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Overall, SAEs occurred in 9% of the pooled population and with comparable rates for the
ER (47; 10%) and IR (43; 9%) treatment groups. In the 096/110 cohort, more ER subjects
had SAEs than IR subjects (17; 23% ER vs 10; 13% IR). However, there was no pattern
to suggest a particular toxicity related to the formulation. In the 099/110 cohort overall
SAEs were balanced (30; 8% ER; and 33; 8% IR).

SAE event clusters in which there was a difference of three or more subjects between the
ER and IR treatment groups included the following: events more common in the ER
treated group were vomiting (3; <1% ER and 0 IR) and pneumonia (5; 1% ER and 2; <
1% IR). Events occurring with a greater incidence in the IR treated group were
pancreatitis (1; < 1% ER and 4; < 1% IR), cholelithiasis (0 ER and 3; < 1% IR),
peripheral neurologic symptoms (PNS) (0 ER and 3; < 1% IR), and abortion (0 ER and 4;
< 1% IR). No single event occurred at a rate greater than 1% in the pooled population.

There were a total of 21 clinical events in 17 subjects (7 ER, 10 IR) of sufficient severity
to constitute an SAE or result in discontinuation of study drug that could possibly be
related to mitochondrial toxicity. These events were classified as hepatic toxicity,
pancreatitis, symptomatic hyperlactatemia, and lactic acidosis syndrome; this does not
include discontinuations due to peripheral neuropathy. Four of these events were
attributed by investigators to causes other than study drug; three hepatitis cases were
attributed to active hepatitis B and one case of pancreatitis was attributed to gallstones.
These events will be discussed in further detail within each adverse event category.

Discontinuations due to an adverse event of peripheral neuropathy (PN) occurred in 3 (<
1%) ER subjects and in 9 (2%) IR subjects; however, this adverse event was not handled
in a uniform manner by investigators and subjects.

Discontinuations Due to Adverse Events

Overall, discontinuations due to adverse events were balanced between treatment arms.
There were 22 (5% of treated subjects) discontinuations in the ER treatment arms and
31(7% of treated subjects) in the IR treatment arms. The three most frequent body
systems involved were the nervous system, the digestive system, and the
metabolic/nutritional system.

In general, the discontinuations/deaths due to NRTI associated adverse events were
roughly balanced between treatment groups, although more patients discontinued due to
peripheral nervous system symptoms in the IR group than in the ER group: 9 (2%) IR
versus 3 (< 1%) ER.

A total of 9 subjects experienced a total of 13 lactic acidosis related events; 6 in the IR
group and 3 in the ER group. A total of 5 subjects in the IR group discontinued treatment
due to SHL. One IR subject with SHL was treated with vitamins B1 and B2 and ‘
experienced resolution of symptoms without discontinuation of therapy. One subject in
the ER group discontinued due to SHL and two subjects in the ER group died due to
complications related to lactic acidosis syndrome and ascending motor weakness.
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A total of 6 subjects (3 in each treatment group) experienced elevations in LFTs or
progression of clinical liver disease that resulted in death (1 subject in ER) or
discontinuation of study drug. All 6 subjects had underlying hepatitis B or C, and one of
the six had elevated transaminases secondary to lactic acidosis.

AIDS Defining Events
On-study CDC Class C AIDS-defining clinical events occurred at comparable rates in the
two treatment groups: 10 (2%) ER and 8 (2%) IR.

Peripheral Neuropathy

Peripheral neuropathy (PN) is a well-described complication in HIV-infected patients; it
can be due both to underlying disease and to drug-related toxicity, particularly in
association with NRTT use. The incidence rate for PN of all grades in the ER
development program is 17% for ER and 19% for IR. PN of moderate to severe intensity
(Grades 2 - 4) that was judged by investigators to be related to study drug occurred in 3%
of subjects in the ER treatment group and 5% in the IR group. Dose reductions due to PN
occurred in 2 (< 1%) ER subjects versus 10 (2%) IR subjects.

Discontinuations due to an AE of PN occurred in 3 (< 1%) ER subjects and in 9 (2%) IR
subjects; however, this adverse event was not handled uniformly by investigators and
subjects. Three subjects tried dose reduction prior to discontinuation of therapy, while the
remainder chose to discontinue medication without an attempt at dose reduction or
discontinued due to lack of improvement of symptoms with treatment interruption. Three
subjects chose to discontinue treatment despite improvement of PN with treatment
interruption/dose reduction.

The recently described syndrome of motor weakness which has occurred most often in
temporal association with LAS was identitifed in three subjects (2 ER; 1 IR) from the
stavudine development program. The two subjects in the ER treatment arm died due to
complications related to motor weakness and LAS.

While the overall incidence of peripheral neuropathy appears to be balanced between
treatment groups, there does appear to be a small numerical difference favoring the
extended release formulation of stavudine in terms of the incidence of peripheral
neuropathy of sufficient severity to require dose reduction/discontinuation; however, the
low incidence of these events and the lack of uniform handling of events by subjects and
investigators makes it difficult to reach any conclusions.

