.6 2.8

CRE R I AR E I S TSI A E N A I E N R I NN E R R I NN E I N EEERCEE SIS SENIERERSC

Peak plasma levels of nevirapine tended to be substantially
greater in dogs receiving the granulated formulation compared to
dogs administered active ingredient only; where as, T,, was
gsimilar for both the formulations. The mean AUC for dogs
receiving the granulated formulation was significantly greater
(p<0.02) than the mean AUC of dogs administered the active
ingredient only. Thus, the results suggest that the granulated
formulation was approximately 2.8 times more biocavailable and
provided a longer duration of exposure that was 3 hr longer when
compared to the active ingredient alone.

Comments: 1. Based on the extent of absorption, the granulated
formulation was approximately 2.8 times more biocavailable than
the active ingredient; the rate of absorption was also about twc
times faster in the granulated formulation.

2. The purpose of the present study was to provide information on
the relative bicavailability of two oral formulations of
nevirapine; the information obtained may assist in the selection
of a formulation for use in future toxicologi' 1 studies.

17. Nevirapine concentration in plasna samples from satelli’.e
groups of male and famale dogs during the 4-week orxral toxicity
study, Boehringer Ingelheim Pharmaceuticala, Inc., Ridgefinld, CT
(DM-9101)

Different groups (3 male and 3 female/group) of Beagle dcgs were
dosed with either 20, S0, 100 or 400/500 mg/kg and were "“led at
2, 6, 24 hr after the dosing on days 1, 14, and 28. The oral
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administration of nevirapine (gelatin capsule} in the dog yielded
measurable drug levels in plasma from both male and female
animals. Table 11 compares mean peak plasma concentration, Tmax,
and AUC for different dose groups on day 1.

Table 11
Mean pharmacokinetic parameters of nevirapine after 4 weeks of
oral dosing in dogs

EEEESESEE TR EE R AT EFEFEECESEEEEE N E NN EEE N ECE AR EESEEEEES SN ENM R E X

Dose ConcMax TimeMax AUC

mg/kg pg/ml hr p#g.hr/ml
20 TTaez L TTTTRTTTTTIIEITTTTTT TTTTT
50 0.51 2 3.2

100 1.53 2 7.8
400/500 10.61 6 145

800 14.77 6 233

B CEEE S EEACsEEENESEENEEERAENEEEESENCSOCrCSEELENMEERANCASERESEEOED

The data of male dogs demonstrated that after the 1st dose of
either 20, S0 or 100 mg/kg no directly proportional increase in
the peak plasma concentration was observed. However after the
administration of 400 mg/kg, approximately a 7 fold increase in
peak plasma coucentration was found on day 1. A similar trend was
also seen in the mean peak plasma concentrations in the female
dog. For the two intermediate doses (i.e., 50 and 100 mg/kg), the
plasma concentrations were observed to be similar to that of the
20 mg/kg dose. The mean peak plasma levels did not demonstrate
any dose proportional increases in either sex studied. However,
the mean peak plasma concentrations after the administration of
the 14th or the 28th dose of 400/500 mg/kg ir the male dog
resulted in a decrease in the mean peak plasma concentrations
(6.7 ug/ml, day 14). A similar trend was alsoc seen in the mean
peak plasma levels in the female dog in this dose group; the
mean peak plasma level in the female dog was 18.48 ug/ml.

TimeMax: Generally, the highest concentration was measured at 2
hr after dosing; however, absorption was prolonged after the
administration of the highest dose. In the 400 mg/kg dose group,
TimeMax w&as 6 hr in the male rat on days 1 and 14 and in the
female rat on day 28.

At the three lower doses, the mean AUCs ranged from 3.2 to 10.1
4g . hr/ml in the male dog, which were considerably higher than the
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mean AUCs observed in the female dog (i.e., range 1.6 to 5.8
pg.hr/ml) . Multiple doses of the three lower doses in both sexes
did not result in significant increases in AUC, indicating an
absence of any accumulation of the drug. After the first dose of
40C¢ mg/kg, the mean AUCs observed were 145 in the male and 64 in
the female. In both sexes, at the highest dose s-udied, there was
roughly a dose proportional increase in AUCS.

18. Ona waek oral (diet) bicavailability study comparing
nevirapine bulk powder to nevirapine granulation in the rat, Lot
# R¥-1167, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, May 26, 1994, (U94-3067/TX-9401)

In a one week oral (diet) bicavailability study, nevirapine bulk
powder formulation (100 mg/kg/day) was compared to nevirapine
granulation formulation (100 mg/kg/day) in groups of male and
female rats (25/sex/group). Over the course of the 12 hr sampling
pericd on drug day 7, plasma sample were analyzed for nevirapine
concentration by a validated HPLC method. Regsults: no animal died
prior to the termination of the study. There were no drug-related
clinical observations. Body weight gain and food consumption
appeared normal for all the animals. The results of plasma
analysis indicated that there were no significant differences in
the biocavailability profiles of animals administered nevirapine
bulk powder or nevirapine granulation. Peak plasma concentrations
were generally observed at 9 hr, except for nevirapine bulk
powder females where the peak appeared at 6 hr. Plasma
concentrations ran between 0.24-7.4 pg/ml and 0.22-4.16 ug/ml for
the males and 1.96-21.4 ug/ml and 1.4-19.9 pg/ml at the various
timepoints for the females administered nevirapine bulk powder
and nevirapine granulation, respectively. AUCs values were 15.§
and 9.16 ug*hr/ml for the males and 97.7 and 100.3 ug*hr/ml for
the females administered nevirapine bulk powder and nevxraplne
granulation, respectavely. Conclusion: there were no significant
differences in bioav: ilability between nevirapine bulk powder and
nevirapine granulatios The sponsor has decided to use Nevirapine
bulk powder formulat.on in rodent range finding toxicity and
carcinogenicity studies.

19. Nevirapine corcentration in plasma samples from aatellite
groups of male and female rats during the 4-week oral (gavage)
toxicity study, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, (DM-9102)

Briefly, 3 male and 3 female rats in each dose group were bled at
1.5, 5, and 24 hr after dosing the 1lst (0 day), 15th (14 day) and
the 29th (28 day). Plasma samples were analyzed by a HPLC assay
method. Model independent pharmacokinetic parameters of ConcMax,
TimeMax and AUCs were compuzed for the animals on the above
mentioned days. Oral administration of nevirapine (5% Methocel)
indicates that the drug was absorbed giving measurable
concentrations in the rat plasma. Table 12 compares mean peak
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plasma concentration time and AUC for male and female rats on day
0 following a 1 mg/kg oral dose.

Table 12
Mean pharmacokinetic parameters of nevirapine after 4 weeks of
oral dosing in rats

AN EEEEEE R E NN R EEEEEAEE RN E N M E ST E NN E R EEEE AN E N EE S E RN EEEFEN RN K

Rat ConcMax TimeMax AUC

1 mg/kg pg/ml hr 4g.hr/ml
EEEEEEREE T EE RN NSRS R AU R R T R O AP EE N S E NS EE RN R E R A EEE RN ED
Male 0.05 1.5 0.226
Female 0.29 1.5 1.540

R R FE S L E N N EEN R T EE RN R EE RS R R AN R E R E S A E S ENNETEENRERINILNESEESOR

The results also demonstrate that, when sex was included as a
factor, highly statistically significant differences were
observed between male and female. Further, inability of the
female to metabolized the drug at par with male animal, rendered
them susceptible to the drug. In male animals on day 1, the peak
plasma levels were 0.66, 5.3, and 8.9 ug/wml for 10, 50, anc 150
mg/kg doses, 1respectively. On the other hand, female animals’
peak plasma levels were 0.8, 4.2, 21.3, 44.5 pg/ml for 3, 10, 50,
125 mg/kg doses, respectively. However, there was a decrease in
the peak plasma concentrations in the male rats on day 14 and dav
28 after the administration of either 50 or 150 mg/kg dose. For
example at the 50 mg/kg dose, the mean peak plasma levels on day
14 (2.92 pug/ml) and day 28 (3.1 ug/ml) were lower than the peak
plasma levels on day 1 (5.3 mg/ml). In female animals, this trend
towards a decrease in the peak plasma levels was more obvious on
day 14 rhan on day 28. After the 50 mg/kg dose, the peak plasma
level of 12.2 ug/ml on day 14 was lower than the peak plasma
level of 21.3 ug/ml on day 1. A similar trend was observed in
both male and female animals at other higher doses.

TimeMax: Generally, plasma peak levels were measured at 1.5 hr
after dosing; however, absorption seemed prolonged after higher
doses. For examplie in the male animals after the administration
of repeated -doses of 150 mg/kg, TimeMax was S hr on day 14. In
the female animals, delayed absorption was observed at doses of
50 and 125 mg/kyg.

The mean AUCs wc¢re considerably higher in the female rat than in
the male and ranged between 1.54 to 772.53 ug.hr/ml after the
administration of 1 to 125 mg/kg. Both in the male and female
rat, AUCs after the administration of the first dose (day 1) were
increased with larger doses; for instance in male rat, the AUCs
were 0.23, 2.80, 21.53, and 90.56 after administration of 1, 10,
50, and 150 mg/kg, respactively. Multiple doses of 50 or 150
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mg/kg in male rat resulted in a decrease in the mean AUCs on days
14 and 28 as compared to day 1. For instance after the
administration of 50 mg/ky dose, the mean AUCs o 12.5 on day 14
and 17.14 on day 28 were lower than the AUC of 21.53 observed on
day 1. This trend, although not as pronounced as in the male rat,
was also observed in the female rat in the 50 and 125 mg/kg dose
groups.

20. Nevirapine concentration in plasma samples from male and
female dogs after 800 mg/kg oral dose in a 28-day toxicity study,
Boehringer Ingelheim Pharmaceuticals., Inc., Ridgefiell, <7,
(DM-9106)

The dose of the test compound was reduced to 650 from 800 mg/kg
on the 1lth day of treatment due to signs of excessive toxicity
in both sexes of animals. The mean peak plasma levels after the
first dose were 14.77 and 18.48 ug/ml in the male and female
dogs, respectively. After the multiple dose administration, the
mean peak plasma levels on days 14 and 28 were 1.45 to 41.54
#¢/ml in the male, and between 2.03 - 35.81 ug/ml in the female
2wa. The TimeMax was 6 hr for majority of the dogs. After the
first dose, the mean AUCs (pg.hr/ml) were 233 (range 59 - 340) in
the male and 241 (range 49 - 416) in the female dog. Multiple
rddicses of 800 mg/kg (or 650 mg/kg from day 11) resulted in a
decrease in plasma levels (male=9.0 ug/ml, female=14 pg/ml on day
14) indicating that re,:ated administration of the dose might
have induced the liver metabolizing enzymes, thus resulting in
decreased biocavailability of nevirapine.

Corments: 1. These studies indicate that nevirapine administered
as powder in gelatin capsule was adequately absorbed in both rats
and dogs, and was measurable in all the plasma samples even at 5
hr at any given dose aiter the oral administration on day 1.
Because samples were taken at only a few time points, and there
were only 3 animals per sex in each dose grcup, a detailed
characterization of the drug pharmacokinetics was not
apprcoriate.

2. The following findings suggest that an accumulation may occur
at repeated high doses: a) in the dog, a thirty tec forty fold

increase in the extent of absorption coupled with prolonged time

tc maximum plasma concentration (6 hr) in the two highest dose

groups {400 and 800 mg/kg), b) no linear dose proportional

increase in either the peak plasma concentration or the extent of
absorption, and c¢) a relatively short time to maximum plasma
concentration (2 hr) in the low or intermediate dcse groups (20,

50, 100 mg/kg) as oppose to the high dose groups (6 hr). -
c) Peak plasma levels and AUCs were consistently lower in male

than female rat at each dose level. This finding was most likely

due to the greater enzyme induction in the male than female.

d) Furthermore, the observed hepatic enzyme synthesis suggests

that there was going to be a decrease in bioavailability of the
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drug and 4 increased duration of drug activity. e) Multiple
administration of the drug at the two higl.est doses in both
sexes, resulted in a decrease in plasma concentration, again,
indicating liver enzyme induction may have occurred and lead to
decreased bicavailability.

3. Although the assay employed to study the pharmacokinetics
was satisfactory, it was requested that following parameters
should be determined and reported in the validation package of
the assay: lower detection limit, upper and lower range of
quantification, intraaseay precision, and the three quality
control samples utilized in the assay should represent the 20%,
50%, and 80% slope of the standard curve, respectively.

21. Supplementary studies of “C-Nevirapine in rats: Excretion
balance after iv and oral dosing, Boehringer Ingelbeim
Pharmaceutical, Inc., Ridgefield, CT, March 5, 1992, (DM-9108)

This report was submitted as a supplement to experiments
conducted and reviewed previously (DM-5008). In the present
report, hydroxymethylnevirapine was identified as a major
metabolite by HPLC following the oral and iv administrations in
rats.

a;. Plasma AZT Levels in Chimpanzees after Oral Adminigstration of

C-AZT Alone and in Combination with Nevirapine, AZT Lot # 5499,
Nevirapine Batch # H, Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT, March 20, 1992, (DM-9110/U092-0198)

Three feriale chimpanzees (weight: 36.4 - 42.6 kg; age: 8 - 16 yr)
were used in this 4-a study. In the first arm, chimps received
a single oral dose of C-AZT (2 mg/kg). In the second one, after
a 3-day washout period, chimps received a single oral dose of
nevirapine (5 mg/kg). In the third arm, after a 10-day washout
period, the chimps received s}x oral daily 5 mg/kg doses of
nevirapine. In the fourth arm, the chiqps received single oral
doses of both nevirapine (5 mg/kg) and C-AZT (2 mg/kg). The
purpcse of this study was to ascertain whether repeat doses of
nevirapine would affect the pharmacokinetics of AZ7T since
nevirapine will most likely be administered concomitantly with
AZT. Results: the average plasma levels of AZT are shown in Table
13. Thre results showed that the co-administration of nevirapine
with AZT ¢id not elevate plasma AZT levels between 2 to 12 hr
after the co-administration.

248 hr after the third arm.
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Table 13
Mean Plasma AZT levels After Oral Administration of AZT Alone and
in Combination with Nevirapine

AND_NEVIRAP!

5 130 93
5.5 102 3

i R I R LEVELS —
“ 2.5 178 215 “
k 3 152 146 |

6 81 54

10 60 68

|
8 &6 r 61 “
I

less than S0 i

Comments: The AUCs for the administration of AZT alone and in co-
administration with nevirapine were similar (AZT alone = 950 and
AZT + nevirapine = 906 ng*hr/ml). Thus, it appears thac the daily
administration of nevirapine followed by co-administration of
nevirapine and AZT in chimps does not elevate plasma lavels of
AZT between 2 and 12 hr. Secondly, since the time-points chosen
for blood sampling were apparently at the time (2 hr) at which
maximum plasma AZT levels were observed, the sponsor was
proposing to conduct additional experiments to determine the
effects, if any., of AZT and nevirapine co-administration prior to
2 hr post-dose. However, as to the co-administration, the effect
on AZT metabolites was not known. Thus, there was a possibility
that the co-administration may elevate plasma levels of AZT
metabolites.

23. Whole-body Autoradiograplkical Investigations With Nevirapine
in Pregnant Ratg After Intravenous and Oral Administration,
Batch/Lot not provided, Boehringer Ingelheim KG, Binger Strabe,
March 3, 1992, (DM-9209/U92-0220)

Four groups of pregnant female albino rats {strain: Chbb:Thom
(SPF); age: 10 weeks; weight: 260 - 273 g; 4 animals/group} were
administered nevirapine either via gavage (20 mg/kg/day) or iv (1
mg/kg/day) in the tail vein, during two different stages of
pregnancy: early stage (day 6 - day 13) and late stage (day 6 -
day 18). On day 14 and day 19 respectively, the animals“were
given the same dose (0.86 mg/kg or 37.6 uCi/animal) of C-
nevirapine; subsequently, the distribution of radioactivity in
the animals’ bodies was investigated by whole body
autoradiography after various intervals of time (for iv
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administration, the animals were killed at 30 min, 3 hi, 8 hr and
24 hr; and for pc administration, the animals were killed at 1,
3, 8 and 24 hr). The aim of this study was to investigate the
transfer of C-nevirapine and its metabolites from the maternal
to the fetal system. Digtribution aftex jv administration: on day
14 of pregnancy 30 min and 3 hr after the last administration of
nevirapine, the radioactivity was distributed very evenly ove~
the whole animal. Higher concentrations of radioactivity were
detected in adrenals, liver, kidney and the intestinal contents.
Radioactivity was clearly detected in the placentas and fetuses;
at 30 min, the concentrations in the placentas and fetuses were
equally high; however at 3 hr, the concentrations in these two
tissues were already decreased and were slightly higher in the
placentas than the fetuses. At 8 hr, the radiocactivity was
decreased in almost all organs; however, it remained about
equally high in fetus and placenta. At 24 hr, the radiocactivity
was still detected in the liver, kidney and lung; in the fetus
and placenta, it was no longer possible to detect. The main
amount of radiocactivity not yet excreted was to be found in the
intestinal contents. On day 19 of pregnancy, the radiocactivity
distribution patterns found were identical with those found on
day 14. However, at 24 hr on day 19, traces of radioactivity were
detected in the placenta and fetus. Distributjon after po
adnipnistration: at 1 and 3 hr, the radloact1v1ty was distributed
very evenly over the whole animal and it was also equally
dist:'ibuted in the organs. At 1 hr, the radioactivity
concentration in the placenta was as high as that in the fetus;
from 3 hr onward, it was always higher in the placenta than in
the fetus. At 8 and 24 hr, the concentration of radioactivity in
the organs and tissues of animals had decreased. On day 19 of
pregnancy, the distribution of radioactivity in the animal bodies
was similar to that found on day 14 of pregnancy. The crossing of
the blood-brain barrier by the radiocactivity was detected up to
24 hr after po administration of the substance.

Comments: Nevirapine and/or its metabolites have crossed the
placental barrier. The concentrations of radiocactivity in the
placenta were as high or slightly higher than in the fetus. The
radicactivity was distributed evenly in the fetus. No differences
could be seen in the radioactivity distribution patterns that
were obtained from the early and late pregnancies. After multiple
oral administration, the radioactivity was excreted more slowly
than after multiple iv administration of the substance.

24. Plasma Concentration of Nevirapine in Female Rats During a
Range Finding Teratology Study, Batch # RM-1177, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, February 24,
1992, (DM9109/U92-0237)

Four groups of pregnant female 21kino rats {strain: Chbb:Thom
{3PF); age: 10 weeks; weight: 200 g; 3 animals/group} were
administered nevirapine via gavage in 0.5% Natrosol 250HX (0.5%
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hydroxymethylcellulose, 5 ml/kg) during gestation days 7 to 16 at
dose levels of 0 (vehicle control), 10 (low), 50 {(mid) or 150
(high) mg/kg. Blood samples (0.5 ml) were collected on the last
day of treatment (gestation day 16) at times 0 (predose) and at
1.5 and 5 hr after dosing, and assayed by a validated HPLC-UV
assay method to determine plasma nevirapine concentrations. Mcdel
independent pharmacokinetic parameters are computed and are shown
in Table 14.

Table 14
Model Independent Pharmacokinetic Parameters of Nevirapine in
Pregnant Female Rats (Day 16)

Dose Linearity
_AUC/Dose)

0 0.037 1.5 0.115 0.0
25 17.07 5 74.91 3
50 45.62 5 208.31 4.2
150 64.58 5 303.03 . 2.02

As part of a teratology study, these results demonstrate that
nevirapine was adequately absorbed, giving measurable
concentrations in rat plasma after oral administration as a
suspension.

Commenta: First, there was a negative deviation from dose
proportionality (AUC/Dose) for the 150 mg/kg/day dose. Second,
trace levels of nevirapine were seen in the animals dosed with
vehicle. However, HPLC experiments show that there was no
carryover of the drug taking place, but GC/MS experiments
confirmed the presence of nevirapine in plasma samples from the
control group. This suggests that contamination may have taken
place during sample handling and/or plasma ccllection.

25. Plasma Concentration of Nevirapine in Female Rabbits During a
Range Finding Teratology Study, Batch # I, RM-1177, Boehringer
Ingelheim Pharmaceuticzlis, Inc., Ridgefield, CT, March 2, 1992,
(DM-9111/U92-0218;

Four groups of nulliparous, sexually mature and presumed pregnant
female rabbits {strain: Chbb:HM (SPF); age: 20 weeks; weight: 2.5
kg; 3 animals/group} were administered nevirapine via gavage in
0.5% Natrosol 250HX (0.5% hydroxymethylcellulose, S ml/kg) during
gestation days 6 to 18 at dose levels of 0 (vehicle control), 100
(low), 250 (mid) and 500 (high) mg/kg. Blood samples (0.5 ml)
were collected on the last day of treatment (gestation day 18) at
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times 0 (predose) and at 2 and 4 hr after dosing, and assayed by
a validated HPLC-UV assay method to determine plasma nevirapine

concentrations. Model independent pharmacokinetic parameters are
computed and are shown in Table 15.

Table 15
Mode) Independent Pharmacokinetic Parameters of Nevirapine in
Pregnant Female Rabbits (Day 18)

reak Conc. Peak Time Dose Linearity

As part of & teratology study, these results demonstrate that
nevirapine was adequately absorbed, giving measurable
concentrations in rabbit plasma after oral administration as a
suspension. There is a negative deviation from dose
proportionality for the 500 mg/kg dose as the observed ratio
(AUC/Dose) was less than either of the doses. There was cice
again, some contamination of nevirapine in the control.

26. Plasma Concentrations of Nevirapine in Beagle Dogs During a
Two Week Oral Dose Range Finding Toxicity Study of nevirapine
Granulation, Batch # TX-0412, RM-1231, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, April 11, 1992, (DM-
9204/092-0582)

Groups of purebred beagle dogs (weight: 10 - 12 kg; age: 12 - 15
months; 2 animals/sex/group) were dosed with 0 (vehicle), 150,
300 or 600 mg/kg/day nevirapine, as a granulated formulation to
evaluate toxicokinetics during a 14 day study. Blood samples were
collected from each dog prior to and at 2, 4, 7 and 24 hr after
dosing on day 1 (first dose), day 7 (7th dose) and on day 14
(14th dose). Plasma samples were assayed for the determination of
nevirapine concentration by a validated HPLC-UV assay method.
Model independent pharmacokinetic parameters are computed and are
shown in Table 16.
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Table 16
Model Independent Pharmacokinetic Parameters of Nevirapine in
Male and Female Dogs After Oral Administration of Granulated
Formulation

Dose

Parameters (mg/kg/day)

Peak Conc.
(kg/mt)

Peak Time (hr) 150

AUC
(sg*hr/ml)

Paak Conc, 22.4 21.7 18.8 29.7 10.4 5.1
{ng/mi)

Peak Time (hr) 300 S 2 4 24 24 F

AUC
(ug*hr/ml) 458 189 198 335 110 33 |

Peak Conc. 37.5 17.7 3.4 26.6 14.6 24.7
(kg/mi}

Peak Time (hr) 600 24 4 A 4 2 7

AUC
(xg*hr/ml) 528 159 438 508 191 362
e

The plasma concentrations and pharmacokinetic analysis
demonstrated that nevirapine as granulated formulation was
adequately absorbed in both male and female dogs. Measurable
concentrations were present at the 24 hr samples, indicating
adequate exposure to the test compound at all doses. When sex was
included as a factor, statistical significant differences were
observed between days (p=0.01), but not between doses (p=0.3).

Comments: Multiple doses resulted in decrease in plasma
concentrations and AUCs values, indicating induction of liver
metabolizing enzymes. In general, dose linearity was observed
with AUCs values in both males and females; however, a negazive
deviation from dose proportionality at the highest dose was more
Fronounced in the male dogs than in the female dogs.
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27. Plasma Concentration of Nevirapine in Female Rabbits During a
Segment II Teratology Study After Ora) Administration (Gavage) cf
Nevirapine, Batch I, Lot # RM 1177, Boehringer Ingelheim
Pharmaceuticals, Inc¢., Ridgefiald, CT, September 1, 1392, (DM-
9203/U92-0583) *

Three groups of nulliparous, sexually mature and presumed
pregnant female rabbits {strain: Chbb:HM (SPF); age: 20 weeks;
weight: 2.5 kg; 3 animals/group} were administered nevirapine via
gavage in 0.5% Natrosol 250HX (0.5% hydroxymethylcellulose, 5
ml/kg) durirng gestation days 6 to 18 at dose levels of 30 (low),
100 (mid) or 300 (high) mg/kg. Blood samples (0.5 ml) were
collected on the last day of treatment (gestation day 18) at
times 0 (predose) and at 2 and 4 hr after dosing, and assayed by
a validated HPLC-UV assay method to determine plasma nevirapine
concentrations. Model independent pharmacokinetic parameters are
computed and are shown in Table 17.

Table 17
Model Independent Pharmacokinetic Parameters of Nevirapine in
Pregnant Female Rabbits (Day 18)

Peak Conc. Peak Time Mean AUC Dose Linearity

pg/ml) 4 dhr) 1 _(ugehr/ml) 1 (AUC/Dose)
30 2.93 2 8.1 0.27
100 16.19 2 46.5 0.46

l 300 22.87 2 66 .99 0.22
Sy - - -

The results of this study demonstrated that 30, 100 or 300 mg/kg
doses of nevirapine as a suspension was adequately absorbed when
administered to pregnant rabbits. Plasma peak concentrations of
nevirapine and computed AUCs increased with increase in dose.
Generally, a peak plasma concentration was observed at 2 hr post
dose.

