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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW OCT | 6 1998

NDA: 20636 (SE1-009) REVIEWER: Vanitha J. Sekar, Ph.D.
20933 , FORMULATION: 50 mg/5ml suspension .

DRUG: Nevirapine SUBMISSION DATE: March 9, 1998
SPONSOR: Boehringer Ingetheim April 20, 1998
TYPE: Pediatric supplement, LOGGED IN: 3/19/98, 5/1/98

Pediatric suspension DRAFT REVIEW: 6/15/98, 8/6/98, 8/15/98,
FINAL REVIEW: 10/16/98 10/16/98

BACKGROUND: Viramune® (Nevirapine, 200 mg tablets) is indicated for use in combination with
other antiretroviral agents for the treatment of HIV-1 infection. The current recommended dose for
nevirapine is 200 mg qd for the first 14 days, followed by 200 mg bid, in combination with
antiretroviral agents. Nevirapine is readily absorbed (>90%) after oral administration in healthy
volunteers and in-adults with HIV-1 infection. Peak plasma concentrations (2 + 0.4 yg/mi) are
attained by 4 hours following a single 200 mg dose. Following multiple doses, peak nevirapine
concentrations appear to increase linearly in the dose range of 200 to 400 mg/day. The
absorption of nevirapine is not affected by the presence of food or antacids. Nevirapine is highly
lipophilic and is widely distributed to tissues. It is approximately 60% bound to plasma proteins in
the concentration range of ~= _ [n-vitro and in-vivo studies with nevirapine suggest that it
is extensively biotransformed via cytochrome P450 (oxidative) metabolism to several hydroxylated
metabolites. /n-vitro studies indicate that metabolism of nevirapine primarily occurs by the CYP3A
enzymes. Elimination occurs primarily via renal excretion of glucuronidated metabolites. '
Nevirapine has been shown to be an inducer of cytochrome P450 metabolic enzymes. The
pharmacokinetics of auloinduction are characterized by an approximately 1.5 to 2 fold increase in
the apparent oral clearance of nevirapine as treatment continues from a single dose to two to four
weeks of dosing with 200-400 mg/day. Autoinduction also results in a corresponding decrease in
the terminal half-life of nevirapine in plasma from approximately 45 hours (single dose) to
approximately 25-30 hours following multiple dosing with 200-400 mgf/day. The most frequently
reported adverse events associated with nevirapine therapy in patients undergoing combination
therapy in Phase [/li controlled frials was rash (17%). Other less frequently reported adverse
events include fever, nausea, headache, and abnormal liver function tests.

Pediatric safety, pharmacokinetic and some activity data are described in this supplement (NDA
20636, SE1-008) to support the use of nevirapine in pediatric patients. The pivotal study
{1100.882) includes pharmacokinetic, safety, tolerance and activity data of nevirapine alone and
in double or triple combinations with nucleoside analogs, The issues of duration of exposure and
larger patient numbers are being addressed by a long term open-iabel follow-up study 1100.892,
and a comparative study ACTG 245. Additional supportive pharmacokinetic data are provided
from other studies. '

NDA 20933 was submitied for the approval 6f the suspension formulation. The pivotal
bioequivalence study was 1100.1231. Additional supportive data are provided from other studies.

APPLICANT’S RATIONALE: The primary reason for developing pediatric dosing for nevirapine
is the scarcity of therapeutic options available for children with HIV. In an effort to streamline the
first multiple dose pediatric trials, both monotherapy and combination therapy with zidovudine
{ZDV) were to be studied in a single trial (1100.882). When the emergence of reduced nevirapine
sensitivity was identified in isolates from treated adult patients, the pediatric trial had included only
3 children. The trial was halted while adult data were examined and a plan developed for future
trials. The pediatric trial was subsequently restarted with some adjustments in the doses based
on the data available in adults. As children who entered the trial on monotherapy began to fail,
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their therapy was supplemented by the addition of other drugs. As the trial continued, double
therapy with ZDV and nevirapine (NVP) was introduced simultaneously in a group of children. As
the trial progressed, in keeping with current clinical practices, the protocol was amended to allow
for initial treatment with three drugs. Efficacy data are limited and were collected from this smali
cohort in the study. This application is predominantly based on safety and pharmacokinetic data
to support the recommended administration of nevirapine in the pediatric population.

STUDY SUMMARIES:

A. Study 1100.853: " A Single Rising Dose Pharmacokinetic Phase | Evaluation of Nevirapine
Suspension by Oral Administration in Children with HIV-1 Infection

This was an open label, parallel design Phase | study in @ HIV infected children to evaluate the
tolerance and pharmacokinetics of nevirapine following single doses of a pediatric suspension.
Children between the ages of 9 months and 14 years received single doses of nevirapine
suspension (Lot PD.1145) at one of 3 dose levels: 7.5 mg/kg, 30 mg/kg and 120 mg/kg (n=3 per

dose level).

Results: Mean plasma concentration-time profiles and mean pharmacokinetic data for the three
dose levels of nevirapine suspension are shown below.
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Pharamacokinetic parameters presented as Mean (SD)
Dose Dose Cras Trax (1) AUC» Lz (hr) CVF (ml/myfhr) CUF (ml/kgrhr)
(mg/m?) {ma/kg) {ng/mi) {ng/mi*hr)
7.5 (n=3) 0.26 (0.05) | 268.7 1.7¢0.6) | 9151.3(1687.1) | 341 840.7 (172.1) 30.1 (12.5)
(68.2) {15.4)
30 (n=3) 1.17 (0.25) 724.0 2.0 (0.0) 30233.7 28.3 1017.2 (192.5) 406 (16.1)
(167.8) (5912.1) (11.6)
120 (n=3) 4.91 (0.61) | 2869 3.3(1.2) 1351373 29.4 888.6 (28.1) 6.3 (3.5)
(233.1) {4214.3) (3.6)

Cmexand AUC, increased proportionally to the doses administered. The average terminal half-
life across doses was 30.6 = 10.2 hours. Historical comparison of the single dose
pharmacokinetic parameters for nevirapine suspension in HIV infected children to those in adults
from another study (1100.896) was performed. The results suggest that the apparent clearance
of nevirapine in children foliowing a single dose is approximately 2 fold higher than that in aduits.
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Study No. Group Age (vesrs) Dose Range TCwF (mi/kg/hr) Tyg (hr)
1100.853 children 0.75-14 7.5-120 mg/m? 357%113 30.6 £10.2
{n=9) suspension
1100.896 adults 18-34 50-100 mg 18.8+4.0 453192
(n=15) suspension and tablets

BEST POSSIBLE COPY

Pooling of pharmacokinetic data following suspension and tablet administration is acceptable
since the applicant has demonstrated bioequivalence of the two dosage forms.