Lipodystrophy

Lipodystrophy (LD) events were spontaneously reported in 16 (3%) of ER subjects and
22 (5%) of IR subjects. The protocol did not specify any prospective criteria for events
that should be reported as lipodystrophy, and the majority of events were not described in
sufficient detail to characterize as either lipohypertrophy, lipoatrophy, or both. Events
occurred in 22 (3%) men and in 16 (6%) women.
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Serial waist and hip measurements were collected on all three studies within the ER
development program, and waist-to-hip ratios were calculated from these measurements.
These measurements can be used to provide information on changes in fat distribution
(lipodystrophy) on treatment and to identify those patients with potentially increased risk
for cardiovascular disease. The absolute value of the cutoff associated with increased risk
varies from article to article (general range 0.8 - 0.9 for women; 0.9 - 1.0 in men), but for
the purposes of this analysis the applicant chose the following cutoffs as reflecting a
higher cardiovascular risk: > 0.95 for men and > 0.85 for women. In both cohorts
096/110 and 099/110, the proportion of subjects having a ratio greater than these cutoffs
did not change substantially for men over the first 48 weeks of dosing, whereas there was
a modest but consistent increase for women (absolute increase in the 8 - 30% range,
depending on the study group and cohort). These data represent an exploratory
investigation. :

Pancreatitis

Pancreatitis 1s a recognized adverse event of ARV therapy known to occur in association
with stavudine therapy. The rate of pancreatitis with stavudine monotherapy or stavudine-
containing dual nucleoside therapy appears to be < 1%, with a slightly higher rate (0.75 -
1.6%) when used in HAART. In studies 096/110 and 099/110, pancreatitis occurred at a
rate of < 1% overall: 1 (< 1%) on ER and 4 (1%) on IR. None of the cases were fatal.
Laboratory evaluation demonstrated that lipase elevations of any grade occurred in 14 %
of subjects in each treatment group who had a normal value at baseline, and in a similar
proportion for all subjects (16% ER; 15% IR). Grade 3 - 4 abnormalities occurred in 4%
of ER subjects versus 3% IR.

Hepatic Dysfunction

Stavudine is recognized to be associated with transaminase elevations and liver
dysfunction, and these findings would be expected regardless of formulation. In the
current pooled database 39% of subjects who started treatment with a normal baseline
ALT developed some elevation of any grade, regardless of formulation (39% ER vs 38%
IR). Of these, 3% were Grade 3 - 4 elevations. For all subjects regardless of baseline
ALT status, the rates for an elevated ALT of any grade are 43% for ER and 42% for IR,
with 3% in both groups being Grades 3 - 4. There are no data available as to what
proportion of these study subjects had active co-infection with hepatitis B or C. For any
elevation of ALT, the rates in the cohort that had longer dosing (096/110 cohort) were
somewhat higher than for the pooled population.

These data are consistent with the rates previously reported for d4T containing HAART
regimens. The clinical event rate for subjects having an AE related to hepatic dysfunction
(other than due to infectious hepatitis) was < 1% in this dataset. A total of 6 subjects (3 in
each treatment group) experienced elevations in LFTs or progression of clinical liver
disease that resulted in an SAE, death, or discontinuation of study drug. All 6 subjects
had underlying hepatitis B or C, and one of the six had elevated transaminases lactate-~
associated hepatic disease.
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Lactic Acidosis Syndrome and Symptomatic Hyperlactatemia

Lactic acidosis syndrome (LAS) and symptomatic hyperlactatemia (SHL) constitute a
clinical syndrome that has been clearly linked to nucleoside analogue treatment; the risk
for developing this syndrome appears to be increased with stavudine use. In the stavudine
ER development program, nine subjects (3 ER; 6 IR) experienced a total of 13 lactate-
associated events (5 ER; 8 IR); according to the applicant this corresponds to an
incidence of 8.8 cases/1000 patient years.

The nine cases occuring in this development program included two deaths that were
associated with severe motor weakness, one with confirmed hepatic steatosis on post-
mortem biopsy; one with LAS. The other seven cases included one case of LAS that
occurred with a simultaneous acute pancreatitis and six cases of SHL. Of the six SHL
cases, one was associated with pancreatitis; another was associated with the evolution of
non-fatal motor weakness; and one was treated over a period of several months with
nutritional supplementation (Vitamins B1 and B2). In this case interruption of study drug
was successfully avoided, and symptoms eventually resolved with a decrease in lactate
level to within normal range. The remaining three cases represented uncomplicated SHL
that led to discontinuation of study drug with resolution of symptoms.

Of the nine subjects having events related to lactate disorders and described above, seven
were female and two were male. The mean age was 33 years (range 28 - 39), and the
median time to presentation of symptoms was 44 weeks of dosing (range 34 - 57). Of
these nine subjects, two were normal weight (BMI < 25), 4 were overweight (BMI > 25
and < 30) and three were obese (BMS > 30). Previous analyses of LAS/SHL cases from
BMS sponsored clinical trials have correlated these events with female gender and
obesity.

Deaths :

In total, eight deaths occurred among all subjects in the stavudine ER registrational
program. Of the eight deaths, three appeared to be unrelated either to the underlying HIV
disease or to study treatment, one on ER and two on IR. These include two murders and a
death due to metastatic breast cancer in an IR subject that occurred greater than 6 months
after discontinuation of study treatment (study therapy was stopped when the subject
presented with recurrence of breast cancer).