28. Concentration in Plasma Samples from Albino Rats During a 13-
Week Oral (Gavage) Toxicity Study of Nevirapine, Lot # RM-1212,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
September 21,1992, (DM-9206/092-0639)

This report consists of the plasma concentration results from
male and female albino rats (5 animals/sex ‘~.uap) that were
included as a metabolic group of animals in the toxicology study
that was conducted to investigate the potential toxicity of
nevirapine during daily oral (gavage) administration of
nevirapine for 13 weeks. Blood samples were collected from the
orbital sinus in heparinized tubes at 0, 1.5, 5 and 24 hr after
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dosing on day 1 and weeks 4, 3 and 13. The plasma was analyzed
for nevirapine by a validated HPLC method.

samples from the predose rats including
the control groups did not contain any measurable quantities of
nevirapine. Model independent pharmacokinetic parameters of peak
mean concentration (ug/ml), peak time (hr) and AUC,.,, ,, were
computed after the administration of the first dose, and after 4,
8 and 13 weeks of consecutive administration of nevirapine in the
males and females. These results are presented in Table 18. These
results indicated that there was a dose related increase in the
plasma concentration of the drug. The plasma concentrations in
the female rats were significantly higher compared to the levels
in the male rats at equal doses. Peak concentrations were
observed at 1.5 hr after all doses in the males, whereas a
prolongation in absorption was observed in the female rats (5 hr
afrer 50 and 125 mg/kg/day dose). Doge Linearity: in the male and
female rats, a positive deviation from dose proporticnality
occurred, ie, at higher doses, plasma concentration. were higher
than expected from the extrapolation of the concentrations at
lower doses. A linear regression analysis of the observed AUCs
versus doses (not shown) suggested either accumulation at the
mid-dose, c¢r decrease in bioavailability at the high-dose.
analysis of Varjance: in order to test for statistical
significance of differences between the males and females, day of
dosing and deviation from dose proporticnality, analyses of
variance of AUCs (;UC normalized to 5 mg/kg/day dose) in all the
treatment groups using dose, day and sex as factors (class
variables) were done. Analyses were done separately for each sex.
Ir males, the results devmonstrated that significant difference
was observed between doses (p=0.0i), tut only a borderline
statistically significant differences wer.: observed between days
(p<0.06) . Both T-test and Tukey's multiple comparisons
demonstrated that low dose was significantly different from mid
(p<0.05) and hign (p<0.05) doses. No statistical significant
differences were observed between mid and high doses. The results
demonstrated that week 13 was statistically significantly
differeat (p<.05) from day 1, week 4 and week 8, butr no
differences between day 1 or weeks 4 and 8 was observed. When sex
was included as a factor, highly statistically significant
differences were observed between the s .xes (p<0.0001).
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Table 18
Model Independent Mean Pharmacokinetic Parameters of Nevirapine
in Rats After Oral the Oral Administration as Suspension for
13-Week Study

Female Rats

Com 0.231 | 0.22 | 0.43 0.4 1.23 1.8
Teu 5 .5 1.5 1.5 1.5 1.5 1.5
AUC 1.4 0.63 | 1.53 1.9 11.0 | 19.1
Coex 4.9 2.9 4.1 5.6 21.5 | 13.9
Tou 50 1.5 1.5 1.5 1.5 5 5

AUC 26.8 18.6 | 23.7 | 7.2 296 187
Con 11.4 4.7 4.8 5.8 6.5 | 35.¢6
T 125 1.5 1.5 1.5 1.5 5 5

AUC 123 43.7 | 71.3 | 48.4 63¢ 505

Coax = Mg/ml, T, = hr, ACC = ug*hr/ml

Comments: The plasma concentrations and the pharmacokinetic
analysis demonstrated that nevirapine as suspension was
adequately absorbed in both male and female rats and dose related
increase in plasma concentrations were observed in both sexes in
this study. No unusual accumulation of the test compound in
either sex was observed during the course of the study.

29. Concentration in Plasma Samples from Beagle Dogs During a 13-
Week Oral (Gavage) Toxicity Study of Nevirapine as Powder in
Gelatine Capsule, Lot # RM-1230/1231, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, January 26, 1993, (D-
9205/U91-072)

This report consists of the plasma concentration results from
male and female dogs that were included in the toxicology study
conducted to investigate the potential toxicity of nevirapine
during daily oral administration of nevirapine for 13 weeks.
Blood was collected from the jugular vein of each animal into
heparinized tubes at 0, 2, 6 and 24 hr on day 1 and weeks 3, 7
and 13 after dosing. The plasma was analyzed for nevirapine by a
validated HPLC method. Plasma Concentyations: samples from the
dogs included in the control groups did not contain any
measurable quantities of nevirapine. Model independent
pharmacokinetic parameters of peak mean concentration (ug/ml),
peak time (hr) and AUC,., ,. were computed after the
administration of the first dose, and after 3, 7 and 13 weeks of
consecutive administration of nevirapine in the males and
females. These results presented in Table 19 indicated that there
was a dose related increase in the plasma concentration of the
drug. Generally, peak concentrations were observed at 2 hr after
a dose in the majority of dogs; however, after the administration




NDA # 20-636 PHARMACOLOGIST'S REVIEW Page 91

X T P X st i3 i3 3 1 33222 2 2 2 R A2 0 2 2 2 2 2 B R B B B 2 0 B B B B B B B B 3 B2 3 R_EIE 3

of the higher doses (500 and 700/650 mg/kg/day), in one male and
in three females, peak times were observed at 6 hr after dcsing.

arity: the observed ratios of AUCs versus the doses of
75, 200, 500 or 700/650 ma/kg/day wei<: 1:2:41:39 for the males,
and 1:4:53:40 for the female dogs, compared to the expected
racios of 1:3:7:9. Dose proportional increases in the
biocavailability of nevirapine in both secxes were observed hetween
75 and 209 mg/kg/day doses. However, a positive deviation fa 6 to
7 fold higher levels than expected) from dose proportionality
occurred at 500 and 700/650 mg/kg/day doseg in both sexes.
Analysis of Variance: in order to test for statistical
significance of differences between the males and females, day of
dosing and deviation from dose proportionality, analyses of
variance of AUCs (AUC normalized to 75 mg/kg/day dose) in all the
treatment groups using dose, day and sex as factors (class
variables) were done. Analyses were done separately for each sex.
In males, the results demonstrated that significant differences
were observed between doses (p=0.0006, in males, and p=0.0126 in
females), but no statistically significant differences were
observed between days. Both T-test and Tukey’s multiple
comparisons demonstrated that statistically significant
differences were observed between dose groups 75-700 (p<(.05}) in
both sexes. The results of the T-test {at p<0.05) demunstrated
statistically significant differences in the day effect, ie,
between weeks 7-13, and 1-13 in the malas. When sex was included
as a factor, no statistically significant differences were
observed between the sexes.

Table 19
Model Independent Mean Pharmacokinetic Parameters of Nevirapine
in Dogs After Oral the Oral Administration as Suspension for
13-Week Study

AUC

Lo 500 15.1 4£.3 7.7 5.9 6.7 5.7 6.5 4.5
Tou 2 2 6 2 2 2 2 2
AUC 179 26.4 107 9.5 m as n. Fo 28
Coae 700/ 1n.o 21.3 19.8 4.7 9.9 12.% 14.4 5.7
T, 650 & 6 6 2 2 6 6 2
AUC 172 259 289 19.4 8.8 1461 195 7.6

——— — A ———

Coax = H9/ml, T

Max

= hr, AUC = ug*hr/ml
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Comments: The plasma concentvations and the pharmacokinetic
analysis demonstrated that ncvirapine as powder in gelatin
capsule was adequately abscrbed in both male and female dogs.
Measurable concentrations of the drug in plasma were observed 24
hr after single or multiple doses, indicating exposure to the
test compound in dogs during the study.

30. Concentration in Plasma Samples from Albino Rats During a 13-
¥eek Oral (Gavage) Toxicity Study of Nevirapine, Lot # RM-1212,
Boaehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
September 21,1992, (DM-9206/U92-0639)

This report consists of the plasma concentration results from
male and female albino rats (5 animals/sex/group) that were
included as a metabolic group of animals in the toxicology study
that vas conducted to investigate the potential toxicity of
nevirap:ne during daily oral (gavage) administration of
nevirapine for 13 weeks. Blood samples were collected from the
orbital sinus in hazparinized tubes at 0, 1.5, 5 and 24 hr after
dosing on day 1 and weeks 4, 8 and 13. The plasma was analyzed
for nevirapine by a valldated HPLC method. Plasma Concentrations:
samples from the predose rats including the control groups did
not contain any measurable quantities of nevirapine. Model
independent pharmacokinetic parameters of peak mean concentration
(ug/ml), peak time (nr) and AUC,.,, , were computed after the
administration of the first dose, and after 4, 8 and 13 weeks of
consecutive administration of nevirapine in the males and
females. These results are presented in Table 20. These results
indicated that there was a dose related increase in the plasma
concentration of the drug. The plasma concentrations in the
female rats were significantly higher compared to the levels in
the male rats at equal doses. Peak concentrations were observed
at 1.5 hr after all doses in the males, whereas a prolongation in
absorption was observed in the female rats (5 hr after 50 and 125
mg/kg/day dose). Dose Linearity: in the male and female rats, a
positive deviation from dose proportionality occurred, ie, at
higher doses, plasma concentrations were higher than expected
from the extrapolation of the concentrations at lower doses. A
linear regression analysis of the observed AUCs versus doses (not
shown) suggested either accumulation at the mid-dose, or decrease
in bicavailability at the high- dose Analysis of Variance: in
crder to test for statistical significance of differences between
the males and females, day of dosing and deviation from dose
proportionality, analyses of variance of AUCN (AUC normalized to
5 mg/kg/day dose) in all the treatment groups using dose, day and
sex as factors (class variables) were done. Analyses were done
separately for each sex. In males, the results demonstrated that
significant difference was observed between doses (pa0.01), but
only a borderline statistically significant differences were
observed between days (p<0.06). Both T-test and Tukey’'s multiple
comparisons demonstrated that low dose was significantly
different from mid (p<0.05) and high (p<0.05) doses. No
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statistical significant differences were observed between mid and
high doses. The results demonstrated that week 13 was
statistically significantly different (p<.0S) from day 1, week 4
and week 8, but no differences between day 1 or weeks 4 and B was
observed. When sex was included as a factor, highly statistically
significant differences were observed between the sexes
(p<0.0001).

Table 20
Model Independent Mean Pharmacokinetic Parameters of Nevirapine
in Rats After Oral the Oral Administration as Suspension for
13-Week Stiud

; 1
I
Male Rats Female Rats
onp | ocs |oecs Lo o ]
Coas 0.231.5 | o0.22 0.43 9.4 1.23 1.8 3.4 2.9
Te 5 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5
AUC 0.63 1.53 1.9 11.0 19.4 20.4 30.9
Corue ‘.9 2.9 4.9 5.6 21.5 13.9 14.5 29.4
T Sy 1.5 1.5 1.5 1.5 5 5 1.5 1.5
AUC 26.8 18.6 3.7 47.2 29 187 166 348
Cren 1.4 6.7 4.3 5.6 36.5 35.6 40.9 4.6
T 125 1.5 1.5 1.5 1.5 S 5 5
AUC 123 3.7 7.3 A8.4 639 505 59
0 s o S ———
Cpax = HMg/ml, T, = hr, AUC = pug*hr/ml

Comments: The plasma concentrations and the pharmacokinetic
analysis demonstrated that nevirapine as suspension was
adequately absorbed in both male and female rats and dcse related
increase in plasma concentrations were cobserved in both sexes in
this study. No unusual accumulation of the test compound in
either sex was observed during the course of the study.

31. Nevirapine Concentration in Plasma Samples From Albino Rats
During a 52-Week Oral (Gavage) Toxicity Study of Nevirapine in
the Male and Female Rat, Batch No. # 13007, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, June 4, 1533, (U93-
0537/DM-9303)

This report included the plasma concentration results from male
and female rats (satellite group of animals) in the toxicity
study conducted to investigate the potential toxicity of
nev;raplne during daily oral (gavage) administration of
nevirapine for 52 weeks ((U93-2023/TX-9304). Drug Metabolism and
Pharmacokinetics: nevirapine was adequately abscrbed at all doses
and peak plasma concentrations and AUCs increased with increasing
doses. Toxicokinetic parameters are shown in Table 21. Steady
state plasma nevirapine levels were reached by week 8. C__  and

AUC were consistently higher in females compared to maleglgiven
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the same dose. Peak plasma concentrations occurred at the
earliest time point measured, 1.% hr postdose, in males (mid and
high) and in animals of both sexes (low).

Table 2J.
Mean Peak Plasma Concentratione and AUC,., of Nevirapine in Rats
in the 52-Week Study

0.4 0.1 1.3 0.2 1.0 0.3 4.6 0.55
5.0 0.8 13 2.0 16.2 3.1 54.6 7.3
9.5 1.4 23.7 2.4 33.4 10.9 100.7 1.7
0.4 A 1.8 0.3 1.7 0.8 18.8 2.8
3.9 1.3 21.9 10 9.5 13.¢ g az.7
100 8 11.8 4.2 491 5.3 83.1 43.6 892.6 131.9
5 13 0.5 0.1 1.9 0.2 2.0 0.4 9.8 2.0
50 13 4.7 1.6 22.% 3.7 71 17.5 344.8 85.9
100 13 2.8 4.3 43.3 5.7 110.9 51.4 707.3 13%.7
5 26 0.6 g.2 2.1 0.3 3.1 0.9 20.7 3.
50 26 5. 1.5 20.7 3.4 40.1 14.6 335.3 63.
100 26 11.7 3.9 &b .8 5.2 114.1 9.7 810.5 9.
5 3¢ 0.7 0.2 3 0.é &b 1.5
50 39 : 6.1 i.y 24.8 5.6 58.5 28.3
100 39 l 5.3 v.3 42.9 4.2 204 .2 174.7
3 52 0.7 G.1 2.0 0.4 3.9
50 52 6.4 0.9 18.2 1.4 54.7
100 52 12.2 3.6 45.9 : 135.6
PR S BT e A S T

Comments: The plasma concentrations and the toxicokinetics
analysi: demonstrated that nevirapine as a suspension was
adequately absorbed in both male and female rats and dose related
increases in plasma concentrations were observed in both sexes in
this study. No unusual accumulation nf the test compound in
either sex was observed during the course of the study. As
expected from earlier studies with nevirapine, C_, and AUCs were
consistently higher in females which have been shown to
metapolize the drug more slowly than males.

32. The comparative metabolite pattern of “C-navirapin. in the
urine of the male rat and beagle dog, Lot # G, Boshringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, December 20,
1993, (DM-9319/U94-0008}

The comparative metabolite pattern of 1"C-nevrirapine was

fn
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d d in the 0-24 hr urine pools of the malg rat and beagle
d. owing a single oral adminirstration of a ~C-nevirapine

0.5% Methocel suspension at 20 mg/Kg for both the species. Each
ecies demonstrated extensive metabelism of the parent compound.
C- nev1rap1ne was barely present in the rat (0.8%) and not

detected in the dog urine samples. The metabolites identified in

the dog urine were the glucuronides of hydroxymethyl-nevirapine

(39.2%), 3-hydroxy-nevirapine (22.7%) and metabolite A (22.3%).

The metabolites identified in ¢he male rat urine were metabolite

A (72.5%), hydroxymethyl-nevirapine (1.4%), 3-hydroxy-nevirapine

(2.3%) and the glucuronide conjugates of these two hydroxylated

compounds (9.9% and 1.1%, respectively).

33. In vitro human red blood cull partitioning of “C-Nevirapine,
Lot # Al1126-90, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, May 6, 1994, (U94-3038/DM-9406)

In vitro, the extent to which 1"'C-nevirapine is taken up into
human red blood cells was determined at concentrations of 1 and
10 ug/ml [these conc:antrations were chosen because they were in
the range of peak and trough plasma concentrations of nevirapine
observed in patients treated with 200 mg bid] at three different
time points: 20,,4C and 60 min. Results: human red blood cell
partitioning of C-nevirapine reached equilibrium by the first
time peoint [20 min] and was consistent throughout the
experimental period within each concentration. Uptake of C-
nevirapine was greater at 1 ug/ml concentration; the uptake
averaged (mean % SD) 1.56 t 0.11 and 1.27 + 0.11 for 1 and 10
ug/ml concentrations, respectively.

14

Compents: The results suggested a saturable mechanism for uptake
of "C-nevirapine into human red blood cells. Although the uptake
may have been saturable at higher drug concentrations, the
results were_in contrast to earlier observations in the rat which
showed that C-nevirapine uptake into rat erythrocytes was not
saturable over a concentration range of 0.20 to 0.97 ug/ml.

34. Plasmz analysis for ore week oral (diet) biocavailability
study comparing nevirapine bulk powder to nevirapine granulation
in rat, Lot # RM-1167, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, May 5, 1994, (U94-3053/PM-9318)

In a one week oral (diet) bioavailability study, nevirapine bulk
powder formulation (100 mg/kg/day) was compared to nevirapine
granulation formulation (100 mg/kg/day) in groups of male and
female rats (25/sex/group). Over the course of the 12 hr sampling
period on drug day 7, plasma samples were analyzed for nevirapine
concentration by a validated method. Results: In males, the
AUC,.,, for dosing with nevirapine bulk powder (15.8 ug*thr/ml) was
73% greater than the AUC for dosing with nevirapine granulation
(9.16 pug+*hr/ml); in females, the AUCs were 97.76 ua*hr/ml and
100.1 wg*hr/ml for the bulk and granulation formulations,
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respectively. Conclusion: there was a great degree of variability
in plasma concentrations at individual time-points; hence, there
were no significant differences between nevirapine plasma levels
from animals receiving powder versus granulation. Due to the ease
of formulation, nevirapine powder was selected for use in a 13-
week range finding study in rats.

35. Nevirapine plasma protein binding in several species: a
revieaw of the original data plus previously unreported data,
Batch # GJV 1407:2, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, October 31, 1994, (U94-3128/DM-9419)

This report presented previously reported as well as unreported
data on nevirapine plasma protein binding in several species.
These results are combined in one report for ease of reference.
Results: Nevirapine plasma protein binding, measured by
equilibrium dialysis at 37°C, was found to be moderate in all
species studied. At non-saturating nevirapine concentrations,
binding averaged 43.7% for mouse, 52.2% for rat, 68.2% for
rabbit, 69.3% for dog, 46% for monkey, 45.6% for chimpanzee and
61.5% for human. Saturation of binding was not observed at
nevirapine concentrations up to 0.88 ug/ml in mouse, 19 ug/ml in
rat, 1.1 pug/ml in rabbit, 0.24 pg/ml in dog, 0.91 ug/ml in
monkey, 0.89 ug/ml in chimpanzee and 4.9 ug/inl in humans.
Saturation of binding was detected at concentrations of 85.2
ug/ml in mouse, 90.2 ug/ml in rat, 20.4 pug/ml in rabbit, 0.95
pg/ml in dog, 4.3 wg/ml in monkey, 81.4 pg/ml in chimpanzee and
20.1 ug/ml in humans. Nevirapine binding to human serum albumin,
al-acid glycoprotein and fetal calf serum was 4%, 0.07* and 10%,
respectively. Conclusjons: at the level of plasma protein binding
observed in the study, the potential for drug interactions which
might seriously affect the pharmacokinetics of nevirapine should
be low.

6. Excretion balance studies following oral administration of
C-Nevirapire to mouse, rat, rabbit, dog and monkey. Batch # GJV
1407:175, Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, October 31, 1594, (U94-3153/DM-9410)

Excretion balance gtudies wer2 conducted after oral
administration of C-nevirapine in mouse, rat, rakbit, dog and
monkey. Regults; are summarized in Table 22 For all species, most
of the administered radioactivity was recovered during the first
24 hr collection interval. For mouse, rat, rabbit and monkey,
total elimination ({urine plus feces) during the first day after
dosing ranged from 78-89%. For dog, total elimination during the
first day averaged only 70% of the final cumulative recovery in
urine plus feces. For all species except dog, the predominant
rouce of elimination was the urine. In the dog, this pattern was
reversed with the predominant route of elimination being the
feces. A comparison of results for males versus females suggested
that there was no important sex differences of the rate or route
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of elimination.

Table 22

Sumrary of mean excretion balance data after cral dosing of “e-

nevirapine in mouse, rat, rabbit, dog and monkey

[ e
Collection Percent of Dose Recovered
Species Sex N Qose (mg/k9) period (hr)
Urine Feces Cage rinse Total
Mouse o 10 20 0-94 64.2 18.4 - 102.5 ||
9 10 20 0-96 68.6 35.3 - 103.9 H
Rat L 2 20.6 0-96 50 38.4 1.9 %0.2
e 2 21.5 0-96 59.2 31.3 1.1 91.5
Rabbit 9 3 3o 0-96 &67.7 29.4 - 97.1
Dog o 2 19.8 0-96 36.2 70.9 1.3 108.3
@ 1 20.3 0-%6 32.8 7.7 2 107.$
Monkey o 2 19.6 0-96 78 9 7.9 94.9
9 1 19.9 0-96 66.3 19.2 8 93.5

- C._—__ ——__ _-________ . J - - __ . __ . ___ - - ./

37. Lacteal (milk) transfer of “C-nevirapine after single oral
(gavage) administration in rats, Lot # RM-1167, Boehringer
Ingelheim Pharmaceuticals, Inc¢., Ridgefield, CT, December 29,
1994, (U95-3043/DM-9505)

Two groups of rats (15-day postpartum) received a single oral
gavage dose of 21.49 mg/kg C-nevirapine (160 p&i/kg) to
evaluate the plasma and milk concentrations of C-nevirapine. At
various times over a one-day period, blood and milk samples were
collected. Resultg: are summarized in Table 23.

“ Table 23

C-Nevirapine concgntrations in plasma and milk following the
administration of C-nevirapine {(21.49 mg/kg; 160 uCi/kg) to
rats

[ e e T e T L

Concentration {gg equiv/mi) Milk/Pilasma ratio

Time (hr)

Plasme Milk

3

24

48
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Comments: Overall, the results from this study indicated that the
transfer of nevirapine did occur from the plasma toc the milk. A
substantial concentration of nevirapine radiocactivity was noted
in the milk at the earlier time pointg and the milk to plasma
ratio would indicate some accumulation in the milk in comparison
to plasma conceéntrations.

38. In vitro metabolism of nevirapine by liver microsomes from
the chimpanzee, Lot # K, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, March 3, 1995, (U95-3063/DM-9402)

The rate of metabolism of nevirapine (30 uM) was determined in
vitro using liver microsomes (prepared from two different female
chimpanzees) over a 30 min periocd at 37°C. Regults: the rates of
total in vitro metabolism of nevirapine were calculated to be
14.9 and 7.6 pmoles/min/mg of microsomal protein (mean = 11.3
pmoles/min/mg protein) for chimp A and chimp B, respectively.

Comments: The sponsor stated that the rate of metabolism of
nevirapine by the chimp was similar to the one seen in human-
liver microsomes. Thus, the females chimp was likely to be a
better animal model for predicting the metabolism and
pharmacokinetics of nevirapine in humans.

39. The biotransformation of "c-nevirapine in the mouse, rat,
rabbit, dog and monkay, Lot # K, Boehringer Ingelheim
fharmaceuticals, Inc., Ridgefield, CT, March 24, 1995, (U95-
3083/DM-9507)

The biotransformation of “C-nevirapine after oral administration
{20 mg/kg) was determined from the 0-24 hr urine metabolite pocol
of the male and female rat, mouse (male only}, beagle dog and
cynomolgqus monkey. Regults: the f8-glucuronidase incubations of
the 0-24 hr urine from the rat, mouse, dog and monkey hydrolyzed
the known major and minor glucuronide metabolites. The resultant
aglycon metabolites were the 2-iydroxy-nevirapine, 3-hydroxy-
nevirapine, hydroxymethyl-nevirapine and 8-hydroxy-nevirapine. At
least two other unknown minor glucuronide metabolites were
confirmed in all the ur_ne samples examined. Prior addition of D-
saccharic acid 1,:-lactone ¢« known inhibitor of f3-glucuronidase,
inhibited the enzy.ratic h,J .- sis of the urinary glucuronides.
Finally, sulfuric 3cid hyd:~1lysais and sulfatase incubations
demonstrated the aksenc.: of sulfate conjugates.

40. The comparative metabolic pattern of 1‘C-navi:rap:‘me in the
mouse, rat, rabbit, dog and monkey, Lot # K, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, March 28, 1995, (U95-
3090/DM-9506)

The comparative metabclite pattern of uC-nevirapine after oral
{20 mg/kg) and iv (1 mg/kg) administration were determined from
0-24 hr urine and fecal pools (0-48 hr) of male and female mice,
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rat, rabbits (female only), dogs and monkeys. The bile (0-24,
rats only) and plasma ‘rats1and dogs) were also analyzed after
the oral admlnlstratlon of C-nevirapine (20 mg/kg). Egsul;§¢
demonstrated that (-nevirapine was extensively metabolized in
both sexes of all the species examined. The metabolic pattern&
for both sexes of all the animals examined demonstrated that
nevirapine underwent extensive oxidative metabolism (Phase I)
followed by glucuronidation (Phase I1) of hydroxylated
metabolites before b2ing excreted into the urine and feces. The
known C-nevirapine Phase 1 metabolites which appeared as major
and/or minor metabolites in the urine, feces, bile (rat only)
and/or plasma (rat and dog only) were 2-hydroxy-nevirapine, 3-
hydroxy - nevirapine, 8-hydroxy- nev1rap1ne, hydroxymethyl-
nevirapine and 4- carboxyllc acid-nevirapine. The identified Phase
I1 glucuronlde conjugates which appeared as major and/or minor
metabolites in all animals were 2- and 3-hydroxy-nevirapine
glucuronide and hydroxymethyl- nevirapine glucuronide. The 8-
hydroxy-nevirapine glucuronide always appeared as a minor
metabolite. The urine and fecal metabolite patterns after the
oral administration of nevirapine, were highly qualitative
(having identical metabolites) and quantitative (having the same
amounts of the identical metabclites) between the sexes in the
mouse and dog. After iv administration, the male and female rat
profile were also gualitative in nature. When the urine and fecal
metaboslite patterns following the oral and iv administrations
were compared within each sex, the results demonstrated the
pattern to be neither qualitative nor qualitative. Following
either the oral or iv administration, a metabolite with a
percentage greater than or equal to 10 was defined as a major
metabolite and a metabolite with a percentage less than 10 was
defined as a minor metabolite. The results are summarized in
Tables 24-27.
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Table 24 (Urine)
Sunmary of nevirapine and metabolites expressed as percentage of
total radiocactivity in the urjne following oral (20 mg/kg) and iv

(1 mg/kg! administrations of C-nevirapine

Specias &-CA HaMe 3-0H 8-0H HOMagluc | B-HO-gluc 283-0M gluc Total "

osratpo | 0.3 | 70.8 { 8.7 1.7 - 2.2 - 3.7 87.4 |
ll 9 rat po 5.6 53.2 17.1 1.6 - 3.2 - 7.8 88.5 'l

o rat iv 1 73.6 8.9 - - 1.9 - 3.5

e rat iv 2.3 53.7 16.6 1.9 - 4.8 - 9.8

¢ dog po - 18.4 - - - 33.5 1.8 23.9

? dog po 0.9 1%.9 - - - 36.2 2.4 26.9

¢ CYyNo po - 16,9 0.7 0.9 - 11.7 3.9 55.2 89.3

? cyno po 0.1 35 - 0.6 0.2 7.2 4.2 1.2

¢ mice po 1.2 54.5 2.6 2.2 - - - 20.2

9 mice po 1 49,2 2.9 1.6 - - - 25.8 80.5

¥ rbt po 0.8 5.8 1.3 - - 36.2 3.9 38.4 86.4

NVP = nevirapine; HOMe = hydroxymethyl-nevirapine; 8-OH = 8-
hydroxy-nevirapine; 8-OHgluc = 8-hydroxy-nevirapine glucuronide;
4-CA = 4-carboxylic acid-nevirapine; 3-OH = 3-hydroxy-nevirapine;
HOMe-gluc = hydroxymethyl-nevirapine glucurc.aide

Table 25 (FPeces)
Summary of nevirapine and metabolites expressed as percentage of
total radiocactivity in the feges following oral (20 mg/kg) and iv
(1 mg/kg) administrations of C-nevirapine

m%ﬂmmamm
Species NVP 4-CA HOMe 3-0H 8-0u HOMegiuc R-H0-gluc 283-0H gluc Total
J rat po 1.7 62.2 9.5 6.9 2.2 - - - az.%
¢ rat po 5.1 54.9 8.3 11.8 3.1 - - - a3.2
d rat iv - 82.2 4 3.7 1.4 - - - 1.3
¢ et iv 2.3 51.8 12.3 10.6 3 " - - 80 fl
¢ dog po 41 15.4 5.3 20.9 2.4 . - - 85
¢ dog po &b 14 .6 19.6 2.8 - - - a7
dcyno po | 4.7 28 4.2 32.6 5.1 - - - 74.6
¥ cyno po 1.6 49.1 [ 20.9 3.3 - - - 80.9
¢ mice po - 40.8 2.6 25.4 2 - - - 7.8
9 mice po - 27.9 - 26.8 - - - - 5.7
? rbt po 3.6 12.3 1.1 32 3.8 - - - 62.8
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Table 26 (Bile)
Summary of nevirapine and metabolites expressed as percentage of
total radiocactivity in the bile following iv (1 mg/kg)
administration of C-nevirapine

Species NVP
o rat fv 0.8

ﬂ 9 rat iv 3.5 7.4 3.2 - - 35.5 4.6 21.4 75.6
o - . 1

Table 27 (Plasma)
Summary cf nevirapine and metabolites expressed as percentage of
total radioactivit& in the plasma following oral (20 mg/kg)
administration of C-nevirapine

. ——————

_Species NVP | 4-CA | woMe | 3-OH | 8-0H | HOMegluc | 8-40-gluc | 243-OH gluc Total

o rat po 2h 13 11.7 47.5 - - 1.6 - 1.7 97.3

¢ rat po &4h 22 | 1.2 { ss.7 - - 3 - 1.5 96.5

o rat po 4h | 82 2.1 | 10.5 - - 1.1 - 1.4 97.1
9 rat po 8h 78 | 2.4 | 13.1 - - 0.8 - 1.3 95.9 “
o gog po ih 16 14 12.6 1.6 - 28.5 Q.5 21.6 95

7 dog po 3h 6 7.5 4.6 1.1 - &7.5 0.8 22.3 20

9 dog po th 10 10.1 16,19 10.6 1.4 N 24.40.6 33.3 95

9 dog po 3h 1.4 'L_ 2.8 0.7 - 47 .4 0.6 29 as.9

41. The pharmacokinetics of nevirapine in male and ferale dog
plasma, Lot # I, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, May 31, 1995, (U95-3161/DM-9515)

The pharmacokinetics were determined for 1I'C—ne.'virapine in dog
plasma after an oral administration (20 mg/kg; 5.42 uCi/kg)
Results: are summarized in Table 28. Copclusion: the female dog
tended toward higher nevirapine plasma levels than maie dogs
after the oral administration.
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Table 28
Comparison of pharmacokinetic parameters after oral (20 mg/kg)
administration in dogs

P ey,
Parameters Male Fomale
AUC, ,,,, (Ag*hr/ml) 47.2 49.7
Tmax (hr) 1-2 1 II
i Cmax_(ag/ml) 6.7 13.3
MRT (hr) 11,2 ‘ 5.9

42. The comparative metabolic pattern of “c—nevirapine in rat
milk and plasma, Lot # A, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, June 6, 1995, (U95-3167/DM-9511)

Groups of rats (1ﬁ-day postpartum) received a single oral gavage
dose of 20 mg/kg C-nevirapine (160 uCi/kg) to determine the C-
nevirapine rat milk and plasma metabolite patterns and to
determine whether C-nevirapine and metabolites transferred
and/or accumulated into the milk. At various times over a ong-day
periocd, blocd and milk samples were collected. Results: the 'C-
nevirapine levels (ug equiv/g) were greater in the milk (3 hr =
15.7; 8 hr = 14.5 and 24 hr = 4.8) than plasma (3 hr = 9.1, 8 hr
= 7.5 and 24 hr = 2.4). These results demonstrated that a rapid
transfer and accumulation of the drug and metabolites (ie,
hydroxymethyl-nevirapine and 2-hydroxy-nevirapine) occurred up to
the 3 hr time point. The majority of the accumulation was
attributed to the parent drug and hydroxymethyl-nevirapine. At 24
hr, the metabolites represented approximately 33% of the milh
accumulation as compared to 13% at 3 hr. The summary of the C-
nevirapine and metabolite milk to plasma raties are shown in
Table 29.

