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1. EXECUTIVE SUMMARY

1.1 Conclusions and Recommendations

In April of 2007, Merck submitted the NDA to seek the Agency’s accelerated approval of
raltegravir, the first antiretroviral drug of the pharmacological class of HIV-1 integrase '
inhibitors, in the treatment of HIV-infected treatment-experienced patients. The
proposed indication was raltegravir 400 mg administered orally, twice daily (bid) with or
without food, in combination with other antiretroviral agents for the treatment of HIV-1
infection in treatment-experienced patients with HIV-1 replication despite ongoing
antiretroviral therapy.

After reviewing the efficacy results based on all 16-week data and approximately 60% of
the 24-week data from two pivotal Phase 111 trials in treatment-experienced (i.e., Studies
018 and 019) in the original submission which included the data up to database locked on
12/13/06, the statistical reviewer concluded that raltegravir 400 mg bid in combination of
the optimal background therapies (OBT) had superior efficacy over the placebo in
combination of OBT for the treatment of HIV treatment-experienced patients.
Additionally, based on the updated data from three Phase Il or 111 trials in treatment-
experienced patients (i.e., Studies 005, 018 and 019) which included the data up to the
database locked on 2/16/07, the statistical reviewer concluded that there was no
significant difference in mortality between raltegravir and placebo; however, at the same
time, there were not enough deaths to rule out a difference in mortality.

1.2 Brief Overview of Clinical Studies

The NDA included the 48-week data from two dose-ranging Phase 11 trials (i.e., Study
004 for treatment-naive patients, and Study 005 for treatment-experienced patients) and
the complete 16-week and the partial 24-week data from two Phase 11l trials in treatment-
experienced patients (i.e., Studies 018 and 019). This statistical report focuses on the
efficacy of the two Phase III studies and the mortality analysis of the one Phase 1I and the
two Phase 111 trials in treatment-experienced patients (i.e., Studies 005, 018 and 019).

Studies 018 and 019 were Phase III multicenter, double-blind, randomized, placebo-
controlled trials. The primary objective of the studies was to evaluate the antiretroviral
activity of raltegravir 400 mg bid compared to placebo, both in combination with OBT,
for the treatment of HIV treatment-experienced patients. The two studies were identical
in study design with the only difference arising in the geographic region. Study 018 was
carried out in Europe, Asia, and central and south America, while Study 019 was
conducted in north, central and south America. The patient population included
treatment-experienced patients who had failed prior antiretroviral therapy. These patients
had failed therapy as documented by HIV RNA > 1000 copies/mL and resistance to at
least one drug in each of the three classes of licensed oral ARTs (i.e., NRTI, NNRTI and
PI) at screening. In Study 018, a total of 352 patients were randomized in a 2:1 ratio to
receive either raltegravir 400 mg bid (N=234) or placebo bid (N=118). Similarly, 351
patients were randomized in Study 019 to receive raltegravir (N=232) or placebo



(N=119). The randomization was stratified by the use of enfuvirtide in OBT (yes vs. no)
and the degree of resistance to PI at study entry (resistant to 1 PI vs. >1 PI). The duration
of the studies was 156 weeks. The studies consisted of two phases: 1) a double-blind
phase during which the patients received the assigned treatment regimen for at least 16
weeks; and 2) an open-label post virologic failure phase during which any patient who
met the criteria for virologic failure at Week 16 or beyond was allowed to stay on current
treatment, to discontinue the studies, or to switch to receive open-label raltegravir. The
primary efficacy endpoint in both studies was the percentage of patients achieving HIV
RNA level <400 copies/mL at Week 16. Other key efficacy endpoints at Week 16
included proportion of patients achieving HIV RNA < 50 copies/mL, mean change from
baseline in HIV RNA level, and mean change from baseline in CD4 cell counts.

Study 005 was a Phase II multicenter, double-blind, randomized, dose-ranging, placebo-
controlled trial to evaluate the safety, pharmacokinetics and efficacy of raltegravir bid at
three different doses (i.e., 200, 400 and 600 mg) compared to placebo, both in
combination with the OBT, in HIV-infected patients who have failed therapy. These
patients had failed therapy as documented by HIV RNA > 5000 copies/mL and
documented resistance to at least one drug in each of the three classes of licensed oral
antiretroviral therapies. Because preliminary pharmacokinetic data suggest that co-
administration of raltegravir with ATV increases overall drug exposure of raltegravir,
there were two substudies depending on whether ATV was in the OBT in double-blind
phase: patients who received non-ATV-containing OBT were enrolled in Substudy A and
patients who received ATV-containing OBT were enrolled in Substudy B. A total of 179
patients were randomized in Substudies A and B in 1:1:1:1 ratio to the three raltegravir
dose groups and the placebo group (raltegravir 200 mg: N=44, raltegravir 400 mg: N=45,
raltegravir 600 mg: N=45; placebo: N=45). The randomization was stratified by
enfuvirtide use (yes or no) and degree of resistance to PI at study entry (resistance to 1 PI
or >1 PI). Similar to the Phase III studies, the study had two phases, namely, double-
blind phase when the patients received the assigned treatment and open-label post
virologic failure phase when the patients who failed to response at Week 16 or beyond
could change to receive raltegravir. When the raltegravir dose of 400 mg bid was
selected for the Phase 111 trials, the protocol was amended (2/28/06) to switch all patients
who had completed at least 24 weeks of double-blind phase to receive open-label
raltegravir. Also, under the original protocol, patients who switched to open-label post
virologic failure phase received raltegravir 600 mg bid. In the protocol amendment, all
patients entering open-label post virologic failure phase received raltegravir 400 mg bid.
The primary efficacy endpoint was change from baseline in plasma HIV RNA (log;o
copies/mL) at Week 24.