Two deaths appeared to be related to opportunistic infection and/or to the underlying HIV
status of these subjects, and both occurred in subjects receiving the IR formulation: one
subject died on day 85 on study of a complicated, recurrent pneumonia which had first
presented on day 43 of treatment: a second died on day 75 on study of recurrent central
nervous system (CNS) toxoplasmosis which had first been identified on day 11 of
treatment: Both events occurred within the first 3 months of study treatment. Both
subjects had a relatively high HIV RNA at baseline (127,000 - 197,000 ¢/mL for one
subject; 1.9 - 2.9 million for the other subject) and both had CD4 values < 150 ¢/mm” at
baseline. Both subjects responded well to therapy with significant decreases in viral load
and increases in CD4 cell counts. These data suggest that some component of the
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inflammatory response which accompanied both complications may have been related to
immune reconstitution.

Finally, three deaths occurred that are consistent with treatment-related toxicity.
Although all three occurred in subjects taking stavudine ER, the small number of events
makes it difficult to assess whether this observation is clinically significant. One death
from hepatic failure occurred in a subject who entered the study with normal baseline
transaminases and total bilirubin (Grade 1 alkaline phosphatase), but who had had
compensated cirrhosis diagnosed one to two months prior to entry into the study at the
time of a cholecystectomy. This subject was subsequently found to be hepatitis B surface
antigen positive, although HBV DNA was negative. It is possible that study and other
medications, superimposed on his underlying hepatic disease, contributed to the
complications resulting in death.

The second likely treatment-related death occurred in a young, otherwise healthy woman,
and appeared to represent complications of therapy that are likely attributable to
mitochondrial toxicity. This subject died after a month-long illness that included
gastrointestinal symptoms leading to but not resolving with a cholecystectomy
(gallbladder pathology consistent with cholecystitis), followed by a complicated course
involving neuromuscular weakness, ophthalmologic changes, and signs and symptoms
consistent with lactic acidosis. A follow-up post-mortem liver biopsy confirmed severe
hepatic steatosis.

The third treatment-related death also occurred in a young, otherwise healthy woman and
also appeared to represent complications of therapy attributable to mitochondrial toxicity.
This subject developed symptomatic hyperlactatemia (SHL) with nausea and vomiting
after approximately 59 weeks on therapy. Despite discontinuation of study drug, her
illness progressed to include both refractory acidosis and a progressive, ascending motor
weakness evolving to paralysis.

Clinical Laboratory Evaluations

The proportion of subjects having a laboratory abnormality reported as an AE was
comparable between the two treatment groups: 11% of ER subjects versus 12% of IR’
subjects. The most frequent laboratory AEs were neutropenia, increased ALT,
hypertriglyceridemia, increased AST, and anemia. None occurred in greater than 2% of
subjects, and the frequencies were comparable between treatment groups. Of the 105
individuals involved, about half (53) had Grade 3 - 4 events which were evenly
distributed between treatment groups (29 ER; 24 IR). Grade 3 — 4 events were
predominantly neutropenia and anemia.

Hematology

Of hematologic laboratory assessments, white blood cell (WBC) and neutrophil
abnormalities were reported most frequently, in up to one quarter of all subjects. The
rates were comparable between the study groups: abnormal WBC were reported in 27%
of ER and 29% of IR subjects; abnormal neutrophils were reported in 21% of ER and
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22% of IR subjects. Grade 3 - 4 abnormalities were infrequent, with abnormal
neutrophils (5% each treatment group) reported more frequently than other cell lines.

Liver Function Tests

Elevations of transaminases were frequent and occurred in approximately 40% of all
subjects (range 35 - 43%). Incidence rates were higher in the longer 096/110 study (43%
- 53%) than in the 099/110 study (33% - 42%) but were comparable between treatment
groups. Most on-study increases were to Grade 2; Grade 3 - 4 events occurred in only 3%
of subjects overall. Subjects with an abnormal baseline transaminase value had a higher
rate of developing Grade 2 - 4 abnormalities while on-study than did those with a normal
baseline transaminase value. Elevations in bilirubin were unusual and infrequently
accompanied other hepatic abnormalities, and occurred in only 2% of all subjects.
Bilirubin abnormalities occurred equally between treatment groups. An elevated alkaline
phosphatase occurred in 18% of ER and 13% of IR subjects. The difference is driven by
an imbalance between treatment groups in 096 (35% ER; 21% IR, p = NS) which was not
confirmed in 099 (15% ER and 12% IR). Grade 3 - 4 events were infrequent (< 1%).

Glucose and Lipids

Abnormalities in fasting glucose and triglycerides occurred on-study with comparable
frequency in both treatment regimens. Any hyperglycemia occurred in 8% of ER and
13% of IR subjects, but Grade 3 - 4 events occurred in < 1% of both groups. At week 48
the mean fasting glucose demonstrated a marginal increase over baseline which was
comparable between the two groups: 6.8 mg/dL or 7% for ER and 8.7 mg/dL or 9% for
IR. Between weeks 48 and 72 there appears to be no consistent further upward trend for
glucose.

