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1.1

1.2

1. EXECUTIVE SUMMARY

Conclusions and Recommendations

Collective efficacy data through 24 weeks in two large, multinational, and multicenter
Phase 3 clinical trials, RESIST 1 (1182.12) and RESIST 2, in 1159 HIV-infected patients
who are highly treatment-experienced with (protease inhibitor) PI-resistant virus, show that
APTIVUS™ (tipranavir) given in combination with ritonavir demonstrated efficacy when
compared with the control group. The control group in these trials consisted of comparator
protease inhibitors (lopinavir, amprenavir, saquinavir or indinavir) pharmacokinetically
boosted with ritonavir. Efficacy evaluation was based on the surrogate endpoint of
confirmed 1 log;o reduction from baseline in HIV RNA after 24 weeks of treatment. No
results were available to make any conclusions to evaluate the effect of tipranavir on the
clinical progression of HIV to AIDS.

Brief Overview of Clinical Studies

This statistical review of APTIVUS™ (tipranavir) NDA 21-814 was based on clinical data
from two Phase 3 studies, RESIST 1 and RESIST 2.

The two identically designed RESIST trials, namely, RESIST 1 (1182.12) and RESIST 2
(1182.48) were multi-center, multi-national, randomized and controlled, open-label studies
in highly treatment-experienced HIV-infected patients with triple antiretroviral class and
dual protease inhibitor (dual PI)-drug regimen experience. The difference between the two
studies was that RESIST 1 was conducted in the United States, Canada and Australia,
while RESIST 2 was conducted in Europe and Latin America. Tipranavir boosted with
ritonavir (TPV/r 500 mg/200 mg bid) was compared with respect to safety and efficacy
through 24 weeks of treatment against a control group of protease inhibitors boosted with
ritonavir (comparator PV/r or CPUr included lopinavir, amprenavir, saquinavir or indinavir
boosted with ritonavir) where the control Pls were genotypically determined. The studies
are ongoing and designed to continue through 96 weeks.

Patients were highly antiretroviral treatment-experienced HIV-infected with triple ARV
class (NRTI, NNRTI, and PI) experience and dual-PI regimen experience. Genotypic
resistance testing was done at screening in which patients were to have at least one primary
PI mutation(s) at codons 30N, 461/L, 48V, 50V, 82A/F/L/T, 84V, or 90M and were to have
no more than two protease mutations 33, 82, 84, or 90.

A total of 1159 patients were randomized equally to either the TPV/r or to the comparator
PI/r group and treated through 24 weeks. The randomization was stratified with respect to
the pre-selected protease inhibitor (PI) as well as the use of enfuvirtide (T-20). Both
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treatment groups (TPV/r versus CPI/r) were to receive optimized background regimen
consisting of at least two non-PI drugs based on genotypic resistance testing (i.e., resistance
of HIV to drug) prior to randomization. Due to the complex comparator treatment group
containing various protease inhibitor drugs with different dosing regimen and varying
degrees of resistance profiles of the drugs, the studies had to be designed as open-label
trials. Furthermore, the FDA review team strongly recommended the Applicant that the
studies be tested for superiority of efficacy of TPV/r versus CPUr, instead of testing for
non-inferiority as eriginally proposed by the Applicant, because testing for non-inferiority
against a control arm of sub-optimal drugs in such an experienced population will be
uninterpretable. The RESIST studies included an escape clause whereby patients in the
control arm who had a lack of initial virologic response by Week 8 were allowed to
discontinue their assigned comparator protease inhibitor and enroll into the roll-over Study
1182.17 where all patients would receive tipranavir (TPV/r).

Statistical Issues and Findings

Evaluation of the efficacy of tipranavir was based on the collective data through 24 weeks
from two open-label Phase 3 clinical studies, RESIST 1 (Study 1182.12) and RESIST 2
(Study 1182.48), conducted in highly treatment-experienced HIV-infected subjects. The
primary efficacy evaluation was based on surrogate endpoint of the proportion of subjects
with confirmed 1 logo reduction in HIV RNA from baseline at Week 24 without evidence of
treatment failure. This primary endpoint was computed using the Time to Loss of
Virologic Response algorithm (see FDA Guidance document entitled “Antiretroviral Drugs
Using Plasma HIV RNA Measurements—Clinical Considerations for Accelerated and
Traditional Approval” on http://www.fda.gov/cder/guidance ).

A number of statistical issues were identified and addressed that required re-analysis of the
primary efficacy endpoint for assessing the treatment effect. The statistical issues were as
follows.

1. The Applicant had planned to evaluate the primary efficacy data for non-inferiority of

TPV/r versus the comparator PI/r group. Their null hypothesis was that the proportion
of treatment responders at 24 weeks was at least 10% lower in the TPV/r group than in
the CPL/r group.

A non-inferiority analysis would have been possible with the original protocol of
RESIST trials for evaluating efficacy of tipranavir as the control arm would have been
an active control arm. However, after Protocol Amendment # 2 was introduced, a non-
inferiority analysis was unacceptable to the FDA review team, as this amendment
allowed the Applicant to enroll a large number of patients in RESIST studies with
highly resistant Protease Inhibitor virus to be treated with boosted protease inhibitors.
This amendment created a control arm that is sub-optimal and primarily not active. As
was recommended previously to the Applicant, the FDA reviewers therefore evaluated
the RESIST studies for a superiority analysis of efficacy.
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2. The open-label study designs had a potential to introduce bias in efficacy evaluation.

Bias could come from multiple sources. Firstly, the studies had an escape clause at
Week 8 of the study, which allowed patients in the control group to discontinue their
randomized treatment if they did not show an initial virologic response. A large
number of patients (17% in TPV/r vs. 47% in CPI/r) in the control group had
discontinued treatment before Week 24 and that was attributable mainly to virologic
failure. The proportion of initial virologic failures by Week 8 was 35% in TPV/r versus
59% in CPI/r.

Therefore, the FDA reviewers incorporated this escape clause as a reason for treatment
failure into the time-to-event analysis which would provide a correct interpretation of
the final primary efficacy endpoint.

Other sources of potential open-label bias were: a) post-randomization changes by
patients to their assigned background antiretroviral drugs taken in combination with
their randomized treatment of TPV/r or CPV/r, b) post-randomization changes to their
randomization strata with or without adding enfuviritide (T-20), ¢) large number of
patients with protocol violations (51% in TPV/r and 56% in CPIl/r group) in the study,
d) potential lack of treatment compliance due to knowledge of treatment group.

This FDA reviewer has addressed all of these open-label bias issues to evaluate whether
the evidence of efficacy of tipranavir is sufficiently robust or not.

Finally, the FDA reviewer also evaluated claims made in external publications that
tipranavir is superior in efficacy to any of the control protease inhibitor drugs such as
lopinavir, amprenavir, saquinavir, or indinavir. Our evaluation was based on the drug
resistance profiles of the comparator drugs and the prior exposure to the drugs. As
noted before, a substantial proportion of patients (86%) were not susceptible to the
comparator drugs because of resistant virus, while tipranavir was a new drug to which
the HIV had not yet developed resistance.

Extensive review and evaluation of the efficacy data from the two Phase 3 studies lead us
to the following conclusions.

1.

RESIST 1 (Study 1182.12) and RESIST 2 (Study 1182.48) studies were identically
designed studies with primary difference being the geographic location where the
studies were conducted. RESIST 1 was conducted in the USA (80%), Canada (13%),
and Australia (7%) and RESIST 2 was conducted in Europe (85%) and Australia
(15%). Both studies are ongoing and are of 96 weeks in duration. This statistical
review is based on 24 week efficacy data from both studies.

In RESIST 1, a total of 620 patients were randomized and treated with either
tipranavir/ritonavir (TPV/r) or comparator Pl/ritonavir (CPI/r) given in combination
with an optimized background regimen of at least two non-PI antiretroviral drugs. Out
of these 84% of patients completed treatment through 24 weeks in TPV/r arm and 54%
completed treatment through 24 weeks in the CPI/r arm.
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In RESIST 2, a total of 863 patients were randomized and treated with either
tipranavir/ritonavir (TPV/r) or comparator Pl/ritonavir (CPI/r) given in combination
with an optimized background regimen of at least two non-PI antiretroviral drugs. All
of these 863 patients were to have completed 16 weeks in the study. However, as
previously agreed by FDA, the Applicant provided efficacy data on 539 patients who
would complete 24 weeks of the study. Out of these 539 patients, 82% of patients
completed treatment through 24 weeks in TPV/r arm and 51% completed treatment
through 24 weeks in the CPI/r arm.

3. The demographics of patients both studies were balanced across both treatment groups.
In both RESIST studies combined, the mean age of patients was 44 years (range 17 to
80), 88% were male (12% female), 73% were of white origin, 14% of black origin, 1%
of Asian origin and 12% patients from France did not report race due to local law.

4. Patients who enrolled in the RESIST trials were in an advanced HIV disease stage with
many patients on a failing treatment regimen prior to study entry. Most of the baseline
disease characteristics were balanced across the treatment groups in both studies. In
both studies combined, the total of 1159 randomized and treated patients had a median
baseline plasma HIV RNA of 4.82 (range 2 to 6.8) logjp copies/mL, and median
baseline CD4 cell counts of 155 (range 1 to 1893) cells/mm®. Forty percent (40%) of
patients had baseline HIV RNA of >= 100,000 copies/mL, 61% had a baseline CD4 cell
count <200 cells/mm’, and 57% had an AIDS defining Class C event at baseline. In
RESIST 1 and RESIST 2, respectively, 10% and 18% patients were either hepatitis B
or C positive.

5. The randomization stratification factors in the RESIST studies were the pre-selected
comparator protease inhibitors and the pre-determined assignment of enfuvirtide (T-
20). These factors were not similar between the two studies. In RESIST 1, the
proportion of patients assigned to the protease inhibitor stratum of lopinavir,
amprenavir, saquinavir or indinavir, respectively were 61%, 14%, 21%, and 4%. In
RESIST 2, the proportion of patients assigned to the protease inhibitor stratum of
lopinavir, amprenavir, saquinavir or indinavir, respectively were 38%, 40%, 20%, and
3%. In other words, in RESIST 1 trial patients were most likely to be in the lopinavir
stratum while in RESIST 2 the most common strata were lopinavir or amprenavir.

In RESIST 1, 37% were assigned to receive enfuvirtide while in RESIST 2 only 14%
were assigned to receive enfuvirtide.

In RESIST 1 and RESIST 2, respectively, the proportion of patients evaluated to be
possibly resistant or resistant using genotypic testing were 92% and 80% respectively.
This difference could be attributed to the use of two different types of assay methods
and algorithms (In RESIST 1 TruGene assay was used and in RESIST 2, European sites
used Virtual Phenotype while Latin American sites used TruGene assay).

6. The FDA analysis of primary efficacy incorporated the early discontinuations due to
lack of initial virologic response at Week 8 as treatment failure. Based on our analysis,
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the proportion of treatment responders (confirmed 1 log reduction in HIV RNA from
baseline) at Week 24 was 41% in TPV/r and 21% in the CPI/r arm in RESIST 1 study.
In RESIST 2, the proportion of treatment responders was 40% in TPV/r group and 14%
in the CPU/r group. Treatment differences of 20% in RESIST 1 (95% CI: [12%, 27%])
and 26% in RESIST 2 (95% CI: [19%, 33%]) were statistically significant and in favor
of tipranavir/ritonavir. The major source of treatment failures in both studies was due
to virologic failure and specifically due to the initial lack of response in many patients
at Week 8.

7. Additionally, several sensitivity analyses were conducted by the FDA reviewer to
address the many different sources of potential open-label biases such as early escape
clause, post-randomization changes to the background antiretroviral regimen, post-
randomization changes to the randomization strata of enfuvirtide assignment, numerous
protocol violations (in at least 50% of patients), and potential treatment non-
compliance. All of the sensitivity analyses were consistent with the FDA results of
primary efficacy. These analyses indicated that the treatment effect of
tipranavir/ritonavir was statistically significant compared with the comparator protease
inhibitors/ritonavir. The treatment benefit due to tipranavir/ritonavir compared with
comparator Pl/ritonavir is expected to range between 9% and 32% usmg a pooled
confidence interval of 99.875% for both studies combined.

8. In RESIST 1 and RESIST 2 studies combined, among the patients who achieved the
primary endpoint (confirmed 1 log reduction from baseline in HIV RNA at Week 24),
the proportion of patients with HIV RNA < 400 copies/mL was significantly greater in
the TPV/r arm than in the control CPI/r (34% and 15%, respectively). The treatment
difference was 19% with a pooled 99.875% confidence interval of (11%, 27%).

Similarly, for the pooled RESIST studies, the proportion of patients with HIV RNA <
50 copies/mL was significantly greater in the TPV/r arm than in the control CPI/r arm
(24% and 10%, respectively). The treatment difference was 14% with a pooled
99.875% confidence interval of (7%, 21%).

9. Among all patients who completed 24 weeks of therapy, the median change from
baseline in HIV RNA in patients receiving tipranavir/ritonavir (N=489) versus
comparator Pl/ritonavir (N=285) was -1.34 and -1.02 loglO copies/mL, respectively.
However, among all randomized and treated patients including virologic responders
and treatment failures, the median change from baseline in HIV RNA in patients
receiving tipranavir/ritonavir (N=582) versus comparator Pl/ritonavir (N=577) was -0.8
and -0.25 log10 copies/mL at Week 24, respectively.