1.3 Statistical Issues and Findings
Overall, based on the data submitted, the following results were observed:
* In the two pivotal Phase Il studies (018 and 019), approximately 78% of the
patients in the raltegravir treatment group had HIV RNA viral load <400

copies/mL at Week 16 compared to 41% of the placebo patients in study 018 and
43% of the placebo patients in study 019 (where missing data were imputed



assuming treatment-related discontinuations were treatment failures).

e Raltegravir efficacy compared to placebo was less impressive for treatment-naive
enfuvirtide and treatment-naive darunavir patients and for patients with >3
phenotypic susceptibility scores (PSS).

The following issues were raised by the statistical review team:

o Nearly identical results were observed in the raltegravir treatment group in the
two pivotal phase 111 trials for the applicant’s primary efficacy endpoint (where
missing data were imputed assuming treatment-related discontinuations were
treatment failures): 178/228 (78.1%) of the subjects in Study 018 and 177/226
(78.3%) of the patients in Study 019 had HIV RNA viral loads that were less
than 400 copies/mL at Week 16.

. Similar trends were also apparent in the two studies for the cumulative
distribution of HIV RNA data for the following categories (<50, <400, <1,000,
<10,000 and <100,000 copies/mL) and for many of the secondary endpoints.

As part of the data verification process, the review team requested the copies of original
source documents for HIV RNA Amplicor, HIV RNA Ultra-sensitive, and CD4 count
data for selected sites in studies 018 and 019 and treatment randomization schedules that
were to be sent directly to the FDA from the external vendors for studies 004, 005, 018
and 019. In addition, the FDA requested Merck’s standard operating procedures for
randomization schedule generation and certification from the external vendors that the
randomization code documents were obtained from the original electronic file sent to the
vendors from Merck prior to study initiation. A sample of treatment codes and laboratory
data were compared to corresponding values in the SAS data sets and appeared to match.

To evaluate the robustness of the efficacy results of the two Phase Il trials in the
treatment-experienced patients, the statistical reviewer used different rules of assigning of
viral load results using results from different assays (i.e., standard, ultrasensitive and
dilution assays), different definitions of visit windows for measurements of HIV RNA
level and CD4 counts, and different approaches to impute-missing data. The statistical
reviewer’s results were quite similar to the applicant’s. With regards to the mortality, 16
patients died in the three Phase I or IlI trials in the treatment-experienced patients based
on the updated datasets up to the database locked on 2/16/07 (raltegravir 13 vs. placebo 3
patients). The statistical reviewer calculated the mortality rates per person-year exposure
and performed survival analysis using the updated data. There was no significant
difference in the mortality between raltegravir and placebo groups; however, at the same
time, there were not enough deaths to rule out a difference in mortality due to the short
follow-up time.



2. INTRODUCTION

2.1 Overview

The HIV integrase is one of the three HIV-1 enzymes required for viral replication and
catalyzes the stepwise process resulting in the integration of the HIV deoxyribonucleic
acid (DNA) into the genome of the host cell. Merck has been developing raltegravir, the
first HIV integrase strand transfer inhibitor, to treat HIV-infected patients. In this NDA,
Merck submitted a series of Phase I studies, the 48-week data from two dose-ranging
Phase Il trials (i.e., Study 004 in treatment-naive patients and Study 005 in treatment-
experienced patients), and all 16-week data and partial 24-week data from the two pivotal
Phase IlI trials in treatment-experienced patients to seek the Agency’s accelerated
approval of raltegravir for the treatment of HIV treatment-experienced patients. The
proposed indication was raltegravir 400 mg administered orally, twice daily (bid) with or
without food, in combination with other antiretroviral agents for the treatment of HIV-1
infection in treatment-experienced patients with HIV-1 replication despite ongoing
antiretroviral therapy.

In this review report, we will review the efficacy of the two Phase III trials and the
mortalities of the three Phase 11 or Phase 111 trials conducted in the treatment-experienced
patients. Table 1 below summarizes the studies reviewed in this report.

Table 1: Summary of Reviewed Studies

Study ID Study Design Treatment Arms and Geographic
Number of Randomized | Region
Patients
Study 018 Phase 111, multicenter, double-blind, raltegravir 400 mg: n=354 | Europe,
randomized, placebo-controlied study to placebo: n=118 Asia,
evaluate the safety and antiretroviral activity Central and
of raltegravir 400 mg bid in combination with South
an OBT vs. OBT alone in HIV-infected . America
treatment-experienced patients
Study 019 Phase 1, multicenter, double-blind, raltegravir 400 mg: n=232 | North,
randomized, placebo-controlled study to placebo: n=119 Central and
evaluate the safety and antiretroviral activity South
of raltegravir 400 mg bid in combination with America

an OBT vs. OBT alone in HIV-infected
treatment-experienced patients

Study 005 Phase 11, multicenter, double-blind, raltegravir 200 mg: n=44 Europe,
randomized, dose-ranging, placebo-controlled | raltegravir 400 mg: n=45 Asia, North,
study to evaluate the safety, pharmacokinetics | raltegravir 600 mg: n=45 Central and
and efficacy of raltegravir in combination with | placebo: n=45 South

an OBT versus OBT alone in HIV-infected America
patients with documented resistance to at least
one drug in each of the three classes of
licensed oral antiretroviral therapies




2.2 Data Sources

The application was electronic and can be found in FDA internal network drive of
\Cdsesub\evsprod\NDA022145.