Elevated triglycerides occurred in approximately one third of all subjects (30% ER; 31%
IR); only 3% of ER and 4% of IR subjects had events of Grade 3 - 4 severity. At week
48, the mean fasting triglyceride value had increased relative to baseline by 67 mg/dL
(41%) in the ER group versus 59 mg/dL (41%) in the IR group. Only 7 individuals (4 ER,
3 IR) had week 48 values greater than 750 mg/dL as compared to one subject (IR) at
baseline. ‘

‘At week 48, mean total and HDL cholesterol had increased, and the changes for the ER
group were comparable to those for the IR group. The mean total cholesterol increased
27% (absolute increase 44 mg/dL) in each treatment group. The mean HDL cholesterol
increased 24% in each treatment group (absolute increases of 9 mg/dL for ER, 10 mg/dL
for IR). Although the proportion of subjects having an LDL >160 mg/dL approximately
triples from baseline (5% ER; 3% IR) to Week 48 (17% ER; 19% IR), those with a
protective HDL value (= 60 mg/dL) also triples, from 5% to 16% in the ER group and
from 4% to 19% in the IR group. Thus, the proportion of subjects having a total: HDL
cholesterol ratio > 5 at Week 48 increases only marginally over the proportion at
baseline: 23% increases to 30% on ER; 27% increases to 31% on'IR. Subjects with a
fasting LDL:HDL cholesterol ratio > 5 ranges from 0 - 4% in both treatment groups

. through Week 72.
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The 48-week increase in total and HDL cholesterol in this study (27% and 24%,
respectively, in both formulations) is consistent with the 20% and 25% increases,
respectively, reported in the EFV package insert for HIV-infected patients treated with
EFV, AZT and 3TC. Some investigators have demonstrated that although switching the
PI component of HAART to EFV in those with clinical lipodystrophy produces a
statistically significant decrease in triglycerides, the triglycerides do not return to
baseline.

Lactate Levels — Exploratory Investigation

In the 096/110 cohort, both ER and IR treatment groups demonstrate an increase from
baseline in mean and median lactates at 48 weeks, although both values in each group
remain within the normal range. The mean lactate increased from 1.4 mmol/L to 2.0
mmol/L for the ER treatment group and from 1.3 mmol/L to 1.8 mmol/L for the IR
treatment group. The median lactate increased from 1.2 mmol/L to 1.4 mmol/L for the
ER treatment group and from 1.1 mmol/L to 1.7 mmol/L for the IR treatment group. By
week 96, the mean and median values for both treatment groups had decreased (1.6 and
1.5 mmol/L, respectively, for both ER and IR). Data from the 099/110 cohort, though
limited by the absence of baseline values, demonstrate mean and median 48-week lactate
values that are comparable to those observed in the 096/110 cohort: ER 1.8 and 1.7
mmol/L, respectively; and IR 1.9 and 1.6 mmol/L, respectively.

Although the numbers of observations are small, the proportions of subjects with
moderate elevations in lactate appears to have returned to baseline by week 96.

7.5 Miscellaneous Studies

Safety data from one non-BMS study was submitted with this NDA. This study is being
conducted at the T J and carries the BMS
designation Al424049. This is the only non- reg1strat10nal study using stavudine ER for
which subjects have received dosing prior to the cutoff date for the analysis for NDA
submission.

The study is titled, “A Phase II, 48 Week, Uncontrolled, Open-Label Study to Evaluate
the Safety and Efficacy of Once-a-day Antiretroviral Regimen to Treat HIV-1 Infection
Including BMS-232632, Lamivudine and Extended Release Stavudine” It is a Phase 1I
observational, randomized open-label trial which is designed to assess the safety and
efficacy of a simplified, once-daily regimen in subjects who have previously achieved
rigorous antiviral control after the initiation of therapy during primary infection. The
previous regimens required two or three times daily dosing; all subjects switch onto the
same simplified regimen, which consists of stavudine ER, 3TC and atazanavir (ATV) all
given once-daily. In addition, subjects are randomized to an enhanced adherence
intervention versus routine adherence supervision. The primary objective is maintenance
of viral suppression as measured by HIV RNA.

At the time of database lock, 23 subjects had been enrolled into this study. There have
been no deaths and no discontinuations due to adverse events or any other reason on
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Al424049. One SAE has been reported, and involved leucopenia and granulocytopenia
leading to interruption of study therapy in a 50-year-old male who had been on study for
8 weeks (following three years of another regimen). Study medications were held for 28
days; since restarting study medications there has been no recurrence of

neutropenia.

There have been 41 adverse events reported on this study. Severity was reported as mild
in 37 of these events and moderate in the remaining four events. The two most frequent
events were upper respiratory infection (8), and fatigue (5), with all others occurring once
or twice each. The body system most frequently involved was the digestive system (14
events: adominal bloating, heartburn, flatulence, epigastric discomfort, abdominal
cramps, constipation, esophagel reflux, loose stool, peptic ulcer disease, decreased
appetite, gastroenteritis, nausea), followed by body system as a whole (9 events: fatigue,
headache and lower extremity edema) and respiratory system (9 events: pneumonia and
upper respiratory infection).

7.6  Literature Review for Safety

Zerit XR™ has been marketed in Europe for the past two months; therefore, no literature
review was conducted for assessment of safety.