" Table 29
Summary of C-Nevirapine and met&bolite milk to plasma ratios
following the administration of "C-nevirapine (21.49 mg/kg; 160

+Ci/kg) to rats
s e S
Sample NVP | HOMe 2-0M Total Metabolite | NVP + Metabolite Total radiocactivity

po ¢ rat 3 hr 1.7 1.7 0 1.9 1.7 1.7
po ¢ rat 8B hr ) 2.1 1.8 1 1.6 2 1.9
po v rat 26 hr | 2.6 | 2.1 0.5 1.5 2 2
Mean 2.1 1.9 0.5 1.7 1.9 1.9

i S S = S N TSI )

NVP = nevirapine; HOMe = hydroxymethyl-nevirapine; 2-OH = 2-
hydroxy-nevirapine
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Comments: Overall, the results from this study indicated that if
nevirapine was orally administered to nursing human females,
nevirapine and its metabolites would rapidly transfer and
accumulate in the mother’s milk,

43 . Pharmacokinetic report of 52-week oral toxicity study in the
beagle dog with nevirapine granulation, Lot # TX-0579, Boehringer
Ingyelheim Pharmaceuticals, Inc., Ridgefield, CT, July 14, 1985,
(U95-3308/DK-9502)

Groups of male and female dogs received nevirapine daily via diet
dosing at dose levels of 0 (vehicle control), 50 (low), 150
mg/kg/day for the first 4 weeks and 100 mg/kg/day for rest of the
study (mid), or 400 mg/kg/day for first 2 weeks and 300 mg/kg/day
for weeks 3 & 4, and 200 mg/kg/day for rest of the study (high)
consecutively for a period of 52 weeks. Plasma samples were
assayed by a validated HPLC method. Results: the observed mean
peak plasma concentrations and AUCs in male and female dogs are
summarized in Table 30-33. The peak plasma concentrations were
generally observed at 1.5 hr after the low dose; however, in the
mid and high dose groups, peak concentrations were observed
either at 5 or 8 hr samples in both sexes. This may indicate that
with increase in dose, prolonged absorption results.

Table 30
The mean peak plasma concentrations (ug/ml) in male dogs

S
Dose Oay 0 wk 7 Wk 14 Wk 26 Wk 39 Wk 52 ||
Low 4.7 6.1 6.3 7.4 3.6 4.6 |
nid 26.7 8.9 5.5 10.8 14.3 9.3
High 50.7 20.9 17 25.9 28.7 21.1
Table 31

The mean peak plasma concentrations (pg/ml) in female dogs

,mmw

Dose Day 0 Wk 7 Wk 14 Wk 26 Wk 39 Wk 52
Low 3.1 6.1 6.1 2.3 2.1 5.2
Mid 15.7 10 13.4 5.1 10 10.5
High 30.3 20.9 25.9 11.9 25.6 20.2 "
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Table 312

PHARMACOLOGIST’S REVIEW

The mean AUCy, , (#g*hr/ml) in male dogs

Page 104

e U AT BT
pDose Cay 0 w7 Wk 14 W 26 vk 39 Wk 52
L ot 13 n &2 28 23 a7
Wid S 89 48 112 198 134
High 794 288 201 284 270 253
Table 33

The mean AUC,,, ,, (#g*hr/ml) in female dogs

o e ]

Dose Day 0 Wk 7 w14 vk 24 Wk 39 Wk 52 "
Low 12 29 36 17 14 45
Mid 165 53 112 47 82 116
High &56 294 359 173 357 274

44. In vitro metabolism of nevirapine by liver microscmes from

male rat,

female rat, dog and monkey, Lot # K, Boehringer

Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, July 28, 1995,

(U95-3312/DM-9510)

The rate of metabolism of nevirapine
vitro using liver micrcsomes prepared from male rats, female

rats, dogs and monkeys.
incubations,

the metabolites:

{3-HN),

(30 uM) was determined in

Using 1 mg of total microsomal protein in
the in vitro rates of metabolism of nevirapine to

2-hydroxynevirapine (2-HN),
2 -hydroxynevirapine

3-hydroxynevirapine
{(8-HN) and 12-hydroxynevirapine (12-

HN, in earlier report it was referred as hydroxymethylnevirapine)
were determined over a 15 min period. Regultg: are summarized in

Table 34.
incubations,

In both male and female rat-liver microsome
the major in vitroc metabolite was 12-HN. Both 12-HN

and 3-HN were major metabolites in dog and monkey. A currently
unidentified metabolite was also present in all of the microsomal
the unidentified metabolite was the most
minor of the metabolites (based on relative areas of the peaks in

incubations.

the HPLC chromatograms)
liver microsomes from malz rats,

However,

in the in vitro incubations.
female rats,

Conclusion;
dogs and monkeys

produced the same in vitro metabolites that were found in in
vitro incubation of nevirapine with humari-liver microsomal
incubations.
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Table 34
In vitro metabolism of 30 uM nevirapine by liver microsome from
various species. The values are given as mean ¢+ standard
deviation.

The rate of Matabolites (pmole/min/mg of microsomsl tein} by liver microsomes
2-hi 12-4#M 3-un 8-HN
I < Rat 70215 238260 33125 2424
2 Rat 811 1842 621 1021
Dog 6918 268224 2655227 68213
Monkey 3214 175136 218136 97226 H

45. The pharmacokinetics of nevirapine in male chimpanzee plasma,
Lot # XP-1413-140, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, July 28, 1995, (U95-3313/DM-9516)

Four male chimpanzees were used to study the pharmacokinetics of
nevirapine (preliminary study) following a single 800 mg gavage
oral dose. Serial blood samples wers taken over a period of 72
hrs after dosing. The plasma was obtained and analyzed by HPLC.
Results: nevirapine was detected in all samples at 72 hr after
the dosing. The mean pharmacokinetic parameters that were
calculated from the plasma concentrations were AUC (367.5
ug*hr/ml), Tmax (14.5 hr), Cmax (10.17 ug/ml) and MRT (26.7 hr).

46. Plasma analysis for thirfeen week oral (diet) range-finding
toxicity study in the CD-1 mouse with nevirapine, Lot # RM-1167,
Boehringer Xngelheim Pharmaceuticals, Inc., Ridgefield, CT,
August 1, 1994, (U94-3068/DM-9315)

Groups of male and female mice {strain: Crl:CD-1(ICRBR) VAF+; 15
animals/sex/group} were given nevirapire in the diet (powdered)
at dose levels of 0 (control) 50 (low), 500 (mid) or 1500
mg/kg/day (high) initially. In treatment weeks 5 and 12, the mid
dose was escalated to 3000 and 6000 mg/kg/day, respectively. From
treatment week 7 until the end of the study, 2% lactcse was added
to all feed {including controls) to increase the palatability cf
the drug. Drug-diet concentrations were adjusted weekly. The
purpose of the study was to determine the MTD, NOEL and target
organ toxicity of nevirapine to support dose levels selection for
the 2-year carcinogenicity study in mice {the study has been
reviewed previously). The plasma concentrations which were
determined are reported here. Regults: mean plasma drug
concentrations at the 50, 500, 1500 and 6000 mg/kg/day doses
ranged from below quantifiable limits (<0.25 ug/mi}) - 0.33, 0.72
- 1.2, 2.7 - 4.2 and 31.8 - 57.3 ug/ml, respectively, and were
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roughly dose proportional up to the 1560 mg/kg/day dose level.

47. Potential for metabolic Arug interaction with nevirapine as
determined in vitro with human liver microsomes: III. Rifampicin,
Lot # KX, Boebhringer Tngelheim Pharmaceuticals, Inc., Ridgefield,
CT, January 16, 1995, (U95-3024/DK-9422)

In vitro. using human-liver microsomes, the effect of rifampicin
(concentrations: 10 or 30 uM) was studied in incubations
containing either 25 or 100 uM nevirapine to determine the
potential drug interaction between nevirapine and rifampicin at
the metabolic level. Nevirapine was metabolized in vitro to 2-
hydroxynevirapine (2-HN), 3-hydroxynevirapine (3-HN), 8-
hydroxynevirapine (8-HN) and hydroxymethylnevirapine (HMN)
comprising the major metabolites. Regults: the rates of formation
of 2-HN, HMN and 3-HN and 8-HN in the 25 uM nevirapine in vitro
incubations (absence of rifampicin) were 1.76, 1.37, 1.24 and
0.267 pmoles/min/mg of microsomal protein, respectively; in the
100 uM nevirapine (absence of rifampicin), they were 10.48, 6.22
4.91 and 1.34 pmoles/min/mg of microsomal protein, respectively.
Statistically significant reductions in the rate of metabolite
formation was observed only in the incubation containing 30 uM
rifampicin and 25 uM nevirapine, in which 2-HN formation was
reduced by 19% (p=0.01). No other statistically significant
inhibitory effects were observed, although the presence of 30 uM
rifampicin in the 100 uM nevirapine incubations reduced the rate
of formation of 2-HN formation by 21%. The apparent Ki of
rifampicin for the inhibition of 2-HN formation was 120 uM; this
value was well above the potential plasma Cmax of about 30 uM
rifampicin that has been reported in pharmacokinetic studies with
patients receiving daily doses of 600 mg rifampicin. ion:
the data suggested there was a potential for an inhibition of
nevirapine metabolism to 2-HN by rifampicin.

48. The pharmacokinetics of nevirapine in male and female mouse
plasma, Lot # I, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, May 31, 1995, (U95-3160/DM-9514)

The pharmacokinetics were determined for nevirapine in mice
plasma after oral (20 mg/kg) and iv (1 mg/kg) administrations.
Results;: are summarized in Table 35.
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Table 35
Comparison of pharmacokinetic parameters after iv (1 mg/kg) and
oral (20 mg/kg) administration in mice

Parameters iviecd 9 oral {<} oral (V)

MICy 4y (89°hr/mi) 195 (0-1.5 hr) 8529 8590

Tmax (hr) - 0.5%

Cmax {k9/ml) . $.6

MRT (hr) . 1.1

49, Potential for m=tabnlic drug interaction with nevirapine as
determined in vitro with human liver microsomes: IX. Rifabutin,
Lot # K, Boahringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, January 12, 1995, (U95-3023/DM-9421)

In vitro, using human-liver microsomes, the effect of rifabutin
(concentrations: 0.6 or 6.0 uM) was studied in incubations
containing either 25 or 100 uM nevirapine to determine the
potential drug interaction between nevirapine and rifabutin at
the metabolic level. Nevirapine was metabolized in vitro to 2-
hydroxynevirapine (2-HN), 3-hydroxynevirapine (3-HN), 8-
hydroxynevirapine (8-HN) and hydroxymethylnevirapine (HMN)
comprising the major metabolites. Regults: the rates of formation
of 2-HN, HMN and 3-HN in the 25 uM nevirapine in vitro
incubations in the absence of rifabutin were 1.23, 1.23 and 0.369
pmoles/min/mg of microsomal protein, respectively; in the 100 uM
nevirapine (absence of rifabutin), they were 5.85, 5.43 and 1.68
pmoles/min/mg of microsomal protein, respectively. Statistically
significant reductions in the rate of metabolism of nevirapine to
2-HN, HMN and 3-HN resulted in the presence of rifabutin in the
vitro incubations. The presence of 6 uM rifabutin resulted in an
inhibition of the rate of metabolism of nevirapine to 2-HN by 25%
and 31% in the 25 and 100 uM nevirapine incubations,
respectively. Inhibition by rifabutin of the rates of metabolism
of nevirapine to either HMN or 3-HN was less than 20%. The
apparent Ki values for the inhibition of 2-HN and HMN formation
by rifabutin were 22 and 44 uM, respectively. Conglusion: these
values were well above the potential maximal tissue concentration
of 6 uM rifabutin; therefore, an inhibition of nevirapine
metabolism by rifabutin was unlikely. Secondly, an apparent Ki
value of 26 pM nevirapine for the inhibition of rifabutin
metabolism was calculated from these experiments. This value
approximates a plasma Cmax that could be achieved in patients
receiving nevirapine. Thus, the inhibition of rifabutin
metabolism by nevirapine may be likely, particularly in those
patients in whom plasma concentrations of nevirapine approach or
exceed 25 uM.
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5$0. Potential for meiabolic drug interaction with nevirapine as
determined in vitro with human liver microsocmes: V. Trimethoprim,
Lot # K, Boehringer Iungelheim Pharmaceuticals, Inc., Ridgefield,
CT, February 24, 1995, (U95-3060/DM-9503)

In vitro, using human-liver microsomes, the effect of
trimethoprim {(at concentrations: 25 or 100 uM) was studied in
incubations containing either 25 or 100 uM nevirapine to
determine the potantial drug interaction between nevirapine and
trimethoprim at the metabolic level. Nevirapine was metabolized
in vitro to 2-hydroxynevirapine (2-HN), 3-hydroxynevirapine (3-
HN), B8-hydroxynevirapine (8-HN) and hydroxymethylnevirapine (HMN)
comprising the major metabolites. Regults: the rates of formation
of Z-HN, HMN and 3-HN and 8-HN in the 25 uM nevirapine in vitro
incubations (absence of trimethoprim) were 1.49, 1.21, 0.60 and
0.34 pmoles/min/mg of microsomal protein, respectively; in the
100 uM nevirapine (absence of trimethoprim), they were 8.89, 6.66
2.45 and 1.33 pmoles/min/mg of microsomal protein, respectively.
The addition of 25 uM trimethoprim to the in vitro incubations
with nevirapine had no statistically significant effect on the
rates of formation of these metabolites. The presence of 100 uM
trimethoprim increased the rate of 3-HN formation about 3 and 1.5
folds in the 25 and 100 uM nevirapine incubations, respectively.
Oppositely, the presence of 100 uM trimethoprim produced a modest
reduction (about 20%) in the rate of 8-HN formaticn in the 100 uM
nevirapine incubations. As a secondary focus of this study, the
effect of nevirapine at either 2% or 100 uM in the incubation
containing either 25 or 100 uM trimethoprim was examined. The
presence of nevirapine in the incubations had no statistically
significant effect on the metabolism of trimethoprim. Conclusion:
the data suggested that a metabolic drug interactivge may be
unlikely to occur in patients receiving trimethoprim and
nevirapine concomitantly.

51. The in vitro metabolism of nevirapine by human-liver
microsomes, Lot # K, Bochringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, August 25, 1995, (U95-3327)

The in vitro metabolism of nevirapine was characterized using
human-liver microsomes from different donors and from microsomes
containing cDNA-expressed human cytochrome P-450 isozymes.
Results; nevirapine was metabolized in vitro by humaa-liver
microsomes to four hydroxylated products, ie, 2-hydroxynevirapine
(2-HNVP), 3-hydroxynevirapine (3-HNVP), 8-hydroxynevirapine (8-
HNVP) and 12-hydroxynevirapine (12-HNVP). Typically, the in vitro
rates of formation of the four nevirapine metabolites by human-
liver microsomes were observed to follow the rank order: 2-HNVP
>12-HNVP>3-HNVP>B-HNVP. The same four Qgtabolices were cbserved
in patients receiving an oral dose of C-nevirapine. Simple
linear correlations of the rates of cytochrome P-450 isozyme-
specific biotransformation associated CYP3A with the formation of
the above mentioned metabolites. In vitro metabolism studies
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using microsomes containing separate cDNA-expressed human
cytochrome P-450 indicated that CYP3A4 and CYP2Dé were the
isozymes that had the greatest capacity to metabolize nevirapire.
The presence of troleandomycin (a specific inhibitor of CYP3A
activity) in the in vitro incubations reduced the rates of
formation of all four nevirapine metabolites by 41-93%, with the
rates of 3HNVP formation being the least inhibited. Conclusion:
CYP3A isozyme was primarilv responsible for the in vitro
metabolism of nevirapine to 2-HNVP, 12-HNVP, 3-HNVP and 8-HNVP in
human-liver microsomal incubations. The metabolism of nevirapine
by human-liver microsomes appeared to be primarily affected by
enzymes belonging to the CYF3A family.

ANCILLARY PHARMACOLOGY
Summary of Ancillary Pharmacclogy Studies:

1. EEG-experiments with nevirapine, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, January 19,
1990, (PH-9001)

2. Effects of nevirapine on the nociurnal locomotor
activity in mice, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgefield, CT, January 25, 1990, (PE-9012)

3. Effects of nevirapine on sleep wakefulness pattern in
cats, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, March 15, 1990, (PH-5011)

4. Effect of nevirapine on tlie explorative locomotor
activity of mice, Boehringer Ingelheim Pharmaceuticals,
Inc., Ridgetield, CT, May 17, 1990, (Pr-9%9013)

5. Immunological profile of nevirapine, Boehringer
Ingelheim Pharmaceuticala, Inc., Ridgefield, CT, June
18, 1990, (IM-9001)

6. In vitro characterization of pevirapine, Boehringer
Irgelheim Pharmaceuticals, Inc., Ridgefield, CT, July
3, 1990, (BC-9008)

7. Nevirapine: The evaluation for potential interaction
with nucleic acids and human DNA polymerases,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, January 16, 1990, (BC-9004)

8. Nevirapine: CNS effects in mice, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgerield, CT, June 10, 1990,
{PH-9002)

9. Nevirapine: Autonomic profile and calcium entry blocker
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activity in vitro in guinea pig trachea and aorta,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield,

10. Nevirapine: Ancillary cardiovascular profile in
anesthetized dogs, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, August 1, 13990,
(PH-9006)

11. Nevirapine: Effect on human platelet aggregation,
Boshringer Ingelheim Pharmaceuticals, Inc., Ridgefield,
CT, June 18, 19%0, (PH-9007)

12. Nevirapine: Effect cn Gastrointestinal propulsion in
mice, Boehringer Ingelheim Pharmaceuticals, Inc..,
Ridgefield, CT, June 18, 1990, (PH-3003;

13, Nevirapine: Pulmonary specificity testing in
anesthetized guinea pigs, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, February 8,
1990, (PH-9010)

14. Nevirapine: The effect on renal function in
anesthetized rats, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, July 30, 1990,
(PE-9005)

15. Nevirapine: The effect on renal function in conscious
rats, Boehringer Ingelheim Pharmaceuticals, Inc.,
Ridgefield, CT, July 30, 1990, (PH-9004)

Review of Ancillary Pharmacology Studies:

1. EEG-experiments with nevirapine, Boehringer Ingelheinm
Pharmaceuticals, Inc., Ridgefield, CT, January 19, 1990, (PH-
9001)

Rabbits implanted with silver electrodes in the calvarium were
used for EEG-recording from frontal and occipital cortices.
Nevirapine was administered at dose levels of 0 (vehicle control)
or 0.1 mg/kg via the iv route and at 3 f(low), 10 {(mid) or 30
mg/kg fthigh) via a stomach tube. EEG was recorded for 2 hr.
Results: the circadian rhythmicity of the changes between
wakefulness and relaxation or sleep became more pronounced (0.1
mg/kg; iv). Biphasic reactions were observed at low, mid and high
doses. A short lasting slight increase of the power in the theta-
band for approximately 15 min, indicated a short lasting increase
of vigilance. Then, a decrease of the theta power and increase of
the delta power between 70 and 85 min indicated relaxation and
decreased vigilance. Conclugions: the experiments with nevirapine
clearly showed effects on the CNS.
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2. Effects of pnevirapine on the nocturnal locomotor activity iz
mice, Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
January 25, 1990, (PH-9012)

Groups of female mice were given nevirapine via oral gavage at
dose levels of 0 (vehicle control), 20 (low}, 80 {mid) or 320
mg/kg (high) to assess the activity profile. The motility of
individual mice was recorded in test chambers with S horizontal
light beams. Regul&s; nevirapine, in a dose dependent manner
caused statistically significant reduction (p=0.01) of motility.

3. Effects of nevirapine on sleep wakefulness pattern in cats,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, March
15, 1990, (PH-$011)

Groups of male and female cats received nevirapine via stomach
tubing at dose levels of 0 (vehicle control), 3 (low), 10 (mid)
or 30 mg/kg (high). At least 6 months before this experiment,
electrodes had been implanted in the animals for the EEG
recording. On the day of the experiments, the cats were placed in
a Farady cage and connected to the EEG-recorder. The EEG was
recorded for 6 hr; behavior of the animals was observed by a TV-
camera. Regsults: showed CNS effects of the test compound in the
dose range tested. The effects were biphasic. First, there was an
initial slight increase of vigilance which was followed by an
increase in relaxation.

4., Bffect of nevirapine on the explorative locomotor activity of
mice, Boehringer Ingelhaim Pharmaceuticals, Inc., Ridgefield, CT,
May 17, 1990, (PH-9013)

Groups of female mice were given nevirapine via oral gavage at
dose levels of 0 (vehicle control), 2.5 (low}, 10 (mid) or 40
mg/kg (high) to evaluate the locomotor activity. Results: at one
hr after the administration, nevirapine had no effect on the
locomotor activity of mice as compared to the controls. At 2 hr,
the locomotor activity was significantly inhibited (p=0.01) at
the mid and high dose levels. A slight reduction of *he mean
activity was seen at the low dose level which was not
statistically different from the controls.

Comments: These experiments further confirmed the finding of
delayed moto. activity inhibition in mice tested during the night
{PH-9012) .

5. Immunclogical profile of nevirapine, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, June 18, 1990, (IM-9001)

Nevirapine (concentrations ranging from 3.75 to 187 uM) was
tested in the human mixed lymphocyte reaction (MLR). Significant
inhibition (70%) of the human MLR was observed at 187 uM. In the
concentration range of 0.1 to 1.0 uM, nevirapine showed
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significant stimulation of the in vitro murine anti-sheep red
blood cell IgM plaque forming resronse; inhibition was observed
at the 10 to 100 uM concentration range.

The effect of nevirapine and AZT were compared for toxic effects
on myelo/erythropoiesis in human bone marrow cell culture. AZT
showed significant suppressive effects in both myelo and
erythropoietic components at 0.4 uM as compared to nevirapine in
which significant suppressive effects were noted at 187 uM.

Nevirapine (dose range of 1 to 100 mg/kg) had no demonstrable
effect on the Delayed Type Hypersensitivity response in the rat.

6. In vitro characterization of nevirapine, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, July 3, 1990, (BC-3008)

In various in vitro receptor binding assays, nevirapine did not
interact with dopamine, serotonin, histamine, benzodiazepine
adenosine, muscarinic, opiate and nicotinic receptors.

7. Nevirapine: The evaluation for potential interaction with

nucleic acids and human DNA polymerases, Boehringer Ingelheim
Pharmaceuticals, Inc., Ridgefield, CT, January 16, 19%0, (BC-
9004)

Nevirapine was evaluated for interactions with nucleic acids and
human DNA polymerases. Using a fluorometric method employing the
probe ethidium bromide, no fluorescence changes were noted up to
a nevirapine concentration of 1.2 uM with ssDNA, dsDNA and poly
(rC)/oligo (dG). Conclusion: Nevirapine did not interact with
nucleic acids. Nevirapine (up to 24 uM) did not inhibit alfa,
beta, delta and the mitochondrial gamma-DNA polymerases.