3. STATISTICAL EVALUATION

3.1 Evaluation of Efficacy of Studies 018 and 019

3.1.1 Study Design

Studies 018 and 019 were identical in study design with the only difference arising in that
Study 018 was conducted in Europe, Asia, and Central and South America and Study 019
was carried out in North, Central and South America. Both studies were multicenter,
double-blind, randomized, placebo-controlled trials in treatment-experienced HIV-
infected patients who had failed prior antiretroviral therapy. These patients had failed
therapy as documented by HIV RNA > 1000 copies/mL and documented resistance to at

- least one drug in each of the three classes of licensed oral ARTs (i.e., NRTI, NNRTIL and
PI) at screening.

The primary objective of the studies was to evaluate the antiretroviral activity of
Raltegravir 400 mg twice daily (bid) compared to placebo, both in combination with
OBT, as measured by the proportion of patients achieving HIV RNA < 400 copies/mL at
Week 16.

In Study 018, a total of 352 eligible patients were randomized in a 2:1 ratio to receive
either Raltegravir 400 mg (N=234) or placebo (N=118), administered twice daily (bid).
Similarly, a total of 351 patients were randomized to receive either Raltegravir (N=232)
or placebo (N=119) in Study 019. The randomization was stratified by the use of
enfuvirtide in OBT (yes vs. no) and the degree of resistance to PI at study entry (resistant
to 1 Plvs. >1PI).

The duration of the studies was 156 weeks. The studies had two phases: 1) a double-
blind phase during which the patients received the assigned treatment regimen for at least
16 weeks; and 2) an open-label post virologic failure phase during which any patient who
met the criteria for virologic failure at Week 16 or beyond had the following treatment
options.

1) stayed on current treatment if the patient and the investigator felt that there was still
sufficient benefit, or

2) discontinued the study, or

3) switched to an open-label treatment post virologic failure options where patients were
able to change their OBT (if feasible) and received open-label Raltegravir once they
had completed 16 weeks of study.

The virologic failure was defined as:



1) a confirmed decrease from baseline plasma HIV RNA < 1.0 log;o and HIV RNA >
400 copies/mL starting at Week 16 or beyond,;
2) avirologic relapse starting at Week 16 or beyond that was defined as:
(a) HIV RNA > 400 copies/mL on two consecutive measurements at least one week
apart after initial response with HIV RNA <400 copies/mL or
(b) > 1.0 log)o increase in HIV RNA above nadir level on two consecutive
measurements at least one week apart.

3.1.2 Efficacy and Safety Assessments

During the double-blind phase, HIV RNA and CD4 cell counts were determined at
Screening, Randomization (Day 1), Weeks 2, 4, 8, 12, 16, 24, 32, 40, 48, 60, 72, 84, 96,
108, 120, 132, 144, 156 and 14-day post-therapy follow-up. Plasma for viral resistance
samples were collected at Screening, Week 24, Week 48, following virologic failure, and
at the discontinuation visit (for patients that discontinued the study early). Blood for
archiving were collected pretreatment at Randomization (Day 1) for possible future
testing of the polymorphism of UGT1A1 or other drug-metabolizing enzymes.

During the open-label post virologic failure (OLPVF) phase, HIV RNA and CD4 cell
count were determined after switching to open-label treatment post virologic failure at
OLPVF Weeks 4, 8, 16, 24, 32, 40, 48, 60, 72, 84, 96, 108, 120, 132, final OLPVF visit
(156 weeks of total study therapy), and 14-day post-therapy follow-up. Plasma for viral
resistance samples were collected at OLPVF Week 24, OLPVF Week 48, and at the
discontinuation visit (for patients who discontinued the open-label treatment option
before Week 48).

Tables 6 and 7 in Appendix display the detailed schedule of efficacy and safety
assessments.

3.1.3 Efficacy Endpoints

The primary efficacy endpoint in the two studies was the proportion of patients achieving
HIV RNA <400 copies/mL at Week 16. The secondary efficacy endpoints included the
following variables.

1) proportions of patients with either HIV RNA level <400 copies/mL, or reduction
from baseline in HIV RNA (log10 copies/mL) exceeding 1.0 log10 copies/mL at
Weeks 16 and 48;

2) proportions of patients with HIV RNA < 50 copies/mL at Weeks 16 and 48;

3) change from baseline in HIV RNA (log10 copies/mL) at Weeks 16 and 48;

4) change from baseline in CD4 cell count at Weeks 16 and 48;

5) proportions of patients with HIV RNA < 400 copies/mL at Week 48;

6) Time-to-loss-of-virologic-response (TLOVR) at Week 48.

10



3.1.4 Patient Disposition, Demographic and Baseline Characteristics

Table 2 displays patient disposition for both studies. In Study 018, a total of 352 patients were
randomized, of whom 350 received at least one dose of assigned treatment regimen in Study 018
(raltegravir: 232; placebo: 118). In Study 019, a total of 351 patients were randomized, of whom
349 received at least one dose of assigned treatment regimen (raltegravir: 230; placebo 119). Of
the randomized patients who received at least one dose of study medication, a few patients
withdrew from the study during the double blind phase in both treatment groups in both studies
and most common reason for discontinuation was due to the adverse event. In Study 018, 5 out
of the 232 raltegravir-treated patients discontinued during the double-blind phase (4 discontinued
due to clinical adverse event, and 1 due to consent withdrawn), compared to 4 out of 118
placebo-treated patients (all due to clinical adverse event). In Study 019, 10 out of the 230
patients in the raltegravir group withdrew from the study during the double-blind phase (4 due to
clinical adverse event, 2 due to withdrawal of consent, and 1 due to lab adverse event), while 3
out of 119 placebo-treated patients discontinued the study in the double-blind study (1 due to
lack of efficacy, 1 due to clinical adverse event, and 1 due to loss to follow-up). As expected,
more patients in the placebo group experienced virologic failure and entered the open-label post
virologic failure treatment phase. Specifically, 15 raltegravir-treated and 46 placebo-treated
patients in Study 018 received the open-label treatment, and 19 raltegravir-treated and 39
placebo-treated patients in Study 019 entered the open-label treatment phase.
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Table 2: Studies 018 and 019 — Patient Disposition