Among all patients who completed 24 weeks of therapy, the median change from
baseline in CD4+ cell count in patients receiving tipranavir/ritonavir (N=436) versus
comparator Pl/ritonavir (N=248) was +40 cells/mm3 and +32 cells/mm3 , respectively.
However, among all randomized and treated patients including virologic responders
and treatment failures, the median change from baseline in CD4+ cell count in patients
receiving tipranavir/ritonavir (N=582) versus comparator Pl/ritonavir (N=577) was +34
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and +4 cells/mm3 at Week 24, respectively.

Several subgroup analyses were conducted on the primary efficacy endpoint (confirmed
1 logo drop in HIV RNA from baseline at Week 24) based on the use of enfuvirtide (T-
20), resistance to pre-selected comparator Pls, baseline HIV RNA, baseline CD4 cell
count, gender, race and age. The first two subgroup analyses were based on the
randomization strata of enfuvirtide use and resistance to comparator PIs. The second
two subgroup analyses were standard subgroup analyses done for HIV drugs based on
baseline HIV RNA and baseline CD4 cell counts—both being clinically relevant
surrogate endpoints.

Efficacy of tipranavir/ritonavir was demonstrated regardless of the use of T-20, but the
efficacy was significantly greater in both studies when TPV/r was combined with T-20
in the patient population defined in the RESIST trials. When T-20 was combined with
TPV/r the additional treatment effect was 32% versus 18% when T-20 was not used.

Among patients who were not resistant to the comparator protease inhibitors, there was
no statistically significant difference between TPV/r and CPI/r groups. However, this
does not imply lack of efficacy of tipranavir. Among patients who were possibly
resistant or resistant to the control drugs, tipranavir boosted with ritonavir was shown to
be better than any of other boosted comparator Pls, implying efficacy of tipranavir.

Treatment effect was significant and in favor of tipranavir/ritonavir compared with
comparator Pl/ritonavir in all three subgroups of patients with baseline HIV RNA
<10,000 copies/mL, >10,000 to <100,000 copies/mL. and >100,000 copies/mL.
Treatment effect was similar in all three subgroups. However, in both treatment arms,
the response rate declined when baseline HIV RNA increased.

In both RESIST studies combined, the treatment difference between TPV/r and
comparator Pl/r groups (ie., treatment benefit) was similar whether patients had
baseline CD4 cell count <200 cells/mm’ or >200 cells/mm®. Also note that in both
treatment arms, the treatment response was lower when baseline CD4 cell count was
<200 cells/mm”.

In both RESIST studies, female patients had a numerically higher treatment response
rate with TPV/r than CPI/r than male patients (29% treatment difference in females in
RESIST 1 and 45% treatment difference in females in RESIST 2).

In RESIST 1 study, the white patients had a statistically significant treatment benefit
with TPV/r compared with CPl/r (24% treatment difference), but the black patients did
not have a significant treatment effect with TPV/r (2% treatment difference). However,
the treatment effect due to TPV/r was similar between white and black patients in
RESIST 2 study. The number of patients of Asian origin was very small in both studies
to make any statistical conclusions of efficacy of tipranavir/ritonavir.

In both studies combined, the median age of patients was 43 years. The treatment
effect due to TPV/r compared with CPI/r was statistically significant and in favor of
tipranavir whether patients were below 43 years of age or above. In RESIST 1, the
treatment effect was similar in both age groups. However, in RESIST 2 study, patients
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of age <=43 years had a larger treatment benefit (30%) than patients of age >43 years
(19%). The number of patients of age 65 years or more was only 16 in both studies.

11. FDA analysis of a head-to-head comparison was done to compare the treatment effect
of boosted tipranavir (TPV/r) with each of the individual control PIs of boosted
lopinavir, boosted amprenavir (APV/r), boosted saquinavir (SQV/r) and boosted
indinavir (IDV/r). When patients were susceptible and naive to the control Pls, the
treatment difference between TPV/r versus each of LPV/r, and APV/r was small and
not statistically significant, implying that tipranavir/ritonavir combination is not
superior to the control PIs, LPV/r and APV/r. In the SQV/r strata among patients
susceptible and naive to SQV, the treatment difference between TPV/r and SQV/r was
not statistically significant but the confidence intervals were shifted positive in favor of
TPV/r. The number of patients in IDV/r strata who were susceptible and naive to IDV
were too small to make a head-to-head comparison.

Among patients who were experienced or resistant to the comparator protease
inhibitors, the control group was sub optimal, and the treatment effect was statistically
significant and in favor of TPV/r versus each of LPV/r, APV/r, SQV/r and IDV/ron a
head-to-head comparison basis.
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2.1

2.1.1

2. INTRODUCTION

Overview

The Applicant submitted New Drug Application (NDA) 21-814, Serial Number 000, for
APTIVUS™ (tipranavir, TPV) to the U.S. Food and Drug Administration (FDA) on
December 29, 2004. The proposed indication for tipranavir is [~

|

Tipranavir belongs to the class of antiretroviral drugs that treat HIV infection called
protease inhibitors. Specifically, tipranavir is a non-peptidic protease inhibitor (PI).
APTIVUS™ (tipranavir, TPV) has been initially developed for use in highly antiretroviral
treatment-experienced HIV-positive patients whose treatment options are limited because
they have developed resistance to several classes of HIV drugs. Many of these patients
have already acquired AIDS (Acquired Immunodeficiency Syndrome).

This NDA contains 24-week data on two identical Phase 3 clinical trials, 1182.12
(RESIST-1) and 1182.48 (RESIST-2), on tipranavir, done in HIV positive, treatment-
experienced patients with triple antiretroviral class and dual protease inhibitor [dual PI]-
drug regimen experience. In addition, supporting efficacy data for 24 weeks is also
provided from a Phase 2 dose-ranging study, Study 1182.52, in a similar patient population
who are treatment-experienced in triple antiretroviral classes and dual Pl-experience.
RESIST-1 and RESIST-2 studies are ongoing larger Phase 3, randomized, controlled,
open-label trials designed to examine the safety and efficacy of tipranavir boosted with
low-dose ritonavir (TPV/RTV), versus a low-dose ritonavir-boosted comparator protease
inhibitor (CPI/RTV) in treatment-experienced patients for up to 96 weeks (~2 years).

The proposed dose for APTIVUS™ (tipranavir, TPV) is 500 mg given in combination with
200 mg ritonavir (RTV), where Norvir™ (ritonavir, RTV) is an FDA-approved protease
inhibitor drug used in treating HIV infection.

'Clinical Studies Supporting Efficacy Evaluation

Appendix 6.2 shows a table listing the clinical trials submitted by the Applicant to
summarize the Integrated Summary of Efficacy and for evaluating the efficacy of tipranavir
500 mg given in combination with 200 mg ritonavir (i.e. TPV/RTV 500 mg/200mg).
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2.2

Data Sources

This statistical review is based on data submitted from Studies 1182.12 (RESIST 1), and
1182.48 (RESIST 2).

Note that NDA 21-814 was a hybrid submission with electronic data in CDISC (Clinical
Data Interchange Standards Consortium) format and paper submission of the study reports,
etc., in the CTD (Common Technical Document) format. The electronic data is stored at
the FDA, Center for Drug Evaluation and Research (CDER) internal network directory of
\Cdsesub1\N21814\N_000 .

Statistical Reviewer's Comments:

The Applicant submitted the first set of electronic datasets in the CDISC format on 21-
October-2004. This submission contained both, the raw datasets and the Applicant’s
version of the analysis datasets. The vertical file structure (i.e., “long and skinny” file
structure) of the raw datasets made it extremely difficult for reviewers to distinguish
between different results for the same outcome measure when different methods were
used. Additionally, it was very difficult to locate the needed variables for evaluating
efficacy, safety and disposition of patients as well as understanding of the content of data
within the electronic submission.

Based on several requests and numerous communications of clarification from the review
team, the Applicant electronically submitted the efficacy datasets (raw datasets and
analysis datasets) a total of 5 times. The submission dates of the efficacy data were 21-
Oct-2004, 24-Nov-2004, 05-Dec-2004, 09-Dec-2004, and finally 29-Dec-2004.

Were there any differences between the 5 Efficacy Submission Sets?

We asked the Applicant to clarify whether there were any changes between the
different sets of raw data and analysis data files. Also, what were the database cut
off dates for each submission?

In addition, this statistical reviewer requested the Applicant at the face-to-face
meeting with FDA review team on November 22, 2004 to provide a master patient
file in a horizontal structure that would give the final efficacy results, patient
disposition, demographics and baseline disease characteristics for RESIST 1 and
RESIST 2 studies.

According to the Applicant, in the referenced 5 sets of submissions, the content of
the raw efficacy data had not changed but the format of data structure had changed
each time. In the 5 sets of electronic submissions, all the efficacy data files (raw and
analysis data) for RESIST 1 contained data through exactly 24 weeks for all patients.
For RESIST 2 study, as previously agreed upon by FDA, the Applicant submitted 24
weeks data for a subset of 539 patients out of a total of 863 patients who would have
completed 16 weeks in the study. Only the Patient Master Files contained longer-
term data through the database cut off dates for respective studies with a minimum
of 24 weeks data per patient.
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The database cut off date for RESIST 1 was April 01, 2004 and for RESIST 2 it was
March 19, 2004. If any patient had reached beyond 24 weeks of treatment then that
data was provided in the master patient files. The Applicant is-expected to resubmit
longer-term efficacy data through 48 weeks for both studies at a later time. (See
Table in Appendix 6.3). ' :

Note that this NDA submission contained numerous versions and iterations of the CDISC
formatted raw datasets and analysis datasets for each study. The earlier submissions of
the CDISC formatted datasets did not format any date variables and were stored as
numerous digits of SAS dates. Almost all CDISC files had completely vertical structures.
Each file contained variables called SEQ (sequence number) with no explanation provided
in the definition files as to what a sequence number meant.

Given that the efficacy (by Rafia Bhore, Ph.D.) and safety review (by Dr. Susan Zhou)
involved evaluation of the Phase 2/3 Studies 1182.12 (RESIST 1). 1182.48 (RESIST 2),
1182.52, and 1182.51 there were several versions of different file formats, file structures
and ambiguous or fuzzy naming of variable in files. There were 4 Studies, 9 sets of
electronic data file, and approximately 25 data files per set. The vertical file structures
made it extremely challenging to discern the meaning of the data transferred from Case
Report Forms to Raw Data in so many data files.

Therefore, a significant amount of the review time was lost by this Statistical Reviewers in
performing data quality checks and understanding of the data, rather than performing
statistical analysis.

For this Statistical Review and Evaluation we finally evaluated the electronic datasets from
the last submission of 29-December-2004 (see Table in Appendix 6.3).
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3.1

3.1.1

3. STATISTICAL EVALUATION

Evaluation of Efficacy

Study Designs

In this section we describe the study designs of the two identically designed Phase 3
RESIST trials, namely Study 1182.12 (RESIST 1) and 1182.48 (RESIST 2).

Figure 1 shows a schematic of the study design of the RESIST (Randomized Evaluation of
Strategic Intervention in Multi-Drug ReSistant Patients with Tipranavir) trials.
RESIST 1 and RESIST 2 were two identical multi-center and multinational Phase 3 studies
with the same study design. The difference between the two studies was that RESIST 1
was planned to be conducted in the United States, Canada, and Australia, while RESIST 2
was to be conducted in Europe and Latin America.

Study 1182.51 was a companion trial to the RESIST trials conducted at majority of the
sites RESIST studies would occur. It was designed for multiple drug resistant patients who
fail screening for RESIST 1 and 2. Study 1182.51 was a pharmacokinetic and safety study
evaluating dual-boosted PI (protease inhibitor) regimens in these patients.

In future, the Applicant will plan to do a comparative Trial 1182.13 (RESIST 3) in these
multi-drug resistant patients once the combinations used in Study 1182.51 are shown to be
safe and active.

Study 1182.52 was designed and conducted prior to the RESIST trials. It was a double-
blind, controlled, dose-ranging study with three dose combinations of TPV/RTV in mg:
TPV/RTV 500/100, 500/200, and 750/200 twice daily (b.i.d).

n Ol’[gln l Qy
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Figure 1:

Schematic of RESIST Trials—Study Design
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Figure 1:

Schematic of RESIST Trials—Study Design (CONTD.)
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Source: FDA Statistical Reviewer’s depiction of study design and Protocols 1182.12
(RESIST 1) and 1182.48 (RESIST 2), Volume 1.6 of Module 5
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3.1.1.1 Study 1182.12 (RESIST-1)— Phase 3, Randomized, Controlled, Open-Label

Following is a description of the original RESIST study protocol dated 8-Nov-2002. The
Sponsor, Boehringer Ingelheim (BI), had subsequently amended the protocol 5 additional
times. The protocol amendments, reason for change, and dates of protocol amendment are
given in Table 25 within Appendix 6.1.

Title of Study 1182.12 (RESIST 1):

“Randomized, open-label, comparative safety and efficacy study of tipranavir boosted with
low-dose ritonavir (TPV/RTV) versus genotypically-defined protease inhibitor/ritonavir
(PI/RTV) in multiple antiretroviral drug-experienced patients.”