The apparent clearance and half-life for nevirapine in children appeared to be related to age, with
clearance decreasing as a function of age and half-life increasing with age.
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The linear equation appears to describe the data for children older than 5 years of age better than
it does for children:less than S years of age. Pooling of suspension pharmacokinetic data from the
adult study (1100.896) with this pediatric study suggests that nevirapine CI/F and T,, following a
single dose for children $-14 years of age is more similar to that in adults than to the CL/F and T,
in children 0.75-5 years, following a single dose.
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B. Study 1100.882: "Pharmacokinetics, Safety, Tolerance and Activity of Nevirapine Alone, In
Combination with ZDV and ddl in Mildly to Moderately Symptomatic HIV-1 Infected Children.”

This multiple dose study was designed to cautiously proceed from lower nevirapine doses to
higher doses, monotherapy to combination therapy, and older children to younger children.
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Patients received NVP monotherapy, double therapy (NVP/ZDV), and the triple combination of
nevirapine, ZDV and didanosine (ddl) . According to the final amended protocol, patients were to
receive nevirapine 120 mg/m? for 28 days followed by nevirapine 240 or 400 mg/m?, based on age
for the remainder of the study. Pharmacokinetic sampling for nevirapine included serial sampling
over 24 hours and/or single measurements of trough concentrations under steady-state
conditions. Pharmacokinetic analysis included 35 patients and was performed using the
NONMEM program. The effect of covariates such as age, body surface area (BSA) and body
weight (BW) on nevirapine clearance and volume of distribution was explored. The analysis
suggested thal the covariates log BSA and log BW explain the inter-individual variability in
nevirapine clearance to a similar extent.

Final nevirapine PK parameters derived from log BSA {body surface area) modal

Parameter Estimate + SE Interpatient variability (%)
TVCL (Uhr) = 0,=2.39+0.134 19.4
0,40, x log,, BSA 0,=3.17£0.267
TVV (L) = 0,+0; x BW 0,=27.7+154 - 30.5
9,215.4 £0.473

Body surface area increased proportionally with patient age (r°=0.93). Nevirapine clearance
adjusted for BSA showed a nonlinear relationship with patient age. The log BSA model indicated
that nevirapine clearance adjusted for BSA in infants (2.2+0.5 U/m?hr) and children older than 4
years (2.0+0.6 Um¥hr) was different from that in children between the ages of 1 and 4 years
(2.7+0.5 L/m%hr). The mean values for the nevirapine terminal haif-life changed with nevirapine

clearance.

Final nevirapine PK parameters derived from the log BW (body weight) model

Parameter Estimate % SE Interpatient variability (%)
TVCL (/hn = 0;=-1.15+0.149 18.1
0,48, x log,; BW B,=227 £0.182
TVV (L) = 0,40, x BW 0,=24.7=%144 243
0,=1.46 +0.51

Body weight increased proportionally with patient age (?=0.86). Nevirapine clearance adjusted
for BW showed a nonlinear relationship with patient age. The log BW model indicated that
nevirapine clearance adjusted for BW in infants (110+23 mUkg/hr) was similar to that in children
aged 1-4 years (120+22 murskg/hr) and children 4-8 years (102+17 ml/kg/hr). This model
suggested that children older than 8 years has significantly lower ciearance (50410 ml/kg/hr)
compared to the other 3 age groups. The nevirapine terminal half-life changed with nevirapine
clearance.

The applicant submitted a graph of nevirapine apparent clearance versus age (shown on the left
panel below). This graph contains more than one observed value of clearance per child. The
applicant was requested to present actual clearance values by treatment day for each patient.
The graph was plotted with the first observed clearance in each patient versus age (shown on the
right panel below). Nevirapine apparent clearance reaches a maximum by ages 1-2 years, and
then decreases with age. Nevirapine apparent clearance in children less than 8 years of age (50
-100 ml/kg/hr) is at least 2 fold greater compared to adults.
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The applicant's proposed dosing regimen is: 4 mg/kg qd for 14 days followed by 7 mg/kg bid. for
children 2 months to 8 years; 4 markg qd for 14 days foliowed by 4 mg/kg bid. for children older
than 8 years. In support of their proposed pediatric dosing regimen, the applicant has compared
average nevirapine steady state concentrations (Css) in adults to those predicted in children. The
average Css in adults taking nevirapine 200 mg bid was 5.5 + 2.2 ng/ml. The applicant has made
predictions of average Css in children using dosing regimens adjusted for body weight, because
of the convenience of the use of body weight as opposed to body surface area. The applicant's
proposed conversion of the dosing regimen (from BSA to body weight adjusted) seems to be
reasonable. However, it should be noted that the current experience with nevirapine
administration is based only on body surface area. A dose of 7 mg/kg if age <8 years, 4 mg/kg if
age 28 years should result in Css vaiues in children in the range of 3 -8 ug/ml which is simifar to
those seen in adults. Plots of observed Css in children from this study vs. the body weight
corrected dose(s) received are shown below (for Age <8 years and Age >8 years). These data
suggest that doses based on the proposed regimen should result in exposures in children that are
similar to those observed in adults. The proposed pediatric dosing regimens were selected in
order to achieve steady-state plasma concentrations in children that approximate those in adults.
The proposed dosing regimen recommends a 14-day lead-in period rather than the 28-day period
that was used in the study. In adults, a 14-day lead-in period is used. The applicant will continue
to evaluate safety following a 14-day lead in period in another ongoing pediatric trial with
nevirapine.
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C. Study 1100.896; " An Open-Label, Randomized, 4-way, Crossover Study to Assess the
Relative Bioavailability of Nevirapine in 16 Healthy Male Volunteers™ (Study 1100.896) : This study
was reviewed by Biopharm reviewer, Dr. Chandra Sahajwalia (Refer to NDA 20-636 Biopharm
review on file in HFD 880, Division of Pharmaceuticatl Evaluation 3).

This was an open label, randomized, four-way crossover study (14 day washout period)

in 15 healthy males (14 completed the study) to assess the relative bioavailability,
pharmacokinetics and tolerance of nevirapine. Four formulations were compared: 100 mg of
solution with nevirapine powder (0.25 mg/mi in - ——— 1); 100 mg suspension (5
mg/ml); and 100 mg doses of two different tablet strengths (50 mg x 2 and 100 mg x 1). The
results showed that the relative bioavailability of the suspension and the two tablet formulations
were all within 90% to 110% of the solution. There were no significant differences in AUC
between the tablets and the solution. However, C,.., was significantly lower and mean T, higher
for the suspension and two tablet formulations compared to the solution. This was a pilot study to
evaluate the relative bioavailability of different nevirapine formulations for future development.

D. Study 1100.1213: “A single dose, 3-way crossover study in normal adult volunteers fo assess-

the bioequivalence/bioavaifability of nevirapine suspension (NDA batch; proposed commercial
formulation) compared to nevirapine suspension (clinical batch) and nevirapine 200 mg tablets

(commercial batch).”

This was a single center, open label, randomized, three way crossover single dose study in 24
healthy aduit volunteers (21 completed the study) to assess the bioequivalence/bioavailability of
nevirapine (pivotal study). The three study treatments were: nevirapine suspension (20 ml of 50
mg/ml, clinical batch Lot PD-1586, treatment A), nevirapine suspension (20 mi of SO mg/Sml. NDA
batch Lot PD-1714, treatment B) or 200 mg tablet (commercial batch Lot PD-1749, treatment C).
There was a 2 week washout period between the three treatments.