Study 018 Study 019 Overall
Raltegravir Placebo Total Raltegravir Placebo Total Raltegravir Placebo Total
Number of screening — n (%) 500 512 1012
Double-blind phase — n (%)

Number of randomized 234 (100) 118 (100) 352 (100) 232 (100) 119 (100) 351 (100) 466 (100) 237 (100) Awmwv

Number of treated 232 (99) 118 (100) 350 (99) 230 (99) 119 (100) 349 (99) 462 (99) 237 (100) 699 (99)
Discontinued study 5(2) 4(3) 9(3) 10 (4) 303) 13 (4) 15 (3) 7(3) 22 (3)

Before Week 16 5(2) 4(3) 8(2) 6 (3) 3(3) 93 11(2) 7(3) 18 (3)
Lack of efficacy 0 (0) 0 (0) 0(0) 0(0) 1(1) 1 (<1) 0 (0) 1 (<1) 1 (<)
Clinical adverse event 4(2) 4(3) 8(2) 3 1 (1) 4(1) 7(2) 5@) 12 (2)
Lab adverse event 0(0) 0(0) 0(0) 1(<1) 0(0) 1 (<1) 1 (<1) 0 1 (<1)
Consent withdrawn 1 (<1) 0(0) 1 (<) 2(1) 0(0) 2 (1) 3 0(0) 3 (<D
Loss to follow-up 0(0) 0(0) 0(0) 0(0) 1(1) 1 (<) 0 (0) 1 (<1) 1 (<)
After Week 16 0 (0) 0(0) 0(0) 4(2) 0 4 (1) 4 (1) 0 (0) 4 (1)
Clinical adverse event 0 (0) 0(0) 0(0) 1 (<1) 00 1 (<) 1 (<) 0(0) 1(<1)
Consent withdrawn 0O 0 () 0(0) 3(D 0 (0) 3D 3 0(0) 3(<)
Open-label post viral failure — n (%)

Total entered 15 (6) 46 (39) 6l (17) 19 (8) 39 (33) S8 (17) 34(7) 85 (36) 119 (17)
Discontinued treatment 0(0) 0 (0) 0(0) 1 (<D 0 (0) 1<) 1 (<) 0 (0) 1 (<D
Continuing treatment 15 (6) 46 (39) 61 (17) 18 (8) 39 (33) 57(16) 33(7) 85 (36) 118 (17)

Time Switched from Double-blind

phase to Open—label (weeks)

. . : 20 (17, 20 (17,
Median (min, max) 22(17,36) 20(17,29) 20(17, 36) 20 (17, 32) 19 (17,32) 32) 21 (17, 36) 20(17,32) 36)

Source: Clinical Study Report for Studies 018 and 019, Section 10. Table 10 - 3.
'Patient 7088 in Study 018 died on = which was approximately at 14 weeks after start of therapy, but the applicant regarded him discontinuing on ~~~=,  which was at 20 weeks after start of therapy in Table 10 - 3.
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Tables 8 and 9 in Appendix summarize patient demographics and baseline characteristics. In
general, patient demographics and baseline characteristics were balanced between the two
treatment groups in both studies with exception of the number of patients infected with hepatitis
B and hepatitis C. In Study 018, fewer patients in the raltegravir group had hepatitis B infection
than those m the placebo group (raltegravir: 6%; placebo: 3%), but more patients in the
raltegravir group than those in the placebo group had hepatitis C infection (raltegravir 13%;
placebo 19%). In Study 019, fewer patients in the raltegravir group had hepatitis C infection
compared to those in the placebo group (raltegravir 10%; placebo 3%).

A majority of the study patients were male (Study 018: 85%; Study 019: 91%) and white (Study
018: 77%; Study 019: 58%). The median age in the two studies was 45 years. A majority of
patients in Study 018 were treated in Europe (74%) and a majority of patients in Study 019 were
treated in North America. Above 90% of patients had a prior history of AIDS (Study 018: 92%,
Study 019: 91%). Approximately 50% of the patients had baseline HIV RNA <=50,000
copies/mL (Study 018: 50%; Study 019: 48%), and the mean baseline log;o HIV RNA was above
4.5 log)o copies/mL (Study 018: 4.6 log;o copies/mL; Study 019: 4.7 log;o copies/mL). The
average baseline CD4 counts for Studies 018 and 019 were 155 and 152 cells/mm’, respectively.
Approximately 20% of patients received enfuvirtide as the first time use (Study 018: 21%; Study
019: 20%). More patients in Study 019 (47%) received darunavir as the first time use than those
in Study 018 (26%). The average phenotypic sensitivity scores were 1.5 and 1.6 in Studies 018
and 019, respectively. The average genotypic sensitivity score was 1.2 in both studies.
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3.1.5 Statistical Methodologies

The efficacy analysis was conducted on the treated patient population which was defined
as all the randomized patients who received at least one dose of study medication. For
each of the defined virologic response (successes), the following approaches were used to
handle missing values for patients who discontinued the assigned treatment:

e Observed Failure (OF): Patients who prematurely discontinued the assigned
treatment due to lack of efficacy were considered as failures thereafter.

e Treatment-Related Discontinuation = Failure (TRD=F): Patients who prematurely
discontinued the assigned treatment due to lack of efficacy or adverse experiences
were considered as failures thereafter.

e Non-Completer = Failure (NC=F): Patients who prematurely discontinued the
assigned treatment regardless of reasons were considered as failures thereafter.

e The TRD=F approach was the primary approach. Of note, if a patient’s OBT was
changed due to lack of efficacy during the double-blind treatment period, this patient
was considered as a virologic failure starting from the time the OBT was changed.
OBT changes due to administrative reasons were not considered as failures.