Study 1182.12 or RESIST 1 was designed as a Phase 3, randomized and controlled clinical
trial. RESIST 1 was conducted at multiple centers in the USA, Canada and Australia while
RESIST 2 (Study 1182.48) was conducted at multiple centers in Europe and Latin
America.

Duration: The study duration was originally planned to be 48 weeks. Per protocol
amendment # 5, the study duration was extended to be 96 weeks.

Objective:

The study objective was to demonstrate the safety and efficacy of tipranavir (TPV),
boosted with ritonavir (TPV/RTV), in comparison to a control group of other protease
inhibitors, boosted with ritonavir (PI/RTV) where the control PIs were genotypically
determined.
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Patient Population:

Patients to be enrolled in the study would be highly antiretroviral treatment-experienced
HIV-1 infected patients who are on a PI-based regimen and have plasma HIV-1 RNA
>=1,000 copies/mL at study entry. Patients would be triple-ARV class and dual-PI
experienced.

Patients must satisfy the following key inclusion/exclusion criteria.

1.

Patients must have antiretroviral (ARV) experience in 3 ARV classes (NRTI, NNRTI,
PI) with at least 2 PI-based regimens, one of which must be the current regimen. The
current PI-based ARV regimen must be taken for at least three months prior to
randomization.

The genotypic resistance report at screening must indicate both of the following:

e At least one primary PI mutation(s) !at codons 30N, 46 I/L, 48V, 50V, 82A/F/L/T,
84V, or 90M, and

e no more than two protease mutations 33, 82, 84, or 90.2

If a patient has at least 3 mutations on codons 33, 82, 84, or 90, then they may qualify
for the tipranavir companion Trial 1182.51.

Patients must have HIV-1 viral load >=1,000 copies/mL at screening.’ Any CD4+ cell
count is acceptable.

A prior AIDS defining event is acceptable as long as it has resolved or the patient has
been on stable treatment for at least 2 months. (AIDS related complex was acceptable.)
Patients whose genotype report demonstrated resistance to all comparator Pls
(amprenavir, saquinavir, indinavir, and lopinavir) would be excluded.

Patients whose survival was likely to be less than 12 months in the opinion of the
investigator because of underlying disease were to be excluded.

! A resistance-conferring PI-mutation would indicate that the virus is no longer susceptible to the protease inhibitor drug
that the patient is currently taking, implying that the patient’s current therapy is sub-optimal to treat HIV infection.

2 Trial 1182.52 (Dose ranging study) demonstrated that patients with more than 2 mutations on codons 33, 82, 84 or 90
achieved less reduction of viral load and thus warrant more aggressive treatment. Polymorphisms do not count; for
example 82 A/F counts as one mutation.

3 Note: Viral load >=1,000 copies/mL is the lowest limit for virus amplification for genotyping. It is expected that
patients failing a current PI-based regimen have higher viral load.
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Randomization
Eligible patients would be randomly assigned to one of the 2 following treatment groups.

Randomization to TPV/RTV or comparator PI/RTV group will be stratified with respect to
the pre-selected PI. After protocol amendment # 3 on 17-Mar-2003, the Sponsor will also
stratify with respect use of enfuvirtide (T-20).*

Test Group: TPV 500 mg b.i.d. + RTV 200 mg b.i.d. + OBR® (n=247 planned in
RESIST 1)

Control Group(s): Pre-selected PI" + low-dose RTV?#
+ OBR (n=247 planned in RESIST 1)
(i.e. LPV/RTV + OBR, or APV/RTV + OBR, or IDV/RTV + OBR, or
SQV/RTV + OBR)

T PI = Protease Inhibitor: The PIs could be lopinavir (LPV), amprenavir (APV), indinavir (IDV), or
~ saquinavir (SQV).

{ 100-200 mg, according to product label or published recommendations

YOBR = Optimized Background Regimen contains antiretrovirals (ARVs) that are not protease

inhibitors.

The comparator protease inhibitor (PI) is to be selected by the physician based on
genotyping results and must be boosted with 100-200 mg RTV b.i.d. An HIV-resistance
consultant panel will be in place to review choice of PI in selected cases.” In cases in
which lopinavir is available to the patient according to the genotype resistance report and
the patient had no prior lopinavir exposure, lopinavir should be pre-selected even if another
PI is reported as having the same level of resistance.

The protease inhibitors (PIs) in the control group will be lopinavir, amprenavir, indinavir,
or saquinavir (LPV, APV, IDV, or SQV).

Once the PI is pre-selected for each patient and the patients are eligible, patients entering
the trial will be centrally randomized to either TPV/RTV or PI/RTV.

Taking both, genotype results and ARV medication history into consideration, the
investigator will identify at least two non-PI ARVs for the patient to start taking at the time
of randomization. These 2 drugs will be the Optimized Background Regimen. It is
understood that these background ARV medications may either be new or be recycled

* Note that enfuvirtide (T-20, ENF) is a new drug belonging to the new class of antiretroviral drugs called Fusion
Inhibitors. T-20 (ENF) is an injectable drug and offers a new treatment option to patients who are resistant to the older
drug classes of protease inhibitors (PI), nucleoside reverse transcriptase inhibitors (NRTI) and non-nucleoside reverse
transcriptase inhibitors (INNRTT), such patients enrolled in the RESIST trials. Also, these patients are not resistant to T-
20. Therefore, T-20 is expected to contribute to the efficacy endpoint of reducing HIV viral load.

® Selected cases include those in which an investigator wishes to recommend a PI reported as possibly resistant or
resistant, and a PI with no evidence of resistance is available to the patient. The consultant panel must review the
rationale for such a recommendation (i.e., based on adverse event profile or patient history) and comment.
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(have previously been used by the patient in an earlier regimen) in this patient population.
The goal of treatment is for patients to have at least a triple combination ARV regimen
(counting TPV/RTV or PI/RTV as one of the agents in the combination.

The study drugs, i.e., protease inhibitors TPV, RTV, LPV, APV, IDV, and SQV will be
supplied by the Study Sponsor, Boehringer Ingelheim (BI). However, background ARV
medications will not be provided by Sponsor as part of standard trial supply unless a patient
is not covered by a prescription insurance plan.

Patients are to remain on the randomized treatment for the entire duration of the trial. Any
change of the background ARVs as well as the reason for change must be documented in
the Case Report Form (CRF). Also, treatment interruptions of study drug or background
ARYVs of two or more missed doses should also be documented in the CRF.

Blinding

The RESIST trials were planned as open-label studies because of the multiple study drugs
in the control arm with different dosing regimens.
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Evaluation Time Points

Blood samples from patients will be collected in order to perform genotype resistance
testing as well as measure the HIV RNA (viral load), and CD4+ and CD8+ cell counts at
the following time points. Other evaluations of efficacy are also listed below.

Table 1:
Evaluation Time Points of Efficacy
Period Week /| Visit Evaluations for Efficacy
Day Number
Screening Week 1 Viral Load, HIV Genotyping, HIV Phenotyping.
-4t0-3 Results of genotypic resistance testing must be
available prior to the second screening visit
(Visit 2). ‘
Screening Week -1 2 Viral Load, CD4+, and CD8+ cell counts

Confirm patient eligibility; Investigator pre-
selects optimum comparator protease inhibitor
(PI) and decide optimum ARV background
regimen.

Randomization Day 0 3 Viral Load, CD4+ and CD8&+ cell counts

MOS-HIV Health Survey, Health Care Resource
Use Questionnaire

Early Treatment Period | Week 2 4 Viral Load, CD4+ and CD8+ cell counts
Week 4 5 Same as above
Treatment to Interim | Week 8 6 Viral Load, CD4+ and CD8+ cell counts
Analysis Endpoint MOS-HIV Health Survey
Week 16 7 Viral Load, CD4+ and CD8+ cell counts

MOS-HIV Health Survey, Health Care Resource
Use questionnaire

Week 24 8 Viral Load, CD4+ and CD8+ cell counts

MOS-HIV  Health Survey; Health Care
Resource Use questionnaire

Interim Analysis | Week 32 9 Viral Load, CD4+ and CD8+ cell counts
Endpoint to 48 Weeks
of Trial

Week 40 10 Viral Load, CD4+ and CD8+ cell counts

MOS-HIV  Health Survey; Health Care
Resource Use questionnaire

Week 48 11 Viral Load, CD4+ and CD8+ cell counts
MOS-HIV  Health Survey; Health Care
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Resource Use questionnaire
Trial Extension Beyond | Week 56 12 Viral Load, CD4+ and CD8+ cell counts
48 Weeks
Week 64 13 Viral Load, CD4+ and CD8+ cell counts
Week 72 14 Viral Load, CD4+ and CD8+ cell counts
Week 80 15 Viral Load, CD4+ and CD8+ cell counts
Week 88 16 Viral Load, CD4+ and CD8+ cell counts
End of Trial (EOT) Week 96 or | 17  or | Viral Load, CD4+ and CD8+ cell counts
EOT EOT MOS-HIV Health Survey and Health Care
Resource Use questionnaire (only if EOT occurs
< Week 48)

At the last visit, patients on TPV/RTV will be offered the long-term efficacy and safety roll
over trial if they have completed the trial. Additionally, patients in the comparator PI/RTV
group with lack of initial virologic response or confirmed virologic failure at any time after
the first 8 weeks of RESIST 1 will be offered access to TPV/RTV in the roll over study
(Study 1182.17).

Criteria for Stopping Treatment

Patients should be considered for withdrawal from the study and appropriate therapy
initiated if any of the following occur:

e Viral load has not dropped 0.5 log after 8 weeks of treatment.

e Failure to achieve a viral load of <100,000 copies/mL after 8 weeks treatment, despite a
0.5 logyo drop after 8 weeks of treatment.

e Viral load <1 logjo below baseline confirmed at two consecutive visits >2 weeks apart,
following a confirmed virologic response.

When a patient meets one of these criteria, the patient may be withdrawn from the study at
the subsequent study visit. Adherence must be determined and demonstrated by pill count
(>80% pills used) and the presence of trough PI plasma levels. In the event that patients
are found to be non-adherent, they would not be candidates for the long-term efficacy and
safety rollover trial (Study 1182.17).
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Primary Efficacy Endpoints

The primary efficacy endpoints for RESIST 1 and RESIST 2 studies are the proportion of
patients with a treatment response at 48 weeks (> 1 logo reduction in two consecutive
viral load measurements from baseline without prior evidence of treatment failure) and the
time to treatment failure through 48 weeks.

The efficacy endpoint for the 24-week analysis (also called the key secondary endpoint by
the Sponsor) is the proportion of patients with a treatment response.at 24 weeks (2 1 logio
reduction in two consecutive viral load measurements from baseline without prior evidence
of treatment failure). -

Treatment Response

Treatment response is defined by confirmed virologic response (two
consecutive viral load measurements 21 log below baseline) without prior
treatment failure, i.e., occurrence of any of the following events.

Death.
Permanent discontinuation of the study drug.
Loss to follow-up.

Introduction of a new ARV drug to the regimen for reasons other than
toxicity or intolerance to a background ARV drug.

5. Confirmed virologic failure.

i

(Confirmed virologic failure is defined as:

a) Viral load of <1 logie below baseline confirmed at two consecutive
visits >2 weeks apart, following a confirmed virologic response of two
consecutive viral load measurements 21 logo below baseline, or

b) One viral load of <1 logy below baseline followed by permanent
discontinuation of the study drug or loss to follow up, following a
confirmed virologic response of two consecutive viral loads 21 logio
below baseline.)

To compute the primary efficacy endpoint, baseline HIV RNA was defined as below.

Baseline HIV RNA

Baseline for viral load (HIV RNA) was defined as the arithmetic mean of the
last two log1g transformed measurements before Day 0. This value was used
to calculate change from baseline. If one of the two required measurements
before Day 0 was missing, the remaining measurement was used as the
baseline.
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Note that patients who had a lack of initial virologic response in the control arm of
comparator protease inhibitors were allowed to enroll in the roll-over trial 1182.17. Lack
of initial virologic response was defined as below. '

Lack of initial virologic response

a) Viral load has not dropped 0.5 logiy during the first 8 weeks of
treatment.

b) Failure to achieve a viral load of <100,000 copies/mL during the first 8
weeks of treatment, despite a 0.5 logs drop after 8 weeks of
treatment.
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Statistical Reviewer's Comments on RESIST protocols:

According to the protocol, the patients must have their medications optimized at
randomization based on the genotypic resistance testing and based on the patient's ARV
medication history. Therefore it is assumed all patients should have started their
optimized background antiretroviral drugs at the same time that they were randomized to
the study drug (protease inhibitor), i.e., Day 0 of treatment. However, a number of patients
in the RESIST 1 and RESIST 2 trials started their background ARVs several days after
they started tipranavir or one of the comparator PI. Also, note that this trial was open-label
so that the Applicant’s personnel involved with this study, investigators and patients knew
which study Pl each patient was taking.

The Applicant later changed the definition of what constitutes an optimization period and
how is the treatment assignment determined. Given below are the Applicant's
descriptions of a correction period, which drugs are considered as the background drugs,
and how the treatment group was determined as given in the Statistical Analysis Plan
dated 26-April-2004, version 4.3.°

“The correction period is defined as earliest of Visit 4 (i.e., Week 2) + 1 day and 17 days
after randomization.

For problem cases within the CPI group (switching between PIs during correction period),
the trial teams will determine the study PI.