7.7  Postmarketing Surveillance

Zerit XR™ has been marketed in Europe for two months. There is currently no
information available regarding postmarketing experience with Zerit XR"™.

7.8 Safety Update

The safety review contains all safety data available for this NDA and contains
information from a safety and efficacy update submitted to this NDA on May 30, 2002.
The safety update was integrated into the primary analysis of this NDA.

7.9 Drug Withdrawal, Abuse, and Overdose Experience

This medication has no potential for withdrawal or abuse. No data is available on
overdosage of stavudine ER as no subject participating in studies 096, 099 or 110 was
documented as having ingested more than the recommended daily dosage.

Experience with adults treated with the immediate release formulation at 12 to 24 times
the recommended daily dosage revealed no acute toxicity. Complications of chronic
overdosage include peripheral neuropathy and hepatic toxicity. Stavudine can be
removed by hemodialysis; the mean + SD hemodialysis clearance of stavudine is 120 +
18 mL/min. Whether stavudine is eliminated by peritoneal dialysis has not been studied.
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7.10 Adequacy of Safety Testing

The studies submitted for this NDA appear to be adequate to determine the safety of the
extended release formulation of stavudine relative to the immediate release formulation.
It is difficult to determine from the size of these studies if the more serious but infrequent
complications of stavudine therapy such as lactic acid syndrome and pancreatitis will be
more common with the ER formulation, however, these trials provide no-evidence to
suggest that they will occur more frequently.

7.11 Postmarketing Studies
The applicant agreed to complete the following phase IV commitments:

¢ Elucidate the complete metabolic fate of stavudine in humans. This was a Phase IV
commitment for the original stavudine NDA. Final report due: 4Q 2005.

e Conduct and submit the results of studies or simulations in patients with impaired
renal function based on the known pharmacokinetic information of both stavudine
immediate and extended release formulations, if Zerit XR® is to be used in this
population. Final report due: 2Q 2003.

e Assess genotypes and phenotypes of pre-therapy and post-therapy HIV-1 isolates
from a large number of patients failing stavudine therapy. Final report due: 4Q 2004.

¢ Evaluate the cross-resistance of stavudine resistant HIV-1 isolates to all approved
NRTIs, and the efficacy of d4T against HIV-1 isolates resistant to all approved
NRTIs. Final report due: 4Q 2004.

¢ Determine the in vitro combination activity relationships of stavudine with all
approved NRTIs and determine the effect of ribavirin on anti-HIV-1 activity of
stavudine in vitro. Final report due: 2Q 2003.

8 Use in Special Populations
8.1 Efficacy and Safety Analyses of Effects of Gender, Race, and Ethnicity

Efficacy Analysis
Analyses of baseline disease characteristics by gender among those subjects who
received treatment with stavudine ER, demonstrated that:

1) Males had a higher median baseline HIV RNA than females (4.85 vs 4.62 log10
c/mL, respectively).
2) A greater number of males compared to females had baseline HIV RNA >
~ 30,000 c/mL (72% vs 63%, respectively).
3) CD4 cell counts were comparable between males (median 293 c¢/mm’) and females
(median 295 ¢/mm 3 ).
4) The distribution of CD4 cell counts was comparable between males and females.

According to the applicant, the observation that despite comparable CD4 cell counts men
had higher viral loads than women (difference of 0.23 log10 ¢/mL) is consistent with the
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magnitude of differences noted in other studies of those with established HIV infection:
0.25 1ogl0 ¢/mL in the ALIVE cohort and 0.28 log10 ¢/mL in ACTG 175.

For their analyses of subpopulations, the applicant chose to consolidate racial groups in
order to have categories of reasonable size, with Hispanics and Asians consolidated into
“Other” (White, N = 223; Black/Mixed, N = 113; and Other, N = 130). Analyses of
baseline disease characteristics by race among those subjects who received treatment
with stavudine ER, demonstrate that,

1) Black/Mixed and White racial groups both had a slightly higher median HIV RNA
(4.84 log10 and 4.81 logl10 c¢/mL, respectively) than the racial group classified as
Other (4.75 log10 c/mL).

2) Whites had a higher percentage with HIV RNA > 30,000 c¢/mL (73%) than
Black/Mixed (68%) or Other (65%).

3) Median CD4 cell counts were higher in Whites (304/mm’) than in Other (279/ mm”),
and were lowest in Black/Mixed (264/ mm”).

4) The distribution of subjects by CD4 cell count shows a lower proportion with CD4 <
200 mm® for Other (22% vs 27% and 30% for White and Black/Mixed respectively)
and a lower proportion with CD4 > 500/mm” for Black/Mixed (9% vs 16% and 17%
for White and Other, respectively).

Sub-population analyses of the principal efficacy parameters for those subjects treated
with stavudine ER were performed based on the criteria of gender (male; female), race
(White; Black/Mixed; Other), and geographic region (Europe; North America; Rest of
World [ROW]). The largest sub-population analyzed is males (N = 321) versus females
(N = 145), and the smallest is subjects from Europe (N = 87) versus North America (N =
185) and ROW (N = 194).

The difference in duration of the studies at the time of this analysis (48 weeks for AI455-
096 versus 24 weeks for A1455-099) limited the information available. All efficacy
analyses for the pooled data are carried through week 24 only.