Results: Mean plasma concentration-time profiles and mean pharmacokinetic data for the three.

treatments are shown below.
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Pharmacokinetic parameters for the 3 study treatments

Parameter Treatmant A Treatment B (TEST) Treatment C
{elinical suspension) {proposed commercial suspension) (tablet)
Mean (SO} Mean (SD} Mean (SD)
AUC,.- (pg.himl) 107 (24) 106 (22) 129 (29)
Cora (RE/mMI) 1877 (326) 1625 (283) 2097 (360)
Torne (BT} 3(M 3IM 5 (10)

* Excluding Subject 9320 (L.,, =48 hr becausa lhe secondary peak was higher in concentration than the primary peak),
the mean (SD) for t,,,, for this treatment (tablet) = 3 (2)
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90% Confidence intervals for Log-transformed Pharmacokinetic Paramelers

Computed Parameter Clin Susp/Tablet - NDA Susp/Tablet NDA Susp/Clin Susp
(A/C) (B/C) (BIA)
INAUC,.- ' (81, 86): Pass (79, 87). Fail (93, 103): Pass
(on low side)
NCrnye (33, 95) : Pass (73, 83); Fail (81.93). Pass
{on low side) (on low side)

_ The data from this study demonstrate that the proposed commercial suspension is bioequivalent
to the clinical batch suspension. However, the proposed commercial suspension has lower
bioavailability compared to the commercial tablet. The applicant attributes this to the mode of
administration of the suspension (30 cc cups were used and the suspension was not rinsed out
following administration). The applicant recommends -

. JUOPRE s -,

Since the NDA suspension (50 mg/mi) was shawn to have a lower bioavailability compared to the
commercial 200 mg fablet in this study (Study 1213), the sponsor carried out a second
bioavailability study (Study 1231) comparing a 50 mg/Smi NDA batch suspension (proposed
commercial formulation) to the commercial tablet. This study is described below.

E. Study 1100.1231: “A single dose, 2 way crossover study in normal adult volunteers
to assess the bioavailability of nevirapine suspension (Lot PD-1713R) relative to commercial
nevirapine tablets (Lot NS-857A)."

This was a single center, open label, randomized, two way crossover single dose study in 18
healthy adult volunteers (17 were included in the pharmacokinetic analysis) to assess the
bioavailability of nevirapine suspension . Subjects were randomized to receive nevirapine
suspension (20 mi of 50 mg/5mi) or 200 mg tablet, to be followed 3 weeks later by the opposite
treatment.

Results: Mean plasma concentration-time profiles and mean pharmacokinetic data for the two
treatments are shown below.
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Pharmacokinetic parameters for the study treatments .
Parameter Treatment A (suspension) Treatment B (tablet)

Mean (SD) (n=17) Mean (SD) (n=17)
AUC,. . (pg.nmi) 128 (29) - 130 (31)
) 3021 (377) » 2351 (497)
Troe () T35m 210
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90% Confidence Intervals for Log-transformed Pharmacokinetic Parameters

Computed Parameter (Reference/Test)
90% Ci (n=17)*

AUC, - (95, 103)

INCaa . (82,91)

The 90% confidence limits for C,,, and AUC,.. passed the (0.8-1.25) criteria. These data also
indicate that the T,,, for the suspension appears to be significantly longer than that for the tablet,
suggesting that the suspension may take longer to absorb relative to the tablet. However, this is
not likely to be clinically significant because of the long half-life of nevirapine, and because the
Cne I8 NOt significantly affected. The data from this study demonstrate that the suspension is
bioequivalent to the commercial 200 mg nevirapine tablet.

DISSOLUTION METHOD FOR NEVIRAPINE SUSPENSION (50 mg/S mi): The dissolution
method developed for nevirapine suspension 50 mg/5 ml uses USP Apparatus Il, paddles at 25
rpm, in 900 mL of 0.1 N HCI medium, with quantitation ———=

Applicant’s proposed dissolution specification: Q= «* in 45 minutes. Review of the dissolution
data method suggests that the applicant’s proposed method is acceptable, however the
dissolution profiles support a specification of Q ==~ in 45 min. This was conveyed to the
applicant and was agreed upon.

CONCLUSIONS: The applicant has provided adequate information in this supplement to permit
the evaluation of the pharmacokinetics of nevirapine in pediatric patients. The applicant’s
proposed pediatric dosing regimen is: 4 mg/kg qd for 14 days followed by 7 mg/kg b.i.d. for
children 2 months to 8 years; 4 mg/kg qd for 14 days followed by 4 mg/kg b.i.d. for children older
than 8 years. The doses selected are acceptable. This regimen will be reevaluated when safety
date are available from study ACTG 245 The clinical trial was conducted using a dosing regimen
based on body surface area using 2.5, 12.5, 50 and 100 mg nevirapine tablets (not approved) and
5 mg/mi and 10 mg/ml nevirapine suspension (NDA submitted for 10 mg/mi strength). - The 10
mg/ml suspension was found to be bioequivalent to the commercially available 200 mg nevirapine
tablet.

RECOMMENDATION: The pharmacokinetic -studies provided as part of NDA 20636, SE1-009
provide an understanding of the pharmacokinetics of nevirapine in the pediatric population. The

information submitted as part of NDA 20833 is adequate to support the approval of nevirapine
suspension (50 mg/5 mi).

LABEL: A copy of the approved label is on file in the Division of Pharmaceutical Evaluation .

APPEARS THIS WAY
ON ORIGINAL
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Concurrence: Kellie Reyndlds, Pharth.D.
Acting Team Leader, Antivirai Drugs Section, DPE (il
Office of Clinical Pharmacology and Biopharmaceutics
cc: HFD-530 NDA 20636 (SE1-009)
NDA 20933 ‘
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A. étudy 1100.853: Title: " A Single Rising Dose Pharmacokinetic Phase 1 Evaluation of
Nevirapine Suspension by Oral Administration in Children with HIV-1 infection.”

investigators:

Objectives: The objectives of this study were to 1) generate initial information on the
pharmacokinetics and dose proportionality of nevirapine plasma levels in HiV-infected children, 2)
to assess the safely and tolerance of single rising oral doses of nevirapine suspension in HIV-
infected children, and 3) to confirm that the single doses which achieve trough plasma levels of
approximately 10-30 x ICg,, 100-200 x IC4, and 200-500 x ICg, in aduits 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.

Subjects: A total of 10 subjects were screened for enroliment into the study. Nine of these
subjects qualified for the study based on inclusion and exclusion criteria. Although subjects were
to be 13 years or less, one subject who was 14 years old was enrofled in the study. Three.
subjects.were assigned to each nevirapine. dosage group of 7.5, 30 and 120 mg/m?, respecﬁvely

All nine subjects completed the study. The demographic data are presented below.