The start of treatment is the date of randomization for CPI patients with an ongoing pre-
selected PL. For all TPV patients and CPI patients with a new pre-selected PI, the start of
treatment is the date of Visit 3. The end of treatment is the date of the last dose of any
study PI plus three days.

The Pl-stratum is the pre-selected PI for the TPV patients and the actual PI for the CPI
patients. The Pl-stratum is independent of “as.randomized” and “as treated” analyses. All
patients that take at least one dose of ENF during the correction period will be in the ENF
stratum

The optimized background will contain all non-PI ARV medications which were taken at
least 7 cumulative days in the time window: start of treatment — earlier of day after visit 4
(week 2) and day 17. This rule does not apply for ENF.

If background ARV medication use after randomization is unknown (ex. CRF form blank
or missing), the optimized background regimen will be defined as the pre-selected
background regimen reported in the IVRS system.”

Since these changes in protocol are post-randomization, they may affect the evaluation of
the efficacy endpoint.

% Source: Pages 29-30 of Statistical Analysis Plan for RESIST 1 Protocol, NDA Volume 1.14 Page 4527-4528.
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3.1.1.2 Study 1182.48 (RESIST-2)— Phase 3, Randomized, Controlled, Open-Label

The study design of RESIST 2 trial (1182.48) was identical to that of the RESIST 1 trial
(1182.12). The difference between RESIST 1 and RESIST 2 trials was primarily that
RESIST 1 was conducted in the United States, Canada, and Australia while RESIST 2 was
conducted in Europe and South America.

Please refer to Section 3.1.1.1 for study design details.
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3.1.2 Patient Disposition

Table 2 below shows the disposition of patients in the RESIST 1 and RESIST 2 trials.

Table 2:
Patient Disposition in RESIST Trials (Open-Label)
Through 24 Weeks of Treatment

RESIST 1 RESIST 2 Overall
TPV/r CPI/r + TPV/r+ CPlr
Number of Patients +0OBR OBR Total OBR +OBR Total Total
Total Screened 1399 1867 3266
Total Randomized 313 317 630 442 437 g79+1* 1510
Randomized but not 2 8 10 7 9 16+1% 27
treated
Total Randomized 311 309 620 435 428 863 1483
patients with 16 Week
Data
Total Randomized 311 309 620 271 268 539" 1159
patients with 24 Week : '
Data (submitted in
NDA)
Randomized and
Treated with 24 week 311 309 620 271 268 539 1159
data (100%) (100%) (100%) (100%) (100%) (100%) (100%)
(ITT population)
Completed Study
through 24 Weeks 785
(Not prematurely 261 (84%) 167 (54%) 428 (69%) 221 (82%) 136 (51%) 357 (66%) (68%)
discontinued according to
Applicant)
Prematurely 14
Discontinued Study 50 (16%) 142 (46%) 192 (31%) 50(18%) 132(49%) 182 (34%) o
(32%)
before or at Week 24
Discontinuations
due to
Adverse Event 24 (8%) 9(3%)  33(5%) 23 (8%) 14 (5%) 37(7%) 70 (6%)
Disease Progression 3 (1%) 1 (0%) 4 (1%) 1(<1%) 1(<1%) 2(<1%) 6(<1%)
Pre-existing disease 2 (1%) 1 (<1%) 3 (<1%) 0 0 0 3 (<1%)

Protocol violation 1(<1%) 1(<1%) 2(<1%) 2(1%) 0 2(1%)  2(<1%)
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RESIST 1 RESIST 2 Overall
Non-adherence 5 (2%) 6 (2%) 11 (2%) 1 (<1%) 1 (<1%) 2 (<1%) 13 (1%)
Lost to follow-up 5(2%) 5(2%) 10 (2%) 0 (0%) 1(<1%) 1(<1%) 11(1%)
Consent withdrawn 3 (1%) 3 (1%) 6 (1%) 3(1%) 2 (1%) 5 (1%) 11 (1%)
Other . 1 2 3 3(1%) 9 (3%) 12 (2%) 15 (1%)
Unknown 0 7 (2%) 7 (1%) 0 3 (1%) 3(1%) 10 (1%)
Pregnancy 1(<1%) 0 1 (<1%) 1 (<1%) 0 1 (<1%) 2 (<1%)
No virologic 1(<1%) 32(10%) 33 (5%) 7(%) 23 (9%) 30(6%) 63 (5%)
response :
Virologic failure 4 (1%) 75 (24%) 79 (13%) 9 (3%) 78 (29%) 87 (16%) 166

. ' (14%)

®  One patient (Patient ID 1182_0048/003074) who was randomized and not treated had a mislabeled treatment code.

The Division of Antiviral Drug Products (DAVDP), FDA, review team had previously agreed with the Applicant,
Boehringer Ingelheim (BI), that it was acceptable to submit data on RESIST 2 patients on a subset of
approximately 500 patients who would have reached 24 weeks of treatment when RESIST 1 was completed
through 24 weeks. All RESIST 2 patients would complete 16 weeks at the time of NDA submission, but only a
subset of approximately 500 patients would complete 24 weeks. DAVDP wanted BI to submit 24-week efficacy
data on both RESIST 1 and RESIST 2. Hence BI chose the subset of 539 ITT patients who would reach 24-weeks
by the data cut off date at time of NDA submission.

Source: FDA Statistical Reviewer’s Analysis based on electronic datasets in NDA

In RESIST 1 and RESIST 2 studies, 68% of patients completed the studies through 24
weeks of treatment and 32% of patients prematurely discontinued before 24 weeks.

In both studies, there were a greater proportion of discontinuations in the control arm of
CPU/r than in the TPV/r arm. The major causes of discontinuation were virologic failure,
no virologic response and adverse event.
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3.1.3 Demographics and Baseline Characteristics

Table 3 below shows the demographics of the patient population in. the RESIST 1 and

RESIST 2 trials
Table 3:
Demographics of Patients in RESIST Trials
(ITT Population with 24-week efficacy data)
RESIST 1 RESIST 2 Overall
N=620 N=539 N=1159
Age (years)  Mean (Range) 45 43 44
(24 t0 80) (17 10 76) (17 to 80)
Gender Male 565 (91%) 454 (84%) 1019 (88%)
Female 55 (9%) 85 (16%) 140 (12%)
Race White 476 (77%) 368 (68%) 844 (73%)
Black 137 (22%) 26 (5%) 163 (14%)
Asian 7 (1%) 5(1%) 12 (1%)

: Missing 0 140 (26%) 140 (12%)
Weight (kg)  Mean (Range) 76 (35 to 151) 69 (32t0 118) 73 (32 to 151)
Country USA 497 (80%) 497 (43%)

Canada 80 (13%) 80 (7%)
Australia 43 (7%) 43 (4%)
France 138 (26%) 138 (12%)
Germany 101 (19%) 101 (9%)
Italy 86 (16%) 86 (7%)
Argentina 74 (14%) 74 (6%)
Spain 36 (7%) 36 3%)
Greece 21 (4%) 21 (2%)
Belgium 16 (3%) 16 (1%)
United Kingdom 16 (3%) 16 (1%)
Denmark 14 (3%) 14 (1%)
Portugal - 11 (2%) 11 (1%)
Brazil 9 (2%) 9 (1%)
Netherlands 9 (2%) 9 (1%)
Switzerland 4 (1%) 4 (<1%)
Sweden 2 (<1%) 2 (<1%)
Austria 1 (<1%) 1 (<1%)
Luxembourg 1 (<1%) 1 (<1%)
Source: FDA Statistical Reviewer’s Analysis and Applicant’s Table 3.1.1:2 on Page 47 of

Summary of Clinical Efficacy, Volume 4.8 of Module 2.
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Demographics in both RESIST studies were balanced between the tipranavir /ritonavir arm
and control arm. In both studies combined, the 1159 patients had a median age of 43 years
(range 17 to 80), were 88% male, 73% white, 14% black and 1% Asian. The breakdown of
number of patients by country is also shown in table above. Majority of the patients were
from USA and Europe.

- Table 4 shows the baseline disease characteristics of patients in the RESIST 1 and RESIST
2 trials. Since the baseline characteristics were generally balanced across the TPV/r and
CPI/r treatment groups, the table below compares the patients’ characteristics across the

RESIST studies.
Table 4:
Baseline Characteristics of Patients in RESIST Trials
(ITT Population w/ 24 Weeks Data)
RESIST 1 RESIST 2 Overall

Characteristic N=620 N=539 N=1159
HIV RNA (logio Mean (Std. Dev.) 4.74 (0.7) 4.76 (0.68) 4.75 (0.69)
copies/mL) Median 4.83 4.82 4.82

Range 2.0t06.3 2.91t06.8 2.0t06.8
Proportion with HIV
RNA copies/mL

< 10,000 16% 16% 16%

>=10,000 to <100,000 43% 46% 44%

>=100,000 41% 38% 40%
CD4 Cell Count Mean (Std. Dev) 164 (162) 224 (191) 192 (179)
(cells/mm?) Median 123 189 155

Range 0.5t01183.5 1.5t0 1893 0.5 to 1893

<200 cells/mm’ 67% 53% 61%

>=200 cells/mm’ 33% 47% 39%
HIV infection stage Class A 24% 17% 20%

Class B 19% 27% 23%

Class C 57% 56% 57%
Hepatitis B surface antigen positive 5% 5% 5%
Hepatitis C antibody positive 7% 14% 10%
Hepatitis B and C co-infected (positive) 0.5% 0.9% 0.7%
Hepatitis B or C positive : 10% 18% 14%
Protease Inhibitor Lopinavir (LPV) 61% 38% 50%
Stratum Amprenavir (APV) 14% 40% 26%

Saquinavir (SQV) 21% 20% 20%

Indinavir (IDV) 4% 3% 4%
Enfuvirtide pre- Yes 37% 14% 26%
determined stratum No 63% 86% 74%
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RESIST 1 RESIST 2 Overall
Characteristic N=620 N=539 N=1159
Genotypic resistance to (TruGene (Virtual Phenotype
pre-selected Pls Assay) in Europe / TruGene
in Latin America)
Not resistant 8% 20% 13%
Possibly resistant 35% 6% 21%
Resistant 57% 74% 65%
HIV Clade
North
America/Australia Not Determined 620 (100%)
Europe Not Determined 1(<1%)
A 6 (1%)
Al/AE/AG ‘ 12 (2%)
B 407 (76%)
BF /BG 4 (1%)
C 6 (1%)
CX 1.(<1%)
D 9 2%)
F 1 (<1%)
F1/F2 6 (1%)
G 2 (<1%)
J 1 (<1%)
South America Not Determined 83 (15%)

Source: FDA Statistical Reviewer’s Analyses

In both studies combined, the median baseline plasma HIV-1 RNA was 4.82 (range 2.0 to
6.8) log1o copies/mL and median baseline CD4+ cell count was 155 (range 1 to 1893)
cells/mm’. Forty percent (40%) of the patients had baseline HIV-1 RNA of >100,000
copies/mL, 61% had a baseline CD4+ cell count <200 cells/mm?, and 57% had experienced
an AIDS defining Class C event at baseline. The proportion of patients co-infected with
either Hepatitis B or C was 14%.

Patients had prior exposure to a median of 6 NRTIs, 1 NNRTI, and 4 PIs (not shown in
table). In both studies, a total of 86% were possibly resistant or resistant to the pre-selected
comparator protease inhibitors. A total of 12% of patients had previously used enfuvirtide
(also not shown in table).

The individually pre-selected protease inhibitor based on genotypic testing and the patient’s
medical history was lopinavir in 50%, amprenavir in 26%, saquinavir in 20% and indinavir
in 4% of patients in both studies combined. Enfuvirtide was pre-selected for 26% of
patients in both studies. There were differences between Studies 1182.12 and 1182.48 in
the use of the protease inhibitors and in the use of enfuvirtide.



NDA 21-814, NOQQO; APTIVUS™ (tipranavir)
Statistical Review and Evaluation _ 35

3.14

Applicant’s Efficacy Results and Conclusions

Table 5 below shows the Applicant’s primary efficacy results on the primary endpoint of
confirmed 1 logjo reduction in HIV RNA from baseline through 24 weeks of treatment.