To analyze the primary efficacy endpoint of proportion of patients achieving HIV RNA <
400 copies/mL at Week 16, the applicant employed a logistical regression model adjusted
for the following prognostic factors: the baseline HIV RNA level, enfuvirtide use in OBT
in enfuvirtide-naive patients (yes/no), active P1 in OBT determined by phenotypic
resistance test (yes/no) and darunavir use in the OBT in darunavir- naive patients
(yes/no). Also, the Kaplan-Meier approach for time to loss of virologic-response
(TLOVR) was applied to assess the durability of antiretroviral activity of Raltegravir.
TLOVR was the time between randomization and the first HIV RNA value above 400
copies/mL, with non-responders who did not achieve HIV RNA values < 400 copies/mL

"on two consecutive visits being assigned a failure time of zero. Patients who
discontinued assigned therapy were considered as a failure for TLOVR analysis. Similar
methods were applied to other secondary efficacy endpoints of virologic response with
binary outcome.

HIV RNA changes were calculated based on HIV RNA measured by COBAS Amplicor
HIV Monitor standard assay. The values were imputed as 400 copies/mL for the
standard assay values reported as “<400 copies/mL HIV RNA Detected”, while they
were imputed as 200 copies/mL for the standard assay values reported as “<400
copies/mL HIV RNA Not Detected”. Baseline measurements were defined as the
randomization/Day1 value for each patient. Baseline HIV RNA levels were carried
forward for patients who discontinued assigned therapy due to lack of efficacy.
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To address the secondary endpoint of change from baseline in CD4 cell count at Week
16, a mixed-effect model (with patients as random effects) adjusted for baseline CD4 cell
counts, visit, stratum, and treatment was applied. The following logic, which was similar
to the observed failure (OF) approach, was used to handle missing values: baseline CD4
cell count was carried forward for those who discontinued assigned therapy due to lack of
efficacy and/or adverse experience.

3.1.6 Applicant’s Results and Conclusion

Table 3 summarizes the applicant’s analysis for the primary efficacy endpoint which
demonstrated that a greater proportion of raltegravir-treated patients achieved HIV RNA
<400 copies/mL at Week 16 than the placebo-treated patients. Specifically, in Study
018, 77% of the patients in the Raltegravir group had HIV RNA <400 copies/mL at
Week 16 compared to 41% of the patients in the placebo group; in Study 019, 77%
raltegravir-treated patients experienced HIV RNA < 400 copies/mL at Week 16
compared to 43% of the placebo-treated patients. The analysis included all randomized
and treated patients, and regarded those who had missing HIV RNA values at Week 16 as
failures. The applicant further conducted additional analyses using different missing data
imputation methods, logistics regression and CMH tests. The results supported the
superiority of raltegravir over the placebo with respect to the primary efficacy endpoint.
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Table 3: Studies 018 and 019 — Applicant’s Analysis Results for Primary Efficacy Endpoint of
Proportion of Patients Achieving HIV RNA < 400 copies/mL at Week 16 (All Treated)

Study 018 Study 019
Responses by D}}:g:j::ﬂ Responses by Treatment Difference
Treatment Group — Percent Response Treatment Group — in Percent Response
Responders/ Evaluable P Responders/ Evaluable (Raltegravir —
° (Raltegravir — °
(%) Placebo) (%) Placebo)
. Odds . .
Raltegravir  Placebo Ratio p- Raltegravir  Placebo | Odds Ratio —value
(N=232) (N=118) (95% CI) value (N=230) (N=119) 95% CI) p
Patients with
178/232 48/118 Not 177/230 51/119 Not
H1V RNA < ; a7 (41) Not done done 7 (43) Not done done
400 copies/mL
Additional analyses using different approaches to impute missing data
Treatment- 2 2 2 2
related 178228 agmyy | 11(6200 <000 g0 sy | 10GHI8 <0.000
discontinuati (78) 41 10 (5,18 <0.001° (78) 43) 8 (4, 16)° <0.001”
on = Failure
Non- 178230 4gmg | JOGI8 <0000 iy | 8157 <0007
;‘;‘;;E:Z‘er - (77) a1 9(5,17  <0.001° (77) (43) 7(4,14°  <0.001°
2 2 2 2
Observed 178225 ag/mi3 | 10200 <0001 yg0p0y sy | 1206237 <0001
failure (79) (43) 9(5,18)°  <0.001° (80) (44) 10¢5, 198  <o0.001°
Source: Clinical Study Report for Studies 018 and 019, Section 11, Tables 11 -1 and 11 — 4; and Section 14, Table 14-14.

'The numerator was the number of patients having HIV RNA < 400 copies/mL in the treatment group, and the denominator was the total number of patients in
the treatment group.

*The odds ratio and p-value were calculated using a logistic regression model adjusted for baseline HIV RNA level, enfuvirtide use in OBT in enfuvirtide naive
patients, active Pl in OBT determined by phenotypic resistance test (not including darunavir use). darunavir use in OBT in darunavir naive patients, and
treatment group.