Three consistent patterns emerged in the various sub-population analyses of proportion of
subjects with HIV RNA below the LOQ (either 400 ¢/mL or 50 ¢/mL); '

1) Women tend to respond at higher rates than men.

2) The black/mixed and “other” racial groups consistently respond at higher rates than
whites; the race-related difference is more pronounced when the measure of virologic
success is < 50 c¢/mL level.

3) Subjects from ROW and Europe consistently have higher response rates than those
from North America.

Due to the recruitment patterns for these studies, the demographic factors of gender, race
and region may be confounded. In addition, the observation in the AI455-096 population
PK analysis that ER subjects with a weight > 60 kg appear to have a marginally lower



43

drug exposure than those on IR, further analysis of clinical outcome by weight category
was performed.

To address these factors and their potential interactions, a stepwise linear regression
model for HIV RNA at 24 weeks with baseline HIV RNA as a covariate was applied to
the stavudine ER group and selected male gender (versus female) and white race (versus
non-white) as significant predictors of less viral suppression. When this model was
applied to the pooled study population with variables for weight ( = 60 kg versus < 60
kg), treatment (ER versus IR) and treatment interaction terms (treatment by male sex;
treatment by white race; treatment by weight), none of these interaction terms was
significant. The conclusions from these analyses performed by the applicant and based on
these studies, were:

1) Gender and race are significant predictors of viral suppression in these studies at 24
weeks.

2) There is no evidence that weight predicts viral suppression.

3) When gender and race are accounted for, region is not a significant predictor of viral
suppression.

Safety Analysis .

The only toxicity related to stavudine administration for which intrinsic factors have been
found to possibly play a role is the frequency or severity of lactic acid syndrome (LAS).
Although the incidence of LAS in these studies is too low to convincingly demonstrate
these associations, the literature and other safety assessments suggest that LAS shows an
association with female gender, pregnancy, and obesity. The three cases that meet criteria
for lactic acidosis syndrome from this patient database are all female (none pregnant),
with a mean body mass index (BMI) at the visit closest to the event of 33.7 (all > 25,
consistent with "overweight"; 2 of 3 > 30, consistent with "obese"). -

8.2 Pediatric Program
At the pre-NDA meeting held on July 20, 2001, Bristol-Myers Squibb Company was
granted a pediatric deferral of the pediatric study requirements for the NDA for Zerit

XR™ Extended Release Capsules. This requirement was deferred until after approval of
the extended release formulation for the treatment of HIV infection in adults.

C
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8.3 Data Available or Needed in Other Populations

‘Renal Impairment

No studies were performed to examine the rate of elimination of stavudine after
administration of stavudine ER to patients with renal impairment. As a result, no
recommendations will be made in product labeling for dosing of stavudine ER in patients
with creatinine clearance < 50 mL/min. The label has the following recommendation
when treating patients with renal impairment; "Please consult the complete prescribing
information for ZERIT (stavudine) Capsules and ZERIT for Oral Solution for dosage and
administration of stavudine to patients with creatinine clearance < 50 mL/min."

Hepatic Impairment

No alterations in stavudine pharmacokinetics were observed in five non-HIV infected
patients with hepatic impairment secondary to cirrhosis following the administration of
40 mg of the immediate release formulation. Since the metabolism characteristics of
stavudine is not expected to be altered by the ER formulation, the pharmacokinetics of
stavudine from the ER formulation should be unaltered in patients with hepatic
impairment. No dose reduction of Zerit XR™ is being recommended for patients with
hepatic impairment.

Pregnancy

This product received a pregnancy category C rating. Reproduction studies have been
performed in rats and rabbits with exposures up to 399 and 183 times that seen at a
clinical dosage of 1 mg/kg/day and have revealed no evidence of teratogenicity. The
incidence of a common skeletal variation and early rat neonatal mortality was increased
at 399 times the level of human exposure. A slight implantation loss was noted at 216
times the human exposure. A study in rats showed that stavudine is transferred to the
fetus through the placenta. The concentration in fetal tissue was approximately one-half
the concentration in maternal plasma.

There are no adequate and well-controlled studies of stavudine in pregnant women. Zerit
XR™ is being recommended for use in pregnancy only if the potential benefit clearly
outweigh the risk.

Stavudine in combination with didanosine should be used with caution in pregnancy and
is recommended only if the potential benefit clearly outweighs the potential risk. This
recommendation is based on reports of lactic acidosis, including fatal cases, in pregnant
women receiving this combination of the immediate release formulation of stavudine and
didanosine.

Geriatrics
A total of 5 subjects aged 65 and over were enrolled in clinical studies of the extended
release formulation of stavudine; it is not possible to determine whether they respond
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differently than younger subjects. Stavudine is known to be substantially excreted by the
kidneys. Because elderly patients are more likely to have decreased renal function, it may
be useful to assess the renal function of elderly patients prior to initiation of stavudine
ER.

9 Conclusions, Recommendations, and Labeling
9.1 Conclusions Regarding Safety and Efficacy

Data available from registrational study 099, pilot study 096, and rollover study 110
support the conclusion of similarity of the safety and efficacy of the extended and
immediate release formulations of stavudine.