Table 5:

Applicant’s Results on Treatment Outcomes at Week 24
based on Time to Loss of Virologic Response—RESIST 1 and RESIST 2 trials

through Week 24

RESIST 1 Trial © RESIST 2 Trial Total
(1182.12) (1182.48)
TPV/r CPI/r TPV/r CPI/r TPV/x CPIr
+ OBR + OBR + OBR + OBR + OBR + OBR
N (%) N (%) N%)  N®») N (%) N (%)
* Total treated 311 (100) 309 (100) 271 (100) 268 (100) 582 (100) 577 (100)
Treatment response at
Week 24 129 (42) 69 (22) 111 (41) 40 (15) 240 (41) 109 (19)
No confirmed 1 logl0
drop from baseline 140 (45) 209 (68) 127 (47) 203 (76) 267 (46) 412 (71)
1 log drop from
baseline without 31 (10) 16 (5) 19(7) 16 (6) 50 (9) 32 (6)
confirmation
Rebound 51 (16) 39 (13) 38 (14) 24 (9) 89 (15) 63 (11)
Never suppressed 45 (15) 45 (15) 46 (17) 57 (21) 91 (16) 102 (18)

Drug change or
discontinuation due 13(4) 109 (36) 24 (9) 106 (40) 37 (6) 215(37)
to virologic failure

Death 5@ Q) 1(x1) 2(1) 6 (1) 51

Discontinued due to

adverse eyents 25 (8) 92Q3) 22 (8) 13 (5) 47 (8) 22 (4)

Discontinued due to

other reasons . 12 (4) 19 (6) 10 (4) 10 (4) 22 (4) 29 (5)
Consent withdrawn 3(1) 3D 3(1) 2 () 6(1) 5(1)
Lost to follow-up 4(1) 4 (1) 0(0) 0 4(1) 4 (1)
Non-compliant 3D 9(3) 1(<1) 0(0) 2(<h) 00
Protocol violation 1(<1) 1 (1) 2(D) 0(0) 3 1(<1)
Other 0(0) 2D 3 8(3) 3 10 (2)

TPV/r = Tipranavir + Ritonavir

CPUr = Comparator Protease Inhibitor (one of Lopinavir, Amprenavir, Saquinavir, Indinavir) + Ritonavir
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OBR = Optimized Background Regimen

Source: Table 3.2.1:3 on Page 68 of Applicant’s Summary of Clinical Efficacy (NDA Volume S 4.8)

The Applicant concluded in the NDA submission that tipranavir is very active in highly
treatment experienced patients and showed superiority to ritonavir boosted comparator
protease inhibitors in both RESIST studies. The treatment response (confirmed at least 1
log drop in viral load from baseline without prior evidence of treatment failure) was 41%
for TPV/r as compared to 19% for CPI/r.

The primary reason for a lack of treatment response was no confirmed 1 logjo reduction
below baseline, which occurred in 46% of TPV/r and 71% of CPU/r patients. Specifically,
the Applicant concluded that the two treatment groups differed especially in the treatment
failure category of drug change or discontinuation due to virologic failure which occurred
in 37% of CPI/r and 6% of TPV/r patients and in the category of rebounds which occurred
in 15% of TPV/r and 11% of CPlr patients. The Applicant mentioned that the rate of
rebound being higher in the TPV/r group follows the fact that there were more virologic
responders in the TPV/r group and only responders can show rebound.

As we will show in our detailed review of this NDA submission, the Applicant failed to
address a number of issues that arose out of potential for open-label biases. Our analyses
differ from that of the Applicant in that we wanted to account for the potential source of
bias due to the escape clause at Week 8 in the comparator protease inhibitor group. We
changed the analysis by regarding all patients who did not have a sustained half log drop in
HIV RNA through Week 8 and viral load below 100,000 copies as a virologic failure. If
patients did not have this event or any other pre-defined event of treatment failure and that
patient had a confirmed 1 log drop in HIV RNA, then they were considered responders.
We applied the Time to Loss of Virologic Response algorithm available in the FDA
guidance document and came up different treatment outcomes for several patients. This
review also contains several sensitivity analyses to check for robustness of efficacy results.

Additionally, we have performed numerous subgroup analyses based on randomization
strata, baseline HIV RNA, baseline CD4 cell count, gender, race and age that the Applicant
did not provide. We also conducted a comparison of the treatment effect of tipranavir
versus each comparator PI, lopinavir, amprenavir, saquinavir and indinavir.
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3.1.5

3.1.5.1

FDA Reviewer’s Efficacy .Results

Statistical Reviewer's Comments:

Recall that RESIST 1 and RESIST 2 studies were designed as open-label studies due to
the complexities of the treatment regimen in the control arm. Review of the data of these
studies indicated to the FDA reviewers that there were a number of trial conduct issues
arising from an open-label study design that needed to be addressed before determining
the primary efficacy results of tipranavir. Most of the trial conduct issues were reflected by
the problems in data coding, lack of information in the NDA on background regimen,
randomization violations or protocol violations by patients during the study. Therefore, we
will first discuss open-label design issues and subsequently give the FDA Statistical
Reviewer’s analyses of the primary efficacy results.

Subsections 3.1.5.1 through 3.1.5.6 below describe the potential biases of an open-label

design that can impact evaluation of efficacy. The FDA statistical reviewer’s analyses of
the primary efficacy of tipranavir will be presented in subsection 3.1.5.7 and subsection

3.1.5.8 will include a number of sensitivity analyses to address the open-label biases.

Subsections 3.1.5.9 and 3.1.5.10 will respectively describe results on secondary endpoints

of proportion with HIV RNA below limit of quantitations and changes from baseline in

CDA4+ cell count. Finally, subsection 3.1.5.11 will show FDA analysis of head-to-head

comparison of tipranavir/ritonavir versus each comparator Pl/ritonavir.

Potential Biases Due to Open-Label Design

The open-label design of the RESIST 1 and RESIST 2 clinical studies was unavoidable
because of the complexity of the treatment regimens. FDA statistical reviewers recognized
that open-label study designs are a cause of several potential biases because of the
knowledge of treatment by both the patient and the investigator.

In such an advanced population, most patients in the control arm know that their (HIV)
virus is resistant to the control drugs and that they have tipranavir as a new treatment
option if they fail early on the control drug. In contrast, patients in the tipranavir arm do
not have alternatives if they fail. This may result in different levels of compliance in the
two treatment groups.

Evaluation of efficacy therefore must account for any sources of potential open-label
biases. There were several potential sources of open-label bias identified by the FDA
review team including the following that could impact the assessment of efficacy of
tipranavir.

1. Post-randomization changes in the Optimized Background Regimen

2. Post-randomization changes in the Randomization Strata
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3.  Early discontinuation of treatment arm due to initial lack of virologic response at
Week 8

4.  Protocol Violations

5. Potential lack of treatment compliance identified by low blood concentrations of drug

level
3.1.5.2 Post-Randomization Changes in Optimized Background Regimen
According to the study design of RESIST protocols, the optimized background regimen of
patients in the RESIST trials will be determined at the time of randomization based on the
genotypic resistance testing and their background ARV medication history.
However, in the RESIST trials there were a total of 12% (141/1159) patients among the
ITT population whose pre-determined optimized background regimen did not match the
actual background regimen received at baseline. See table below.
Table 6:
Patients whose Pre-determined Optimized Background Regimen
did not match the Actual Background Regimen they received
(ITT Population)
RESIST 1 RESIST 2 Total
TPV/r  CPlx Total TPV/r CPIr Total TPV/r CPUr Total
- 9% 12% 11% 13% 14% 14% 11% 13% 12%

(29/311) (38/309) | (67/620) | (36/271) (38/268) | (74/539) | (65/582) (76/577) | (141/1159)

Source:

FDA Statistical Reviewer’s Analysis

The total number of pre-determined optimized background regimen and actual background
regimen were as follows.

Total Number of Pre-determined Optimized Background Regimen in RESIST Trials =155

Total Number of Actual Background Regimen in RESIST Trials = 161

Table 7 shows a subset of the example of background antiretroviral regimen in RESIST 1
and RESIST 2 and the corresponding proportion of patients for whom the background
ARVs were predetermined versus the actual use of the background ARVs at baseline.
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Table 7:
Pre-determined Optimized Background Regimen (OBR)
versus Actual use of Background Antiretroviral Regimen
in RESIST 1 and RESIST 2—ITT Population
(A Subset Example by the Highest Order of Use)
TPV/r CPI/x Total
: N=582 N=577 N=1159

Optimized Pre- Actual Use Pre- Actual Use Pre- Actual Use
Num | Background determined at Baseline | determined at Baseline | determined at Baseline
ber Regimen n_ (%) n (%) n (%) n (%) n (%) n (%)
1. 3TC + TDF 77 (13%) 67 (12%) | 58 (10%) 66 (11%) | 135(12%) 133 (11%)
2. ddI + TDF 45 (8%) 42 (%) | 48 (8%) 48 (8%) 93 (8%) 90 (8%)
3, 3TC+ddI+TDF | 36 (6%) 40 (7%) | 44 (8%) 45 (8%) 80 (7%) 85 (7%)
4. 3TC+ddI+TDF+ | 17 (3%) 17 (%) | 27 (5%) 23 (4%) 44 (4%) 40 (3%)

ENF
5, 3TC+TDF+ENF | 19 (3%) 28 (5%) | 21 (4%) 17 (3%) 40 3%) 45 (4%)
6. 3TC+ABC+TDF | 18 (3%) 18 (3%) | 21 (4%) 22 (4%) 39 (3%) 40 (3%)
7. D4T + TDF 21 (4%) 23 (4%) 18 (3%) 17 3%) 39 (3%) 40 (3%) .
8. 3TC+ABC+ZDV | 16 (3%) 15 (3%) | 16 (3%) 17 (3%) 31 (3%) 32 (3%)

+ TDF
9. ABC+ddI+TDF | 14 (2%) 14 2%) | 15 (3%) 14 (2%) 29 (3%) 28 (2%)
10. | ABC+TDF 15 (3%) 14 (2%) 29 (3%)
161 | TDF+NVP+ENF | © 1(<1%) |0 0 (0%) 0 1 (1%)

Percentages calculated are based on the total number of subjects per treatment group.

Source: FDA Statistical Reviewer’s Analysis
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3.1.5.3 Post-Randomization Changes in Randomization Strata

Statistical Reviewer’s Comments

Another source of potential open-label bias is that although patients are randomized to
receive certain treatments, the investigator or patient could change their pre-assigned
study drugs that could alter their chance of success.

During our review, we noted that a number of patients were changing their pre-assigned
treatment regimen of FUZEON™ (enfuvirtide, ENF, T-20) which was their randomization
strata. T-20 belongs to the new class of antiretroviral drugs called fusion inhibitors and
offers a new treatment option to patients failing other antiretroviral therapy. In the RESIST
trials, patients were stratified between the tipranavir and control arm by pre-assigned T-20
use.

Table 8 shows how T-20 was pre-assigned between the two treatment arms in the RESIST
1 and RESIST 2 trials at the time of randomization. Table 9 shows that because of the
open-label design, investigators and/or patients chose to use/or not use T-20 as pre-
assigned.

Table 8:
Pre-assigned Randomization Strata of T-20 (enfuvirtide)
RESIST 1 RESIST 2 Total
Pre-
assigned
T-20 TPV/r CPlr TPV/r CPIl/r TPV/r CPl/r
(enfuvirtide)  N=311 N=309 N=271 =268 N=582 N=577
Yes 116 B37%) 113 (37%) 39(14%) 34 (13%) 155(27%) 147 (25%)
No 195 (63%) 196 (63%) 232 (86%) 234 (87%) 427 (73%) 430 (75%)

Table 9:
Post-randomization Changes in Randomization Strata of T-20 (enfuvirtide)

Pre-selected T-20 (No) Pre-selected T-20 (Yes)
but but
Actual T-20 (Yes) Actual T-20 (No)
TPV/r CPl/r Total TPV/r CPix Total
=427 N=430 N=857 N=155 N=147 N=302
11 (3%) 4 (1%)* 15 (2%) 8 (5%) 23 (16%)* 31 (10%)

*p-value for McNemar’s test for CPI/r group = 0.0003 (statistically significant)

p-value for McNemar’s test for TPV/r group = 0.491
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Statistical Reviewer's Comments:

As shown in the table above, there were 857 patients who were pre-assigned to not take
T-20. Among the patients who were not assigned to take T-20, 3% of the patients in TPV
group actually took T-20 and 1% in the control group took T-20. In the second type of
mismatch, there were 302 patients who were pre-assigned to use T-20. Among these
patients, 5% of the TPV patients chose not to use T-20, while in the comparator group
16% of the patients did not use T-20.

When we compared the behavior of patients in the comparator PI (CPI/r) group in the first
type of mismatch versus second, there is a statistically significant difference (based on
McNemar’s test for mismatches p-value < 0.001).

Upon our discussion with the applicant, we found that patients who were in the comparator
Pl group did not take T-20 even when they were assigned because they wanted to take 2
new drugs after Week 8 through the escape clause if their viral load did not drop.

Therefore, these post-randomization changes in the randomization strata were evaluated
to address the open-label bias for assessing the robustness of efficacy.
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3.1.5.4 Protocol Violations
Statistical Reviewer’'s Comments

One more source of potential open-label bias was the large number of protocol violations
observed in the RESIST 1 and RESIST 2 trials. Approximately 50% of the patients in both
treatment groups had some type of protocol violation.

Patients could have 1, 2, 3 or even up to 4 protocol violations. We closely examined the
types of violation that had happened and categorized the types of protocol violations into 3
types: Screening (i.e. Entry criteria) violation, treatment regimen violations during the
study, and other violations on use of prohibited concomitant medications.

Based on the clinical and statistical review of the RESIST trials and our communications
with the Applications, we have summarized our findings on the various protocol violations
observed in Table 10 below.