8. Nevirapine: CNS effects in mice, Boehringer Ingelheim
Pharmaceuticals, Inc¢., Ridgefield, CT, June 10, 1990, (PH-9002)

ological profile test in mice: groups of male and

female mice (6/sex/group) received single doses of nevirapine
either orally or intraperitonealy at dose levels of 30 or 100
mg/kg; 3, 10, 30, S50, 190 or 200 mg/kg to evaluate the
neuropharmacological profile in mice. Regultg; nevirapine
exhibited hypothermia, slight mydriasis, reduced spontaneous
motor activity, reduvced reactivity to transfer and reduced touch
escape in both male and female mice when administered
intraperitonealy at 100 mg/kg. Hexobarbital slegp time test in
mice: grcups of male and female mice (10/sex/group} were treated
with oral nevirapine either acutely at single dose levels of 0
(vehicle contrel), 3, 10, 50, 100 or 200 mg/kg or chronically at
dose levels of 3, 10, 30 or 50 mg/kg/day for 5 days. One hr
following the administration, the animals were challenged with a
single ip dose of hexobarbital (75 mg/kg). Results: acutely,
nevirapine demonstrated a dose dependent increase in the mean
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duration of hexobarbital-induced sleep time., Doses of 30 mg/kg or
higher produced significant (p=0.01) increases of 77-247%. An
oral dose of 10 mg/kg could be considered the NOEL. Following
multiple doses ( 3-50 mg/kg/day! over 5 days, nevirapine failed
to show any significant potentiation of hexobarbital-induced
sleep time as compared to vehicle controls. Ethanol sleep time
;ga;_;n_m;gg* groups of male mice (10/group) were orally gavaged
with nevirapine at dose levels of 0 (vehicle control), 10, 230,

50, 100, or 200 mg/kg; one hr following the administration, the
animals were challenged with an ip dose of ethanol (3000 mg/kg).
Results: a dose dependent increase in the mean duration of
ethancl-induced sleep time was demonstrated by nevirapine
following oral doses of 10-200 mg/kg. Doses of 10, 30 or 50 did
not produce significant increase in the mean duration of sleep
time, which were apparent with the 100 (p=0.02) and 200 mg/kg
(p=0.001). An oral dose of 50 mg/kg could be considered the NOEL.
Rotored test in mice; groups of male mice (10/group) were trained
to balance on a rod rotating at 5 rpm. Following the training,
nevirapine was orally administered via gavage at dose levels of 0
{vehicle control), 30, 100 or 300 mg/kg. Motor performance was
evaluated 30, 60 and 120 min post-administration. That dose which
effectively cause 50% of the animals to fall from the rotating
rod more than once during a one min test period was designated
the neurotoxic dose 50 (NTDs) . Results: nevirapine demonstrated
a time dependent, significant effect on the rotored performance
of mice. The greatest effect was observed at 300 mg/kg following
120 min post-administration. After both 30 and 60 min at dose of
300 mg/kg, less than 50% of the animals fell from the rod and no
NTD,, could not be calculated. A dose of 30 mg/kg produced no
motor impairment at any of the time studied and may be considered
a NOEL. Nignt motility test in mice: groups of male mice
(5/group) were first acclimated to an altered day/night cycle in
test room for 10 days. On the test day, the animals were orally
treated with nevirapine at dose levels of 0 (vehicle controel),

30, 120 or 300 mg/kg aud were immediarely placed into a motor
activity chamber. Feference compounds tested included: d-
amphetamine sulfate (5 mg/kg, pec), haloperideol (1 or 3 mg/kg),
pol, diazepam (10 or 30 mg/kg, po}. Motor activity counts were
recorded at hourly intervals over an 8 hr period. Results:
nevirapine demonstrated a dose dependent reduction in the night
motility of mice with an inhibitory dose 50 (IDg) of 160 mg/kg.
Nevirapine-induced reduction in nlqht motility was similar to
that observed with haloperidol and diazepam.

9. Nevirapine: Autonomic profile and calcium entry blocker
activity in vitro in guinea pig trachea and aorta, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, February 16,
1990, (PH-9003)

In an in vitro assay using isolated guinea pig trachea,
nevirapine (100 uM) did not exhibit any significant anti-
cholinergic, anti-histaminergic or anti-serotonergic activity.
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Nevirapine exhibited calcium channel blocker activity at 250 uM.

10. Nevirapine: Ancillary cardiovascular profile in anesthetized
dogs, Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,

Seven anesthetized (sodium pentobarbital, 3% mg/kg, iv) dogs per
sex received iv nevirapine at a dose levels of 3 mg/kg _Results:
following drug administration, there were no changes in the
baseline cardiovascular parameters such as blcod pressure, heart
rate or ECG.

11. Nevirapine: Effect on human platelet aggregation, Boehringer
Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, June 18, 1990,
(PE-9007)

In an in vitro assay, nevirapine was investigated for its
inhibitory effects on collagen or ADP-induced platelet
aggregation in human platelet rich plasma. Results: nevirapine,
at a final concentration of 376 uM, reached mean inhibitory
levels of 58% in collagen-induced platelet aggregation, and 72%
in ADP-induced platelet aggregation. No significant inhibitory
effects of nevirapine were noted at concentrations of 113 uM or
under.

12. Nevirapine: Effect on Gastrointestinal propulsion in mice,
Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, June

Groups of male wmice (6-7/groups) received single ip injections of
nevirapine at dose levels of 0 (vehicle contrel), 30 or 100
mg/kg, or atropine (5 mg/kg) as a reference. Regults: atropine
inhibited gastrointestinal propulsion (67-71%), while nevirapine
exhibited no significant activity. Incomplete absorption of drug
was observed at the 100 mg/kg treatment group.

13. Nevirapine: Pulmonary specificity testing in anesthetized
guinea pigs, Boehringer Ingelheim Pharmaceuticals, Inc,,
Ridgefield, CT, February 8, 1990, (PH-3010)

Seven anesthetized guinea pigs received a single ip dose of
nevirapine {300 mg/kg). Results; bronchoconstriction and
increased mean arterial pressure in response to platelet
activating factor were reduced by nevirapine. Nevirapine did not
affect the bronchoconstriction or hemodynamic effects induced by
histamine or leukotriene C4.

14. Nevirapine: The effect on renal function in anesthetized
rats, Boehringer Ingelheim Pharmaceuticals, Inc., Ridgefield, CT,
July 30, 1990, (PH-9005)

Groups of anesthetized male rats (6/group) received an iv dose of
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nevirapine at 0 (vehicle control, 70% PEG 400) or 3 mg/kg.
Results;: nevirapine had no significant effect on natriuresis,
diuresis or mean arterial pressure when compared to the vehicle
controls.

15. Nevirapine: The effect on renal function in conscious rats,
Boehrirger Ingelheim Pharmaceuticals, Inc., Ridgefield, CT, July
30, 1990, (PH-5004)

Groups of male rats (6/group) were orally gavaged with nevirapine
at dose levels of 0 (vehicle control), 20 (low) or 100 mg/kg
(high) . Results: nevirapine significantly increased Na excretion
(51.7%, p=0.05) but did not cause any significant effect on
excretion of urine and K (high). Nevirapine showed no significant
effect on diuresis or natriuresis {low) when compared to the
controls.
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Tabulated summary of nevirapine animal toxicity studies.

Table 1
Summary of nevirapine acute oral toxicity studies

Species Dose ievel Approximate Deaths Approx. NOAEL B8SA ecquiv dose Major toxic
(mg/kg) LDy (Mmg/kg) {mg/ky} in men (mg/kg) signs
50 >2000 19 1600 200 o 16.7 2 decreased motor
Nice 333 ¢ activity,
100 400 ¢ ptosis, white
feces
202
400
800
| 1600
2000
Rets 50 >800 « 2 8 400 100 ¢ 4.3 ¢ white feces,
502 ¢ 3 8 600 200 o 28.6 ¢ decreased motor
100 5 3 800 activity and
weight,
220 h.orrhages in
(ungs,
490 hypothermia,
600 dehydration
200
S0 »400 None 150 s white particles
bogs in feces,
150 emesis, slight
sadation
250
400
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Summary of nevirapine subchronic/chronic oral toxicity studies in
mice and rats

Major toxic signs &
laborstory findings

Gross/Micro Pathology
NOEL /NOAEL

Moribundity, mortality,
decreassd activity, lsbored
respirstion, distended
sbdomen, ptosis awelling
and/or erythems of legs

Liver-hypertrophy and necirosis;
thyroid-hypertrophy; thymus-lymphoid
depietion; kidney tubule degeneration;
hesrt necrosis and mineralizstion
NOEL = 50 mg/kg/day

No toxic signs.
significant but reversible
increases in APTT & serum

cholestercl levels (150
mg/kg/day)

Liver, thyroid grossly enlsrged (150
mg/kg/day). Hepatocellular, thyroid
follicular and adrenal corticel
hypertrophy (50 & 150 mg/kg/day)

NOEL = 1¢ mg/kg/dey

Lecrimation, ptosis, edema,
chromodacryerrhes snd
decreased activity (125
mg/kg/day). Increased serum
cholesterol {»50
mg/kg/day); GGT and APTT
significantly increased
(125 mg/kg/day)

Grossly enlarged liver, adrenals and
small thymus (125 mg/kg/day).
Hepatocellular, thyroid follicular ceil
and adrenal cortical hypertrophy (>50
mg/kg/day

NOEL = 10 mg/ka/day

Orug-related mortality (mid
L high). Skin lesions;
decreased body weights (mid
L high). Reticulocytosis;
decreased RBC parameters,
clearance, A/G ratio;
increased Ca, TP &
cholestercl (mid & high)

Grossly enlarged livers and adrenals
(high). Nepatoceliular, thyroid
follicular and adrenocortical
hypertrophy (mid & high)

NOEL = 5 mg/kg/day

Ervythema, edema, skin
lesions, decreased body
weight (mid & hig ).
Hematology changes;
iicressed serum
cholesterol, urine protein
(mid & high)

Histopathology showed target organs
were: intestines, bone marrow, lymph
nodes, spleen, liver, thyroid,
pituitary and adrenals

NOEL = 5 mg/ky/day

Drug-related mortality (mid
& high). Sedation, skin
lesions, foreleg edema,

ptosis, chromodacryorrhea,
decressed weight & food

consumption. Decreased WBC
L RBC parameters,

Study Dose levels
(wg/kg/day
50
Mice 3-month 500>3000 wk
{diet) #5>6000 wkit 12
1500
1
¢ Rats 10
1-month
(gavage) 50
150
L
¢ Rats 3
1-month
(gavage) 10
50
125
Rate S (low:
3-month
(gavage)
S50 (mid)
125 (high)
Rats 5 (low}
3-month
tdiet) 25(uk1-4) >100
(wk 5-13) (mid)
50 (high)}
Rats 5 (low)
12-month
(gavage)
S0 (mid)
100 (high)
I

lymphocytes, and TPT,
Incresued AST, ALY, BUM,
creatinine & cholesterol.

Skin les ors, edems of extremities.
Organ wt changes that correlated with
histopathology. Dermatitis; glossitis;

hepatocetiular, thyreoid-tollicular
hyperplasia; thyroid sdenams; thymus

atrophy; adrenocortical hypertrophy
(mid £ high)

NCEL for males = 5 mg/kg/day
HOEL could mut be identified in females

SN - L ITT IV —
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Table 3
Summary of nevirapine subchronic/chronic oral toxicity studies in

dogs
Study Dose levals Major tonic signs & laboratory Gross/Micro Pathology
(mg/kg/day findings NOEL /NOAEL
Dogs 150 (low) Emesis, dacreased in food Thymus lymphoid decreased (mid &
2-week consumption and body weight {(mid & high); Gt ulcers and erosions,
(Capuules) 300 (wmid) high). Increased in liver enzymes and hepatic hypertrophy (high}
(mid & high)
600 (high) NOEL = 150 mg/kg/day
Dogs 20 white particles in the feces. Decreased thymus weight in 2« ||
1-month Relative lymphopenia (400 (400 mg/kg/day) and in 1o {50
(Capaules) 50 mg/kg/day). Decreased X, increased #g/kg/day). No drug-relatsd
{ Ca, TG, AP k cholesterol (400 gross or histopathology.
100 mg/kg/day)
WOEL = 20 mg/kg/day
400 (2 wk)/
500 (2 wk®
Sedation, reduced activity, No chsnge in organ weights,
ataxia, increased body gross or histopathcleagy.
temperature, swelling of |imbs,
800 for 10 days redness of eyes & gums; decreased NOEL = coula not be identified
then reduced to body weight and food consumption;
450 sll reversible. Decressed RBC, Hb,
KCT, X Lymphocytes and PMN.
incraased total bilirubin, ALT,
B AP, TG £ cholesterol.

Dogs 75 (low) 3/5 « died/killed (MTC). Decreased Secondary pneumonia and lymphoid
T-month feed intake, decreased body depletion (MTD). Decreased
(Tapsui==) 200 iwid) weights (MTD). Sedation, reduced spermatogenesis in the testes

- — —4 activity, ataxis & increased body snd epithelial atrophy in the
500 (high) tamperature (>High), Decressed prostrate and epididymides.
RBL, ¥k & Het; increased
. neutrophiis & decressed NOEL = 200 mg/kg/day
700 (8 wk)=650
{5 wk) (MTD) lywphocytes (HTD)
Dogs 50 (low) Mortality: 2¢, 19 (high). Body Liver-hepatocytic hyperfropny,
{-rear weipht loss, decresased BW gain, vacuolation, subacute
(Capaules) decreased food conaumption, cholengichepatitis,
decreased motor activity, tremors, hepatoceliular necrosis. Lymph
staxis, ptesis, emaciation, nede, spleen, thymus, tonsil,
150-100 (wk %) sbsence of capillary refill time, gut asscciated Lymphoid tissue-
{mid) digiended abciomen, 3rd eyelid lymphoid depletion. Bone marrom-
eversion, dehydration, yellow decreased poissis. Spleen-focal
sclera L gums, latored necrosis. Testes-
respirstion, Decreased RBC, Mb, atrophy/degeneration, Prostrate-
400300 (wk Hct, MCHC, platelets. Nucleated atrophy. Gl tract, esophegus-
33200 (wk 5) RBCs & band celis in peripheral inflasmation.
(high) blood. Increased AST, ALY, AP, NOEL = 5C mgp/kg/day
m‘__—%—w
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Study Dose lLevals Kajor toxic signs & Gross/Micro Pathology
{mg/kg/dey Laboratory Yindings
Rats: thyroid 125 Motor activity decressed; Liver, adrenal, thyroid
hormone Levels lacrimation & weights increased;
15-day (gavage) chromodacryorrhes increased. hepatocellutar snd adrenal
Increased TSK, T3 & decressed hypertrophy; thyroid
T4 hypertrophy & hyperplasia.
Rabbits: eye 0.03 g Slight conjunctival None
irritation, 1 frritation in &4/6, Normal at
spplication. score 72 hr
ot 24,48 L 72 hr
Rabbits: primary 0.5 g/site Mo irritation after 24 and 72 None
dermal irritation. 1 hr. Primary dercal irritation
app) ‘cation occluded index = 0.0
for 24 hr
H Rabhits: acute 2 g/kg Slight erythems in 3/6 o & None
derma’! toxicity. 1 S$/6 ¢ on day V.
applici tion occluded
for 24 hr. Score on fi
day 1, 3, 7 or 14
Guines pigs: dermal 0.2 g/kg N sensitization response in None
sensitization, 1 any animal
A application + 1
dermal challenge at
2 wk
Rabbits: im 0.8 mg/kyg Discoloration at some Inflasmatory changes and
irritancy, single injection sites myofiber degeneration at some
injection sites,
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Table 5
Summary of nevirapine reproductive toxicity studies in rats and
rabbits
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Study Dose level Clinice. signe L food Other 1indings & NOEL (Sody surface
(mg/kg/weekly) consumpt i on/body weight squivalent dose in humens)
gains
Segmant | 5 (low) Lethargy/sedation & self Fertility index: low, mid &
(¢ rats) mutilation: 20; 1 desth due M oh~05.5%,91.7X,79. 2%
50 (mid) to dosing error. Body Gestation index:100%,100X, 79X
weight gain significantly NOEL = 5 mg/kg/day (humans = 0.71
150 (high) decreased (mid, high) mg/kg/day o)
Segment ! Body weight significantly Impiants mean/gp: 16.8, 13, 8.9
(9 rats) decreased (mid) snd food Mean preimplant loss(X):3.3,25.5,40.7
hysterectomy contumpt ion decreased Hean resorption rate(X):8.4,10.4,40.5
group (day 5 (low) ] (high) Viable fetuses(mean/pp); 15.3,12.1,5.6
22) NOEL = 5 mg/kg/day
25 (mid) (humans=0.71 mg/kp/day)
Segmant jmplants mean/gp: 15.6,12.4,8.7
(9 rats) Body weight gain decressed; Newhorns mean/gp: 15.1,11.1,5.7
littering 50 (high) during Lactation food Resorption fate mesn X: 3.5,12.9,39.3
group consumption and body weight WOEL = 5 mg/kg/day
gains decreased (mid, high) (humanas0.71 mg/kg/day)
Segment 1] 12.5 (low) food consumption & body Pregnancy rate X: 82.6,82.6,87
(pregnant weight decreased Chigh) Implant sites mean/pp: 14.7,14.5,14
rats) Resorption rate %X: 3.9,8,2,5.1
25 (wid) Fetal weight(g): 5.4,5.3,5 (sig) |
1 fetus with bifid § missing ribs (low)
1 fetus with cleft vertebra; 1 fetus
. with cleft palate (high)
S0 (high) NOEL = 25 mg/kg/day
Humans = 3.6 mg/kg/day l
Segment 1 30 (Llow) Activity decreased, lethargy Pregnancy rate X- 94.4,77.8,77.8
(pregnant (AUC=8.1 {(high); sbortions: 1{lom), {mplant sites meansgo: 7.3.7.5.6 (siQ)
rabbits) 49*hr/ml 3 (high) Resorption sites X: 10.3,7.4,40.7(sig)
Tranaient and marked Fetal weight (g): 36.2,35.5,36
100 (mid) decreases in body weight 1 fetus with fused sternebrae; 1 fetus
AUC=46.0 and food consumption. with hemgtocele; t fetus with bifid
rib, hemivertebra; 1 fetys with
miltiple snomeiies (mid)
300 (high) NOEL = 100 mg/kg/day
MCs67.0 Humans * 32.3 mg/kg/Jday (BSA)
= 141 mg/day {AUC)
Segment 111 5 (low) Food consumption & body Pregnancy rate: 21/23, 18723, 21/23
(rats) weight gaina increased # pupa/litter mean/gp:13,13.4(2ig),12.8
fetal weight(g): 6.3,56,5.9 (sig)
75 (mid) % viabilivy: 97.4,95.%(sig),78.8 (sig)
X weaning rate: 100,100,94.2 (sig)
NOEL matsrnal = 40 mg/kg/day
0 (high) Humans = 5.7 mg/kg/day

_—h—-

NOEL developmentel: 25 wmg/kg/day
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Table 6
Summary of nevirapine genotoxicity studies

Test system

Dose levels

Page

Reésponse

Ases bacterial §. typhimyrige: TAIS3S, TA 1.7-500 pg/ptate, No mutagenic resporss
assay 1537, TA1538, TA98, TA100 & E. w/wo $9 mix
coli: WP2uvrA
Ames bacterial same as sbove same as above No mutagenic reasponse
assay BIRG 106
(metabolite)
Masma | ian cell Chinese hamster ovary cells $1,102,204,408,816 Mo mutagenic response
in vitro assay ag/plate, w/wo 59
1 CHO/HGPRT mix
Mommalisn cell Chinese hamster ovary calis 100,200, 400, 800 No increase in chromosome
in vitro Ag/ml, w/wo 59 mix aberrations
chromosome

sberrations

Micronucleus in

vivo assay

2000 mg/kg, po

gavage

Wo significant incresse of
micromclet

121
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Appendix # 3
Tabulatad summary of nevirapine general pharmacology studies

Table 1
Summary of nevirapine general pharmacological studies

Functions tested Specias | Dose (mg/kg) & route Comments ﬂ
CMS: mice 104, po; No effact ﬂ
general overt effects
30-100 ip slight/mitd hypotharmis;slight
wydrissis;slipht reduztion of motor activity
Motor coordinetion mice 30-300, po EDy, = 140 mg/kg; effect obesrved 120 win post
_ administration
Locomotor activity nice ¢ 30-300, po EDy, = 160 mo/kg
mice ¢ 20-320, po dose dependent reduction nocturnal activity
mice ¢ 2.5-40, po dose dependent reduction explorative sctivity
Clsen tie: nice @ 3-100, po significant potentiation; NOEL = 10 mg/kg H
heaxobarbitai
sthanol mice ¢ 16-200, po Signiticant potentiation at 100-200 mg/kg
NOEL = 50 mg/kg
EEG mctivity rabbits 3-30, po Oonset of maintained synchronization L increase
0.1, iv in powar of delta band; slight sedation; no
effect on heart rate
cats 3-30, po Slight sedation
Cardiovascular: dogs 3, v no affects
blood pressure, heart
rate, EEG L autonomic
stim
calcium entry guinea 107 - 10° M, in 1Ce = 250 uM Nitedipine
blockade pig vitro
sorta
Pulmonary: guinea 100, ip 50% sntagonism of PAF; no effect on
bronchopulmonary/bron pigs acetylcholine & histamine
chuconstriction
Gastrointastinal: mice 350-100, po compound observed in cavity of some snimaix;
propulsion no effects
Renal: natriuretic & rats 20-100, po NOEL » 20 wg/kg
diuretic effects natriuresis with no diurceis = 100 mg/kg
N
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Appendix #

4

Tabulated summary of nevirapine pharmacokinetics from animal

studies.

Mean model-independent pharmaggii:eéic parameters of nevirapine
in rats
Parameters 1 mg/kg, iv 5 mg/kg, po 20 mg/kg, po 100 mg/kg, po
J___ Cmax_(ug/ml) - 2.04 4.55 15.6
Tmax (hr) - 1 1.3 4
MRT (hr) 1.9 2.4 3.5 5
T% (hr) 1.1 1 - -
£ (%) we 53 49 54
ves (ml/kg) S84 - . -
AUC (zg®hr/ml) 1.97 5.27 19,18 108
Cl (ml/kg/min 8.5 - . -
Table 2

Mean pharmacokinetic parameters of single and repeated doses (6)
of nevirapine in female chimpanzees

a=ws
“ Parameters single 1 my/kg, iv ] singie 5 mg/kg, po | repeated 5 mg/kg, po | single 25 mg/kg, po
Ilranu (ug/ml) - 3 3.8 9.43
Tmax (he) - 5.7 ] 20
MRT (hr} - &1 0.4 -
Th thr) 15.5 - - -
F (X) 100 75 76 64
Vas (ml/kg) 97 - -
AUC (ra*hr/ml) 22.06 8C.25 80.58 332.6
Cl (ml/kg/min 0.85 - - -
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Mean pharmacokinetic parameters after 1 mg/kg iv dose of
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nevirapine in rat, monkey, dog and chimpanzee.

Page

AR 2 2 1 7 1 ¢+ T F
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Parameters Rat Monk ey Dog Chimp
ClL (ml/kg/min) 8.5 15.9 43 ‘0.85 "
Vsz (ml/kg) 984 1645 1530 707 "
| MRT (hr) 1.9 1.7 0.59 17.2 "
“ AUC (rg*hr/ml) 1.97 1.06
™% (hr) 1.1 1.5
Table 4

Mean pharmacokinetic parameters after 20 mg/kg oral dose of

nevirapine in rat, monkey, dog, chimpanzee and mouse.

'y .ﬂ__m-__m'

Parameters Rat Monkey Dog Chirg Mouse

" Cmax (ug/ml) 4.55 1.45 1 12.28 4.1
" Tmax (hr) 1.3 1.2 1.1 5.7 1.2
I MRT Chr) 3.5 6.4 3.8 19.6 2
F (X) 49 73 30 75 -

AUC (ug*hr/ml) 19.18 14.9 2.26 3157 8.48

Metabolite BIRJ- 104 BIRJ-106 BIRJ- 106 BIRJ-106 BIRJ-106
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Table 5
Model Independent Mean Pharmacokinetic Parameters of Nevirapine
in Dogs After Oral Administration as Suspension for 13-Week Study

Female Dogs
cﬂ- 0.89 '
Toe 75 2 2 2 2 2 2 2 ¢
AUC 4.4 3.7 4.6 3.5 2.1 3.3 3.7 8.0
o 1.2 1.0 2.1 1.5 0.9 1.3 0.9 2.6
Tmen 200 2 2 2 0 2 2 2 G
AUC 8.4 7.2 9.5 9.3 8.4 5.8 4.6 11.5
500 15.1 4.3 7.7 5.9 5.7 8.7 6.5 4.5
T 2 2 6 2 2 2 2 3
AUC 1)) 26.4 107 39.5 m as 31.4 25.1
Conan 700/ 1.0 21.3 19.8 “.7 9.9 12.3 4.4 5.7
Trae 650 6 6 6
AUC 172 259 289
- — . . — -
Cpax = Hg/ml, T, = hr, AUC = ug*hr/ml
Table 6

Model Independent Mean Pharmacokinetic Parameters of Nevirapine
in Rats After Oral Administration as Suspension for 13-Week Study

o % . - -
Parame- Dose Male Rats Female Rats

ter {mg/kg/ e S
- . 0.4 .3 1.8 3.4
T 5 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.5
AUC 0.63 1.53 1.9 11.0 19.1 20.4 30.9
o 4.9 2.9 o1 5.6 21.5 13.9 14.5 29.4
Toe 50 1.5 1.5 1.5 t.5 5 5 1.5 1.5
AUC 26.8 18.6 3.7 47.2 296 187 166 348
T 1.4 4.7 4.8 5.6 36.5 35.6 40,9 4.6
T, 125 1.5 1.5 i.5 1.5 5 5 5 5
AUC 123 43.7 71.3 48,4 439 S05 579 an7

_—-_mm-_———nﬂ
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Table 7

: . 14
Summary of mean excretion balance data after oral dosing of C-
nevirapine in mouse, rat, rabbit, dog and monkey

Cotiection Percent of Dose Ruecovered

Spacies Sex N | Dose (mg/kg) | period (hr) :___‘

Urine Feces Cage rinse Total

House o 10 20 0-96 64,2 38.4 - 102.5

¢ 10 20 0-96 68.6 35.3 - 103.9

Rat L 2 20.6 0-96 50 38.4 1.7 90.2

9 2 21.5 0-96 59.2 3.3 1.1 91.5

Rabbit 9 3 36 0-96 67.7 29.4 - 97.1

Rog L 2 19.8 0-9¢6 36.2 70.9 1.3 108.3

@ 1 20.3 0-96 32.8 r2.7 2 107.5

Monk ey d 2 19.6 0-%6 78 4 7.9 94.9
@ 1 19.9 0-96 66.3 19.2 8 93.5 l

- -

Table 8
Plasma protein binding of nevirapine

Species Nevirapine plasms concentration (ug/ml) Percent of drug bound

Mouse 0.034 42.8

0.88 44.6

5.2 32.1

Rat 0.99 S54.7

i¢ 53.7

90.2 435

Rabbit 0.042 63.4

il 1.1 68

20.4 64,2

95.5 53.4

deg Q.037 56.2

0.95 53.7

16.9 41.3

79 32.5

Monkey 0.18 45.4

0.89 46,3

4.3 44,2

17 1.1

Chimpanzee 0.037 45.7
0.89 45.4 =

81.4 33.2

Human 0.038 59.7

1.02 61.2

201 57.6

9.1 47.%

-
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Table 9
Major metabolites of nevirapine in different species

__:—__—_*—IP’—‘-I_‘“
Species Plasma Urine Feces Urine & Bile
faces
Human 3-hydroxyNVP glucuronide (3-HNVPG) 3-HRVPG - - -
2-hydroxyNVvP glucuronide (2-HWNVPG) 2-KNVPG
12-hydroxyNvP glucuronide (12-KNVPG) 12+ HNVPG
12-hydroxyNvP {12-NNVP)
Dog 4-carboxyNVP (&-CNVP) &-CNVP 4-CNVP - -
12-HNVPG 12-HNVPG I-HNVPG
2+3-hydroxyNVP glucuronide (2+43-W%vPG) 2+3-HNVPG
Rat 12-Wvp A-CNVP o 4-CNVP - 4-CNVP o
Unknown ¢ Unknown 9 12-NVPG
Rebbit - 12-HNVPG
2+3-HNVPG
House - - - 4-CHVP
2+3-HNVPG
Monk ey - 4-CNVP -
2+3-0VPG
|- _ . . . - F -
Table 10
Rate of metabolism of nevirapine in different species
£ wm
“_— Species Dose level (aM) Rate of metabolism (pmole/min/mg of Liver microsomal
protein
Rat 30 366 o
42 9
B vog 30 671
Monkey 30 522
dﬁcm‘mnzn 30 7 _ N .
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Comparison of animal and human pharmacokinetic paramaters

Spect.z & Dose

Table 1
Comparison of iv single dose pharmacokinetic parameters of
animals with man

Parsmeters
Rat wouse bog nonk ey Chimpanzee Human H
(1 mg/kg | (1 mgrikg 1mg/kg 1 mg/kg 1 m/kg 15 mg/ky

AUC, . (pg*hr/mi) 2.1 0.195 0.39 1.06 22.06 12.07 H
MRT (hr) 1.9 - 0.59 1.7 17.2 68 1'

T, B (hr) 1.3 0.41 1.5 15.5 1.2

Cleimi/hr/kg) 480 2,504 954 51 174

ves (1/kg) 0.924 - 1.53 1.64 0.797 1,06
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Appendix # 6

Comparison of animal NOELs with the human therapeutic dose.