9.2 Recommendations on Approvability

Based on review of the data submitted by Bristol-Myers Squibb in support of NDA 21-
453, it is recommended that this application for the extended release formulation of
stavudine for the treatment of HIV-1 infection, in combination with other antiretroviral
agents, be approved.

9.3 Labeling

Two significant revisions were made to the initial labeling proposal submitted by the
applicant. The first was elimination of dosage reduction recommendations for patients
with renal impairment due to a lack of data regarding the pharmacokinetics of the
extended release formulation of stavudine in this population.

The second major revision was the addition of a recommendation for physicians to
consider switching patients requiring treatment interruption for peripheral neuropathy to
an alternate regimen as opposed to attempting dose reduction. If this is not suitable,
however, dose reduction of the extended release formulation is an acceptable
management strategy. This recommendation is being made due to the lack of sufficient
numbers of subjects undergoing dose reduction in clinical trials to determine if reponse
rates of patients receiving reduced doses of stavudine are similar to response rates of
subjects receiving standard doses.
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Team Leader’s Memorandum

NDA: 21-453

Drug and Indication: Zerit®XR (stavudine) extended-release capsules for
the treatment of HIV-1 infection in combination with
other antiretroviral agents

Dose: 100 mg once daily for patients > 60 kg and 75 mg for
patients < 60 kg

Date of Submission: December 10, 2001

Date of MO Review: December 30, 2002

Date of Memorandum: December 23, 2002

Bristol-Myers Squibb Company has submitted a New Drug Application (NDA) requesting
approval for Zerit® XR (stavudine) extended release capsules, a new formulation of
stavudine, for the treatment of HIV-1 infection in adults as part of a combination regimen.
This is in addition to the already approved Zerit® immediate release capsules and Zerit®
for oral solution. Stavudine is a synthetic thymidine analog and effects HIV replication
primarily by competitive inhibition of the HIV reverse transcriptase activity. In adult
patients, the recommended dose of Zerit® immediate release formulation (IR) is 40 mg
twice daily for patients > 60 kg or 30 mg twice daily for patients <60 kg. This new
extended release formulation (XR) will allow for once daily dosing of stavudine.

Because the plasma half-life of stavudine is short (1.56 hours in HIV infected subjects),
prolonged gastrointestinal release and absorption are necessary for once daily dosing.
For that reason a new formulation was developed. Stavudine extended release capsules

contain [ 1" beads supplying 37.5 mg, 50 mg, 75 mg, and 100 mg of
stavudine. The final core bead formulation contains — stavudine, [ 1
microcrystalline cellulose, —~ lactose, and — magnesium stearate.

The primary support for a new dosing recommendation came from one principal trial of
56-week duration, one smaller supportive clinical study, and several pharmacokinetic
trials. The objectives of these trials were to show that the antiviral effect of the once
daily Zerit® extended release formulation was similar to that of the already approved
twice daily Zerit® immediate release formulation when used as a part of antiretroviral
regimen in HIV-infected treatment-naive subjects.

The initial dose selection was based on the results of pharmacokinetic modeling and
simulations. It was predicted that the 100 mg of stavudine extended release formulation
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(higher than the currently recommended dose of 80 mg/day for immediate release
formulation), would compensate for lower absorption from the colon and maintain the
average steady state concentration above 100 ng/mL for 24 hours. Based on these
conclusions the bioavailability and food effect studies were conducted.

The total daily exposure for the stavudine extended release formulation in HIV-infected
subjects was approximately 14%-49% lower than in healthy subjects.

A single and multiple dose pharmacokinetic studies of stavudine were conducted in 32
HIV-infected adults who were enrolled in AI455-096 and AI455-103 trials. The mean
Cmax value for the XR formulation was about 50% lower and the Cmin was 5-fold
higher compared with the IR formulation. The total daily stavudine exposure achieved
following administration of 100 mg once daily of the extended release formulation was
about 30% lower compared with 40 mg twice daily of the immediate release
formulation.

During the review process the applicant submitted a safety update and the 48-week HIV
RNA results from the pivotal AI455-099 study. This was a multicenter, double-blind,
international trial that included 71 centers. Seven hundred and ninety seven HIV-
infected antiretroviral naive subjects were randomized to receive stavudine extended
release 100 mg or 75 mg once daily (based on weight) or the stavudine immediate
release formulation 40 mg or 30 mg twice daily in combination with lamivudine 150 mg
twice daily and efavirez 600 mg once daily. Randomization was stratified by baseline
HIV viral load of <30,000 or >30,000 copies/mL. The treatment response at week-48
was evaluated by calculating the proportion of patients with plasma HIV-1 RNA levels
below 400 copies/mL (Roch Amplicor HIV-1 Monitor™ assays Version 1.0 and 1.5),
and below 50 copies/mL (Amplicor HIV-1 Monitor™ ultrasensitive assay), and
increases in CD4 cell count from baseline.