Table 10:
Protocol Violations in RESIST 1 and RESIST 2 Trials
RESIST 1 RESIST 2 - Total
TPV/r CPl/r TPV CPI/r TPV/r CPlI/r -
N=311 N=309 N=271 N=268 N=582 577

Number (%) of unique
patients with .
Any protocol violations 141 (45%) 146 (47%) 158 (58%) 176 (66%) 299 (51%) 322 (56%)

Screening violations 88 (28%) 92 (30%) 80 (30%) 90 (34%) 168 (29%) 182 (32%)
Treatment violations 43 (14%) 38 (12%) 95(35%) 108 (40%) 138(24%) 146 (25%)
Other violations 0 1 (<1%) 11 (4%) 10 (4%) 11 2%) 11 (2%)
Total Number of Protocol 173 - 173 191 219 364 392
Violationst
Screening Violations ' 82 87 75 84 157 171
No protease gene mutations 3 3 7 1 10 4

at codons 30 N, 46I/L, 48V,
50V, 82A/F/L/T, 84V, or

90M

More than two protease 16 15 4 6 20 21
gene mutations at codons

33, 82, 84, 90

Less than 2 PIs or less than 2 6 7 5 9 1

3 months of treatment on
historical HIV-1 therapy

page

No NRTI with >1 month 2 5 7 5 9 10

duration or no NNRTI with _
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RESIST 1 RESIST 2 Total
TPV/r CPlr TPV/r CPI/r - TPV/r CPI/r
N=311 N=309 N=271 N=268 N=582 577
>1 month duration
Screening Viral Load < 5 1 2 1 7 2
1000
Triglycerides at screening > 12 12 31 48 43 60
DAIDS grade 2
ALT or AST > DAIDS 11 13 6 7 17 20
grade 1 :
Use of Immunomodulatory ' 31 32 11 11 42 43
Drugs within 30 days before
study entry or during trial
Treatment Regimen 91 85 105 125 196 210
Violations
Randomized to CPI and pre- 0 3 0 6 0 9
specified not taken
throughout the trial or
changed .
More than one PI taken at 1 1 3 4 4 5
the same time (plus RTV)
Wrong T20 stratum 13 14 7 14 20 28
Undetectable troughs at any 30 19 38 41 68 60
study visit but documented
intake of PI
Treatment Interruption of 0 . 0 0 1 0 1
>28 days within 6 month
period if not due to AE
OBR of less than 2 non PI 1 2 7 6 8 8
ARV drugs
No new or recycled ARV in 46 46 50 53 96 99
OBR
Other Violations 0 1 11 10 11 11
~ Use of contraindicated 0 0 1 1 1 1
drugs
Investigational or 0 1 10 9 10 10

immunomodulatory drug
use during treatment

T A patient may have one or more protocol violations. Number of protocol violations will not add up to the
number of patients with protocol violations.

Source: Clinical and Statistical Review of electronic data and NDA 21-814 Amendment 060 (dated 19 April
2005) containing response from Applicant to FDA’s query on protocol violations.
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Approximately one-third of the patients in both treatment groups had screening violations
(29% in TPV/r and 32% in CPUr group). Screening violations were violations of the entry
criteria such as no protease gene mutations as protocol-defined, or criteria affecting
efficacy evaluation (screening viral load) or violations of safety criteria.

About one-quarter of the patients in both treatment groups had treatment regimen
violations (24% in TPV/r and 25% in CPI/r group). Treatment regimen violations included
violations such as no new or recycled antiretroviral was given to the patient (i.e., patient
remained on a failing regimen in control arm), use of dual-boosted protease inhibitors
(which was prohibited in RESIST trials), randomized P1 not used by patients but a different
PI used, and patient was in wrong randomization stratum (pre-assigned different from
actual use).

The category of other violations was a smaller category regarding use of medications that
were prohibited by the protocol. :
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3.1.5.5

Early Discontinuations in Control Arm due to Initial Lack of Virologic Response

As defined in the RESIST protocols, a patient showed initial lack of virologic response
during the first 8 weeks of treatment if one of the following criteria were satisfied.

Lack of initial virologic response

1. Viral load has not dropped 0.5 log10 during the first 8 weeks of treatment.

2. Failure to achieve a viral load of <100,000 copies/mL during the first 8 weeks of
treatment, despite a 0.5 log10 drop after 8 weeks of treatment.

If the initial virologic response—0.5 log;o drop in HIV RNA copies/mL from baseline and
viral load below 100,000 HIV RNA copies/ml.—was not sustained through first 8 weeks,
then the patient was considered a non-responder for the initial stage of response.

In Table 11 we show the proportion of patients in both RESIST trials that had initial lack of
virologic response. Statistical comparisons are made between the two treatment groups:
tipranavir/ritonavir (TPV/r) and comparator protease inhibitor/ritonavir (CPI/r).

Table 11:
Proportion of Patients with
Initial Lack of Virologic Response during first 8 weeks of therapy
—RESIST 1 and RESIST 2 trials

RESIST 1 RESIST 2 Total

TPV CPl/r TPV/x CPI/x TPV/r CPl/r
N=311 N=309 N=271 N=268 N=582 N=577

Patients
Lack of

with Initial
Virologic 110/311 168/309 97/271 176/268 207/582 344/577

Response during (35%) (54%) (36%) (66%) (36%) (60%)
first 8 weeks

Difference in

proportions (TPV/r _

— CPlr) -19% (-27%, -11%) -30% (-38%, -22%) -24% (-30%, -18%))
(95% Confidence

Interval)T

p-value? <(0.0001* <0.0001* <0.0001

T  Asymptotic confidence intervals based on normal distribution.
p-value is based on the Mantel-Haenszel chi-square test.
p-values is statistically significant at 0.05 level of significance for each trial.

Source: FDA Statistical Reviewer’s Analysis.
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Table 12:
Proportion of Patients with
Initial Lack of Virologic Response during first 8 weeks of therapy
by enfuvirtide (T-20) use—RESIST 1 and RESIST 2 trials
Enfuvirtide used?: NO
RESIST 1 RESIST 2 Total
TPV/r CPI/r TPV CPI/r TPV/r - CPI/r
N=192 N=204 N=232 =245 N=424 N=449
Patients with Initial
Lack of Virologic | 74 3900y 120 (59%) | 87 (38%) 158 (64%) | 161 (38%) 278 (62%)

Response during
first 8 weeks

Difference in

proportions (TPV/r
— CPIN) 20% (-30%, -11%) -27% (-36%, -18%) 24% (-30%, -18%)
(95% Confidence
Interval)T :
p-value® <0.0001* <0.0001* <0.0001
Enfuvirtide used?: YES
RESIST 1 RESIST 2 Total
TPV/r CPlr TPV/r CPI/r TPVt CPI/r
N=119 N=105 N=39 N=23 N=158 N=128
Patients with Initial
Lack of Virologic | 3¢ 3000y 48 (46%) | 10(26%) 18(78%) | 46 (29%) 66 (52%)

Response during
first 8 weeks

Difference in

proportions (TPV/r

— CPlr) -15% (-28%, -3%) -53% (-74%, -31%) -22% (-34%, -11%)
(95% Confidence

Intervalfr

p-value? <0.025* 0.0002* 0.0001

+  Asymptotic confidence intervals based on normal distribution.
p-value is based on the Mantel-Haenszel chi-square test.
p-values is statistically significant at 0.05 level of significance for each trial.

Source: FDA Statistical Reviewer’s Analysis.
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3.1.5.6 Potential Lack of Treatment Compliance identified by Undetectable Blood
Concentration Levels

Statistical Reviewer's Comments:

As discussed in the section above, the escape clause at Week 8 for early discontinuation
in the control arm was of concern as a source of bias in evaluating efficacy at Week 24.
Due to this escape clause, there were a greater proportion of patients in the control group
who discontinued early.

Therefore, the statistical review team further explored the possibility whether the early
failures may reflect lack of compliance of the assigned treatment.

Data on the trough blood concentrations of the drug were available in almost all patients in
the RESIST trials at Weeks 2 and 4. We examined whether there was any pattern of
potential lack of treatment compliance because of undetectable blood concentration levels
of the assigned protease inhibitor (TPV or comparator Pl) and ritonavir (RTV) at Weeks 2
and/or 4.

Table 13 below shows the number of patients with undetectable/detectable trough blood
concentration levels at Weeks 2 and 4 of the assigned PI drug (TPV or CPI) and ritonavir.

Table 13:
Number of Patients with (Un)detectable Trough Blood Concentration Levels
’ at Weeks 2 and 4
of the Protease Inhibitors and Ritonavir—RESIST 1 and RESIST 2 combined

Blood Concentration Levels

of PI+ RTV at Week 2 and/or TPV/r CPI/r Total
Week 4 N =582 N =577 N=1159
Both Week 2 and Week 4
detectable 478 (82%) 469 (81%) 947 (82%)
~ Either or both weeks
undetectable 104 (18%) 108 (19%) 212 (18%)
Week 2 undetectable and
Week 4 detectable 37 (6%) 40 (7%) 77 (%)
Week 2 detectable and
Week 4 undetectable 35 (6%) 37 (6%) 72 (6%)
Both Week 2 and Week 4 ”

undetectable 32 (6%) 31 (5%) 63 (5%)

The total number of patients who had undetectable trough concentrations of both the
assigned PI and Ritonavir at either Week 2 or Week 4 or both weeks was 104/582 (18%) in
TPV/r group and 108/577 (19%) in the CPI/r group.
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3.1.5.7 Primary Efficacy Results—Plasma HIV-1 RNA (Viral Load)

As discussed in the section on study design of RESIST trials, the primary efficacy endpoint
to evaluate 24-week data was the proportion of patients with a confirmed 1 log drop in HIV
RNA without any prior evidence of treatment failure such as due to: 1) death, 2) loss-to-
follow up, 3) confirmed virologic failure, 4) permanent discontinuation of study drug, or 5)
introduction of a new ARV drug for reasons other than toxicity to the background ARV.

These proportions were calculated based on the FDA-defined Time to Loss of Virologic
Response algorithm.

Additionally, recall that the RESIST trials were open-label and had an escape clause at
Week 8, whereby patients in the control arm who do not have an initial virologic response
of 0.5 log drop in HIV RNA from baseline and have viral load <100,000 copies/mL were
allowed to discontinue treatment. Due to this escape clause, the FDA statistical reviewer’s
analysis differs from the Applicant’s results. We accounted for this potential source of bias
in the open-label design and treated all patients who did not have a sustained 0.5 log drop
in HIV RNA through Week 8 and viral load <100,000 copies/mL as virologic failures. If
patients did not have this event or any other pre-defined event of treatment failure and that
patient had a confirmed 1 log drop in HIV RNA, then they were considered responders.

Table 14 and Table 15 show the primary efficacy results performed by the FDA Statistical
Reviewer.

Appears This Way
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Table 14:
Treatment Outcomes at Week 24
based on Time to Loss of Virologic Response—RESIST 1 and RESIST 2 trials
RESIST 1 Trial RESIST 2 Trial Total
(1182.12) (1182.48) ota
TPV/r CPI/r - TPV/r CPlx TPV/r CPl/r
+ OBR + OBR + OBR + OBR + OBR + OBR
N (%) N (%) N (%) N (%) N (%) N (%)
Total treated 311 (100) 309 (100) 271 (100) - 268 (100) 582 (100) 577 (100)
Treatment response at
Week 24 126 (41) 65 (21) 108 (40) 38 (14) 234 (40) 103 (18) .
No confirmed 1 logl0
drop from baseline 171 (55) 233 (75) 141 (52) 223 (83) 312 (54) 456 (79)
Initial Lack of
Virologic Response 108 (35) 164 (53) 95 (35) 176 (66) 203 (35) 340 (59)
by Week 8
Rebound 40(13) 41 (13) 28 (10) 26 (10) 68 (12) 67 (11)
Never suppressed 23 () 28 (9) 18 (7) 21 (8) 41 (7) 49 (8)
Added ARV drug 7@2) 6(2) 15 (6) 3 22 (4) 9(2)
Death 0 0 0 1(<1) 0 1(<1)
Discontinued while
supprossed 1(<1) 2(1) 4 1(<1) 5(1) 3
Discontinued due to
adverse events 3 1(0) 3 2 6(1) 30
Discontinued due to
other reasons 30) 2 00 00 3 20
Consent withdrawn 1(<1) 0 (0) 0(0) 0(0) 1(<1) 0(0)
Lost to follow-up I (1) 1 (<1) 0(0) 0 (0) 1(<1) 1 (<D
Non-compliant 0(0) 1(<1) 0(0) 0 () 0(0) 1(<1)
Protocol violation 1 (<) 0(0) 0O 0(0) 1(<1) 0(0)

TPV/r = Tipranavir + Ritonavir

CPI/r = Comparator Protease Inhibitor (one of Lopinavir, Amprenavir, Saquinavir, Indinavir) + Ritonavir

OBR = Optimized Background Regimen

Source: FDA Statistical Reviewer’s Analysis
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Table 15:
Proportion of Patients with Treatment Response through 24 Weeks
(confirmed 1 logjo drop from baseline in HIV-RNA)
—RESIST 1 and RESIST 2 trials
RESIST 1 RESIST 2 Both Studies Pooled
TPV/r CPl/x TPV/r CPl/r TPV/r + CPI/r
+ OBR + OBR + OBR + OBR OBR + OBR
N=311 N=309 N=271 =268 N=582 N=577
Patients with
Ercﬁgﬁte?ﬁg:: 126311 65300 108271 38268  234/582  103/577
0 1) 0, 0 0 0
drop in HIV RNA (41%) (21%) (40%) (14%) (40%) (18%)
from baseline)

Difference in
proportions (TPV/r
— CPI/r)

(95% Confidence
Interval)f

20% (12%, 27%)

26% (19%, 33%)

p-valuei

<0.001*

<0.001*

+  Asymptotic confidence intervals based on normal distribution.
p-value is based on the Mantel-Haenszel chi-square test.
p-values is statistically significant at 0.05 level of significance for each study.