*The odds ratio and p-value were calculated using Cochran-Mantel-Haenszel adjusted for: baseline HIV RNA level, enfuvirtide use in OBT in enfuvirtide naive
patients, active Pl in OBT determined by phenotypic resistance test (not including darunavir use), darunavir use in OBT in darunavir naive patients, and
treatment group.

. Additionally, raltegravir group was superior to the placebo in the following key
secondary efficacy endpoints at Week 16:

1) percentage of patients with HIV RNA < 50 copies/mL (Study 018: raltegravir 61% vs.
placebo 33%; Study 019: raltegravir 62% vs. placebo 36%)

2) percentage of patients with > 1 logjo drop in HIV RNA or HIV RNA < 400 copies/mL
(Study 018: raltegravir 85% vs. placebo 42%; Study 019: raltegravir 83% vs. placebo
50%)

3) mean change in HIV RNA from baseline (Study 018: raltegravir -1.9 vs. placebo -0.8
logio copies/mL; Study 019: raltegravir -1.9 vs. placebo -1.1 log;o copies/mL)

4) mean change in CD4 cell count from baseline (Study 018: raltegravir 83 vs. placebo
31 cells/mm3; Study 019: raltegravir 85 vs. placebo 40 cells/mm3)
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5) percentage of virologic failure (Study 018: raltegravir 14% vs. placebo 53%; Study
019: raltegravir 17% vs. placebo 48%).

Furthermore, the applicant analyzed the Week 24 efficacy endpoints using the patients
who were randomized before 07/01/06 and had Week 24 available at the time of database
locked (12/13/06), which consisted of about 68% and 56% of all Week 24 data in Studies
018 and 019, respectively. The raltegravir-treated patients again showed better efficacy
in comparison with the placebo-treated patients in the following efficacy endpoints at
Week 24,

1) percentage patients with HIV RNA < 400 copies/mL (Study 018: raltegravir 75%
vs. placebo 40%; Study 019: raltegravir 76% vs. placebo 39%)

2) percentage of patients with HIV RNA < 50 copies/mL (Study 018: raltegravir
61% vs. placebo 33%,; Study 019: raltegravir 65% vs. placebo 33%)

3) percentage of patients with > 1 log;o drop in HIV RNA or HIV RNA < 400
copies/mL (Study 018: raltegravir 81% vs. placebo 43%; Study 019: raltegravir
81% vs. placebo 44%)

4) mean change in HIV RNA from baseline (Study 018: raltegravir -1.8 vs. placebo -
0.8 logio copies/mL; Study 019: raltegravir -2.0 vs. placebo -1.0 log;o copies/mL)

5) mean change in CD4 cell count from baseline (Study 018: raltegravir 86 vs.
placebo 30 cells/mm3; Study 019: raltegravir 93 vs. placebo 40 cells/mm3)

6) percentage of virologic failure (Study 018: raltegravir 15% vs. placebo 53%;
Study 019: raltegravir 17% vs. placebo 49%).

Tables 10 and 11 in Appendix display the applicant’s analyses for the key secondary
efficacy endpoints at Weeks 16 and 24.

Based on the results for the primary and secondary efficacy analyses, the applicant
concluded that raltegravir 400 mg bid in combination with an OBT had superior
antiretroviral activity compared with the placebo in combination with an OBT.
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3.1.7 Reviewer’s Comments

Nearly identical results were observed in the raltegravir treatment group in the two pivotal
phase III trials for the applicant’s primary efficacy endpoint (where missing data were
imputed assuming treatment-related discontinuations were treatment failures); 178/228
(78.1%) of the subjects in study 018 and 177/226 (78.3%) of the subjects in study 019 had
HIV RNA viral loads that were less than 400 copies/mL at Week 16.

Figure 1: Distribution of HIV RNA Data from Phase 111 Studies 018 and 019 for
Raltegravir Treatment Group
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Similar trends were also apparent in the two studies for the cumulative distribution of HIV
RNA data for the following categories (<50, <400, <1,000, <10,000 and <100,000
copies/mL) and for many of the secondary endpoints.

Figure 2: Cumulative Distribution of HIV RNA Data from Phase 111 Studies 018
and 019 for Raltegravir Treatment Group
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In contrast to the raltegravir treatment group, 'placebo treatment results differed somewhat
in the two studies.

Figure 3: Distribution of HIV RNA Data from Phase I11 Studies 018 and 019 for
Placebo Treatment Group
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Figure 4: Cumulative Distribution of HIV RNA Data from Phase 111 Studies 018
and 019 for Placebo Treatment Group
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As part of the data verification process, the review team requested copies of original source
documents (laboratory reports) for HIV RNA Amplicor, HIV RNA Ultra-sensitive, and
CD4 count data for the 4 sites that were inspected for studies 018 and 019, the largest site
in study 019 and an additional site in study 018 that had highly significant results in favor
of raltegravir. The review team also requested copies of original source documents for
treatment randomization schedules be sent directly to the FDA from the external vendors
for studies 004, 005, 018 and 019. In addition, the FDA requested Merck’s standard
operating procedures for randomization schedule generation and certification from the
external vendors that the randomization code documents were obtained from the original
electronic file sent to the vendors from Merck prior to study initiation. Copies of the
original source documents of laboratory data and a 10% sample of treatment codes were
examined and found to be consistent with our data listings.