Table 1
Comparison of kinetic data from subchronic/chronic rat, dog and
mice toxicity studies with the human therapeutic dose [400
mg/day; AUC = 130 ug+hr/ml]

Dose (evel Cmax Auc NOEL BSA: Equivaient AUC: Equivalent
Study (mg/kg/day (ng/ml} {ng*hr/ml} {mg/kg/day) dogse in man dose in man
(mg/kg/day) (mg/day)

Rat 1 0.04-0.3 0,240 29 10 1.42 7.3
1 month 149
(gavage) 10 0.55-5.% | 2.40,48.5¢

50 2.9-15 15,1779

125/150 3.3-39 | 48,4509

Rat ] 0.2-3.4 1.20,25% S 0.7 3.7
3-month . e
(gavage) 50 2.9-2% 33s,257¢

125 4. 7-45 57¢,691%

kat 5 0.4-2.1 3,209 5« 0.7 ¢ 9.2¢
12-month 629
(gavage) 5C 4-25 Lior, 3509

100 12-49 1430, 8009
Dog 150 5.6-16 Ted, 1459 15¢ 7S 2282
2-week 1 4469
(capsules; 300 6.1-22 1935, 749
600 $5-33 299, 276¢

beg 20 0.2-0.93 &.6¢,29 20 10 16

1-month 7 6.1%
(capsules) 50 0.3-1 6.70,2.5¢
100 0.5-1.5 5.6¢,3.8%

400/500 3.3-7.7 64 .57, 737

Dog 5 0.3-1 4o, 5.5¢ 200 100 269
3-month 2%9 r
(capsules) 200 0.9-2.6 5.30,8.2¢
500 4.3-8.7 674,579

7007650 4.7-21 154, 137¢

Dog 50 2.1-7.4 33c,30% 50 25 102¢
12-month 929
(capsules) 1507100 S. 114 133« 819
400/300 12-29 245, 2669
House 50 - - S0 4.16
J-month
(diet) 500 -
1579 - -
‘h_ E T R —




Consult #565 (HFD-530)
VIRAMUNE nevirapine tablets, 200 mg

The LNC noted two potential look alike/sound alike conflicts with the proposed
proprictary name: VIRAZOLE and VIROPTIC, but the LNC feels these trademarks have
only a slight poteatial for confusion. Additionally, the proprietary name contains ~vir
which is the USAN stem for an antiviral agent. However, the LNC recognizes that -vir has
been used commonly in antiviral trademarks and is acceptabie to the Committee. The LNC
has some discomfort with the use of “-amune” as a syllable as this can serve to conjure up
the word immune and perhaps convey the impression that this product could immunize
against AIDS. However, since the drug product is used for treating Acquired Immune
Deficicacy Syndrome, this is not a misleading utilization of a syllable.

The LNC has no reason to find the proposed proprietary name unacceptable.

/?‘)Ww«q £/2H56 chair .

CDER Labeling md/ﬁomc:ic.lam:% Committee

lin



DIVISION OF ANTIVIRAL DRUG PRODUCTS
Review of Chemistry, Manufacturing and Controls

NDA #: 20'636
CHEMISTRY REVIEY #: 1 DATE REVIEWED: 18-Jun-96
S§ X CDER DATE
Original 23-Feb-96 23-Feb-96 26-Feb-96
Amendment (BC) 28-Mar-96 1-Apr-96 5-Apr-96
Amendment (BC) 9-Apr-96 11-Apr-96 16- Apr-96
Amendment (BC) 24-Apr-96 25-Apr-96 2-May-96
Amendment (BC) 31-May-96 3-Jun-96 12-Jun-96
Amendmeat (BC) 18-Jun-96 NA NA
&WWI‘ Boehringer Ingelheim Pharmaceuticals, Inc.
900 Ridgebury Rd.
P.O. Box 368
] Ridgefield, CT, 06877
‘ : Viramune® Tablets, 200 mg
Nonproprietary: Nevirapine
Code Name/#: BIRG 587 BS
EHABMA_QQLQQICAL_CATEM: Antiviral
INDICATION: Anti-HIV
WM[SIBEEGIB: Tablets, 200 mg , bottles & blister packs of 100
BQU_’[E_QF_ADM.NSIBAIIQE: Oral
Q
CAS Name 11-Cyclopropyl-3, CH, HN
1 1-dihydr04—mcthyl-6[—l-dipyrido O 2\
[3, 2-b:2'.3'-¢][ 1 4] diazepin-6-one
N AM

Registry Number [129618-40-2]
C,sH14N4O Formula Weight: 266.3

SUPPORTING DOCUMENTS:
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8-Apr-96 Teleconference (Discussion of issues related 1o inspection of

BC dated 9-Apr-96 (Resubmission of EA revised t.

NC dated 3-May-96 (Addendum to confidentiality statement in EA)

Facsimile of 3-May-96 (Applicant’s corrections to CMC section of NDA)

Facsimile of 6-May-96 (CMC comments on package insert and carton/container labels)
Facsimile of 8-May-96 (Response regarding package insert and carton/container labels)
Facsimile of 31-May-96 {Additional corrections to CMC section of NDA)

Facsimile of 7-Jun-96 (CMC comments and requests for clarification)

10-Jun-96 Teleconference (CMC question on supporuve stability data)

11-Jun-96 Teleconference (Final comments on container labels for tablets)

Facsimile of 12-Jun-96 (Applicant’s responses to CMC comments and requests)
13-Jun-96 Teleconference (CMC recommendations on regulatory limits for

Facsimile of 13-Jun-96 {Applicant’s moaifications to tablet container labels})

Facsimile of 14-Jun-96 (Applicant’s update of stability data for bottles and blister packages)
Facsimile of 14-Jun-96 (Applicant’s additional response to CMC comments and requests)
Facsimile of 14-Jun-96 (Applicant’s counterproposals on regulatory limiis for

Facsimile of 17-Jun-96 (Final CMC recommendations on expiry, and regulatory limits})
17-Jun-96 Teleconference (Discussion of labeling for bulk drug substance)

19-Jun-96 Teleconference (Final discussion of labeling for bulk drug substance)
Chemistry Reviews of IND

CONSULT REVIEWS:

Trade name review by CDER Labeling and Nomenclature Committee on Viramune ®

Environmental Assessment reviewed by HFD-005.

Product specific inspection of two manufacturing and quality control sites.

Instruction in methodology for evaluation of stability by Daphne Lin, Ph.D., Office of
Biometncs.

REMARKS / COMMENTS:

DRUG SUBSTANCE: Satisfactory

Nevirapine is a non-nucieoside inhibitor of HIV-1 reverse transcriptase (RT). It is the first
member of this class of anti-HIV agents to reach the NDA stage. Nevirapine binds non-
competitively to RT (K,=200 nM) and 1s not active against HIV-2 or other retroviruses,
which are common features of the non-nucleoside RT inhibitors. The details of the inhibition
process are known through a single crystal X-ray study of the nevirapine/RT complex (Ref 1
and 2). In ussue culture studies, labc=tory and clinical strains of HIV-1 are inhibited by
nevirapine with IC ¢, values of 10-100 aM. A long in vivoe half-life (1-2 days) and the ability
10 pass the blood/brain barrier (and through the placenta) are favorable aspects of
nevirapine's pharmacology. The normal dose will be 200 mg bid (200 mg daily for the initial
14 days) in combination with other antiviral agents.

Nevirapine is a non-hygroscopic white solid with a melting point of 246°C. It exists in 2
pseudopolymorphic forms: a hemihydrate and the anhydrate. No additional polymorphs were
idenitfied m recrystallizaton studies using nine representative solvents and solvent
combinations. The hemihydrate is formed in the final precipitation of the synthesis, ¢nd is
dehydrated to the anhydrous drug substance by drying at 90-110°C. Adequate evidence is
presented to show that the manufacturing method of the drug substance consistently produces
the anhydrous form, and that intecconversion does not occur during storage at high humidity,

. The dissolution of nevirapine 1ablets is slighdy
reduced by levels of hemihydrate above in the bulk drug, and a specification for this
pseudopolymorph is in place for the drug substanc
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The proof of structure is weil supported by the synthetic route and data from elemental
analysis, | ¥

No options for reprocessing or rework of the drug substance are described in this application.
Specifications for the starting matenals are adequate, and in-process specifications are
provided for the final isolated intermediate nevirapine-crude and nevirapine-
DME.

The proposed attnbutes, including appearance, identity (IR
related substances

The commercial process will produce tatches. Six primary registration batches are
presented :n the application, with scales of manufacture between Batch
analyses are provided on a total of 27 lots of drug substance, 14 of which are farger than

Cross references to clinical and stability lo's of drug product are also supplied, and all
stavility lots (drug substance and tablets) have batch analyses at release. The batch analyses
provide adequate justification for the regulatory limits.

Stability studies show no hme-dependeiit changes in appearance, assay, impurity levels or
luss on drying. Seven pilot and production-scale lots (65-240 kg) were swdied. A retest
period of 12-months was requested in the NDA, and is well justified by the 12-48 months of
data. Stability testing of the initial three post-approval batclies will be carried out at
25°C/60%RH and 40°C/75%. We requested that the Applicant include a recommended
storage statement, including a temperature or range, on the labels for bulk drug substance.

DRUG PRODUCT: Satisfectory

Although nevirapine has low intnnsic solubility in water (0.1 mg/mL), the solubility
increases &1 low pH, and an uncoated tablet has been developed with greater than 90%
absolute b.oavailability in humans.
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colloidal siiicon dioxide and magnesium stearate. There are no concerns regarding the quality
of the exciptents or the coinpositional formula because all components conform tc USP or

The proposed atiributes, including appearance, identity (

related substances by re adequate to ensure the
quality of the tablets. Because nevirapine drug substance is neither hygroscopic nor moisture
sensitive, coupled with (limited) stability data in which tablet moisture was monitored, and in
consideration of the arguments presented in the Applicant’s facsimile of 12-Jun-96, moisture
content need not be included in the regulatory specifications for the tablets. The dissolution

The registrauon batches are fully representative of the proposed commercial process in terms
of both scale and facilities. The commercial scale of manufacture is pet lot. Baich
analyses are provided on  lots, all produced at the
commercial tableting site (BI Pharmaceuticals Inc., Danbury CT). Three of the lots were
produced at the scale using drug substance which was manufactured at the
commercial site The bioequivalence of the final formulation

was verified in
Protocol 1100.934.

The tablets are packaged in white HDPE bottles which are capped with polypropylene child-
resistant closures, or in polyvinyl chlonide blister packages. Citations to DMFs are provided
for all packaging components, and acceptance specifications are adequately described.

The primary and supportive stability data are outlined below. Th= primary data were updated
in an amendment dated 24-Api-96. By prior agreement (Pre-NDA meeting 10-Aug-95),
tablets prepared from both Scheme 1b and Scheme 2 drug substance make up the primary
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r)

The primary stability data were updated (24-Apr-96) to include one lot 3t 30 months in
bottles and six lots out to iZ months in blister packages. Upon request, additional data were
provided on the bottle presentation (a second primary lot out 10 30 months, and a supportive
lot with 36-month data) and the blist:r packaged product (three pnmary lots out to 18
months). None of the pnmary stability samples shows any time-dependent changes which
would indicate decomposition when stored for up to 30 months at 30°C/70%RH and fer up to
12 months at 40°C/75%RH in HDPE bottles. Equivalent stability is documenied for the
blister presentation out to 18-months at 25°C/60%RH and 6-months at 40°C/75%RH.
Supportive data of 36 months duration (1 lot in bottles) also show no evidence of
decomposition or degradaton. These data support a 30-month expiration for the tablets in
HDPE bottles, and 24-months for the tablets in blister packaging. This was communicated to
the Applicant in a facsimile on 17-Jun-96.

ENYIRONMENTAL ASSESSMENT: Satisfactory

The EA for this new molecular entity was submitted for consultative review to HFD-005 on
5-Mar-96. The Agency advised the Applicant that this product could by covered by Tier Zero
documeniation, and the EA data {(minus the Fate and Effect sections) were resubmitted on
11-Apr-96. The EA review is complete, and a FONSI (signed by Nancy Sager and Roger
Williams) was 1ssued on 21-May-96,

METHODS VALIDATION: Pending

The analytical methodology is adequately described including the relevant validation. The
Methods Validation package was submitted to the Boston District, and to the Division of
Drug Analysis on 30-May-96. Arrangements were made with the Applicant, and with the
inspector of the drug product site, so that the MV samples were picked up during that
inspectior. As of 12-Jun-96, the MV samples had been mailed from the Hartford Resident
Post to both testing laboratones. Validation of the analytical methodology is not anticipated
prior to the approval decision for this application.

LABELING: Satisfactory

The proprietary name, Viramune ® Tablets, was submitted for review to the CDER Labeling
and Nomenclature Committee (L&NC) on 11-Mar-96, and was judged to be acceptable (with
some reservations) on 24-Apr-96. Division reviewers had no objections to this trademark,
and the L&NC review was forwarded to the Applicant on 29-Apr-96. A request to make the
product name in the package insert agree with the contatner labels sent to the Applicant by
facsimile on 6-May-96, along with other CMC labeling comments. A commitment to



Chemistry Review of NDA 20-636

uniformly uce “Viramune® (nevirapine) Tablets” as the product name was received on 8-
May-96.

The proposed storage statement “Store between 15°C - 30°C (59°F - 86°F)" is justified by
the stability data which show satisfactory performance at 25°C and 30°C. This was conveyed
10 the Applicant on 7-Jun-96, along with the caution that future CDER policy changes miglit
require alterations in the recommended storage temperature.

‘the Applicant was encouraged to include a suggesied storage temperature on the labels for
bulk drug subsiance drums (see Agency’s facsimile of 7-Jun-96). The Apphicant respondeci
(facsimile of 12-Juii-96) that no “'special storage conditions” exist, and that therefore this
labeling is not required {ciung the “Guide to Inspection of Bulk Pharmaceutical Chemicals™).
After intemal discussions, it was agreed that, under current regulations, a storage temperatiure
on the bulk drug label was noi needed for a drug that is highly stable under all conditions
which are likely to be encountered.

ESTABLISHMENT INSPECTION: Satisfactory
The Establishment Evaluation Request was submitted on 22-Mar-96, and covered

‘ was documented as
an alternative site for tablet release and stability tesung. Inspection Requests were sent to
Field Distnict Offices on 28-Mar-96, and inspections were scheduled to begin 20-May-96, the
earliest date allowed by the Applicant’s validation orograms. The drug substance validation
lots. and the first 15 commercial lots, are 1o be

rather than the starting material The Applican: proposed this prior to the
Pre-NDA meeting (10- Aug-95) because of 1ad been stockpiled at the
Ingelheim plant in anticipation of an expanded access program. The Division agreed to this
proposal at the Pre-NDA meeting, documentation is included in the NDA, and both
inspection teams were informed in Apr/May 1996. The validation program was also the
subiect of a meetung between

Brefing packages were faxed to the 2 inspection teams one week pnor to the inspections.
Positive comments were received (unofficially) from both inspection teams dunng the first
week of June. The completed EER was received on 17-Jun-96 by facsimile, with each of the
three sites listed with acceptable status.
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CONCLUSIONS & RECOMMENDATIONS:

The NDA submission and accompanying amendments provide adequate information on the
chemistry, manufacturing and controls for Viramune® (nevirapine) Tablets. The
Environmental Impact Assessment is complete, and the manufacturing facilities have
acceplable cGMP status. The NDA, as amended, is therefore recommended for approval
from the chemistry perspective.

%/@ % 6/7/6(2:

Concurrence: Steghea P. Miller, Ph.D.
HFD-530/CChen 222> é//&’/c’/ Review Chemist

cc: — -
Ong. NDA 20-636 HFD-530/DFeigal HFD-530/PVerma
HFD-530/Div. File HFD-530/CChen HFD-102/AZeccola
HFD-X30/ESheinin HFD-53(/SMiller

HFD-530/JMartin
HFD-530/L1acono-Connors  File: N 20-636 \ 0OOCNRO1.36i
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PINDING OF NO SBIGRIFICAMNT IMPACT
NDA 20~63§

VIRAMUNE? (nevirapine) Tablets

The National Environmental Policy Act of 1969 (NEPA) requires all
Federal agencies to assess the environmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product
applications as an integral part of its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this action and has concluded that this action will not
have a significant effect on the guality of the human environment
and that an envirconmental impact statement therefore will not be
prepared.

In support of their new druy application for VIRAMUNE®,
Boehringor Ingelheim Pharmaceuticals, Inc. has prepared an
environmental assessment in accordance with 21 CFR 25.31la
(attached) which evaluates the potential environmental impacts of
the manufacture, vse and disposal of the product.

Nevirapine is a synthetic drug which will be administered orally
in the treatment of patients with acquired immunodeficiency
syndrome (AIDS). The drug substance will be manufactured hy BI
Chemicals, Petersburg, VA and the drug product will be
manufactured at Boehringer Ingelheim pharmaceuticals, Inc.,
Danbury, CT. The finished drug product will be used in
hospitals, clinics and homes.

Nevirapine may enter the environment from excretion by patients,
from disposzl of pharmaceutical waste or from emissions from
manufacturing sites. The projected environmental introduction
concentration from use is less than 1 ppb. CDER has routinely
found that concentrations less than 1 ppb nave no effect on
relevant standard test organism, therefore the applicant has
submitted a Tier 0 EA without format items 7, 8, 9, 10 and 11.

Disposal may result from producticon waste such as out of
specification lots, returned goods and user disposal of empty or
partly used product and packaging. Pharmaceutical waste will be
disposed of by the manufacturer at a licensed incineration or
landfill facility. At U.S. hospitals, pharmacies or clinics,
empty or partially empty packages will be disposed of according
to standard procedures. From home use, empty or partially empty
containers will typically be disposed of by a community's solid

2



waste management system which may include landfills, incineration
and recycling, although minimal quantities of unused drug may be
disposed of in the sewer system.

Precautions taken at the sites of manufacture of the bulk product
and its final formulation are expected to minimize occupaticnal
exposures and environmental release.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Adverse effects are not
anticipated upon endangered or threatened species or upon
property listed in or eligible for listing in the National
Register of Historic Places.

U
DETEJ PREPARED Bn;'j P 8

Nancy B. Sager

Team Leader

Environmental Assessment Tean

Center for Drug EFvaluation and Research

bl Prell) —

DATE CONCURRED
Roger L. Williams, M.D.
Deputy Center Director for Pharmaceutical Science
Center for Drug Evaluation and Research

Attachment: Environmental Assessment
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is confidential, I confirm that pages 4 through 31 can be released to the pubiic.
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DRA Associate Director
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EXECUTIVE SUMMARY

Boehringer Ingelheim Pharmaceuticals, Inc. (BIP]) is seeking approval from the United States
Food and Drug Administration (FDA) for the manufacture and commercial distributior, within
the United States, of a new drug known as VIRAMUNE?® (nevirapine). VIRAMUNE® tablets
are intended for use as an orally administered antiviral agent for patients with Acquired
Immune Deficiency Syndrome (AIDS).

An Environmental Assessment (EA) is required under 21 CFR Part 25.31a for proposed
actions to approve new drugs and drug substances. This proposed action includes synthesis of
the drug substance, formulation of the drug product, preparation and packaging of the tablets,
and distribution of the final product.

The goal of this Environmental Assessment is to demonstrate that the introduction of
VIRAMUNE?® (nevirapine) into the natural environment will have iittle if any impact, and
cause no environmental degradation. Both the Maximum Expectcd Environmental
Concentration (MEEC) and the Expected Introduction Concentration (EIC) are be.ow one

part per billion. Therefore, we are submitting a limited environmental assessment in
accordance with CDER guidelines. Environmental testing data is available. This data indicates
the product does not readily biodegrade and is not toxic to aquntic organisms.
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34 ENVIRONMENTAL ASSESSMENT FOR VIRAMUNE®
(NEVIRAPINE) TABLETS

1. Date

November 2, 1995

2. Name of Applicant

Bochringer Ingelheim Pharmaceuticals, Inc. (BIPD)

3. Address
900 Ridgebury Rd/P.0. Box 368
Ridgefield, CT 06877 ngyAcnous MADE
Attn.. Drug Regulatory Affairs Department APPLICANT

4. Description of proposed action

a. Description of requested approval

FDA approval for the manufacture and U.S. cc mmercial distribution of VIRAMUNE®
(nevirapine) tablets for use as an orally administered antiviral agent to patients with
Acquired Iramune Deficiency Syndrome (AIDS).

The proposed action includes synthesis of the drug substance, formulation of the drug
product, preparation and packaging of the tablets and use of the product designated in
this Enviroamental Assessment (EA) as VIRAMUNE? (nevirapine) tablets (200 mg).

b. Need for the action (proposed use)

The proposed action will provide a therapeutic agent for use in the treatment of AIDS.

VIRAMUNED® contains the active ingredient nevirapine. a dipyridobenzodiazepinone,
which is a potent inhibitor of the reverse transcriptase enzyme of HIV-1.

CONFIDENTIAL Page
EAABR.DOC/Page 3 1 0
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¢. Locations where drug substance and product will be manujactured and packaged

1) Manufacturing of the drug substance (nevirapine)
Manufacturing of the drug substance, nevirapine will be conducted at the
Petersburg, Virginia facility:
BI Chemicals, Inc. REDACTIONS MADF
2820 North Normany Drive BY ATPLIDART
Petersburg, VA 23805
Nevirapine is monufactured in a multi-step batct process. Two highly substituted
pyridine compounds are combined to form a substituted carboxamide that is
washed and isolated. The carboxamide is reacted with cyclopropylamine prior to
reductive ring closure with sodium hydride in mineral oil. This resi'ts in the final
structure, a cyclopropyl substituted, three ring, nitrogen containiny heterocycle.
The product is purified using standard recrystallization techniques from
dirmethylformamide. Further purification utilizes dissolution in an aqueous acidic
medium followed by caustic neutrzalization and precipitation. The wet product is
tumble dried o yield anhydrous nevirapine. Milling of raw nevirapine takes place in
the Petersburg facility before shipment. A flow chart explaining the manufacturing
process is provided as APPENDIX A.
2) Manufacturing and packaging of drug product (VIRAMUNEY tablets)
hanufacturing of VIRAMUNE? tablets will take place at the
Danbury, Connecticut facility!:
Boeh.inger Ingelheim Pharmaceuticals, Inc. (BIPI)
175 Briar Ridge Road
Danbury, CT 06810
| See Section 4d.
CONFIDENTIAL Page
EAABR DOC/Puge ¢ 1 1
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Nevirapine wil! be shipped from the BI Chemicals. Inc. facility in

Petersburg, Virginia to BIPI's manufacturing and packaging facility in

Danbury, Connecticut. The BIPI facility .n Connecticut is an existing facility that
produces pharmaceuticals including: solid dosage forms (tablets and capsules),
liquids, acrosols, and suppositories.

The following procedures, associated with the manufacture of VIRAMUNE®
1ablets, will be performed at this facility: Tne active ingredient (nevirapine) is
combined in 2 mill with the drug product excipieuts, formulated into tablets via a
tablet press, and packaged for distribution of the final product. Please rzfer to
NDA Seciion 3.3.4 for more information 08 the tablet manufacturing process.

d. The types of cnvironments present at and adjacent to manufacturing locations

The following information is provided regarding the physical environment a/ wnd the
manufacturing locations:

The BI Chemicals, Inc. facility in Virginia. The facility is socated on approximately
275 acres o the edge of the city of Petersburg, adjacent tc Interstate 05. The plant is
located on a flat parcel of land. The surrounding area is zoned for light industrial use.

The Boehringer Ingelheim Pharmaceuticals, Inc. facility in Connecticut. The
facility is in a hilly, residential/light industrial zcae on a 500 acre campus located on the
Danbury/Ridgefield town line.

The administrative portion of this united campus is located at 900 Ridgebury Road in
Ridgefield with the adjacent manufacturing and packaging facility located at the
175 Briar Ridge Road address in Danbury.

¢. Locations where VIRAMUNE® tablets will be used and ditributed

VIRAMUNE® tablets will be distributed by Roxane Laboratorics, a Boehringer
Ingeiheim affiliate, throughout the U.S. to wholesalers, hospitals. and pharmacies. It
will be available for use by physician's prescription only, for patients with AIDS.

CONFIDENTIAL Page
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5. Identification of chemical substances that are the subject of the proposed action

1§ Mne

-~ -
AN

Nevirapine is the active ingredient in the antiviral agent VIRAMUNE? tablets with a
measured purity of at least 99%. TABLE 3.4:1 provides information on the identity of this
compound.

TABLE 3.4:1 Identification of the drug substance in VIRAMUNE?® Tablets
Nevirapine*

Chemical] name 11-Cyclopropy!-5,11-dihydro-4-methyl-6H-dipyrido-
[3,2-b:2',3"-¢][1,4]diazepin-6-one

Manufacturing syaonym(s) BI-RG-587

CAS Reg. No, 129618-40-2

Molecular weight 266.31

Molecular formuia CisH1aNs O

Physical description Ofi-white, odorless, crystalline powder

Structural formula

* Material safery data sheet is attached prior 10 the confidential Appendices

In addition to the active ingredient, VIRAMUNE? tablets contain the following inactive
components: microcrystalline cellulose, NF; lactose NF; povidone K25, USP; sodium
starch glycolate, NF; colloidai silicon dioxide, NF; magnesium stearate, NF; and purified
water, USP.

Although the chemical and physical properties of these excipients may vary, their
environmenta' fate, as a result of VIRAMUNE?® tablet production, is not expected to
adversely affect the environment based upon the information reviewed. Several of these
ingredients are nawrally occurring, or derived froin nature, and commonly used in
pharmaceutical preparations as tablet diluents or suspending, dispersing or

CONFIDENTIAL Page
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thickening agents (microcrystalline c+llulose, lactose, sodium starch glycolate, colloidal
silicon dioxide). Magnesium stearate has been listed by the FDA as a generally recognized
as safe (GRAS) for use as a direct food additive compound (2! CFR Part 184.1440).
Povidone K25, a synthetic polymer which is typically used as a dispersing and suspending
agent, and has aiso been used as a tablet binder, coating agent and viscosity-increasing
agent in pharmaceutical preparations, is listed by the FDA as a secondzry direct food
additive (21 CFR Part 173.55) for use in food supplements and is considered to be
essentially non-toxic.