Source: FDA Statistical Reviewer’s Analysis.

At Week 24, the proportion of responders with confirmed 1 log drop in HIV RNA in
RESIST 1 was 41% in the TPV/r group versus 21% in the CPI/r control group and in
RESIST 2 the proportion of responders was 40% in TPV/r group versus 14% in the CPUr
control group. These treatment differences of 20% and 26% in RESIST 1 and RESIST 2
studies, respectively, were statistically significant. The major source of the difference was
due to the virologic failure category and specifically due to the initial lack of response by
Week 8 category.

There were a greater number of initial virologic failures of no half log drop in HIV RNA in
the comparator PI group than in the TPV group. Recall that majority of the patients were
possibly resistant or resistant to the pre-selected unboosted PIs at baseline and were taking
the boosted PlIs. The other failure categories were either balanced in both treatment groups,
or were numerically much smaller.
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3.1.5.8 Sensitivity Analyses on Primary Efficacy
Statistical Reviewer's Comments

We performed further sensitivity analyses on the efficacy data to address the sources of
potential open-label biases mentioned above in Section 3.1.5.1, namely, '

¢ post-randomization changes in the Optimized Background Regimen,
¢ post-randomization changes in the Randomization Strata of T-20,
¢ protocol Violations,

e early discontinuation of treatment arm due to initial lack of virologic response at Week
8, and

o potential lack of treatment compliance identified by low blood concentrations of drug
level.

As shown in Section 3.1.5.2, the proportion of patients who made post-randomization
changes (from Day 0 through Week 2) to the drugs in their Optimized Background
Regimen were balanced between the two arms (11% in TPV/r arm and 13% in CP/r arm).
Although these post-randomization changes are considered a potential source of open-
label bias, it is recognized that patients in the RESIST trials were in an advanced HIV
stage and required multiple antiretroviral drugs that would be suitable to their assigned
protease inhibitors with respect to tolerability of the regimen and the resistance profile of
the regimen. It is possible that the investigators and patients had to therefore reconsider
the pre-determined background drugs and adopt the most suitable background drugs to
the randomized protease inhibitor. Additionally, these changes were done primarily during
the first two weeks of the treatment period. Therefore, a separate sensitivity analysis for
this group was not deemed necessary and not performed.

With regard to the post-randomization changes to the T-20 strata, any changes to the pre-
assigned status of T-20 were considered very likely to affect the outcome of response.
We performed a sensitivity analysis using the intent-to-treat population to address this
likely source of open-label bias as follows.

o [f a patient in the TPV/r group was not pre-assigned to receive enfuvirtide (ENF; T-20)
and they actually used enfuvirtide during the study, then that patient increased their
chance of success by receiving two new drugs (TPV and ENF) and therefore would be
treated as failure. Otherwise, all other patients would be assigned the same treatment
outcome as obtained from the primary endpoint based on the TLOVR algorithm.

e If a patient in the CPI/r group was not pre-assigned to receive enfuvirtide (ENF; T-20)
and they actually used enfuvirtide during the study, then that patient would be
considered a treatment failure if their TLOVR outcome was failure and censored if their
TLOVR outcome was success. If a patient in the CPIl/r group was pre-assigned to
receive enfuvirtide (ENF; T-20) and did not actually use ENF during the study, then
that patient was treated as a success (conservatively). Otherwise, all other patients
would be assigned the same treatment outcome as obtained from the primary endpoint
based on the TLOVR algorithm.
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With regard to protocol violations, per-protocol analyses were conducted for each of the
two different categories of violations, namely, treatment regimen violations and screening
violations by excluding all patients with these respective violations.

Early discontinuation escape clause was addressed by the primary ITT efficacy analysis.

Finally the potential non-compliance issue was addressed by ITT analysis that treated all
patients in the control arm that had undetectable blood concentration levels at either Week
2 or Week 4 or both as successes.

Table 16: _
Sensitivity Analyses of Primary Efficacy Endpoint

(Proportion of Patients with confirmed 1 log drop in HIV RNA from Baseline)

—RESIST 1 and RESIST 2 Studies Pooled

Difference
(TPV/r — CPYV/r)
(Two-sided
Confidence
Potential Source of TPV/r + CPI/r + Interval of
Open-label Bias OBR OBR 99.875% pooled
addressed Analysis Type N = 582 N=577 for 2 studies) p-value
, ITT analysis
Post-randomization adjusting for
changes in the T-20 wrong T-20
1.  randomization strata __ stratum 232 (40%) 126 (22%) 18% (9%, 26%) <0.0001
Per-Protocol '
analysis excluding
Treatment
Regimen 215/507 98/480
2a. Protocol Violations Violations (42%) (20%) 22% (13%, 31%) <0.0001
Per-Protocol
analysis excluding
Screening - 191/465 82/457
2b. Protocol Violations Violations (41%) (18%) 23% (14%, 32%) <0.0001
Early '
discontinuations at  Primary Efficacy
Week 8 due to initial ITT analysis by
lack of virologic FDA Statistical
3. response Reviewer 234 (40%) 103 (18%) 22% (14%, 31%) <0.0001
ITT analysis
Potential Lack of treating all
Compliance suspected non-
identified by compliant patients
undetectable blood in the control
concentration levels CPI/r arm as
4. at Weeks 2 and 4 success 234 (40%) 132 (23%)  17% (9%, 26%) <0.0001

Source: FDA Statistical Reviewer’s Analyses.
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As shown in the table above, all the sensitivity analyses confirmed the robustness of the
efficacy results supporting the efficacy of tipranavir/ritonavir. The point estimate of the
treatment difference between tipranavir/ritonavir and the control arm (i.e., treatment effect)
was statistically significant and varied between 17% and 23%. The smallest 99.875%
lower confidence limit for the pooled RESIST studies was 9% and the largest confidence
limit was 32%.
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3.1.5.9 Secondary Efficacy Endpoints—Proportion of Patients below Limit of Assay
Quantitation (<400 HIV RNA copies/mL and <50 HIV RNA copies/mL)
In the RESIST studies, { 2 assay was used to detect the levels of

HIV RNA in plasma blood samples of patients. The lower limit of quantitation of the
assay is 400 HIV RNA copies/mL. When the HIV RNA levels in a patient were
below 400 copies/mL using the [ J assay, patients were retested with C
J assay with lower limit of quantitation being 50 copies/mL.

Among patients in both studies who met the primary efficacy endpoint (confirmed 1 log
reduction in HIV RNA from baseline at Week 24), we obtained the proportion of patients
at Week 24 with HIV RNA levels below limit of quantitation of <400 copies/mL and <50
copies/mL. Missing HIV RNA levels at Week 24 were treated as failures. Since the
treatment effect of tipranavir/ritonavir compared with the control CPI/ritonavir group was
similar, we have pooled the studies for this endpoint.

For the pooled RESIST studies, the proportion of patients with HIV RNA < 400 copies/mL
in the TPV/r arm was 34% (198/582) and in the control CPI/r arm was 15% (88/577). The
treatment difference of 19% with a pooled 99.875% confidence interval of (11%, 27%) was
statistically significant in favor of tipranavir/ritonavir group.

Similarly, for the pooled RESIST studies, the proportion of patients with HIV RNA < 50
copies/mL in the TPV/r arm was 24% (139/582) and in the control CPI/r arm was 10%
(57/577). The treatment difference of 14% with a pooled 99.875% confidence interval of
(7%, 21%) was statistically significant in favor of tipranavir/ritonavir group.
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3.1.5.10 Secondary Efficacy Endpoint—CD4+ Cell Count

The following table shows an on-treatment analysis of the change from baseline in CD4
cell counts at Baseline, Weeks 2, 4, 8, 16 and 24.

Table 17:
Change from Baseline in CD4 Cell Counts (cells/mm3)
through 24 weeks—RESIST 1 and RESIST 2 trials
(On Treatment Analysis—Patients remaining on assigned treatment)

RESIST 1 RESIST 2
TPV/r+ CPI/r+ p-value | TPV/r+ CPLr+  p-value
OBR OBR OBR OBR
Baseline N 310 309 269 265 .
Mean 164 165 0.928 226 222 0.821
Std Dev 155 170 212 169
Median 123 123 175 200
Minimum C 3
Maximum t ) h!
Week 2 N 276 275 234 226
Mean +26 +21 0.333 +27 +10 0.003
Std Dev +50 +67 +68 +55
Week 4 N 278 280 234 213
Mean +43 +23 0.000 +40 +18 0.001
Std Dev +72 +67 +84 +58
Week 8 N 287 281 236 234
Mean +52 +25 0.000 +48 +17 0.000
Std Dev +73 +69 +90 +70
Week16 N 265 219 221 172
Mean +60 +42 0.027 +53 +29 0.007
Std Dev +96 +86 +103 +71
Week24 N 234 132 202 116
Mean +59 +50 0.328 +57 +29 ,  0.007
Std Dev +90 +86 +90 +90

p-value is based on a t-test for comparison of means between two groups.
Source: FDA Statistical Reviewer’s Analysis

The on-treatment analysis group of patients are the completers (responders, non-responders
and those who may have had initial virologic response but 1 log drop was not achieve till
24 weeks).

Note that due to the escape clause at Week 8, a number of patients had initial lack of
virologic response (no 0.5 log drop in HIV RNA from baseline and/or viral load did not go
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below 100,000 copies/mL) and chose to discontinue treatment in the control arm. The
number of patients in the control arm declined from Week 16 through Week 24. Therefore,
this analysis showing mean change from baseline at Week 24 of +59 in TPV/r and +50
cells/mm?® in CPV/r in RESIST 1 and +57 in TPV/r and +29 cells/mm’® in CPI/r in RESIST 2
does not preserve randomization. However, this analysis over time indicates that patients
who continued treatment in the control arm (responders and non-responders) had less
increase in CD4 cell counts than the TPV/r arm did.

In contrast, the median change from baseline in CD4 cell count based on last observation
carried forward would preserve the randomization and is the group of “all comer patients”
who were randomized and treated. For both studies combined, the median change from
baseline in CD4+ cell count in all patients receiving tipranavir/ritonavir (N=582) versus
comparator PUritonavir (N=577) was +34 and +4 cells/mm’ at Week 24, respectively.
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3.1.5.11 Comparison of Efficacy of Tipranavir with Each Comparator Protease Inhibitor
(Lopinavir, Amprenavir, Saquinavir and Indinavir)

One of the randomization strata in RESIST trials was the pre-selected protease inhibitor.
Using the patient’s medical history and genotypic testing at baseline, investigators had
identified which comparator protease inhibitor would be most suitable for the patient based
on their resistance to the drug. Once a protease inhibitor was pre-selected for a patient,
they could be randomized in a 1:1 ratio to either boosted tipranavir or boosted comparator
PL. RESIST 1 and RESIST 2 studies had differences in terms of genotypic testing
algorithms used at baseline to identify the resistance to a pre-selected unboosted protease
inhibitor. In RESIST 1, the proportion of patients identified as not resistant, possibly
resistant and definitely resistant to the pre-selected protease inhibitor were 8%, 35%, and
57% while in RESIST 2, the proportion of patients identified as not resistant, possibly
resistant and definitely resistant were 20%, 6%, and 74%.

Statistical Reviewer's Comments:

During our review of the data we noted that even among nominally susceptible subjects, a
substantial fraction of patients had prior exposure to the comparator protease inhibitors.

In order to make a head-to-head comparison of the efficacy of boosted tipranavir with each
of the boosted control Pls (lopinavir, amprenavir, saquinavir and indinavir), we subdivided
each control Pl stratum into three substrata:

« Susceptible Naive

» Not resistant and prior duration of exposure to Pl is <=1 month
e Susceptible Experienced

> Not resistant and prior duration of exposure to Pl is 1-<6 month or >=6 months
e Resistant

» Possibly resistant or Resistant a’ccordihg to TruGene or Virtual Phenotype

assay regardless of prior duration of exposure to Pl

Figure 2 below shows the combined data from RESIST 1 and RESIST 2 for the three
substrata. This graph clearly shows that at baseline, the number of patients who were
susceptible naive and those who were susceptible experienced is much smaller than the
group that is considered resistant.
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Note: Patients in each stratum will be randomized 1:1 to either tipranavir/ritonavir or the
comparator protease inhibitor/ritonavir.

Susceptible Naive = Not resistant and prior exposure <=1 month, Susceptible Experienced = Not
resistant and prior exposure 1-<6 month or >=6 months, Resistant = Possibly resistant or resistant
based on TruGene or Virtual Phenotype assay.

Source: FDA Statistical Reviewer’s Analysis

Figure 2: Baseline Resistance Patterns in Comparator Protease Inhibitor Strata

Statistical Reviewer's Comments:

We found, in results not presented here, that the experience level for the susceptible
experienced group was usually at least 6 months and that the success rate at 6 months for
the experienced susceptible and resistant groups were similar. Therefore, we pooled
those two groups together.