To evaluate the robustness of the efficacy results, the statistical reviewer used different
rules of assignment of viral load results when results from different assays (i.e., standard,
ultrasensitive and dilution assays), different definitions of visit windows for measurements
of HIV RNA level and CD4 counts, and different approaches to impute missing data. The
detailed differences between the reviewer’s and the applicant’s methods are listed in Table
4. The reviewer’s results varied slightly from those of the applicant due to these different
rules, but they did not change the conclusion that raltegravir had better antiviral efficacy
than the placebo. Tables 13 and 14 summarize the statistical reviewer’s analysis results.
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3.2 Evaluation of Safety

In June of 2007, the applicant submitted the updated safety report and the corresponding
datasets up to the database locked on 2/16/07. The statistical reviewer used the updated
data from Studies 005, 018 and 019 to evaluate the difference in mortality between
raltegravir and placebo groups in treatment-experienced patients. Note that the patients
in the three raltegravir dose groups in Study 005 were considered as raltegravir-treated
patients regardless of different doses of raltegravir they received.

In total there were 16 deaths (13 in raltegravir group and 3 in placebo group) among the
877 randomized and treated patients in Studies 005, 018 and 019 (raltegravir N=595;
placebo N=282). It was noticed that all three deaths in placebo group occurred during the
double-blind phase in Study 018.

The statistical reviewer calculated the mortality rate per person-year of exposure by
Week 24, by last follow-up visit before 2/16/07 and by 2/16/07, using both ITT and as-
treated population. The ITT analysis counted the patients randomized to the placebo
group as placebo-treated patients even though they might enter the open-label to receive
raltegravir treatment. The as-treated analysis reclassified the patients from their
originally assigned treatment as follows: 1) a patient who was randomized to raltegravir
was considered as a raltegravir patient; 2) a patient who was randomized to the placebo
and continued the placebo treatment without switching to the raltegravir was considered
as a placebo patient; and 3) a patient who was randomized to the placebo and switched to
receive open-label raltegravir after virologic failure was considered as two patients — one
as the placebo from the randomization to the time of switching to the open-label
raltegravir, and the other as raltegravir from the time of switching to receive raltegravir to
the desired ending time (i.e., Week 24, the last visit before database locked or database
locked). The statistical reviewer regards the as-treated analyses are more appropriate
than the ITT analysis for safety endpoints. Overall, in spite that there was no death in the
placebo group in Studies 005 and 019, there were no apparent differences between the
raltegravir and placebo in the mortality rates per person-year of exposure by Week 24
(as-treated analysis: raltegravir 2.8% vs. placebo 2.5%), by last follow-up visit before
2/16/07 (as-treated analysis: raltegravir 2.5% vs. placebo 2.1%) and by 2/16/07 (as-
treated analysis: raltegravir 2.2% vs. placebo 1.9%) (Table 5 in next two pages).

The statistical reviewer also performed survival analysis using Kaplan-Meier approach.
There was no obvious difference between the two treatment groups due to the short
follow-up time (Figure 5).

Therefore, based on the mortality analyses, the statistical reviewer concluded that no
apparent difference in mortality between raltegravir and placebo groups and there were
not enough deaths to rule out a difference in mortality because the follow-up time was
short.

Of note, question was raised in the advisory committee meeting about the statistical
significance of comparison of malignancy rates between raltegravir and placebo groups.
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According to the medical officer, Dr. Connelly, the results depended on the data included
in the analysis. Specifically, based on the data up to 2/16/07, the malignancy rate for
treatment-experienced patients during the double-blind treatment period was 2.2%
(13/595) in the raltegravir arm versus 0% (0/282) in placebo arm, and the p-value was
0.013 based on the 2-sided Fisher’s exact test; however, based on the data up to July of
2007, the malignancy rates were 2.7% (18/595) and 1.4 (4/282) for the raltegravir and
placebo groups, respectively; and the p-value based on 2-sided chi-square test was 0.239.
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Figure 5: Studies 005, 018 and 019 — Survival Analysis
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4. FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

Both applicant and the statistical reviewer carried out the subgroup analyses using the
separate combined data from Studies 018 and 019, respectively. In the subgroup
analyses, the applicant used OF to impute the missing data, while the statistical reviewer
employed the methods displayed in Table 4.

4.1 Subgroup Analyses by Gender, Race, Age and Region

Both applicant and the statistical reviewer conducted the subgroup analyses with respect
to gender, race, region and age (<= median age versus > median age) for the primary
efficacy endpoint. Both applicant’s and my analysis results indicated that there was no
apparent treatment by the subgroup interaction. Table 15 in Appendix shows the
statistical reviewer’s subgroup analyses results.

4.2 Subgroup Analyses by Selected Baseline Characteristics

The applicant and the statistical reviewer performed the subgroup analyses for the
primary efficacy endpoint with respect to baseline HIV RNA (<=50,000 vs. > 50,000
copies/mL; or <=100,000 vs. > 100,000 copies/mL), baseline CD4 cell count (<=50, >50
and <=200, or > 200 cells/mm3), enfuvirtide use in OBT (no, naive use enfuvirtide, or
experienced use enfuvirtide), darunavir use in OBT (no, naive use darunavir, or
experienced use darunavir), combined uses of enfuvirtide and darunavir (naive use
enfuvirtide and darunavir, naive use enfuvirtide and no use darunavir, no use enfuvirtide
and naive use darunavir, no use enfuvirtide or darunavir), number of active PI in OBT by
phenotypic resistance (0 vs. >=1), phenotypic sensitivity score (0, 1, 2, or >=3) and
genotypic sensitivity score (0, 1, 2, or >=3). No apparent treatment by subgroup
Jinteraction was observed, except that there were some subgroups with small sample size
and the results were indeterminate. However, it is noticed that raltegravir efficacy
compared to placebo was less impressive for treatment-naive enfuvirtide and treatment-
naive darunavir subjects and for patients with >3 PSS or GSS scores.