SubjNo. . | Dose {mg/m?) Age (years) Gender Race Baseline body wt (Ibs)
301 75 . 14.4 M White 113.0

302 75 0.7 M Hispanic 19.4

303 7.5 3.2 M White 315

304 30 73 F Black 56.0

305 30 . 1.9 F Hispanic 18.6

306 30 8.9 M Hispanic 76.0

307 120 1.1 M White 68.0

308 120 5.2 F Mispanic 355

309 120 0.8 M Hispanic 18.8

Study Design: This was an open label, paraliel design Phase | study in 9 HIV infected children.

Formulations: Nevirapine suspension (25 mg/Smi) containing nevirapine {active ingredient),
. carbomer {=mma polysorbate 80, sorbitol < 1, sucrose, methylparaben, propylparaben, sodium
hydroxide and water.

Pharmacokinetic Sampling: 2 ml blood samples were collected predose, and 1, 2, 4, 8, 24, 48,
96, and 168 hours after drug administration.

Bioanalytical Method: Plasma samples were analyzed for nevirapine concentrations using a
validated ~—==m=s with ultraviolet detection. The applicant states that the validation studies -
have been previously presented in an unpublished report, DM-9208, which is listed as ‘in
preparation’. Since the data have not been submitted as part of this submnssnon the bioanalytical
vahdatlon results for this study have not been reviewed,

Data Analysis: The measured plasma concentration values were used to compute the following
pharmacokinetic parameters: T,..,. Crnaee AUC, .. Ty, and CIF. Dose proportionality plots for AUC
and C,,, were constructed. An analysis of variance (ANOVA) was performed to determine a best
fit fine (quadratic or lingar) through the data.
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Results: The mean plasma concentration-time profile for nevirgpine following a3 single dose

suggested that peak concentrations occurred approximately 2 hours post-dose.

individual pharmacokinetic parameters are shown below.
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Pharamacokinelic parameters presented as Mean (SD)
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Dose Dose Conar Trax (M} | AUC tiz (hr) CUF (mg/mi/hr) | CUF (mgfkg/hr)

(mg/nr?) {mpikg) {ng/mi) {ng/mi*tr) 4

7.5 (n=3) 0.26 (0.05) | 268.7 1.7(06) | 9151.3(1687.1) | 34.1 840.7 (172.1) 30.1 (12.5)
(68.2) : (15.4)

30 (n=3) 1.17 (0.25) | 724.0 2.0(0.0) | 302337 283 1017.2 {192.5) 406 (16.1)
(167.8) (5912.1) {11.6)

120 (n=3) 4.91(0.61) 2869 3.3(1.2) 135137.3 294 888.6 (28.1) 363 (3.5
(233.1) (4214.3) (3.6) '

Individual Nevirapine Pharmacokinetic Parameters
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The data suggest that C,.,, and AUC increased proportional to dose. The doses of nevirapine
used in this study corresponded {0 adult doses of 12.5 mg, 50 mg and 200 mg. In another adult
study conducted by the applicant, in HiV-infected aduits, using single doses of 12.5, 50 and 200
mg nevirapine, dose proportionality was observed in the dose-range studied.. Plots of C,,, and
AUC versus dose which are shown below suggést a linear relationship between the parameters
and dose. The applicant has performed an ANOVA of fitted linear and quadratic regression
models to the AUC data. The applicant conciudes from this analysis that this ANOVA
demonstrated a preferred linear fit (p<0.0001) over the quadratic fit, suggesting dose

proportionality and linear pharmacokinetics throughout this dose range. Although, an ANOVA -

comparing dose normalized C,,. and AUC may have been more appropriate to analyze the data,
the reviewer agrees that the data suggest dose proportionality in this dose range.
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The mean peak concentrations achieved at the 3 dose Jevels and their relationship to the in-vifro
IC5, against HIV-1 are shown below. Peak concentrations were achieved between 1 and 4 hours
after drug administration.

Dose (mg/m?) Consngfml) x ICy
75 289 25
30 753 71
120 2869 271

Results from this study suggest that.the apparent clearance and half-life for nevirapine in children
appear to be related to age. Clearance decreases, and half-ife increases with age. Peak
concentrations of nevirapine appear to be higher in younger children at each dose level.
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The applicant has attempted to fit the data to a linear model. For CIF versus age, the linear
correfation appeared higher when clearance was adjusted for body weight (r=0.57) than when
clearance was adjusted for body surface area (r=0.3). The correlation coefficient, r, for the linear
relationship between T,,, and age was 0.73. Patient 302, an infant (9 months) was an exception;
the infant had active hepatitis during the trial and had a lower clearance and longer T, for
nevirapine compared o the other 2 children less than 1 year of age. The linear equation appears
to describe the data for children older than 5 years of age belter than it does for children less than
5 years of age.

The applicant has made historical comparisons of the pharmacokinetic parameters for nevirapine
suspension in HIV infected children from this study to those in adults (following tablets and

" suspension) from another study (1100.886). The pooling of data following tablets and suspension
seems reasonable since the applicant has demonstrated bioequivalence of the two formulations.
This comparison suggested that the apparent clearance of nevicapine in children following a single
dose appears to be approximately 2 fold higher than that in aduits.
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Study No. Group Age (years) Dose Range CUF (mifkg/hr) Ty (N6
1100.853 children 0.75-14 7.5-120 mg/m* 357113 30.6 +10.2
(n=9) suspension
1100.836 adults 18.34 50-100 mg | 18840 453192
(n=15) suspension and tablets N

Pooling of suspension pharmacokinetic data from the adult study (1100.886) with this pediatric
study suggests that nevirapine CI/F and T,,,, following a single dose, for children 5-14 years of
age is more similar to that in aduits than to the CLIF and T, in children 0.75-5 years.
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Conclusions: The results suggest that the pharmacokinetics of nevirapine in children are
different from those in adults following a single, oral dose of suspension. The disposition time of
nevirapine in children is less than in adults as evidenced by a decreased AUC, increased CI/F and
shorter terminal T, at comparable doses.