Intrcduction of substances into the environment

The following tables and discussion describe the substances expected to be introduced into
the environment during the manufacture and packaging of VIRAMUNE® tablets and as a

; result of its use hy individuals with AIDS.

a. Introduction of substances from the site(s) of production

1) Manufacture of active ingredient

Nevirapine is manufactured in a small batch process at BI Chemicals, Inc. in
Petersburg, Virginia. The batch processing equipment is in a four story building
with vertical material flow. All process equipment is serviced by a vapor and dust
removal system. This system is serviced by a permitted aqueous scrubber.
Wastewater from the facility discharges to the Petersburg, Virginia POTW.

The Petersburg m..ufacturing plant is in full compliance with all applicable Federal,
State and Local environmental permits which have been issued to the facility.
APPENDIX B contains statements of compliance from the Petersburg, VA facility.
The Environmental permits issued are listed below:

“CONFIDENTIAL Page
EAAB DCKJ'PQ; T
03!29!36 1 4
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TABLE 3.4:2 Environmental Permits Issued to BI Chemicals Inc.,
Petersburg, Virginia
Permits Issued Permit Number Issuing Authority
Wastewater Discharge 004 City of Petersburg
Hazardous Waste VAD093561652 Virginia Depariment of
Generation Environmeatal Quality
Stormwater VAR240082 Virginia Department of
Environmental Quality
Air Discharge 50856 Virginia Department of
Environmental Quality

The material balance for the manufacture of nevirapine is provided below in

. ABLE 3.4:3.
REDACTIONS MApE TABLE
BY APPLICANT ,

TA._BLE 3.4:3 Material Balance for the Manufacture of Nevirapine
Amount Released

Material (per kg of nevirapine produced)

VOCs 0.96 kg emitted during manufacturing process

Organic intermediates and coastituents 6.31 kg released in wastewater

Inorganic constituents 3.89 kg released in wariewater

Nevirapine 0.015 kg lost during drug product
manufacture

The effluent from the BI Chemical facility passes through a gravity separator to
recover any free solvents. It is then given final pH adjustment before being released
to the POTW. The City of Petersburg operates an advanced biological wastewater
treatment system with nitrification capabilities.

2) Manufacture of VIRAMUNE® tablets

The following substances may be einitted into the environment during the
production of VIRAMUNE?® tablets: nevirapine; microcrystalline cellulose, NF;

CONFIDENTIAL Page
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REDACTIONS MADE
BY APPLICANT

lactose NF; povidone K25, USP; sodium starch glycolate, NF;
colloidal silicon dioxide, NF; magnesium stearate, NF; and purified water, USP.

The Danbury, Connecticut manufacturing facility is equipped with both internal and
external dust collectors on air emissions points. Wastewater from the facility is
discharged to the Danbury, Connecticut FOT V. The City of Danbury operates an
advanced biological trearment system with nitrification capabilities. Subsequently,
the introduction of the inactive ingredients, found in VIRAMUNED? tablets, to the
surrounding environment is not expected to result in adverse effects and, as such, is
not a consideration for this EA submission.

The Danbury manufacturing plant is in full compliance with all applicable Federal,
State and Local environmental permits which have been issued to the facility.
Environmental permits issued are listed below In TABLE 3.4:4:

‘TABLE 3.4:4 Environmental Permits Issued to BIPi, Danbury,
Connecticut
Permits Issued Permit Number Issuing Authority
Wastewater Discharge SP0000021 State of Connecticut Dept. of
Environmental Protection
Hazardous Waste Generator CTD097730709 State of Connecticut Dept. of

Environmental Protection

b. Introduction of substance from use and disposal of VIRAMUNE?® tablets

The same eight substances listed previously for the manufacture of the drug product
may also be emitted into the environment as a result of the use, or disposal of the
product by patients.

There are two pocsible routes by which the components of VIRAMUNE? tablets could
be introduced into the environment as a result of its use: 1) elimination of the active
ingredient, its metabolites, or the excipients by the patients, and 2) the disposal of
unused, or partially used, drug supply by patients, pharmacies, etc.
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1) Elimination of components following use by patients

2)

APPENDIX C contains a study of the metabolite pattem in urine which was
conducted in eight normal volunteers using **C-radiolabeled nevirapine. The study
indicated that the principal pathway for elimination of the drug and its metabolites
is via the urine with the majority of the ingested dose (81.3%) excreted by this
pathway. Urine analysis for radiolabeled compounds demonstrated that
approximately 85.2 of the total radioactivity present in urine was attributable to
three glucuronide conjugates of the “C-ncvimpine hydroxy- metabolites.
Approximately 5% of the radioactivity is associated with non-glucuronidated
urinary metabolites, with only 3.3% identified as the parent compound, nevirapine.

Unused material

Unused material includes any off-spec material, returned product or material that
may have passed its expiration date. VIRAMUNE? tablets are tested for
conformance to production standards prior to packaging. Tablets which do not
meet these standards are generally disposed of by landfill or incineration. Likewise,
unused VIRAMUNE?® tablets, discarded by consumers would most likely be
disposed of by landfill or incineration. Off-spec materia] and product returned to
BIPI as expired material will be disposed of by incineratior at a fully licensed and
permitted facility (e.g., Rollins Environmental Servicas, Bridgeport, NJ; EPA

ID #NJDO053288239).

Controls to be used

1) Manufacture of the active ingredient

APPENDIX B contains compliance statements from the BI Chernicals, Inc.
Petersburg, VA facility stating that all applicable regulations are being followed
during the production of nevirapine at the Boehringer Ingelheim facility.
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2) Manufacture of VIRAMUNE® tabless

NDA Section 3.3.4 provides details on each of the processes discussed below, the

b)

c)

d)

e)

15 minutes to 40°C,

Milling and Blending

The material will be formulated into tablets containing 200 mg of the active
ingredisnt (nevirapine) in production batch sizes of [CBI]2.

Packaging

Following tablet formulation, emission of the drug product is not anticipated.
Therefore. a0 significant dust emissions are expected to occur as a result of the
packagirg process.

Returned/expired products

These materials will be incinerated at fully licensed and permitted facilities such
as Rollins Environmenta] Services, Bridgeport, Ni ; EPA ID #NJD053288239.

* [CBI] - Confidesijal Business Information
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d. Estimate of quantities and concentrations of substances expected io enter the
environment as a result of both manufacturing and use

The Bl Chemicals facility in Petersburg, VA and the BIPI facility in Danbury, CT are
subject to and in compliance with effluent gnidelines and standards for pharmaceutical
manufacturing. The standards are contained in the regulations published in 40 CFR
Part 439. The manufacturing of the new product will be conducted within these
guidelines.

All process and sanitary wastewater is discharged to local treatment plants which are in
full compliance with their respective industrial discharge permits. These permits are
listed in Sections 6.a.1 and 6.a.2 of this document. Wastewater analyses are performed
using USEPA-approved protocols.

1)
DE

Water

The maximum expected environmental concentration (MEEC) and the expected
introduction concentration (EIC) of drug substance in wastewater has been
estmated using equations found in APPENDIX E. The equations incorporate the
total annual production value for the drug substance of [CBI] in five years. The
MEEC uses simple dilution based on a per capita estimate of wastewater (in
gallons/day), whereas the EIC is caiculated by basing dilution on total estimated
volume of wastewater entering domestic POTWs. Using the projected total annual
(5th year) production of VIRAMUNE? tablets in the U.S., the following estimates
are made:

Nevirapine MEEC:  approximately [CBI] (wastewater)

Nevirapine EIC: approximately [CBI] (wastewater)
APPENDIX E contains the calculations and assumptions used to derive the MEEC
ans EIC value. Both the MEEC and EIC estirmate assumes that the entire annual

producticn of the components is released into the environmeni. Although a
majority of the excreted drug is comprised of three glucuronidated metabolites, the

EAOABB‘EmDOOPmlz Page 19
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2)

3)

9

introduction into the environment is calculated as if the nevirapine were being
eliminated unchanged due to the structural similarity between the drug substance
and its metabolites. There is no reason to believe that there will be significant
absorption of Neviripine in activated sludge The values for the MEEC and EIC are
very simiiar. It is expected that the actual environmental introductions would be
onlv slightly less due to metabolism, wastewater treatment, and degradation, in
receiving waters.

Arir

The physical/chemical characteristics (low vapor pressure) and manufacturing
controls suggest thai the ghantities of nevirapine, and associated components,
released inio the air will be negligible.

Terrestrial Environment

The physical/chemical characteristics (water solubility, low K) and manufacturing
procedures suggest that the components of nevirapine will not reside in soils and
sludges and, as such, introduction into the terrestrial environment is considered to
be insignificant.

Disposal as Solid Waste

Solid waste will most likely be disposed of by landfill or incineration. Waste
discarded by consumers will likely be disposed of in permitted landfills. These
landfills are required to meet operating standards which will preclude the release of
landfill contents to the surrounding environment. Product returned to BIPI as
expired material will be disposed of by incineration at a fully licensed and permitted
facility (e.g.. Rollins Environmental Services, Bridgeport, NJ; EPA

ID #NJD053288239).

CONFIDENTIAL P
EAABR DOC/Page 13 age 2 0



REDAC
BY 4

VIRAMUNE® Tablets, 200 mg NEW DRUG APPLICATION
{nevirapine) Boehnnger Ingelheim

3.0 CHEMISTRY, MANUFACTURING AND CONTROLS

Pharmaceuncals, Inc.
Ridgefield, CT 06877

TIONS M
PPUCANAT

5) Occupational Fxposure/Removal

Both Bl Chemical and BIPI adhere strictly to OSHA policies on worker safety.
Safe manufacturing techniques are employed in every step of nevirapine synthesis
and formulation of the drug product. Where applicable, employees are required to
wear appropriate personal protective equipment. This equipment includes
dispusable gloves, and air purifying respirators with HEPA filters. In addition, all
employees receive training in Good Manufacturing Practices and worker safety.
Information regarding the safe handling and disposal of nevirapine is outlined in the
Material Safety Data Sheet (MSDS) provided at the end of this document.

e. Summary

DE Estimates of the amounts of each substance introduced into the environment are based

on the projected 5th year productior. of VIRAMUNED? ta%icis. The production figures
are confidential and included in APPENDIX F.

Manufacturing of the active ingredient (nevirapine) will take place at the
Petersburg, VA facility. APPENDIX B contains statements verifying compliance with
applicable regulations.

Manufacturing of the finished product will take place at the Danbury, CT Facility.
Emission controls for the Danbury Faciliiv have been described. Overall emissions of
the active ingredients plus the excipients (inactive ingredients) is minimal. Al solid
waste 15 iacinerated at fully licensed and permitted facilities equipped with adequate air
poliution control equipment. Wastewater is generated only as a result of equipment
washings. All wastewater is disposed of via the City of Danbury POTW in accordance
with Permit No. SPO000021.

largest introduction of the product componeats into the enviropment will be as a
result of the use of VIRAMUNE?® tablets by patients with AIDS. Use, and subsequent
climination, will result in pevirapine and its metabolites, entering the wastewater
stream. Nearly all of the active ingredient is excreted via the urine. The excipients
include: microcrystalline cellulose, NF; lactose NF; povidone K25, USP: sodium starch

CONFIDENTLALL Page
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glycolate, NF; colloidal silicon dioxide, NF;, magnesium stearate, NF; and purified
water, USP.

The maximum expected environmental concentration (MEEC) (or total amounts, if
applicabie) is presented in APPENDIX E.

7. Fate of emitted substances in the environment

Biological and physiochemical testing to determine the effects, fate and environmental
transport of nevirapine has been completed. The Maximum Estimated Environmental
Concentration (MEEC) and the Expected Introduction Concentration (EIC) of nevirapine
are well below 1 part per billion. There would be no observable environmental effects at a
concenuration of 1 part per billiop. Testing of aquatic organisms (ie-Daphnids, Amphipods
and Fathead Minnows) and microbial organisms required significantly higher

RIDACTING M Aognccntrations (ppm ievels) of nevirapine to show an observable effect. In keeping with

BY APP{iCANT the November 1995 guidance from the Center for Drug Evaluation 2nd Reszarch (CDER),

we have opted for a Tier O approach for prepaation of this repert. However, biological
and physiochemical testing data on this substarce are available.

12. List of preparers

Christopher P. D’ Alleitine, Ph.D., Principal Health Scientist, ChemRisk® Division of
McLaren/Hart Environmental Enginecring Corporation. Dr. D Alleinne has 13 years of
post-Ph.D. experience in toxicology and risk assessment.

Alison G. DiPasca, Senior Associate Health Scientist, ChernRisk® Division of
McLaren/Hart Environmental Engineering Corporation. Ms. DiPasca has six years of
professional expersience in public health, environmental science and risk assessment.

Arthur E. Slesinger, Director of Environmental Affairs and Safety at BIPI. Holds Masters
degrees in both Chemical Engineering and Environmental Health Sciences and has more
than 20 years experiznce in environmental and reguiatory affairs.
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David Weinberg, Environmental Specialist at BIPI. Mr, Weinberg has 14 years experience
in environmental and regulatory affairs.

13. Certification

The undersigned official certifies that the information presented is true, accurate and
complete to the best of the knowledge of the firm or agency responsible for the preparation
of the environmenta! assessment.

. 4/ ¢ / t 6
Arthur E. Sleginger Date
Director, Environmental Affairs and Safety

14. References

EATAH (Environmental Assessment Technical Assistance Handbook). 1987. Document
by the U.S. Food and Drug Administration, Washington, DC. Availabie through
NTIS (PB87-175345).

FDA. 1986. Procedures fur estimaring environmental introductions of FDA-regulated
chemicals. Prepared by the Environmental Impact Section of the Center for Food Safety
and Applied Nutrition. June 1986. Available upon request.
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MATERIAL SAFETY DATA SHEET

Nevirapine

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT IDENTIFICATION
Product Name: NEVIRAPINE
Chemical Name BILRG-587; 11-Cyclopropyk5,11-dihydro-4-methy-8H-

dipynido-[3,2-b:2", 3'-e][1,4}diazepine-6-one
Synonym: NONE

Formula: C1 5H1 ‘N.‘O

Use: Antiviral

DISTRIBUTED BY: EMERGENCY TELEPHONE NUMBERS:
.. Boehringer Ingelheim ' Transportation

Pharmaceuticais, Inc. CHEMTREC (800)4.24-9300

900 Ridgebury Road

P.0. Box 388 Other

Ridgefieid, CT 08877 (203) 798-5521

2. COMPOSITIOMNINFORMATION ON INGREDIENTS

CHEMICAL NAME CAS NUMBER WEIGHT %
11-CyclopropytS 11-dihydro-4-methyl-6H- 120618-40-2 100
dipyndo-[3.2-b:2'.3'-8][1 .4)diazepine-5-one

(Note: See Section 8 of the MSDS for Exposure Guidelines)

3 HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW

White, odoriess powder. May be harmful if inhaled
or swaliowed. May cause irritation to skin and
ayes.

Acrid, flammable fumes may develop in a fire. Use
water spray, foam, CO,, or dry chemical agents to extinguish fires.




‘POTENTIAL HEALTH EFFECTS

PRIMARY ROUTE(S) OF ENTRY

Inhaiation: YES

Eye: YES

Skin contact: NO
ingestion: YES
SYMPTOMS OF EXPOSIURE

inhalation: Breathing the powdier may cause difficulty in
breathing

Eye Contact: May cause reddening and icritation to develop.
Skin Contact: May rause reddening and ifritation to develop.

4. FIRST AID MEASURES

INHALATION
REDACTIONS M _ : . . : .
BY Ap PLIC ove from area to fresh air. Seek medical attention if respirstory imritation devalops or if breathing
CAN comes difficult,
SYE CONTACT

Flush eyes with water for 15 minutes. Remove any contact lenses, and continue flushing with pienty of
water. Seek medical attention if irritation develops or persists.

SKIN CONTACT

Wash atfected areas with pienty of water, and soap if availabie, for several minutes. S22k medica!
attention #f irritation develops or persists.

INGESTION
Give 3-4 glasses of water, but DO NOT induce vomiting. If vomiting occurs, give fiuids again. Get

medical attention 1o determine whether vomiting or evacuation of stomach is necessary. Do not give
anything by mouth to an unconscious or convulsing person.

oo
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5. FIRE FIGHTING MEASURES

Dust Explosion Hazard....ST2 (dangerous); modified Hartman {ube
GENERAL HAZARD

As with ail organic powders, this matenial presents a dust explosion hazard. it can bum in a fire,
producing acrid, flammabie fumes.

EXTINGUISHING MEDIA
Water Spray. foam, CO,, or dry chemical.
FIRE FIGHTING EQUIPMENT

As in any fire, wear NIOSH/MSHA approved, pressure-demand self-contained breathing apparatus and
full protective gear.

6. ACCIDENTAL RELEASE MEASURES

Wear appropriate proteciive equipment (See Section 8.) Sweep up and place in a compatible waste
contairer. Avoid creating dust. The very fine particles can cause a fire or explosion; therefore,
eliminate all sources of ignition.

REDACTIONS MADT
BY APPLICANT,, HANDLING AND STORAGE

HANDLING

May form flammable dust-air midtures, Avoid creating dusts. in situations where dusts will be
unavoidably generated, ground all equipment and use explosion-proof apparatus.

Avoid breathing dusts; avoid comact with skin or eyes. Wear appropriate protective equipment (See
Section 8.) Wash thoroughly after handling.

STORAGE

Store in a cool, dry place. Keep container tightly ciosed.

R7



8. EXPOSURE CONTROLS/PERSONAL PROTECTION

ENGINEERING CONTROLS

Minimize dust generation. Use closed equipment where possible. Use spot ventilation to remove dust
from the work area. If operations generate dusts, use explosion-proof ventilation equipment to control
aitborne lavels. U'se appropriate respiratory protection based on an industrial hygiene survey.
PERSONAL PROTECTION

Respiratory protection: In operations where dusts are gericrated, use an appropriate NIOSH/MSHA
approved respirator. Respirator shoukd be selected by a qualified professional and based on an industrial
hygiene survey.

Eye Protection: Use safety glasses with side shields or goggles.

Kand Protection: Wear durable rubber gloves.

Clothing: Wear long sieeve shirts and long pants 1o prevent skin contact. in extremely dusty areas
protective disposable coveralis should be wom,

COMPONENT OSHA PEL ACGIM ECL
' (ug/m3)
TWA STEL TWA TLV
Nevirapine Particulate NA NA ND 50

ECL stands for Exposure Control Level and is an interna! worker safety parameter developed within BIPI.
Information conceming these values is available from the EA&S Depantment.

REéJACTIONS MADE
Y APPLICANT s, PHYSICAL AND CHEMICAL PROPERTIES

Appearance: Solid, white powder

Odor, Odoriess

Melting Point °C 247 - 249

Boiling Point °C nd.

Vapor Pressure nd.

Solubility in Water: <0.1 mg/mL; soluble in DMSO
Bulk Density: nd.

pH n.a.

28
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10. STABILITY AND REACTIVITY

REACTIVITY

Stable. No evidence of axothermic decomposition under normal manufacturing and handling conditions,
INCOMFATIBLES

None known

HAZARDOUS DECOMPOSITION PRODUCTS

Toxic, flammable fumes

CONDITIONS TO AVOID

None known

11. TOXICOLOGICAL INFORMATION

RTECS: This compound is not listed in RTECS. Data shown is from seiected studies conducted during
the course of dnig development.

Mutagenicity: Nevirapine was not mutagenic in the Ares/Saimonelia assay, with or without metabolic
activation.

Carcinogenicity: Nevirapine and its hydroxymethyl metabolite, Bl-RJ-106, were not mutagenic in the
Ames/Salmonella or bacierial mutation assays, with or without metabolic activatior.

Man - Single doses of up to 400 mg tabiets were given to HIV infected subjects. Nevirapine was well
tolerated. There were no adverse events or clearly drug/dose reiated events repcrted. The most
frequent non-serious event reported was headache (5/21 patients).

Man - Muitiple doses in clinical trials in HIV infected subjects of 400 mg/day Nevirapine have resulted in
skin rashes in 30-50 % of the patients.

LDSO {rat, p.0.): 400 mg/kg body weight

Primary eye iritation studies using 0.03 gms of Nevirapine in rabbits showed a slight potential for
conjunctival imtation under the conditions of the study.

The acute dermal toxicity study in rabbits showed Nevirapine to have a very low potential for local or
systemic toxicily under ihe conditions of the study.

The primary irritation study in rabbits showed no erythema or edema. The primary dermal irritation index
was 0.0 (lowest),

Nevirapine was not considered a skin sensitizer under the conditions of the study.
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REPORTED AS CARCINOGEN OR POTENTIAL CARCINOGEN

X_ Not Applicable __OSHA
_. National Toxicology Program __ Intemational Agency
for Research on Cancer (IARC)

12. ECOLOGICAL INFORMATION

Material may be disposed of via the sanitary sewer

13. DISPOSAL CONSIDERATIONS

RCRA classification .....Nol regulatec

Preferred disposal is in an approved hazardous waste incinerator,

14. TRANSPORT INFORMATION

This procuct is not subject 1o the regulations for the safe transpori of hazardous materials

DOT Proper Shipping Name: n.a.

Hazarg Class; not hazardous
identification Number: n.a.
Packing Group n.a,
Label n.a.

Emergency Response Guidebook - n.d.

15.  REGULATORY INFORMATION
REDACTIONS MAQRE.

BY APPLICANT_ o ,
This material is not listed on the US TSCA inventory. Therefore,

it can only be used fo. TSCA exempt purpeses such as R&D or drug use.

16. OTHER INFORMATION

ABBREVIATIONS
n.a. - Not applicable
n.d. - Not determined
n.e. - Not established
n.k. - Not known

Date of Issue.....Jun= 15 1994
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APPENDICES

(Confidential, see list in Table of Contents)

The Appendices of this Environmental Assessment contain confidential trade secrets or
information from which these trade secrets can be derived. This material could be
beneficial to competitors and, therefore, this information should not be duplicated for
distribution. All correspondence regarding this Environmental Assessment should be
addressed to the Environmental Affairs and Safety Department at 900 Ridgebury Road,
P.O. Box 368, Ridgefield, CT 06877.
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MICROBIOLOGY REVIEW
DIVISION OF ANTIVIRAL DRUG PRODUCTS {(HFD-530)

NDA#:. 20-636 REVIEWERS : Dempsey
: lacono-Connors

CORRESPONDENCE DATE :02/23/96

CDER RECEIPT DATE : 02/26/96

REVIEW ASSIGN DATE : 02/27/96

REVIEW COMPLETE DATE : 06/14/96

SPONSOR: Boehringer Ingelheim Pharmaceuticals, Inc.
900 Ridgebury Road
P.O. Box 368
Ridgefield, CT 06877
SUBMISSION REVIEWED: N-Q0Q, Original NDA
DRUG CATEGORY: Antiviral
INDICATION: For use in combination with nucleoside analogues for the treatment of
patients with advanced HIV-1 infection who current antiretroviral therapy is no longer
deemed adequate.
DOSAGE FORM: Tablets (200 mg)
PRODUCT NAMES: .
a. PROPRIETARY: Viramune
b. NONPROPRIETARY: Nevirapine
c¢. CHEMICAL: 11i-cyclopropyl-5,11-dyhydro-4-methyl-6H-dipyridof3,2-t:2'3"-
e](1,4]diazepin-6-one.
O
STRUCTURAL FORMULA: o cH N
/4 \ [
N N
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BACKGROUND
Introdyction

Nevirapine is a non-nucleoside dipyridodiazepinone that has been demonstrated to
inhibit HIV-1 reverse transcriptase {(RT) activity and hence HIV-1 replication. Nevirapine is
specific for HIV-1 RT, 2nd does not inhibit other retroviral RTs or human DNA polymerases.
The sponsor seeks marketing approval tor nevirapine {\Viramune}, in combination with
nucleoside analogs, as a treatment of patients with advanced HiV-1 infection whose
current antiretroviral therapy is no longer deemed adequate.

HIV-1 Biology

The human immunodeficiency virus-1 {HIV-1)}, the etiologic agent of acquired
immune deficiency syndrome {AIDS) in humang, is 8 member of the virus family
Retroviridae. HIV-1 is an enveloped, single-strand ANA virus. Infectious viriehRe eontain
two positive polarity RNA molecules which, upon infection of cells, are transcribed into a
double-stranded DNA molecule by the RT. The rasultant viral cDNA molecule is
subsequently integrated into the host cell genomic DNA.

HIV has been detected in a variety cf human tissues, and can infect an even greater
vanety of human cells in culture. In particular, CD4 + helper T lymphocytes appear to be a
major target for HIV infection and are most efficient at supporting viral replication. The
major celi surface receptor for HIV is the CD4 molecule. The following is 3 summary of the
steps in the life-cycle of an HIV infection in a competent cell. The virus surface
glycoprotein (gp120) attaches to a host-cell surface receptor and likely undergoes a
conforinational shift and subsequent displacement and/or proteolytic cleavage cf gp120
such that a second HIV structural protein, the transmembrane glycoprotein {gpd1),
tacilitates the fusion of the HIV envelope with the plasma cell membrane in a pH
independent fashion. The HIV core particle enters the cell cytoplasm and cDNA is directly
synthesized by RT using the genomic viral RNA as template. Viral cDNA is then
transported into the nucleus, and integrated into chromosomal DNA material. Viral
messenger and gencmic RNAs are transcribed from the integrated proviral DNA and
shuttled back to the cytoplasm where virus-specific translation, virus packzging, budding of
the viral capsid through the cell membrane and viral protease {PX! -dependent virus
maturation completes the cycle.

Antiviral Therapy Againgt HIV-1

Clinical treatment of HIV is designed to target certain critical events in the virus
infection life-cycle. Therapies under investigation include approaches employing antiviral
agents (i.e.; RT inhibitors, viral protease inhibitors (PRls}, and viral integrase inhibitors),
virus entry inhibitors (i.e.; neutralizing polyclcnal and/monocional antibodies), and a broad
spectrum of immune-based therapies. Deterrninatior of treatment efficacy is assessed
primarily by clinical status of the patient and CD4 + cell counts, tollowed by any one of a
number of virologic assays aimed at quantifying viral load through the relative measurement



of HIV-infected peripheral blood mononuciear cells (PBMCs} or HIV virions, HIV genomic
ANA, HV proviral DNA, and the HIV antigen p24 in plasma.

Nucleoside analogue inhibitors of HIV-1 RT represent a major class of anti-HIV
therapies. Once phosphorylated by cellular enzymes, nucieoside analogues compete for
incorporation into viral DNA (as catalyzed by RT) and thus often act as chain terminators
for DNA synthesis. One caveat in nucleoside analogue antiviral therapy has been the
emergence of drug-resistant HIV strains. The phenomena of nucleoside analogue-resistant
HIV development /in vitro and in vivo has been most thoroughly characterized for zidovudine
{ZDV}. Currently there are two hypotheses which describe the mechanism for the
development of resistant HiV under drug pressure. it is thought that a treatment naive
HIV( +) individual has a heterogenous popuiation of circulating HIV. Once treatment is
initiated, de novo virus-replication cycles are down modulated due, at least in part, to RT
inhibition. Qver time, genetically altered HIV emerges as a result of low fidelity HIV-RT
replication, and/or the selection pressure and passive expansion of agent-resistant HIV
present in the heterogenous virus population. The rate at which this occurs clinically is
likely to be dependent upon a variety of factors, including the therapeutic agert-dose and
schedule, length of therapy, disease stage at treatment initiation, viral load over time, and
phenotypic/genotypic HIV characteristics present before and during therapy.