The applicant and the statistical reviewer also carried the subgroup analyses for the
efficacy endpoints of percentage of patients having HIV RNA < 50 copies/mL at Week
16, percentage of patients having HIV RNA <400 copies/mL at Week 24, and percentage
of patients having HIV RNA < 50 copies/mL at Week 24. Again, the subgroup analyses
did not indicate any significant treatment by subgroup interaction except for some
subgroups of which the treatment effect could not be determined due to the small sample
size.

Tables 16 — 19 in Appendix display the results from the statistical reviewer subgroup
analyses. '
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4.3  Distribution of HIV RNA Data by Randomization Date and Largest Sites

Nearly identical results were also observed for the raltegravir treatment arm in patients
randomized before and on or after the combined median study day of randomization for
the two studies.

Figure 6: Distribution of HIV RNA Data from Phase 11I Studies 018 and 019 by
Randomization Date for Raltegravir Treatment Group
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In contrast to the raltegravir treatment group, results for the primary efficacy analysis
were not as similar in placebo patients randomized before and after the median study day
of randomization in the two studies.

Figure 7: Distribution of HIV RNA Data from Phase 111 Studies 018 and 019 by
Randomization Date for Placebo Treatment Group
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Within each study, treatment effects of raltegravir relative to placebo varied greatly from
site to site.

Figure §8: Distribution of HIV RNA Data from Study 018 for Largest Sites (>10
Patients / Site)
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Figure 9: Distribution of HIV RNA Data from Study 019 for Largest Sites (>10
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5. SUMMARY AND CONCLUSIONS

5.1 Statistical Issues and Collective Evidence
Overall, based on the data submitted, the following results were observed:

e In the two pivotal Phase III studies (018 and 019), approximately 78% of the
patients in the raltegravir treatment group had HIV RNA viral load <400
copies/mL at Week 16 compared to 41% of the placebo patients in study 018 and
43% of the placebo patients in study 019 (where missing data were imputed
assuming treatment-related discontinuations were treatment failures). ‘

e Raltegravir efficacy compared to placebo was less impressive for treatment-naive
enfuvirtide and treatment-naive darunavir patients and for patients with >3
phenotypic susceptibility scores (PSS).

The following issues were raised by the statistical review team:

. Nearly identical results were observed in the raltegravir treatment group in the
two pivotal phase 11 trials for the applicant’s primary efficacy endpoint (where
missing data were imputed assuming treatment-related discontinuations were
treatment failures): 178/228 (78.1%) of the subjects in Study 018 and 177/226
(78.3%) of the patients in Study 019 had HIV RNA viral loads that were less
than 400 copies/mL. at Week 16.

. Similar trends were also apparent in the two studies for the cumulative
distribution of HIV RNA data for the following categories (<50, <400, <1,000,
<10,000 and <100,000 copies/mL) and for many of the secondary endpoints.

As part of the data verification process, the review team requested the copies of original
source documents for HIV RNA Amplicor, HIV RNA Ultra-sensitive, and CD4 count
data for selected sites in studies 018 and 019 and treatment randomization schedules that
were to be sent directly to the FDA from the external vendors for studies 004, 005, 018
and 019. In addition, the FDA requested Merck’s standard operating procedures for
randomization schedule generation and certification from the external vendors that the
randomization code documents were obtained from the original electronic file sent to the
vendors from Merck prior to study initiation. A sample of treatment codes and laboratory
data were compared to corresponding values in the SAS data sets and appeared to match.

To evaluate the robustness of the efficacy results of the two Phase 111 trials in the
treatment-experienced patients, the statistical reviewer used different rules of assigning of
viral load results using results from different assays (i.e., standard, ultrasensitive and
dilution assays), different definitions of visit windows for measurements of HIV RNA
level and CD4 counts, and different approaches to impute missing data. The statistical
reviewer’s results were quite similar to the applicant’s. With regards to the mortality, 16
patients died in the three Phase 11 or 111 trials in the treatment-experienced patients based
on the updated datasets up to the database locked on 2/16/07 (raltegravir 13 vs. placebo 3
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patients). The statistical reviewer calculated the mortality rates per person-year exposure
and performed survival analysis using the updated data. There was no significant
difference in the mortality between raltegravir and placebo groups; however, at the same
time, there were not enough deaths to rule out a difference in mortality due to the short
follow-up time.

5.2 Conclusions and Recommendations

After reviewing the efficacy results based on all 16-week data and approximately 60% of
the 24-week data from two pivotal Phase 111 trials in treatment-experienced (i.e., Studies
018 and 019) in the original submission which included the data up to database locked on
12/13/06, the statistical reviewer concluded that raltegravir 400 mg bid in combination of
the optimal background therapies (OBT) had superior efficacy over the placebo in
combination of OBT for the treatment of HIV treatment-experienced patients.
Additionally, based on the updated data from three Phase II or III trials in treatment-
experienced patients (i.e., Studies 005, 018 and 019) which included the data up to the
database locked on 2/16/07, the statistical reviewer concluded that there was no
significant difference in mortality between raltegravir and placebo; however, at the same
time, there were not enough deaths to rule out a difference in mortality.
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APPENDIX

The appendix contains the schedules of efficacy and safety assessments, the applicant’s
analysis results for the secondary efficacy endpoints, the reviewer’s analysis results of the
efficacy analyses, and the reviewer’s results for the subgroup analyses.
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