B. Study 1100.882:- “Pharmacokinetics, Safety, Tolerance and Activity of Nevirapine Alone,
in Combination with ZDV and dd! in Mildly to Moderately Symptomatic HIV-1 Infected Chiidren.”

investigators: . ‘__/

Objectives: The objective of this study was to evaluate the safety, tolerance, pharmacokinetics,
and activity; as determined by changes in virologic, immunologic, and growth parameters, of
nevirapine alone, nevirapine in combination with Zidovudine {ZDV), and the triple combination of .
nevirapine, ZDV and didanosine (ddl) in mildly to moderately symptomatic HIV-1 infected children
between the ages of 2 months to 15 years

Subjects: Thirty seven patients were enrolled in the study: 11 subjects received only nevirapine
monotherapy during. the study, 17 received double thérapy and 9 received tripie therapy. Ten of
the patients who received double therapy started out with monotherapy. The number of patients
(included in the pharmacokinetic analysis) per age group was: 2 months ~ 2 years: 21 patients (of
these 9 were < 6 months); 2-4 years: 4 patients; 4-8 years: 3 patients; 8-16 years; 7 patients. -

Summary of Patients in Treatment Regimens

Treatment Regimen individual Patients in Regimen Group Total Number  of
Patents
Monotherapy (NVP alone} : 501, 541, 542, 601, 621, 622. 644, 645, 646, | 11
1702.1723
| Double Therapy (NVPIZDV) 1707, 1703, 1721, 1722, 1724, 1741, 1742, ) 17

1743, 1744, 1745, 1746, 1781, 1782, 1801.
‘ 1502, 1803, 1804

Triple Therapy (NVP/ZDV/ddi) 3701, 3702, 3721, 3731, 3741, 3742, 3743 | 9
: 3744, 3745 .
Total B ] 37 )
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Of these, 30 patients completed the study. Seven patients (601, 622, 1703, 1745, 1746, 1782,
3701) were discontinued prematurely. Two of the 7 patients discontinued due to events
“considered 10 be nevirapine-related. Thirty-five subjects were included in the population
pharmacokinetic analysis. Of these, 21 subjects had serial plasma samples taken over a 24-hour
sampling period. The remainder of the database was comprised of steady-state nevirapine trough
concentration values (single concentration measurements). The 2 patients who were excluded
from the pharmacokinetic analysis did not have any steady state plasma nevirapine
concentrations that could be correlated with a known dose, regimen, body surface area and body
weight on the day on which the samples were taken.

Study Design: The study was an open fabel, multicenter study in which patients were treated for
28 to 32 weeks, depending on their treatment regimen. The study was designed to cautiously
proceed from lower nevirapine doses to higher doses, monotherapy to combination therapy, and
older children to younger children. - Patients received NVP monotherapy. double therapy
(NVP/ZDV), and the triple combination of nevirapine, zidovudine (ZDV) and didanosine (ddl) .
According to the final amended protocol, patients were to receive nevirapine 120 mg/m?day for 28
“days, followed by nevirapine 240 or 400 mg/m?, based on age, for the remainder of the study.
(Patients <9 years of age received 200 mg/m?/bid.and those >9 years received 120 mg/m?/bid).

Formulations: Nevirapine was supplied by BIP! in both a suspension and tablet formulation. The
suspension formulation of nevirapine was supplied at a concentration of 5 mg/m) and 10 mg/ml.
Nevirapine tablets were provided in strengths it )

" Thirty three patients received nevurapme suspensnon
22 received only the to-be-marketed 10 mg/mi strength. 7 received only the 5 mg/mi strength
(found to be bioequivalent to the 10 mg/ml strength) and 4 received both strengths. One of these
patients also received tablefs. Four patients received only nevirapine tablets.

Pharmacokinetic Sampling: Biood samples (5 ml) were collected for determination of plasma
nevirapine concentrations, either over 24 hours (serial sampling) or as single measurements
(trough concentrations), under steady-state conditions.

Bioanalytical Method: Plasma samples were analyzed for nevirapine concentrations at
Boehringer Ingelheim Pharmaceuticals inc. using a validaled  esseme with ultraviolet
detection. The analytical method has been described in the reports U93-0662 and 195-3353.
The limit of quantutatlon for the assay et | inearty over the range of ewmemse
e | was indicated by the mean correlation coefficient of 0.9998 obtained from twenty-
nine standard curves over twenty-nine days of analysis. The slopes of the standard curves had a
coeflicient of variation of 5.39%. Over the 29 days of analysis, the precision was better than or
equal to "= and ACCUracy Was -  eeewmsmsammmannst _ml

* quality controls respectively.

Data Analysis: The pharmacokinetic database included patient demographics (age, weight,
height) and information on nevirapine dosing. The purpose of the pharmacokinetic analysis was to
derive a model that would be adequately predictive of nevirapine apparent clearance in the
pediatric population. Nevirapine steady-state plasma concentration-time data were fitted by a one
compartment pharmacokinetic mode! with first order absorption and elimination using NONMEM.
The absorption rate constant k, was fixed at 0.693 hr', based on an observed t,, of
approximately 2 hours following a single dose of nevirapine. Nevirapine apparent clearance (CL)
and volume of distribution (Vd) were modeled by adjusting for patient dermographics.
Interindividual variability in CL and Vd were modeled using an exponential error model according
to the following relationship: CL; = TVCL x exp(n®Y) and Vd, = TWV x exp(n“™) where,
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CL, and Vd; are clearance and volume of distribution for the jth patient, TVCL and TVV are the
typical values of clearance and volume of distribution for the study population and n represents a

random error term for interpatient variability.

For model building purposes, the following criteria were used to evaluate goodness-of-fit: a)
minimization of the objective function (MOF), b) minimization of the standard errors of the
paremeter estimates, theta, c¢) randomness of the scatter in plots of residuals versus Y and
weighted residuals versus Y, d) minimization of the interpatient variability (omega), and e)
minimization in residual variability (sigma).

Results: The simplest model, called the base mode! (CL=#), was compared with various models
incorporating body surface area, body weight and age either as linear or log functions. These
data have been submitted as part of the study report. The applicant also tried power and
exponential functions using the above covariates, but these data. have riot been submitted. The
applicant has attempted to include age as a covariate in the model as a linear function
(TVCL=0,+0, x logswAge) and has concluded that age was not a significant covariate. However,
. the relationship of nevirapine clearance and age is nonlinear in nature. Therefore, the reason that

age was not found to be a significant covariate maybe due to model misspecification. The

applicant has not submitted any data for age as a covariate using any other models.

The analysis suggested that the covariates, log BSA and log BW explain the inter-individual
variability in nevirapine clearance to a similar extent. Utilizing body surface area as the fixed
effect, the final model for nevirapine clearance and volume of distribution lowered the estimate of
interpatient variability from 50% to 19% compared to the base model. Similarly, utilizing body
weight as the fixed effect, the final model for nevirapine clearance and volume of distribution
lowered the estimate of interpatient variability from 50% to 18% compared to the base model.
Utilizing body surface area and body weight as the fixed effect(s) also lowered the objective
function significantly compared to the base model. Examination of the randomness of the scatter
in plots of residuals versus Y and weighted residuals versus Y suggested:that the logBSA and log
BW models are reasonable in explaining the variability associated with nevirapine clearance.