In contrast to nucleoside analogues, non-nucleoside RT inhibitors (NNRTI} {including
nevirapine} are designed to inhibit one of the three enzymatic functions of RT, either the
RNA-dependent DNA polymerase activity, the RNase H activity, or DNA-dependent DNA
polymerase activity.

SUMMARY

Antiviral Activity of Nevirapine /o Vi

The effect of nevirapine on HIV-1 replication has been assessed in several studies
utilizing various methodologies. The data from these studies are summarized in Table 1.
IC50 values ranged from 10 nM to approximately 375 nM, depending upon the strain of
HIV-1 and methodology used. Nevirapine was active against {aboratory and clinical isolates
of HIV-1, including T cell tropic and monocytotropic laboratory isolates and ZDV-sensitive
and resistant clinical isolates. Activity was assessed in T cell lines, human peripheral biood
mononuciear cells, and human monocytes and utilized infectious center (or plaque
reducticn) and p24 antigen production as endpoints.




Table 1. Summary of In Vitre Studies on the Anti-HIV activity of Nevirapine

HIV-1 Strain IC50 Cell Type Assay Method Reference
— . — - - o —

HIV.Y o 32.0-42.0 nM C8166 T Cel! Line 1

HIV- 1. 1)

HIV-1 g,

HIV-1 C8166 nd 2

LAV, 16nMm CD4-Hela 3

(HT4-6C)

LAV 140, 29 nM CEM Celis 3

HIV-1 s 44 nM Human Monocytes k)

HIV 1 climica)l isolate S5nM HT4-50 3

{A 1020) AZT

susceptible -
_——- 1

HIV-1 clhinical isolate 95nM HT4-6C 3

{AQ12D} ZDV

resistant

HIV-1 chinical isolate 40nM HT4.6C 4

{A101BA) 2DV

sensitive}

HXB2 {derwved from 50-60nM HT4LacZ-1 5 i
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sm of Acti

Nevirapine is a non-nucleoside, non-competitive inhibitor of the HIV-1 reverse
transcriptase activity (1). Both the RNA-dependent and DNA dependent DNA polymerase
activities of RT are inhibited by nevirapine. Using four different combinations of template-
primers In polymerization assays, however, Tramontanc and Cheng {10} demonstrated that
inhibition was template dependent (Enclosure 1}. In contrast to the polymerase activity,
the RNase H activity of HIV-1 RT, which permits the release of viral RNA from the growing
DNA strand, is only partially inhibited by nevirapine {iC,, = 50nM; |, 54%i (1) {Enclosure
2).

Nevirapine is specific for HIV-1 reverse transcriptase. Activities of human DNA
polymerases alpha, beta, gamma or deita are not atfected by nevirapine leveis up to 24uM
{1}. In contrast, HIV-RT is inhibited by nevirapine with an IC,, of 90 nM: {i,,.= 100%
{Enclosures 2,3). Finally, nevirapine (concentrations up to 200 uM) did not inhibit the
simian immunodeficiency virus (SIV), feline immunocdeficiency virus (FIV}, or human
immunodeficiency virus 2 {HIV-2) RT activities. —_— -

Inhibition of HIV-1 RT activity by nevirapine is non-competitive with nucleoside
triphosphates or template/primer. Steady state kinetic studies (1} utilizing both a
homopolymer RNA template and dGTP as substrate, or a heteropolymer RNA tempiate and
the four dNTPs demonstrated that V,_,, varies inversely with concentration of nevirapine,
but that the K, remains constant over the tested concentration range. In these studies the
K, for nevirapine was 200-220 nM. Thus, it is postulated that the inhibition is the result of
action of nevirapine at a site separate from the nucieoside binding site of the RT molecule.

Additional kinetic studies utilizing from one to ail four dNTPs demonstrated that
inhibition of RT by nevirapine resulted in a uniform decrease of all iengths of HIV-RT
products. A shift in product size from longer to shorter lengths did not occur (11}). These
data suggest that the activity of nevirapine as an inhibitor of RT was not the result of
chain termination or of a change in proscessivity of RT,

Studies employing a photoaffinity analogue of nevirapine {Bl-RJ-70) evaluated the
binding of nevirapine to HIV-RT. In those experiments, BI-RJ-70 inhibited HIV-1 RT with
an IC50 value of 160 nM in the dark. Once activated with uv light, however, BI-RJ-70
bound covalently to HIV-1 RT. Nevirapine was competitive for BI-RJ-70 prior to activation
with uv light, but not subsequent to induction of the covalent linkage. 7The presence of
dGTP or a template primer were not competitive for RT binding and subsequent uv
iractivation by Bi-R.-7C, suggesting that the binding site for 81-RJ-70 (and consaquently
nevirapine) was separate from the binding site for nucleotides {12).

Several lines ¢f evidence point to the presence of tyrosine residues at the RT
binding site for nevirapine. Studies which utilized tryptic and endoproteinase lys C
digestion and mapping of the adduct formed by bindino of a radiolabelled photoaffinity
nevirapmne analog BI-RJ-70 to HIV-1RT identified a nzvirapine RT binding site at residues
174-199 with the presence of tyrosine residues at positions 181 and 188 (13). .
Experiments that used chimeric constructs of the HIV-1 RT to evaluate nevirapire hinding
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demonstrated that both of tyrosine residues are required for the inhibition of RT by
nevirapine (14). X-ray crystailography studies showed that nevirapine binds to RT “in a
pocket near, but not overlapping with the pol active site” {15). Finally, RT mutations at
position 181 are frequent following nevirapine pressure on HiV-1 reglication and correlate
with high level nevirapine resistant virus.

The effect of nevirapine, in combination with other antiretroviral drugs, on HIV-1
replication /n vitro was assessed in human peripheral blood mononuclear cells (PBMCs}
using clinically derived HIV-1 isolates (18). The isolates tested were obtained from an
individua! prior toc ZDV therapy and after 26 months of ZDV therapy. Genetic analysis of
these isolates indicated that the pre therapy isolate was wild type with respect to RT
codons 14, 67, 70, 215, and 219; whareas, the post therany isolate was resistant to ZDV
with mutations at codons 67, 70, 215, and 219. Antiviral activity in vitro was assessed
by measurement of p24 antigen levels produced in HIV-1 infected, PHA stimulated PBMCs
after 4 or 7 days in culture. Combination drug interactions for activity were amatyred by
the method of Chou and Talalay {17) and reported as ccmbination index {Cl) values. In this
system, values <1 indicate synergy: =1 indicate additive effects; and > 1 indicate
antagonism. Nevirapine was synergistic (Cl =0.48-0,94) in combination with lamivudine
{3TC) at ED,s4¢ levels. Interactions at ED,, levels were antagonistic. Nevirapine was
additive to synergistic (Cl= .34-.99) in combination with stavudine (d4T) at ail levels
tested (ED;,-EDyq). In combination with ZDV and d4T, nevirapine was also additive to
synergistic {Cl=.61 -1.02}.

Chow, et al. (1B} reported that nevirapine in combination with ZDV and ddl was
effective in clearing a chrorically infected PEMC culture. These resuits have been
contested in the published literature, and soma of the resuits/conclusions have been
retracted because one of the recombinant viruses used in this study had an undetectrd
additional mutation that was lethal to the virus. The sponsor has repeated the basic
experimental design utilized by Chow et al. (18) to assess combination drug therapy, but
utitized HIV-1 ., a laboratory strain ot HIV-1 that is sensitive to ZDV, ddl and nevirapine.
PBMCs were infected with 10° TCID., of HIV-1,, After 7 days, the combination of
nevirapine {1uM}, ZDV {0.3uM) and ddl {10uM) or nevirapine alone (5-25 uM) were added
to the cultures, which were maintained for an additional 49 days {Day 56 of cuiture).
Fresh drugs were added to the cultures biweekly with medium changes. After day 56,
cuitures were maintained for an additional 6 weeks without addition of new drugs. P24
antijen levels in culture supernatants were assayad weekly as a measuramant of HIV-!
infection. A DNA PCR analysis was performad on cells removed from cuiturs at dav 56
and at the end of the study. The experiment was repeated four times. P24 antigen levels
dropped to non-detactable levels in the combination drug cultures between week 5 and 8,
and remained undeteciable throughout the culture period {enclosurs ‘). Nevirapine alone
was not ettective at eliminating p24 producticn. PCR amplification tor HIV-1 was
performed on cells from two of the four cultures, and no viral sequences were detected in
DNA extracted from cells at week 7 or at week 13 {and of cuiturel. This experiment is
limited because no controls which included ZDV and ddl in combination or as single agents
were reported. Thus, it cannot be assumed that the apparent elimination HIV-#from long
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term cultures was the result of the triple drug combina‘ion (nevirapine, ZDV and ddl). in
addition, long term culture of PBMCs is problematic and may select for cells which are not
robust and thus not zapable of supporting optimal virus production under conditions of any
drug pressure. The fact that nevirapine alone dii not suppress virus preduction is not
unusual given the rapidity by which resistance otcurs in vitro under drug pressure,

These experiments demonstrate that the immunosuppressive potential of-nevirapine
is no striking at concentration levels which will be utilized clinically. The studies evaluated
the effect on both T cel! and B cell tunction /n vitro and in vivo.

Anti-viral Activity of Nevirapine /o Viva.

The ability of nevirapine to prevent the development of HIV-infection following
exposure was assessed in a chimpanzee model of HIV-1 infection. Four male chimpanzees
were infected intravencusly with HIV-1 llib. One animal raceived no therapy, one received
nevirapine {800 mg) at -€ hours pre-infection and 400 mg/day on days 1-10 post infection;
one received 800 mg/day of nevirapine at -36 and -12 hours pre-infection and-800 mg on
days 0-20; and one received 800 mg/day at -36, -24 and -6 hours pre-infection and 800
mg on days 0-20. The control animal developed HIV-1 infection as evidenced by the
presence of p24 antigen and antibodies to HIV-1 in plasma, infectious virus cultured from
PBMCs, and detection of viral RNA and DNA from plasma or PBMCs by branched chain
DNA assay or by PCR, respectively. In addition, the induction of virus expression following
immunization of the animals with tetanus toxoid was also measured. The control animal
was positive for all viral markers tested. For the treated animals, the only evidence of
infection was the detection of viral sequences in PBMCs by PCR and intermittent detection
of viral RNA in plasma after month 10 post infection. No changes in viral markers were
detected in any (control or treated) of the chimpanzees following immune stimulation.
These data suggest that prophylaxis with nevirapine may reduce infection rates in the
chimpanzee model. Of note is that all of the treated animals received nevirapine prior to
infection with HIV-1. It is not known whether post-exposure treatment alone is effective.

Besistance
In viiro antiviral activity against ZDV-sensitive or -resistant clinical isciates.

A plaque reduction assay (20) was performed in HT4-6C (HelLa CDa+) cells to
determine nevirapine IC,, values for ZDV-resistant and ZDV-sensil.ve clinical isolates. HT4-6C
cells were infected with matched-pair HIV-1 clinical isolates (baseline and ZDV-experiencad),
A012, P026, AD36, and AD18. For each matched-pair the ZDV-sensitive strain was isolated
prior to ZDV treatment, and the ZDV-resistant strain was isolated post ZDV therapy initiation.
The resuits of this study are presented graphically in enclosure 5. Graph A shows the effect of
ZDV on a representative pair of isolates. The ZDV IC,,s for the strain A012B (ZDV-sensitive)
and the strain A012D (ZDV-resistant) were approximately 0.02 uM and 0.5 pM, respectively
revealing a modest 25-fold decrease in ZDV sensitivity. In contrast, the nevirapine IC,s for
these paired isolates differed by approximately 0.01 pM with a less than 2-fold decrease in
susceptibiity Consistent with this observation, the 3 additional matched pair clinicetisolates



measured not more than a 2-fold decrezse in susceptibility to nevirapine between the ZDV-
sensitive and -resistant strains. Unfortu.iately, the ZDV susceptibility profiles for matched pair
isolates represented in graphs B-D (enclosure 5) were not included in these data. The data
demonstrate that for the clinical specimens tested under these assay conditions the ZDV-
reststant 1solates {1/4 confirmed) retained sensitivity to nevirapine in vitro.

In another study Richman et al. (3) determined that a ZDV-resistant HIV-1 isolate, from
a patient receiving prolonged ZDV therapy, retained nevirapine-susceptibility in vitro. Paired
1solates obtained from one patient before and after ZDV therapy were examined. An isolate
that had at least a 100-fold decrease in ZDV susceptibility retained baseline susceptibility to
nevirapine.

The data provided demonstrate that, for the clinical specimens tested under the assay
conditions cited, ZDV-resistant isolates retained sensitivity to nevirapine. Since thete antiviral
agents have divergent mechanisms of action this result is not surprising. However, the data
presented only five ZDV-experienced clinical isolates with no information given regarding
genetic changes typically found in the HIV-1 reverse transcriptase gene sequence—<r-addition,
of the five matched-pair clinical isolates only two had ZDV-susceptibility data included. Thus,
these data are a limited treatment of the subjact. If nevirapine is to be approved for use in
combination with or subsequent to therapy with ZDV the sponsor should consider providing ali
ZDV-susceptibility profiles on the isolates described above to support these data. Finally, the
sponsor should consider performing a more thorough analysis of ZDV-resistant HIV isolates for
their susceptibility to nevirapine, which would include more unique isolates and possible genetic
analysis of the reverse transcriptase gene region.

Developrment and analysis of nevirapine-resistant HiV-1 vanants in vitro. .

The rapid emergence of nevirapine-resistant HIV-1 isolates in vitro has been well
established. This general observation is consistent regardless of whether HIV-1 strains are
laboratory denved or low passage ZDV-sensitive clinical isolates. In addition, ZDV-resistant
HIV-1 strains, derved by site-directed mutagenesis of an infectious clone, behave similarly
when propagated under nevirapine drug pressure in vitro; nevirapine resistance emerges
rapidly and to a similar degree. The nevirapine resistant phenoctype appears to be stable in the
absence of drug pressure and, where present, the parental virus' ZDV-resistant phenotype is
maintained. The following is a brief description of the pivotal virologic studies which defined the
nevirapine-resistant phenotype in HIV-1 when studied in vitro.

HIV-14q, (a laboratory strain) and HiIV,,,.. (@ low passage ZDV-sensitive clinical isolate)
were passaged in CEM ceilis in the prasence of either 1 )M or 10 M nevirapine (4). Passaged
supernatants were tested for their infectivity and drug-susceptibility phenotype by plaque
reduction in HT4-6C cells (20). Nevirapine-resistant HIV-1,,, virus plaques were detected after
only 1 passage of 1 uM and 6 passages of 10 uyM nevirapine. By passage 20 the variant HIV-
1ary POpulation was approximately 100-fold less susceptible to nevirapine than parent virus
(enclosure 6). A nevirapine-resistant strain AO18A was detected as early as passage 3in 1 yM
and passage 7 with 10 pyM nevirapine. These isolates possessed a 100-fold decrease in
nevirapine susceptibility, and by passzge 12 the AO1BA varniants were approximately 250-fold
less susceptible to nevirapine than the corresponding parent virus (enclosure 7). Fhe-passage



12 (10 uM) nevirapine resistant variant of AO18A was passaged an additional nineteen times in
the absence of nevirapine. The nevirapine-resistant phenotype was not altered in the absence
drug pressure. According to Richman et al. (4), the growth rate of the vaniant virus was
identical to that of parent virus.

HIV1,xea1u2ss @Nd HiVenye, both derived by site-directed mutagenesis of the wild type
laboratory strain HIV-1,,4, (21), are highly ZDV-resistant laboratory strains (for references see
5). Virus was passaged in MT2 cells (human T-lymphablastoid cell line) in the presence of
subinhibitory concentrations (1 uM) of nevirapine. By passage 3 both resuitant virus
popuiations were resistant to nevirapine, differing in susceptibility by 356-fold (HXB41L/215Y)
and 93-fold (RTMC) when compared to parent virus in vitro (5) {(enclosure 8). Interestingly,
both nevirapine resistant-HIVRTMC and -HIViHX retained their parental phenotype for ZDV-
resistance (enclosure 8),

A third study measured nevirapine-resistance development in vitro using the laboratory
strain HIV,,,, and using a different phenotypic assessment assay; a syncytium formation
reduction assay in CEM cells (6). In addition to a monotherapy analysis, nevirapine-was
cornbined with either BHAP, TIBO R82913, or TSAO-mT to evaluate resistance development
to nevirapine when combined with other non-nucleoside reverse transcriptase inhibitors
(NNRTI). HIV-1 variants selected with nevirapine monotherapy were again detected as early as
passage 1. By passage 4 the virus isolate h.ad a >300-fold decrease ir: nevirapine susceptibility
compared to parent virus (enclosure 9). When parent HIV-1,, virus was passaged with
nevirapine and one additional NNRTI at subinhibitory concentrations the foliowing observations
were made (6). Variants ansing in vit-o from double-combination (nevirapine included)
pressure basically had the same level of nevirapine-resistance as that seen in nevirapine
monotherapy selection. Likewise, the time to development of a nevirapine-resistant phenotype
was the same as that seen with monotherapy. Therefore, in vitro, nevirapine in combiration
with other NNRTIs afforded no advantage in maintaining @ nevirapine-sensitive virus population.

These data demonstrate that it is biologically possibie for both laboratory strains and low
passage clinical isolates to develop a measurable degree of nevirapire resistance. and that
when nevirapine is combined with other NNRTIs a nevirapine-resistant virus population stili
emerges with similar temporal development and intensity. The clinical ramifications of these
data are not predictable at this time.

Genotypic analysis of nevirapine-resistant isolates

Genotypic analvsis of the RT genes from representative virus clones from each of the
nevirapine-resistanrt virus popuiations describad above were performed. A prominernt
nucleotide substitution mutation which should alter the deduced amino acid sequence at
position 181 (Tyr tc Cys) was observed in nevirapine-resistant HIV-1,., and AO18A isolates {4).
In ZDV-resistant |aboratory derived HiV-1 strzins, HXB41L/215Y and RTMC, nevirapine-
resistance apparently manifested its phenotype through a substitution mutation at amino acid
106 (Val to Ala). Therefore, in ZDV-sensitive background nevirapine induces a mutation at
amino acid position 81, angd in ZDV-resistant backgrounds nevirapine induces a mutation at
amino acid rosition 106 in vitro (5).



Balzarini et al. (6) reported that when HIV-1,; was subjected to nevirapine alone RT
mutations were detected at amino acid positions 106 {Val to Ala) and/or 181 (Tyr to Cys)
(enciosure 10). When nevirapine was combined with either BHAP, TSAO-m3T or TIBO the
same two amino acid substitutions were detected at positions 106 (Val to Ala) and 181 (Tyr to
Cys). These data demonstrate that a variety of HIV-1 vanrant poputations grown under
nevirapine pressure develop amino acid mutations in the RT gene sequence which may or may
not contribute to the phenotypic decrease in nevirapine susceptibility.

To address the que “*ion of whether a causative relationship exists between these
genetic mutations and the phenotypically expressed nevirapine resistance /in vitro site-directed
mutagenesis was used to construct infectious clone HIV-1variants (4). These cloned virus
variants only contain the mutation 181 (Try to Cys) in the RT gene against a wild type HIV-1
genetic background. Nevirapine susceptibility testing was performed on these virus constructs
using the ptague reduction assay in acutely infected HT4-6C <ells. The single mutation
evaluated at position 181 (Tyr to Cys) prodiced a shift in nevirapine susceptibility;
approximately 100-fold (enclosure 11).

In a similar study conducted by Larder (5), infectious-clone derived HIV-1 variants which
contained the 181 RT mutation showed a >200-fold decrease in susceptibility to nevirapine in
vitro as measured by plaque reduction (enclosure 12).

To further define the mechanism of nevirapine resistance development the mutation at
position 181 (Tyr to Cys) was introduced into a recombinant purified RT. Purified, recombinant
wild type and mutant RT were tested for enzyme activity and sensitivity to nevirapine (4).
Those data demonstrated that although the enzyme activity between the wild type and mutant
RT was the same the nevirapine IC, of the mutant RT was 100-fold higher than the wild type
recombinant enzyme (enclosure 7). A study by Larder {5) reported corroborating resuits.

These data demornstrate that certain point mutatiens in the HiV-1 RT can cause a shift
in nevirapine susceptibility and that these changes are likely involved, the degree of which is
unknown, in the changes in susceptibility observed in the nevirapirie-resistant isolates produced
i oviatre

Cross-resistance analysis of laboratory-denived nevirapine-resistant HIV-1 isolates.

The potential for HIV-1 cross-resistance between non-nucleoside RT inhibitors has been
evaluated in in vitro derived nevirapine-resistant laboratory isolates. Several reports have
consistently found that laboratory derived nevirapine-resistant HIV-1 isolates are generally
highly cross-resistant to other ncn-nucieoside RT inkibitors in chenotypic aralyses performed in
vitro (4, 5, 6, 22). Preparation of nevirapine-resistant HIV-1 isolates in vitro and the phenotypic
analysis of those isolates as performed by Balzarini et at. (6), Richman et al. (4), and Larder (5)
were bnefly described and referenced in the above section.

Richman et al. (4) found that nevirapine-resistant HIV-1 (250-fold decrease in nevirapine
susceptibility) displayed no cross-resistance to foscamet or ZDV, however, the susceptibility to
several NNRTH's was significantly reduced (enclosure 7). Those studies, although incomplete,
provide additional data which suggest that the RT amino acid position 181 mutatiom<Thr to Cys)
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is at least partially responsible for the NNRTI cross-resistant phenotype. Consistent with these
data l.arder (5) presented data which demonstrated that nevirapine-resistant isolates (100-350
fold decrease ir nevirapine susceptibility) retained their original susceptibility to ZDV in vitro
{enclosure 8).

Recombinant RT enzymes which contained point mutations known to confernevirapine
resistance in vitro were cloned info the HiV-1 infectious clecne HXB2. HIV-1 varnants produced
from the infectious clone were tested for drug susceptibility in vitro. All variants which contained
the Thi to Cys 181 point mutation dispiayed a significant decrease in nevirapine and CL-TIBO
susceptibility (enclosures 12 and 13), but not ZDV or ddl. Cther variants which contained the
RT amino acid position 41 (Leu to Val) mutation, a genetic marker for ddl resistance in vitro,
displayed a consistent loss of ddl susceptibility independent of other co-existing mutations
(enclosure 12). Larder (5) further defined the mechanism of point mutation driven cross-
resistance by preparing and testing enzymatically recombinant RT enzymes in vitro which
contain RT mutations of interest. Consistently, whenever the Thr to Cys position 181 mutation
was present, regardless of whether known ZDV or dd! inhibitory mutations were present, CL-
TIBO inhibition on enzyme activity was significantly reduced (enclosure 14). ——

HIV-1,,, mutant strains were selected for nevirapine-resistance in vitro (6). Phenotypic
analyses demonstrated that those strains were highly cross-resistant to ail other HIV-1 specific
NNRTIs tested (encliosure S and 15).

Genotypic analysis of the variants and the correlative or causative relationships between
those RT point mutations and the degree of phenotypic resistance to a given alternate
antiretroviral appear to be somewhat compiex. Additional studies are needed in order to
unequivocally define the impact of one or more RT mutations on drug susceptibility. The only
consistent findings amongst these studies are that single agent selection using nevirapine ard
a HiV-1 wild type isolate will quickly produce a nevirapine-resistant variant, the variant will
possess a significant deyree of cross-resistance to most other NNRTI's, it will alsc contain a RT
amino acid position 181 point mutation (Thr to Cys), and the Thr to Cys 181 point mutation will
have no immediate impact on variant susceptibility to ZDV or ddl. These conclusions are
further supported by data reported by Byrnes et al. (23).

No comprehensive studies have been reported which systematically evaluate the
laboratory-derived nevirapine-resistant HIV-1 isolate’s degree of phenotypic susceptibility to
nucleoside analogue RT inhibitors or HIV Protease Inhibitors.

Phenotypic and genotypic analysis of HIV isolates from patients during therapy with nevirapine.

Phase | and 1! clinical trials with nevirapine have confirmed in vivo the rapid selection for
resistant virus that has been seen in cel! culture (7, 8, 24, 25). Phenotypic and genotypic
changes in HIV-1 isolates from patients treated with either nevirapine (n=24) or nevirapine and
Zidovudine (ZDV) (n=14) were monitored in phase /Il trials over a period of 1 tc > 12 weeks (7).
HIV isolates from 3/3 patients showed a decrease in susceptibility to nevirapine in vitro after 1
week of therapy (enclosure 16). RT mutations at amino acid positions 103, 108, 108, 181, 188,
and 190 were detected as early as 2 weeks after initiation of nevirapine monotherapy
(enclosure 16). By week eight 100% of the patients tested had HIV isolates with a=~180-fold

11




decrease In susceptibility to nevirapine in vitro compared to baseline, and had one or more of
the nevirapine-associated RT resistance mutations {enclosure 16). Nineteen of 24 (80%)
patients receiving nevirapine monotherapy had viral isolates with a position 181 mutation
regardiess of the nevirapine dose (enclosure 17). These findings are consistent with that
reported by Havlir et al. (24) (enclosure 18).

Nevirapine/ZDV combination therapy did not alter the emergence rate of viral isolates
with reduced susceptibility to nevirapine nor the magnitude of nevirapine resistance in vitro (7).
However, a different RT mutation pattern was observed. The predominant mutations were
distributed amongst amino acid positions 103, 106, 188, and 190. Conversely, in those patients
(6/14) whose baseline isolates possessed a wild type RT gene, nevirapine/ZDV combination
therapy did not appear to delay the emergence of ZDV-resistance RT mutations.

A pilot study (ACTG 208). conducted by Haviir et al. (25), was designed to evaluate the
development of HIV-1 isolates which possessed phenotypic resistance to nevirapine in
asymptomatic HiV-infected patients with >500/mm?* CD4 cell counts. The results suggested
that lower levels of HIV RNA and of immunosuppression Jdid not retard the rate of-emergence
nor the magnitude of nevirapine resistant virus (enciosure 19).

Finaily, de Jong et al. (8) attempted to evaluate whether alternating nevirapine and ZDV
therapy in the treatment of HIV-1 infected adults would prolong nevirapine antiviral activity
{more accurately, prolong the time to development of nevirapine resistance). Ten antiretroviral
naive persons were treated for 9-13 weeks with an alternating regimen of 1 week of nevirapine
and 3 weeks of ZDV. HIV-1 isolates from 2 patients after 8 weeks of therapy were 40- and
1G00-fold less susceptible to nevirapine in vitro as compared to baseline measurements. The
authors suggest that, based on these data, *he treatment regimen will not.delay nevirapine
resistance emergence nor its magnitude. Definitive results were obtained from 2/10
participants. These findings while interesting are not significant.