Approximately eight weeks prior to the action due date, in the datasets for HIV RNA
viral load, multiple values for viral load measurement for a single patient at a single time
point were discovered. After discussion with the applicant it was clear that for both
studies AI455-096 and AI455-099, specimens were stored and transported to the central
laboratory in an ambient state via overnight priority express courier for arrival within 24
hours. For study 096, sites were instructed to keep back up frozen samples for each
sample shipped to the central laboratory, however, this was not required for the larger
099 study. After it was discovered that samples processed in the ambient state had
higher HIV RNA values, all centers in 099 study were instructed to transport all
specimens to the central laboratory in the frozen state. However, 21 sites did not switch
to the frozen shipment procedures. In study 099, for the week 24 and 48 analyses of HIV
RNA viral load, the majority of specimens were stored and transported frozen and
according to Roche Amplicor HIV RNA assay specifications. When 667 paired
specimens of ambient and frozen shipment of L V" tubes were compared with regard
to HIV RNA viral load (study 096), the ambient data showed a small positive bias
compared to the frozen specimens. The mean difference was 0.33 log;g.
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In addition, specimens for HIV RNA testing were collected in the &

A Tubes L 7 and were centrifuged for periods varying between C ]
minutes. The range of centrifugation time and force was broader than that specified in
the Roche Amplicor assay specifications. It is not completely clear whether these
deviations in processing of plasma samples had any significant effect on the variability
of viral load measurements.

Detailed discussion of stavudine safety and efficacy is provided in the medical and
statistical review of this new drug application. I am in agreement with the conclusions of
the primary reviewers that this application should be approved. Because of the problems
with specimen handling, multiple sensitivity analyses of the HIV RNA measurements
were performed excluding either ambient, local or the frozen samples. It appears that no
matter how HIV RNA data were analyzed the confidence intervals for the difference
between the stavudine extended release and immediate release regimens fall within an
acceptable range.

In study 099, the week 48 treatment effect of the once daily extended release
formulation of stavudine appears to be similar to the already approved stavudine twice
daily formulation when the time to loss of virologic response was calculated using HIV
RNA results based on the specimens transported according to the Roche assay
specifications. According to the applicant’s analysis, 78% (307/392) of patients who
received stavudine extended release and 77 % (301/391) of patients who received
stavudine immediate release formulation had HIV RNA <400 copies/mL at week-48.
Estimated difference between the treatment arms was 1.3 and the confidence interval for
the difference was (-4.5, 7.2). For the LOQ of <50 copies/mL, 55% (215/392) of
patients who received stavudine extended release and 57 % (223/391) of patients who
received stavudine immediate release formulation had HIV RNA below the level of
quantification at week-48. Estimated difference between the treatment arms was —2.2
and the confidence interval for the difference was (-9.1, 4.7).

The second smaller trial was a 48-week, randomized, double-blind study that compared
stavudine extended release 100 mg once daily to stavudine immediate release in
combination with lamivudine and efavirenz in 150 treatment naive HIV-infected
patients. The primary endpoint of this trial was the change in log;o HIV RNA from
baseline calculated as the time-averaged difference through week 48. The results of this
pilot trial were consistent with the safety and efficacy of once daily stavudine
demonstrated in the larger pivotal trial.

The safety profiles of the two regimens appears to be similar and the safety information
that was provided in this supplemental NDA did not alter the overall understanding of
the stavudine safety profile. The once daily stavudine treatment may provide the
advantage of a lower pill burden and convenience of once daily dosing, and therefore,
may improve compliance with antiretroviral therapy. However, it should be emphasized
that strict compliance with once daily regimen is important because if a daily dose is
missed it may lead to prolonged periods of lower stavudine exposure and possibly
promote emergence of resistance.
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Because of the problems with HIV RNA specimen handling, on September 23, 2002, the
applicant submitted additional information regarding the specimen processing and
shipment to the central laboratory. This major amendment included the new statistical
analyses of Time to Loss of Virologic Response using HIV RNA measurements from
the specimens either shipped frozen, in ambient state, processed in a local laboratory, or
were processed according to the instructions, and also the corresponding HIV RNA
datasets were submitted. Therefore, the review time of this apphcat1on was extended
under CFR 314.60 for an additional 90 days.

The labeling discussions were focused on Microbiology, Clinical Pharmacology,
Indication and Usage, Precautions, and Adverse Reactions Sections of the Package
Insert for Zerit XR. A need for a separate labeling for Zerit XR in addition to the already
existing product information for Zerit Capsules and Zerit for Oral Solution was also
included in the labeling discussions.

The following are the phase 4 commitments for the stavudine extended release capsules,
NDA 21-453:°

1. Please elucidate the complete metabolic fate of stavudine in humans. This was a
Phase IV commitment for the original stavudine NDA. Final report due: 4Q 2005.

2. Please conduct and submit the results of studies or simulations in patients with
impaired renal function based on the known pharmacokinetic information of both
stavudine immediate and extended release formulations, if Zerit XR is desired to be used
in this population. Final report due: 2Q 2003.

3. Please continue to assess genotypes and phenotypes of pre-therapy and post-therapy
HIV-1 isolates from a large number of patients failing stavudine therapy. Final report
due: 4Q 2004,

4. Please evaluate the cross-resistance of stavudine resistant HIV-1 isolates to all
approved NRTIs, and the efficacy of stavudine against HIV-1 resistant isolates to all
approved NRTIs. Final report due: 4Q 2004.

5. Please determine the in vitro combination activity relationships of stavudine with all
approved NRTIs and determine the effect of ribavirin on anti-HIV-1 activity of
stavudine in vitro. Final report due: 2Q 2003.
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