Final nevirapine PK parameters derived from the Base model

Parameter Estimate + SE Interpatient variability (%)
TVCL (L/hr) 2 0, 0,=1.2+0.132 50.1
TW (L) =0, 0,=68.1 +40.0 120.4
Final navirapine PK parameters derived from log BSA (body surface area) model '
Parameter Estimate + SE interpatient variability (%)
TVCL (Uhe) = 0,=219+0.134 19.1
0,40, x log,s BSA B2 3.17 £ 0.267
TW (L) = b+l x BW ;=277 4154 30.5

0,%154+0.473

. Final nevirapine PK paramecters derived from the log BW (body weight) model

Parameter Estimate & SE Interpatient variability (%)
TVCL (/he) = 0y =-11520.142 18.1
0,40, x log,, BW 0,=227+0.182
T VWD) = 0;+0, x BW 0y=247 144 243
0,= 1.46 £ 0.51

Body surface area increased proportionally with patient age (=0.93). Nevirapine clearance
adjusted for BSA showed a nonlinear relationship with patient age. The log BSA model indicated
that nevirapine clearance adjusted for BSA in infants (2.2+0.5 U/m?/hr) and children older than 4
years (2.0+0.5 L/m?hr) was different from that in children between the ages of 1 and 4 years
(2.7+0.5 Um¥hr). The mean values for the nevirapine termina! haif-life changed with nevirapine
clearance. The mean hali-life in infants was 34.1 hr, in children 1-4 years was 21.5 hr and in
children older than 4 years was 23.8 hrs,
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Body weight increased proportionally with patient age (r*=0.86). Nevirapine clearance adjusted
for BW showed a nonlinear relationship with patient age (see figures below). The log BW model
indicated that nevirapine clearance adjusted for BW in infants (110£23 mt/kg/hr) was similar to
that in children aged 1-4 years (120+22 mb/kg/hr) and children 4-8 years (102417 mL/kg/hr). This
model suggested that children older than 8 years has significantly lower clearance (50410
mL/kg/hr) compared to the other 3 age groups. The nevirapine terminal half-life changed with
nevirapine clearance.

The applicant has submitted a graph of nevirapine apparent clearance versus age (shown on the
left panel below). This graph contains more than one observable value of clearance per child.
The applicant was requested to present actual clearance values by treatment day for each
patient. The graph was plotted with the first observable clearance in each patient versus age
(shown on the right panel below). Nevirapine apparent clearance reaches a maximum by ages 1-
2 years, and then decreases with age. Nevirapine apparent clearance in children less than 8
years of age is at least 2 fold greater compared to adults.
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The applicant’s proposed dosing regimen is; 4 mg/kg qd for 14 days followed by 7 mg/kg bid for
children 2 months to 8 years; 4 mg/kg qd for 14 days followed by 4 mg/kg bid for chiidren older
than 8 years. In support of their proposed pediatric dosing regimen, the applicant has compared
average nevirapine steady state concentrations (C,,) in adults to those predicted in children. The
average C,, in adults taking nevirapine 200 mg bid was 6.5 + 2.2 ug/ml. The applicant has made

~ predictions of average C., in children using dosing regimens adjusted for body weight, because
of the convenience of the use of body weight as opposed to body surface area. The applicant's
proposed conversion of the dosing regimen {from BSA to body weight adjusted) seems to be
reasonable. However, it should be noted that the current experience with nevirapine
administration is based only on body surface area. A dose of 7 mg/kg if age <8 years, 4 mg/kg |f
age >8 years results in C,, values equivalent to the dosing regimen of 120 mg/m? bid for age 28
years and 150 mg/m? bid for age <8 years. This relationship suggests that the average C,, in
children will range from 3 —8 pg/ml, using the proposed dosing regimens.

Note: The applicant states that the observed clearance values in the plots were obtained from
single trough concentrations for some subjects and from serial plasma sampling for others. It was
not clear as to how clearance estimates were obtained from single trough concentrations. The
applicant indicated that post-hoc estimates from NONMEM were used.
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The applicant was requested to present trough concentrations and steady-state concentrations by
treatment day for each patient. Plots of observed C, in children from this study vs. the body
weight corrected dose(s) received are shown below (for Age <8 years and Age >8 years). These
data suggest that doses based on the proposed regimen should result in exposure in children that
are similar to those observed in adults. The proposed pediatric dosing regimens are selected in
order to achieve steady-state plasma concentrations in children that approximate those in adults.
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Conclusions: The pharmacokinetic model proposed by the applicant appears to be reasonable
for describing the data obtained in this study, and supports the proposed dosing regimen for
nevirapine in the pediatric population. The proposed dosing regimen recommends a 14-day lead-
in period rather than the 28-day period that was used in the study. In adults, a 14-day lead-in
period is used. The applicant will continue to evaluate safety following a 14-day lead in period in

another ongoing pediatric trial with nevirapine.

C. Study 1100.1213: Title: "A single dose, 3-way crossover study in normal adult
-volunteers to assess the bioequivalence/bioavailability of nevirapine suspension (NDA batch =
e ) compared to nevirapine suspension (clinical batch) and

névirapingmng tablets (commercial batch).”

Investigator and Study Center: U,

Objective: The objective of this study was to assess the bioavaifability of nevirapine suspension
(NDA batch) compared to nevirapine suspension (clinical batch) and nevirapine 200 mg tablets
(commercial batch). .

Subjects: Twenty-four male (10) and female (14) subjects, 19 to 49 years of age, participated in
the study. Of these, 21 subjects completed the study and were included in the pharmacokinetic
analysis. One subject (#9319) discontinued. because of adverse events (bladder pain, wrinary

burning and urinary urgency), one subject (#9317) was dropped due to a positive drug screen,
and one subject (#9308) discontinued for personal reasons). The demographic data are shown.

Study Design: This was a single center, open label, randomized, three way crossover single

dose study. The three study treatments were:
Treatment A: nevirapine suspension (20 ml of 50 mg/mi, clinical batch Lot PD-1586),

Treatment B: nevirapine suspension (20 ml of 50 mg/mi, NDA batch Lot PD-1714),
C:\mydocuments\nda\20636.se1-009, 20933 Draft 5/15/98, 8/6/98. 8/31/98, 9/15/98,
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Treatment C: nevirapine 200 mg tablet (commercial batch Lot PD-1749).

There was 3 2 week washout period between the three treatments., All doses were taken in 3
fasted state.

Pharmacokinetic Sampling: 5 ml blood samples were drawn for nevirapine analysis predose,
and 0.5, 1,2,4.6, 8,12, 16, 24, 48, 72, 96, 120, 144, and 168 hours following each dose.
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. Bioanalytical Method: Plasma samples were analyzed for nevirapine concentrations at
Boehringer Ingelheim Pharmaceuticals inc. using a validated ™ —=“==ems with ultraviolet
detection. The analytical method has been described in the reports U93-0662 and U95-3353.
The limit of quantitation for the assay was === |inearity over the range Of e

~+ was indicated by the mean correlation coefficient of 0.9999 obtained from nine

standard curves over nine days of analysis. The slopes of the standard curves had a coefficient of

variation of 3.12%. The precision was better than or equal to =™ and accuracy was . “meeess
A RS 5, respectively.