Nevirapine-resistant HIV-1 appears to deveiop rapidly and in all subjects tested following
nevirapine therapy (both monotherapy and in combination with ZDV). However, preliminary
resistance data from trial BI1046 participants suggests that nevirapine in triple therapy
combination with ZDV and ddi may effect the evolution of nevirapine-resistant clinical isclates.
Sixteen trial participant's HIV isolates, nevirapine/ZDV/ddi (n=4), nevirapine/ZDV (n=4), and
ZDVi/ddl (n=8), were evaluated at baseline and at 6 months for bhenotypic susceptibility to
nevirapine in vitro; employing a modified ACTG methodology. Those modifications primarily
consist of the use of cord blood mononuclear celis instead of PBMCs as the source of donor
celis, and using a measurement of RT rather than p24 as an indicatcr of HIV growth
{Boshnraer Ingziheim document submitted to DAVD® 21 May 19968} Both the contro! arm 2nd
the double combination arm revealed fully nevirapine resistant clinical isolates at the 6 month
measurement. However, only 2/4 patients who had received nevirapine/ZDV/adl arm had
isolates with high level resistance to nevirapine (enclosure 20), and 2/4 patients had isolaes
which were fully sensitive to nevirapine with no detectable nevirapine-resistant isolates. The
mechanism by which nevirapine susceptibility was maintained, in the 2 patients, is not clear.
The clinicai significance of this observation is not known.
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. .al of Nevirapi

The effect of nevirapine (BIRG 0587) on immunologic function was assessed in vitro
by the mixed lymphocyte reaction (MLR) and the development of IgM antibody response in
response to antigen stimulus of cells in culture. /n vivo, immunologic effects were
measuied by delayed type hypersensitivity assays and antibody assays following-
immunization of animals. In general, no substantial inmunosuppressive activity was
observed in any of the test systems, except at the highest concentrations of nevirapine
tested which were substantialiy greater than (100X) antiviral concentrations.

The addition of nevirapine to human peripheral blood mononuclear cells did not
suppress the MLR response at concentrations up to 37.5 uM. At 187uM {(the riext higher
concentration tested) MLR responses were suppressed by 70%. igM plaque forming cell
(PFC) responses of murine spleen cells immunized in vitro with sheep red biood cells were
not suppressed by nevirapine at concentrations of 10 uM or less. In fact lower
concentrations enhanced PFC respanses. At concentrations of 100 uM, however, PFC
responses were depressed by 50%. —_—

in vivo, none of the concentrations of nevirapine {1-100 mg/kg/day p.o.)
administered to Lewis rats suppressed the induction of DTH responses to mett ylated
bovine serum albumin. Similarly, treatment of mice with nevirapine (10-50 mg/kg/day
orally} had no appreciable effect on the induction of IgM antibody responses following /in
vivo immunization with sheep erythrocytes, As observed in the in vitro immunization
study, low concentrations of nevirapine {1 mg/kg) slightly enhanced antibody production
(as measured by PFCs/spleen) and higher concentrations (100 mg/kg) suppressed PFC
responses
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Microbiology Labeling Prc S .

CLINICAL PHARMACOLCGY: Mechanism of Action: VIRAMUNE® is a potent, highly
selective, non-nucleoside inhibitor of HIV-1 reverse transcriptase (RT). The enzymatic activity
of RT is required for replication of HiV-1. Nevirapine binds directly to RT and blocks the RNA-
dependent and DNA-dependent DNA polymerase activities by causing a disruption of the
enzyme's catalytic site. The inhibitory activity of nevirapine is not competitive with respect to
template or nucleoside triphosphates. Reverse transcriptase from HIV-2 and eukaryotic DNA
polymerases (such as human DNA polymerases a, 8, y, or § ) are not inhibited by nevirapine.

Microbiology: Antiviral Activity in vitro: The relationship between in vitro susceptibility of
HIV-1 to nevirapine and the inhibition of HIV-1 replication in humans has not been established.
The antiviral activity of nevirapine was measured in peripheral blood mononuciear cells and in a
variety of cell lines where 50% inhibitory concentration (IC,) values ranged from 10-100 nM.
Potent antiviral activity was observed when nevirapine was tested against both laboratory
strains of HIV-1 and against fresh clinical isolates. Furthermore, nevirapine was equally
effective in inhibiting the replication of both zidovudine-sensitive and zidovudine-resistant
strains of HIV-1. -

Resistance: Resistance to nevirapine has been studied by site-directed mutagenesis
experiments, cell culture selection and by in vivo clinical studies. Mutations of the RT gene
which confer reduced susceptibility of the enzyme to nevirapine are all localized to the non-
nucleoside binding pocket. Specifically, changes of RT amino acid residues at positions 103,
106, 108, 181, 188, and 190 have been shown to engender resistance to nevirapine in the
recombinant enzymes and viruses which carry these mutations. Treatment of HIV-1 positive
individuals with nevirapine resulted in the appearance of HiV-1 variants with decreased
susceplibility to nevirapine within 1 to 8 weeks of initiation of therapy. Clinical mutations were
observed singly or in combinations and have been demonstrated to confer from 10- tc 1000-fold
reduction in susceptibility to nevirapine. All these aminc acids are located within the nevirapine
binding site and are distinct from mutations which confer resistance t¢ nuc!=cside inbibitars.
Consequently, nevirapine-resistant HIV-1 variants remain fully-susceptible to nucleoside RT
inhibitors. Nevirapine resistant variants are also susceptible to protease inhibitors which target
viral protease, and not RT. Conversely, nevirapine is effective against mutant viruses resistant
to nucieoside an=:ogues. Currently, monitoring of viral resistance generaliy is not considered
useful in the management of individual patients.

Combination Therapy: A variety of studies using biochemical, crystallographic, and
mutational approaches have documented that the mechanism of action of nevirapire is unique
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from nucleoside RT inhibitors and protease inhibitors. Results from laboratoiy experiments
using nevirapine in muitipie two- or three- drug combination regimens, showed nevirapine acted
synergistically, or at least additively to suppress viral replication with a variety of other
anti-HIV-1 drugs, including zidovudine (ZDV), didanosine (ddl), stavudine (d4T), lamivudine
(3TC). and saquinavir. In clinical trial ACTG 241, a statistically significant improvement of
VIRAMUNE®+ZDV+dd| over ZDV+ddi was demonstrated in both virologic and immunologic
response throughout the 48 week trial. (See Description of Clinical Studies)

EDA Proposed Microbiclogy Labeling

MICROBIOLOGY:

Mechanism of Action: VIRAMUNE® is a non-nucleoside inhibitor of HIV-1 reverse
transcriptase (RT). Nevirapine binds directly to RT and blocks the RNA-dependent and
DNA-dependent DNA polymerase activities by causing a disruption of the enzyme=s
catalytic site. The inhibitory activity of nevirapine is not competitive with respect to
template or nucleoside triphosphates. Reverse transcriptase from HIV-2 and eukaryotic DNA
polymerases (such as human DNA polymerases a, B, vy, or 8 ) are not inhibited by nevirapine.

tnn Vitro HIV Susceptibility: The relationship between in vitro susceptibility of HIV-1 to
nevirapine and the inhibition of HiV-1 replication in humans has not been established. The in
vitro antiviral activity of nevirapine was measured in peripheral blood mononuclear cells,
monocyte derived macrophages, and lymphobiastoid cell lines. IC50 values (50% inhibitory
concentration) ranged from 10-100 nM against laboratory and clinical isolates of HIV-1. In cell
culture, nevirapine demonstrated additive to synergistic activity against HIV in drug combination
regimens with zidovudine (ZDV), didanosine (ddl), stavudine (d4T), lamivudine (3TC) and
saquinavir.

Resistance:

HIV-1 isolates with reduced susceptibility (100-250 fold) to nevirapine emerge in vitro.
Genotypic analysis of these isolates showed mutations in the HIV reverse transcriptase (RT)
genc at amino acid positions 181 and/or 106 depending upon the virus strain and cell line
employed. Time to emergence of nevirapine-resistant isolates in viiro was not aiter2. when
selection included nevirapine in combination with several other non-nuclecside RT inhibitors.

Phenotypic and genotypic changes in HIV-1 isclates from patients treated with either nevirapine
(n=24) or nevirapine and zidovudine (ZDV) (n=14) were monitored in phase |/l trials over a
oeriod of 1 to 212 weeks. HIV isolates from 3/3 patients receiving nevirapine monotherapy
showed a decrease in susceptibility to nevirapine in vitro after 1 week of therapy. RT mutations
at amino acid positions 103, 106, 108, 181, 188 and 190 were detected in some patients as
early as 2 weeks after initiation of nevirapine monotherapy. By week eight, 100% of the
patients tested (n=24) had HIV isolates with a >100 fold decrease in susceptibility to nevirapine
in vitro compared to baseline, and had one or more of the nevirapine-associated RT resistance
mutations. Nineteen of 24 (80%) patients receiving nevirapine monotherapy had virat isolates
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with a position 181 mutation regardless of the nevirapine dose. Nevirapine/ZDV combination
therapy did not alter the emergence rate of viral isolates with reduced susceptibility to
nevirapine nor the magnitude of nevirapine resistance in vitro, however, a different RT mutation
pattern was observed. The predominant mutations were distributed ainongst amino acid
positions 103, 106, 188, and 190. Conversely, in those patients (6/14) whose baseline isolates
possessed a wild type RT gene, nevirapine/ZDV combination therapy did not appearto deiay
the emergence of ZDV-resistance RT mutations. The clinical relevance of phenotypic and
genotypic changes associated with nevirapine therapy has not been established.

Cross-resistance: Rapid emergence of HIV strains that are cross-resistant to non-nuclecside
RT inhibitors has been observed in vitro. Data on cross-resistance between the non-nucleoside
RT inhibitor nevirapine and nucleoside analogue RT inhibitors are very limited. Four clinically
derived ZDV-resistant HIV isolates tested in vitro retained susceptibility to nevirapine, and six
clinically derived nevirapine-resistant HIV isolates were susceptible to ZDV and ddl. Cross-
resistance between nevirapine and HiV protease inhibitors is unlikely because the enzyme
targets involved are different.

CONCLUSIONS.
1. With respect to microbiology, VIRAMUNE is approvable pending final review of the |abel.

2. Nevirapine is a non-nucleoside RT inhibitor that has marked activity in vitro against HIV-1
clinical and laboratory isclates.

3. Drug interaction studies in vitro have demonstrated additive to synergistic anti-HIV-1 activity.

4. HiV-1 isolates with reduced susceptibility to nevirapine 2merge in vitro. Nevirapine-induced
phenotypic resistance has been demonstrated to be at least partially related to the development
of one or more amino acid point mutations in the RT.

5. Rapid emergence of HIV strains that are cross resistant to non-nucleoside RT inhibitors
has been observed in vitro. Data on cross-resistance between the non-nucleoside RT inhibitor
nevirapine and nucleoside analogue RT inhibitors are limited. No data are available on cross-
resistance profiles between nevirapine and protease inhibitors.

6. Rapid emergence of nevirapine-resistant HIV-1 has been observed following monotherapy
and combination therapy with ZDV ir phase /il clinical tnals.

7. Preliminary data from four patients who had received concomitant therapy with ZDV, ddl
and nevirapine revealed that two individuals possessed HIV-1 isolates that were fully nevirapine
resistant while the isolates from the other two individuals remained sensitive to nevirapine after
six months on therapy. The clinical signficance of this observation is not known.
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RECOMMENDATIONS:

1, With respect to microbiology, NDA 20-636 (VIRAMUNE) is approved pending finai review of

the label.

2. The sponsor may wish to continue monitoring of patients who are enrolled in ongoing
clinical trials for development of resistance to nervirapine. In particular, the development of
resistance should be evaluated in those patients who are receiving combination therapy.
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Tramontano, E. and Cheng, Y. Biochem. Pharmacol.

1992: 43: 1371-1376.

LT Tabie 1. Template-primer dependence of HIV-{ RT inhibiwors
| e— BI-RG-587 RE21S, PFA HEPT
Ueits Relative
:_- imer waed nte Lo (pM)
| — RNoé-’depeaggql DNA p;lymemcomadm » divity
5 iec!dG) 4xl 002 = 0.01 0.07; = 6.007 39=08 D=6
i &ma Yoo L6XI7 100 0650=0®  050=0035 023001 4922
"-,( MM)“"‘ 0.6 04 01852000 0./80 = Q.01 10220 56210
: G paligo(dClu-u on ¢ 0.125=0.08  £.130=002 266 = 0 Dz
. DNA-dependent DMNA polymerase assocuted activity
 NCrobg(dClow  AX100 68 024020005 02652001  16=008 S3=10
* M(‘AW‘")“"‘ on 0.5 0.090=00) 0.00=0.007 5006 3=z25

A i was defincd a3 the smount of enzyme necesiary 10 incorporatc . amol of {"HIITMP inio the rA)-olignf~T

: > in 1.0in at 37 [14]. All the Teaction rates wers narmalized 10 the reaction rate mﬁ(ufﬂnrﬂf

wlig(dT) e The caiculations of ICe {concentration inhibiting 50% «{ control) and standard devistions were dooe from
ot bt three determinazions, with the ¢xception of rwo indicate f cases {2) in which only two determinations wrre

Mudm:amgcww = range are presented. The veaction mixture used is described in Methods with the:

senpeios of {fina) concentration 30 uM), dATP (faal coventration 100 uM) and poly(rU)-oligo{dA)g_a (final

svaccatracoa 0.085 ODy, units/mL).
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Merluzzi, V.J. et al. Science 1990: 250: 14111413

Enzyme specificicy
of Bl-RC-587
Eayme Conon-  [Cy,
': "M'm) (nM)
HIV-1 RT polymerase 160 84 = 4
HIV-1 RT RNasc H 160t 50 =46
Simian RT >>185¢
Feline RT >>185¢

Human DNA polymerase a >> 244

Human DNA polymcrasc B >> 244

Human DNA polymerasc v >> 248

Human DNA polymerasc 3 >> 24%

Caif chymus DNA >>185¢
polymensc a

*Maximal achicvable inhibioon by BI-RG-S87 at 160

WM (e} = 100N Ve = %, tlnaigrub-
< inhuinoon & dhese CoNOCrInons.
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Viramune, NDA 20-636
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Boehringer Ingeiheim Pharmaceuticals, Inc.
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Figure Legend 5. BIR‘50587 was tested in a plaque reduction assay versus AZT-sensitive and resistant
strains of HIV-1 from four pairs of patient isolates (A012, PO26, A036, AOIB). In each pair the AZT-
sensitive strain was isolated prior to the patient's treatment with AZT, and the resistant strain was isolated

subsequent to AZT treatment.

Graph A. shows the effect of AZT on a representative pair of isolates,

BIRGOS87 effectively reduces plaque formation for both AZT-sensitive and AZT-resistant isolates.
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4. Richman, D. et ail. PNAS 1991: 88: 11241.11245,
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Table 1. Smydmmeﬂcle

[Cse. uM
Nevinpine  AZT-TP  Foscarmct  TIBO  E-EPU E.BPUS
Virus
Paszage 0 o' 0 av 0.01 ex M0 005 oy 0.02 43%0.003
Passage 12 V7 g9 0.01 LY 10 * Lo
Recombinant enryme
Wild ype 0062001 004=002 IBG=111 0132003 ND ND

VISIC mutam® 4822071 002 = 0.01 1722 93 162=008 ND ND

The lrummuwdmhMIuwmmww:M
Nmmnmwaﬁmumwmmwlwﬂw
aumwfmmm.kmhsﬂunmhdemupuhenummﬂmdwdaiwlc.

= SE. ND, oot doee; E-EPU l-daoxyumhyl-s-cmy“-(mylthiohncﬂ; E-RPU-S, l-bearytoxy-

methyl- S ethyl-6-phenyithio-24
“Tyr-181 to Cys-18] mutation.

4. Richman, D. et al. PNAS 1991: 88; 11241-11245.
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TABLE 2 Passage of HIV-1 gtrains in BI-RG-587

ICpe (nM)
Faseage HOBILAISY T HIVRTMC
naGs AZT BG5S AZT
0 0.05 0.1 0.06 15
3 s (v 1P 56 (43) 14°

* Vicws was pastaged thees times 3 1 pMd BI-RG-387. Virus recovered in
MT-2 cxll culture soperantsnts after passage 3 was asecssed for -

suscrptibility
%o BI-RG-587 and mmnmuw_u.gﬁ‘%

from infections molecalar clones.

5. Larder, B.A. Antimicrob. Agents Chemother. 1992: 36:2664-2669.
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TABLE 1. E,C,,so(lheteﬂoumpoundslotl-ﬂvl(lll.)nduedmtbeplumoﬂhclmupeuﬁcuhibummo-m’r pevirapine, _

and TIBO RE2913 in CEM cells*

ECy (wg/ml) s the presence of increasing conca of: P

g‘inui""‘—d“'?'_—

Y Compound TSAO-=’T DU FCST Nevirapime & TIBO RE291
?,m" 3 2 3 1 2 3 4 2 3
TSAO-T . 5 2 5 2 3 3 0.12 0.3
TSAC-m’T . >50 >50 >50 L] >50 8 >S50 0.03 0.15
TSAQ-¢’T .03 >50 >50 >50 250 >50 250 - 0.07 0.0
Nevirapine 0@/ __ 0015 0003 __ 0005 _ _ .01 AL .,.2.6 ..... 8.3 --008 15
e . 0.107 70027 T T 0.05 i 3 0.04 0.5
TIBO RE2913 04 o 04 0.4 ' 0.6 020 =25
BHAP 0.0 0.0 0.85 8.0 2

® Virus was izolsted after full

2).2.5WM3).-¢10WM 4); i b
4); M-umﬁﬂml&sﬂuﬂ.ﬁl

: 1,02

¢ 0.04

mm@ﬁm-hdeMQIWMILOJWM
: Tl {ps -dmudnl(pl-ace 3).

m wnid-type HIV- Km.}mm-uhmmhmulww”nkth +1-specific inhibitors.

* Passage sumber of HIV-1(Il,) crils.

6.

Balzarini, J. et al.

J. Virol.

1993: 67: 5353-5359.
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Fi1G. ). Susceptibility 10 nevirapine of HIV reconstructed o
contain the Cys-181 mutation in RT. Virus was prepared by trags-
rcainujwwuuswichmmorwﬂd-{mmﬁdDNA.Neﬁ-
rapine 'yoﬁheprweﬂym:mtbumydbyphqm
reduction in CD4 Hela (HT4-6C) cclis. o, Wild type; 8. Cys-181
mautant.

Richman, D. et al. PNAS 1991: 88: 11241-11245.
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TABLE 4. Susceptibill ‘cs of viruses with L74 w V and Y181 to
C mutatioas t0 auclooside and noasucieoside inhibitors
RT gomotype (Coo (MY \Jy

Virns
Lew Tyr The O BIRG
% 1w s ATT 4 g

B2 001 14 011 006
HXB2(74V) val 0.02 112 0186 0.05
HXB2(181C) Cys 0.01 13 45% 12610*
HDCB2(74V/181 Val 0.02 89 40% <o)

— al 0.02 100 01  0.05
K HIVRTMFU4VASIC) Val Os Tyr 002 100 254~ 32

— . . ———
IR e x e 8 e

Larder, B.A. Antimicrob. Agents Chemother. 1992: 36:2664-2669.
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TABLE 5. Smmbqum-lmnhmmm“qmmmml to C matation to vucieoside aud

moanucieotide inhibitors
vi RT gesotype ICo (uM)*
[ -]
Mcrdl  Apé7 LysN Twlls Lys2ld  Tyrlfl AZT &1 QTIBO  BLRG-SIT

HXB2 0.01 14 0.11 0.06
HXB2(131C) Cys 0.01 13 45 126
lmul.ﬂurlm Leu Tw AT 0.7 16 0.1 0.8
HXB2(41 ix;m.m Leu Cys 0.02 0.6 23 10,0
"RTMC Asn Arg Phe & ¢ Gin 1.5 20 0.14 0.05
RTMC(181C) Asn Arg Phe Gin Cvs 0.05 1.4 5 56

* Iahibitor susocptibility was determined by plaque roduction assay in HT4LacZ-1 cefls.

Larder, B.A, Antimicrob. Agents Chemother. 1992: 36:2664-2669
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TABLE 3. Inhibitioa o mutant RT activitics by Q-TIBO* -

KT activity  C-TIBO inkibition

HEV-1 KT gemorype (% olwid type)  (ICs [uM])
Wild type 100 0.4
nsIC 8 10 -
LV . ” 0.7
L74V Y181C 100 9-
L4V T215Y 2 0.4
L74V T215Y Y181C 100 7~
ML T215Y TR 54 ND
D67N K70R T2Z15F K219Q s0 0.7
Dé67N K70R T21S5F K219Q Y181C 53 7 .
“ KT activity im £ coli lyssscs infocted with M3 clores wis determised by

¥

waing poly(rA) - oligo(dT) as the primerscmplace asd PHITTP 2s the

srse. Inkiicon of RT activity by O-TIBO was assemsed

ﬂm-mw)ummmmmmuum.
, Bot dome.

Larder, B.A. Antimicrob. Agents Chemother. 1992: 36:2664-2669.
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TABLE 2. ECys of the test compounds for HIV-1(T11) isolated mepmmd!he}ﬂv-ldpedﬁcinhhimmhpine.m*.m

TSAO-w’T a3 ginglc agentyorin combinat
JL EC,q (ng/ml)
Compousd No dreg Nevinupine BHAF TSAO-’T + BHA!' Nevirapie + BHAP
1* 2 3 i 1 3 1 2 3 1 2 b ]

. (83
TSAO-T 0.03 0.50 0.7 19344 007 006 007 10 1.4 048 0.75 0.63
TSAO-m*T 0.03 087 090 25 ‘g 004 004 004 0N 095 04 070 075
TSAC-€T 0.0 43 14 % v 03 0D 008 LS 30 8 PL] 14
Nevirapine 0.03 12 L1 2377 004 003 004 19 3.0 71)) 0.75 1.75
Pynidinoac 0.007 0.24 0.08 0u 3‘; 015 012 0w 58 10 %) s0 7.0
TIBO REZ1I 0.07 050 0.8 050% 042 o041 027 013 0.37 Q.43 11
BHAP .0 020 020 0400 027 06 25 L1 13 13 1.1 11

-memmumdmhmumummamnw.rsm-’rplunm.um

pnﬂuumwwn.o.swmnuu,yumu
* Passage ammber of HIV-1{1lly) ccils.

Balzarini, J. et al. J. Virol. 1993: 67: 5353-5359.
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TABLE 1. Emergence of isolates of HIV with reduced
ussceptibility and resistance muiations with nevirapine therapy”

Cumulative proportion with:

WY, of
thevaps Reduced Known resistance -

e suscepritiiity mction™ - Either
! n k4]

1 1214 63 115

4 13726 1321 24704

8 32 b % 1] 3313
212 8738 3893 asns

“ Table combings results from 24 pRLIENts POCCRANE AEVICUMINE TROROL .
and 14 paticwis receiving combination therapy with AZT.

* Mutations idemtibed:  KIDON. VI0AA. VHEIL YIXIC, YiMIS YissL
YI88H. YI88D, GI90A. GINS. GIML The efiects of some aliclic vatiaiom
(ie.. 188D, 190S, and 190L) on 1he susceptibiliy in nevitapine have Aot bivn

falty charsnuerived by site-direcied mutagenrsis

Richman, D.0. J. Virol. 1984: 68: 1660-1666.
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TABLE 3. Effect of concomitant therapy with AZT on the patiern
of nevirapine resistance mutations

Sk of pati with isolstes drveioping
No. of patienss ﬁmwm

Treatment CTamintd of RT.

103 106 108 (1] 1} 1%
Nevirapine 24 B3 o0 8 év 9) 8 17
monotherapy
Nevirapine 14 714 0 0 s s
plus AZT

Richman, D.D. J. Virol. 1994: 68: 1660-1666.
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Table ). In vitro suscepribilitics t0 nevimpine and mutations of HIV isolatex from patients given

400 mg of nevirapine.

'C”dmf
(mM)
Mean nevirapine

Fatient Rawcline Followup® .. Mutation' trough (uAf)
Rapondens

1 0.019 4.0(2and 14) 210y YIRIC/YIZSL 137

{mixed population )

2 <0.01 40¢12) {ooK  YIBSL 16.3

3 Q.043 NA 18.4

4 0.15 17(6) SOx  YuC 29.0

s 0019 >50(4) 241x KIOIN.YISIC 208

[ 0.0} 08 srox  YINC 18.7

7 0.1 () qop  KIOXS. YINC 17.6

8 NA NA 26.3
Nonresponders

9 0.0% e1ey WX Gies 1.9

10 0.07 S8 g YIMC 12.4

NOTE. NA = notavailable.
* Numbers in parentheies are weeks on Revicz pine.

* Firkt hetter reprasents pretneatment. wild type amino acid. Number represents amino acid residuc of reverse
tanscripase. Sccond leuier indiczies muant aming acid a1 raidue. C = cysicine, G = glycine, K = lysine, L =

leucine. N = asparagine. S = serinc. Y = Ivtosine.

Havlir, D. et al. J. Inf. Dis. 1995: 171: 537-545.
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Table I susceptibility of virus isolates to nevirapine.

Faseline HIV "INA Works afier Nevirapine IC,,
Patient copres/m/. theeapy initisted (i)
t is0 &0 16
2 00 [ )é
) 200 12 .0
5 400 12 >3
[ 400 4 0.l
7 1000 12 63
] 1200 $ 73
9 4900 12 >31.6
10 1500 12 0.12
] 39.000 s 7.0
12 45,000 | 6.0
13 32,500 12 to
14 £2,000 M >0
1% 135,000 12 >J8
16 212,500 4 1s
17 360,000 12 >0

Haviir, D. et al. J. Int. Dis. 1995: 172: 1379-1383.

Beanling /€5 ¥ c.o0qynm
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TABLE 1. SOX MONTH RESISTANCE ACCORDING TO STUDY GROUP AND ComPuaNnCE

N 1046 CanaDIAN PATIENTS

Treatment=ZDV+«NVP
Study Drug interruptions 6 Month Resistance
ID Any 4 weeks aunng 4 weeks Betwoon 16- VISl AZTICyh NVPIC, DDIIC,,
first 6 months-1° 28 weoks-2*
16 N/* N/ 10 0.1 >20.0 3
26 NVP./DV DV [ 0.4 >20.0 2.8
31 N/I N/I 17 0.007 >20.0 1.5
S0 N/I N/I 10 0.25 >20.0 1.8
Treatment=ZDV.+ddl
Study Drug Intemuptions 6 Month Resistance
iD Any 4 weeks during 4 weeks Batwoon 18- VIST  AZTIC,, NVPICg, DDIIC,
first 6 months 28 weok:
4 N/ N/ ‘ 10 0.007 0.03 08
6 ddlLZDVv ddlZDV i0 0.02 0.035 2
35 N/I N/ 10 0.15 G.2 15
37 dadi adl 10 0.01 0.2 4.5
4] N/ N/I 10 0.08 0.03 2
45 N/I N/ 16 0.16 0.22 5.5
46 DV DV 10 0.05 0.07 2
49 ddi ddl 8 0.0009 0.018 0.1
Troutment=2DV+ddi+NVP
Study Drug Interruptions 6 Month Resistance
1D Any 4 weeks during 4 wooks Between 14- VISIT  AZTIC,, NVP ICqy DDIICe,
first 6 months 28 wooks
3 N/ NA 10 0.01 0.052 1.5
<G dagi v OV 10 0.0i »20.C I 4
24 M/l N/I 10 - 006 0.12 5
34 ddt ddi 10 0.05% >20.0 0.45

1" The study drug v.as no: 10ken for ot least 4 consecutive weeks during the first 6 months on

study |

2" The study drug was not token for at least 4 consocutive weeks between 16-28 weelks on

study.

“N/l= NO Internuphon

Viramune, NDA 20-636
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