Data Analysis: The measured plasma concentration values were used to compute the following
pharmacokinetic parameters: T,,,,. Coaxe AUCy16s @and AUC,,.. The computed parameters were
analyzed using analysis of variance for a crossover design. Terms in the model were sequence,
subject within sequence, period and treatment. Confidence intervals for log transformed AUC, .,
C.a. and T, were determined. Treatment B was the test and was compared to treatment A and
treatrnent C. Statistical analyses were done using SAS procedure PROC GLM,

Results: The computed mean pharmacokinetic parameters are presented below. Mean plasma
nevirapine concentrations are plotted below. There was a statistically significant treatment effect
for the log transformed C,, and AUC,.. Tests for multiple comparisons showed that for: 1)
AUC,.., treatment B (test, NDA suspension) was different from treatment C (commercial tablet),
and 2) C,.. treatment B (test, NDA suspension) was different from treatment C (commercial
tablet) as well as from treatment A (clinical suspension). A statistically significant difference
between sequences was also observed for these two variables; this is probably not clinically

significant.
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Mean Nevirapine Pharmacokinetic Para&wters

Parameter Treatment A - | Treatment B (TEST) Treatment C
(clinical suspansion) (NDA suspension) (tablet)
Mean (SD) Mean (SD) Mean (SD)
AUC,.~ (pg.h/ml) 107 (24) 106 (22) 123 (29)
) Coac (HO/M) 1677 (326) 1625 (283) 2097 (360)
Tonae (1) 3M 3(1) 5 (10)°

* Excluding Subject 9320 (tmax =48 hr because the secondary peak was higher in concentration than the primary peak),
the mean (SD) for t,,, for this treatment (tablat) = 3 (2)

Ngvirapine (Mean £ SD) Conc vs Time Nevirapine (Mean + SD) Conc vs Time
(Linear, n=21) Log (n=21)
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Pharmacokinetic Parameters for individual subjects
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Tabipt (Cf Clo Susp (a) NDA Zusp (B) Teblet(C} Clin Svep {A) NODA Susn [B) Taniet {C) Tlin Susp (A} MOA Sosp (8}

auc aut ave

PYNOC GENDER (ug/mi'nr)  tunlalhr) {vgim it}
9302 FEMALE .
935€6 FEMALE

P00 FEMALE

031t  FEMALE

BIt7 FEMALE

931§ FEMALE

8316 FPEMALE

9318  FEMALE

932 FEMALE

P32z FEMALE

930%  MALE

9303  MALE

9306  MALE

9305  MALE

0307  MALE
. 8310  MALE ..

2313 MALE .
8314 MALE

9320  MALE

9323 MALE

Cmasg

(ngimil Cmar (ng/mty Cwng fngiml) Tmax {hr}

Tmas [he)

Twer {br)

5

-

The effect of gender on (mean) C,,,, and AUC,.. was evaluated. From these broﬁles (which are
shown below), gender does not appear to affect the pharmacokinetics of nevirapine suspension(s)

or tablet.

Effect of Gender on Nevirapine AUC,... and C,,

g o Crths 00 A

AOSS (ug hefr}

[
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]

Bfiect of Gondey o Owvan

90% confidence intervals were computed using two one-sided t-{ests. The confidence intervals for

AUC,.., C,., and T, are listed in befow.

Computed -Parameter Clin Susp/Tablet NDA Susp/Tablet NDA Susp/Clin Susp
(A/C) (BIC) (B/A) -
INAUC,, - (81, 86). Pass (79.87). Fail (93, 103). Pass
{on tow side)
INC ¢ (83. 95) : Pass (73, 83): Fail (81. 93): Pass
{on low side) : (on low side)

Conclusion: The data from this étudy suggest that the NDA batch suspension (20 ml of S0 mg/5
mi, Lot PD-1714) has comparable bioavailability to the clinical batch nevirapine suspension (50

mg/5mi, Lot PD-1586).

However, the batch of NDA suspension has a lower a bioavailability

compared to the commercial tablet. The sponsor attributes this to the mode of administration of
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the suspension ( ——
and states that this contributed to the lack of a dose equivalence. The sponsor recommends that
the: ——

Note: Since the NDA suspension (50 mg/mi) was shown to have a lower bioavailability compared
to the commercial 200 mg tablet in this study (Study 1213), the sponsor carried out a second
bioavailability study (Study 1231) comparing a 50 mg/5mi NDA batch suspension to the
commercial tablet (reviewed below). Nevirapine suspension plasma concentration from this study
(1213) and study 1231 are compared at the end of this report as mean plasma concentration-time

profiles,

D. Study 1100.1231: Title: “A single dose, 2 way crossover study in normal aduit volunteers to
assess the bioavailability of nevirapine suspension (Lot PD-1713R) relative to commercial
nevirapine tablets (Lot NS-857A)."

Investigator and Study Center:  =ewsamsmiii

Objective: The objective of this study was to assess the bicavailability of nevirapine suspension
(Lot PD-1713R) relative to commercial nevirapine 200 mg tablet (Lot NS-857 A).

Subjects: Eighteen healthy male (8) and female (10) subjects, 19 to 48 years of age completed
the study. The pharmacokinetic analyses were performed using all of these 18 subjects as well
as using only 17 of the subjects. The concentrations of nevirapine following administration of the
200 mg tablet were very low (<100 ng/mi) in Subject 10001. The applicant also makes this .
observation, but does not provide any explanation for this. The demographic data are shown,

Subj No. Age Sex Race Weight (kg)
10001 37 M Whita 61.7
10002 38 F White 55.3
10003 35 F White 66.2
10004 48 F White 55.3
10005 37 M . White 77.5
10006 35 M White 99.3
10007 34 M White 78.0
10008 34 M White 70.7
10009 41 F White 61.2
10010 31 F Black 61.2
10012 42 F White 70.8
10013 45 M White 83.4
10014 45 F White 65.3
10015 37 F White 80.3
10016 30 M White 75.3
10017 38 F White 59.4
10018 28 F While 83.4
10021 42 M Black 78.5

Study Design: This was a single center, open label, randomized, two way crossover single dose

. study. Subjects were randomized to receive nevirapine suspension (20 m! of S0 mg/mi)
(Treatment A) or 200 mg tablet (Treatment B), to be foliowed 3 weeks later by the opposite
treatment. All doses were taken in a fasted state.

Formulations: Nevirapine suspension (50 mg/Smi; NDA Batch PD-1713R) Was  sssssommn
M

This was the test product. The ingredients in the
suspension are not listed by the sponsor in this study report. Subjects were administered the
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suspension using a dosing syringe to ensure that the dose was delivered completely. Nevirapine
200 mg tablets (commercial batch, NS-857A) were used as the reference.

Pharmacokinetic Sampling: 5 ml blood samples were drawn for nevirapine analysis predose,
and 0.5, 1,2, 4,6, 8, 12, 16, 24, 48, 72, 96, 120, 144, and 168 hours following each dose.

Bioanalytical Method: Plasma samples were analyzed for nevirapine concentrations at

Boehringer Ingelheim Pharmaceuticals Inc. using a S, with ultraviolet

detection. The analytical method has been described in the reports U93-0662 and U95-3353.

The limit of quantitation for the assay wWas  <ees» Linearity over the range oOf ewmse
T was indicated by the mean correlation coefficient of 0.9998 obtained from nine

standard curves over nine days of analysis. The slopes of the standard curves had a coefficient of

variation of 2.91%. The precision was better than or equal to ™, and aCCuracy was eesesmas

P e

Data Analysis: The measured plasma concentration values were used to compute the following
pharmacokinetic parameters. To,. Cms 3nd AUC,,4 and AUC,.. The computed parameters
were analyzed using analysis of variance for a crossover design. Terms in the model were
sequence, subject within sequence, period and treatment. Confidence intervals for log
transformed AUC,.., C,... and T,,, were determined. Treatment B (200 mg capsules) was the
reference and Treatment A (20 ml of 50 mg/5 ml suspension) was the test. Statistical analyses
were done using SAS procedure PROC GLM. .

Results: The computed mean pharmacokinetic parameters are presented below. Mean plasma
nevirapine concentrations are plotted below. There was no significant treatment effect for any of
the pharmacokinetic parameters, except for T,,, (p = 0.0031). (These analyses were performed
using n=18 as well as n=17, and the same result was observed in both cases.) The mean plots
that are in this review are plolted using n=17.

Mean Nevirapine Pharmacokinetic Parameters

Parameter Treatment A (suspension) Mean (SD) Treatment A (tablet) Mean (SD)

n=18 n=17* n=18 n=17*
AUC, - (pg.h/mi) 127 (29) 128 (29) 123 (31) 130 (31)
Cron (pG/mMY) 2046 (377) 2021 (377) 2224 (491) 2351 (491)
Tonss (B0 3M I 2 2()

* Excluding Subject 10001

Nevirapine (Mean £ SD) Conc vs Time (Linear) Nevirapine (Mean t SD) Cong vs Time (Log)
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The pharmacokinetic parameters (AUC,... C,., and T_.) for each of the subjects for both

treatments are shown below. Note: The C,..,-observed in Subject 1 after tablet admmustratnon was

approximately 50 fold lower than that observed in other subjects.

Pharmacokinetic Parameters for individual subjects for both treatments

Taedlel
Cmax (ngfm1

I

Subj
10001
10002
10003
10004
10005
too06
10007
10008
10009
10010
10012
10013
1001¢
1001
10018
10017
o018
10021

L

The effect of gender on (mean) C_,, and AUC,- was evaluated.

Suspension

Cmax (ngim))

Tablet
Tmax {81)

5

J

N VRN RN AR D AR o A A

Tablet
Aucoo {ug he/mi)

r

Suszpension
Auvcoo (ug ht/m)

5

Suvspension
Tmax {hr}

L .J

Tv.0 ¢

NO&ON®RENMNNOMINAOELAOUNAD

From these profiles (which are

shown below), gender does not appear.to affect the pharmacokinetics of nevirapine suspension or
tablet. 90% confidence intervals were computed using two one-sided t-tests. The confidence
intervals for AUC,,.., C.., and T, are listed in the table below.

Computed Paramater (Reference/Test) (Reference/Test)
(n=18) (n=17)°

INAUC, - ' (87, 222) {95, 103)

INC sy (78, 167) (82, 91)

Toax (129.186) (121, 175)

* Excluding Subject 1
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Effect of Gender on Nevirapine C,,,, and AUC, ..
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The 90% confidence limits for C,., and AUC,. were outside of the (0.8-1.25) goal post when
Subject 10001 was included in the analyses. However, when Subject 10001 was excluded, the
80% confidence limits for C,_, and AUC, . passed the (0.8-1.25) criteria. These data also indicate
that the T, for the suspension appears to be significantly longer than that for the tablet,
suggesting that the suspension may take longer to absorb relative to the tablet. However, this is
not clinically significant because of the long hatf-life of nevirapine, and because the C,,, is not

significantly affected.

Conclusion: The data from this study demonstrate that the suspension (20 mi of 50 mg/5 ml) is
bioequivalent to the commercial 200 mg nevirapine tablet.

A comparison of the suspension and tablet pharmacokinetic data was made between the two
bioequivalence studies, 1213 and 1231. The profiles suggest that the plasma concentrations
following the suspension appear to be higher in the second study (1231) compared to the first
study (1213) in which the NDA batch suspension was shown to have comparable bioavailability to

the commercial tablet. The exposure following the commercial tablet

Cormparisan of NVP sgpengion mean Basm cocontration-ime prafiies trom
studics 1213 and 1231
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appears 0 be similar across studies. In study 1213, the batch of NDA suspension has a lower a
bioavailability compared to the commercial tablet. The applicant attributes this to the mode of
administration of the suspension (30 cc cups were used and the suspension S
following administration). The applicant states that this contributed to lower piasma concentrations
of the suspension compared to the tablet and to the lack of a3 dose equivalence. The above
profiles comparing suspension and tablet plasma concentration-time profiles between the two
studies implies that the applicant’s explanation is rational.

DISSOLUTION METHOD FOR NEVIRAPINE SUSPENSION (50mg/5ml); The dissolution
method developed for nevirapine suspension 50 mg/S ml uses USP Apparatus il, paddles at 25
rpm, in 900 mL of 0.1 N HCI medium, with sr———— This method was tested for
robustness by evaluating the effects of difféerent paddie speeds (20, 25. 30 rpm), temperatures
(35°C, 37°C, 39°C) and media concentration (0.1 N HC!, 0.09 N HCI, 0.11 N HCl) on the
dissolution profile. The results suggested that small changes in paddle speed, lemperature and
media concentration do not affect the dissolution profile of nevirapine suspension.

Applicant's proposed dissolution specification; Q="we=== 45 minutes. '

ER
Dissolution data for nevirapine suspension batches used in bicequivalence study 1100.1213.

Chysotution prefi for Bo-dasch FD ASKG
st oluton protiie Tor bio-batch PD-1714

N o b
2
)
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Batch # Batch slze
PD-1714 ——r—
PD-1586

Batch PD-1586

Time (min) Percent dissolved
Sample 1 Sample 2 Sampie3 Sample4 Sample5 Sample6  Mean
0 0 0 0 v] 0 0
15 F
30 R N BN IN T oo
45
P
Batch PD-1714
Time (min) Percent dissolved .
Sample 1 Sample 2 Sample3  Sampled4 Sampleb Sample6  Mean
v] 0 0 0 0 0 0
15
w T |
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80
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Dissolution data for primary stability batches

Batch # 1713
Time (min) Percent digsolved .
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Mean SO

0 0 0 o 0 0 -0 0 0.0

15 .
30 ,\t LT e it
45 ~ \_ N - ey

60

Batch # 1715
Time (min) Percent dissolved .
Samplet Sample 2 Sample 3 Sampie & Sample 5 Sample 8 Mean
o 0 0 o 0 o] [s] 0 0.0

15 )

S0 ’ e G
4as S ’ - .o L .-
60

Review of the dissolution data method suggests that the applicant’s proposed method is
acceptable, however the dissolution profiles support a specification of Q: ewsw® 45 min. This
was conveyed to the applicant and agreed upon.

APPEARS THIS WAY
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