In addition, we found that the sample sizes in the susceptible naive groups were quite
small and therefore we pooled results from both trials together.
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Figure 3 and Figure 4 show efficacy analysis on a head-to-head comparison basis of
tipranavir/ritonavir versus each comparator protease inhibitor in the above subgroup of
patients. The first panel shows results for patients who are susceptible naive and the
second panel shows results for the group of patients who were either previously
experienced with the protease inhibitor or resistant to the PIs.
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Figure 3: Head-to-Head Efficacy Comparison of Tipranavir/ritonavir versus Other Comparator
Protease Inhibitors/ritonavir by Resistance Pattern
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Figure 4: Efficacy Comparison based on 95% Confidence Intervals on Treatment Difference
(tipranavir/ritonavir — comparator protease inhibitor/ritonavir)

As shown in figures above, the treatment difference between tipranavir/ritonavir and the
comparator lopinavir/ritonavir is small and not statistically significant when patients were
susceptible naive. This treatment difference is larger among patients who are experienced
or resistant to lopinavir. The same pattern is true for amprenavir. Also, note that the
sample size of the susceptible naive patients in small in each subgroup.

When the comparator PIs are active, although the point estimate of the treatment difference
(TPV/r — CPl/r) is slightly positive, the confidence intervals are clearly very wide.

Therefore, on a head-to-head comparison basis, the evidence of significantly greater benefit
with tipranavir is clear when patients are experienced or resistant with the other protease
inhibitors. However, the evidence of a superiority claim for tipranavir versus other protease
inhibitors is not convincing among susceptible naive patients.

When the comparator PIs are sub-optimal, the treatment effect is statistically significant
and in favor of tipranavir.
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3.2  Evaluation of Safety

For evaluation of safety of tipranavir, please refer to the Medical review by Dr. Andrea
James and Statistical review by Dr. Susan Zhou. '

ADDeQ,
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4. FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

4.1 Gender, Race and Age

Table 18, Table 19, and Table 20 show the subgroup analysis of the primary efficacy
endpoint (confirmed 1 log;o drop in HIV RNA from baseline) by gender (male vs. female),
race (white vs. non-white) and age (median age <=43 years vs. >43 years) for RESIST 1

and RESIST 2 studies.

Table 18:
Subgroup Analysis by Gender of
Treatment Response through 24 weeks (confirmed 1 logjo drop in HIV RNA from baseline)}—
RESIST 1'and RESIST 2 trials

RESIST 1
Test for
Treatment Effect, i.e., treatment by
Difference in proportions subgroup
(TPV/t — CPI/r) - interaction
Gender TPV/r+ OBR  CPl/r+ OBR  (95% Confidence Interval)’ p-valuet
Male (91%) | 1127278 (40%)  62/287 (22%) 19%
10 0,
a1 fé 026 %) 0307
Female (9%) 14/33 (42%) 3/22 (14%) (7%, 51%)
RESIST 2
Malo (84%) | 797225 (35%)  31/229 (13%) 22%
(14%, 29%) 0.021*
Female (16%) | 29/46 (63%)  7/39 (18%) 45%
(27%, 64%)

OBR = Optimized Background Regimen of antiretroviral drugs
Tt Asymptotic confidence intervals based on normal distribution.

I p-value based on asymptotic normal test.

*  Treatment by subgroup interaction may be present. However, sample size is low in the female

subgroup.

Source: FDA Statistical Reviewer’s Analysis.

In RESIST 1 study, the proportion of male patients with treatment response in the
tipranavir/ritonavir arm versus the comparator Pl/ritonavir arm was 40% and 22%,
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respectively. This difference was statistically significant in favor of tipranavir/ritonavir
with a treatment difference of 19% (95% CI: 11%, 26%). Similarly, in RESIST 1 study,
the proportion of female patients with treatment response in the tipranavir/ritonavir arm
versus the comparator PUritonavir arm was 42% and 14%, respectively. This difference
was statistically significant in favor of tipranavir/ritonavir with a treatment difference of
29% (95% CI: 7%, 51%). The proportion of female patients was only 9% in this study and
this subgroup was small.

In RESIST 2 study, the proportion of male patients with treatment response in the
tipranavir/ritonavir arm versus the comparator Plritonavir arm was 35% and 13%,
respectively. This difference was statistically significant in favor of tipranavir/ritonavir
with a treatment difference of 22% (95% CI: 14%, 29%). Similarly, in RESIST 2 study,
the proportion of female patients with treatment response in the tipranavir/ritonavir arm
versus the comparator Pl/ritonavir arm was 63% and 18%, respectively. This difference
was statistically significant in favor of tipranavir/ritonavir with a treatment difference of
45% (95% CIL: 27%, 64%).

Note that in both studies, a greater proportion of women patients responded to treatment
than male patients with tipranavir/ritonavir as compared with the control group. In
RESIST 2 study, the subgroup of women was larger and the treatment by subgroup
interaction test for treatment difference in male versus female patients had a statistically
significant p-value of 0.02.
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Table 19:
Subgroup Analysis by Race of
Treatment Response through 24 weeks (confirmed 1 log;o drop in HIV RNA from baseline)—
RESIST 1 and RESIST 2 trials

RESIST 1
Treatment Effect, i.e.,
Difference in Test for treatment
proportions (TPV/r — _ by subgroup
CPIr) interaction (White
(95% Confidence vs. Non-white)
Race TPV/t + OBR  CPI/r + OBR Interval)t p-valuei
White (77%) 110/241 (46%) 50/235 (21%) 24%
(16%, 33%) *
29 0.006

Black (22%) 15/68 (22%)  14/69 (20%) 129, 15%)

Asian (1%) 1/2 1/5 NA
RESIST 2
White (68%) 72/189 (38%)  27/179 (15%) 23%
149 0
('14§§;2 ) 0.247

o j o / 0 0
Black (5%) 7/15 (47%) 1/11 (9%) (7%, 68%)
Asian (1%) 1/2 0/3 NA
Not reported o o 30%
(France) (26%) 28/65 (43%) 10/75 (13%) (15%, 44%)

OBR = Optimized Background Regimen of antiretroviral drugs

+ Asymptotic confidence intervals based on normal distribution.

1 p-value based on asymptotic normal test.

*  Treatment by subgroup interaction may be present. However sample size in the non-white subgroups
are low. '

NA = Number of patients in subgroup are too small to provide meaningful confidence intervals.

Source; FDA Statistical Reviewer’s Analysis.

In both studies, the majority of the patients were of White origin (77% in RESIST 1 and
68% in RESIST 2).

In RESIST 1 study, the proportion of white patients with treatment response in the
tipranavir/ritonavir arm versus the comparator Pl/ritonavir arm was 46% and 21%,
respectively. This difference was statistically significant in favor of tipranavir/ritonavir

with a treatment difference of 24% (95% CI: 16%, 33%).

In this study, a total of 22% of patients were of Black origin. The proportion of black
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patients with treatment response in the tipranavir/ritonavir arm versus the comparator
Pl/ritonavir arm was 22% and 20%, respectively. The treatment difference due to
tipranavir/ritonavir among black patients in the RESIST 1 study (conducted in USA,
Canada, and Australia) was not statistically significant compared with the control group.

Additionally, a treatment by subgroup interaction test for white vs. non-white patients that
the treatment effects in white patients versus non-white patients were significantly
different. The non-white group of patients had a lower treatment effect than the white
patients.

In RESIST 2 study, the proportion of white patients with treatment response in the
tipranavir/ritonavir arm versus the comparator Pl/ritonavir arm was 38% and 15%,
respectively. This difference was statistically significant in favor of tipranavir/ritonavir
with a treatment difference of 23% (95% CI: 14%, 32%).

The next largest group of patients (26%) in RESIST 2 from France did not report their race
due to the French law.

A total of 5% black patients were randomized and treated in RESIST 2. Among these
black patients, the proportion of treatment responders was higher in tipranavir/ritonavir arm
(7/15=47%) than in the comparator arm (1/11=9%).

In both studies the number of patients of Asian origin was very small to draw any
meaningful statistical conclusions of the treatment effect of tipranavir/ritonavir.
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Table 20:
Subgroup Analysis by Age of

Treatment Response through 24 weeks (confirmed 1 log;o drop in HIV RNA from baseline)—

RESIST 1 and RESIST 2 trials

RESIST 1
Test for
Treatment Effect, i.e., treatment by
Difference in proportions subgroup
(TPV/r — CPI/r) interaction
Median Age TPV/r+ OBR  CPI/r + OBR  (95% Confidence Interval)' p-valuef
<=43 years (48%) | 53/139 (38%) 36/157 (23%) 15%
5%, 26%
> 43 years (52%) T3/172 (42%)  29/152 (19%) ( /;53%%)) hae0
: ~f ° ' ° (14%, 33%)
>=65 years 2/5 0/2
RESIST 2
<=43 years (59%) | 71/161 (44%) 22/157 (14%) 30%
10 [e1¢)
(21 f’g’;}) %) 0.141%*
0, 7/ (1] 1" 0
> 43 years (41%) | 37/110 (34%) 16/111 (14%) (8%, 30%)
>=65 years 172 1/7

OBR = Optimized Background Regimen of antiretroviral drugs

t Asymptotic confidence intervals based on normal distribution.
i p-value based on asymptotic normal test.

*  Treatment by subgroup interaction may be present.

Source: FDA Statistical Reviewer’s Analysis.

For both RESIST studies combined, the median age of the 1159 randomized and treated
patients was 43 years.

Therefore, the table above shows the efficacy analyses for the subgroup of patients with
age <43 years versus >43 years.

In RESIST 1 study, the treatment effect due to tipranavir/ritonavir was similar among
patients of age <43 years and >43 years with treatment difference of 15% and 23%,
respectively. This treatment difference was in favor of tipranavir/ritonavir in both
subgroups.

However, in the RESIST 2 study, the treatment effect due to tipranavir/ritonavir was larger
among the patients of age <43 years than those of age >43 years. The treatment difference
between tipranavir/ritonavir and the comparator Pl/ritonavir group was 30% and 19%,
respectively.
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The number of patients with age >65 years was very small in both Studies (n=7 in RESIST

1 and n=9 in RESIST 2).

4.2

Other Special/Subgroup Populations

In this section we present the following four subgroup analyses based on:

e the stratification factor of enfuvirtide (T-20) use,

e the stratification factor of pre-selected comparator protease inhibitor,

e baseline HIV RNA, and

° baséline CD4+ cell count.

Table 21 shows subgroup analysis based on the stratum of enfuvirtide (T-20) use for
RESIST 1 and RESIST 2 studies and for both studies combined. The results were similar

between the two studies.

Table 21:
Subgroup Analysis by Enfuvirtide (T-20) use of
Treatment Response through 24 weeks (confirmed 1 logo drop in HIV RNA from baseline)—

RESIST 1 and RESIST 2 trials

(13%, 24%)

RESIST 1
Difference in Test for
o proportions Test for treatment by
Enfuvirtide (TPV/r - CPl/r)  treatment subgroup
(T-20) used (95% Confidence effect interaction
actually? TPV/+OBR  CPLr+ OBR Interval)' p-valuet p-value®
Yes (36%) | 67/119 (56%) 28/105 (27%) 30% <0.0001
176, o - .
("7%;2 %) 0.025*
,, 0
No (64%) 59/192 (31%)  37/204 (18%) (4%, 21%) 0.003
RESIST 2
Yes (12%) 21/39 (54%) 2/23 (9%) 45% 0.0004
: (26%., 65%) 0.036*
: 23%
0, ) 0 !/ 0,
No (88%) 8»7//432 (38%)  36/245 (15%) (15%., 30%) < 0.0001
Both-RESIST Trials combined
Yes (25%) 88/158 (56%)  30/128 (23%) 32% <0.0001
0/ 470
(22"?% ;3 n 0.022*
No (75%) | 146/424 (34%) 73/449 (16%) y <0.0001
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* O - —

Asymptotic confidence intervals based on normal distribution.

p-value is based on the Mantel-Haenszel chi-square test.

p-value based on asymptotic normal test.

Treatment by subgroup interaction is statistically significant at 0.05 level.

Source: FDA Statistical Reviewer’s Analysis.

For RESIST 1 and RESIST 2 studies combined, when patients used T-20 along with the
assigned treatment, the treatment difference was 32% and when T-20 ‘was not used the
treatment difference was 18%. Each of these differences were statistically significant.
Therefore tipranavir/ritonavir showed efficacy regardless of the use of T-20.

Also note that these two differences are statistically significantly different (p-value=0.022).
This implies that for these advanced patients who had two new drugs, tipranavir/ritonavir
and T-20, would have higher probability of getting a treatment effect than those patients
who would take tipranavir/ritonavir alone.

The second stratification factor in the RESIST studies was the pre-selected comparator
protease inhibitor.

Genotypic resistance testing was used to stratify patients according to pre-selected protease
inhibitors (lopinavir [LPV], amprenavir [APV], saquinavir [SQV], and indinavir {IDV]).
For the purpose of stratification, protease inhibitor sensitivity was interpreted from
genotypic reports as not resistant, possibly resistant or resistant. Determinations of
resistance differed between RESIST 1 and 2 because they were based on two different
methods. In RESIST 1, the TruGene assay was used whereas for RESIST 2 the Virtual
Phenotype assay was used. Differences between the two studies could be attributed to the
algorithms used based on these assays to determine resistance to an unboosted PI. In
addition, the Virtual Phenotype cut-offs used to determine the resistance strata were largely
based on unboosted PI data and the interpretation of possibly resistant to individual RTV-
boosted PlIs is controversial.

Therefore, with regard to the pre-selected comparator protease inhibitor stratum, we
conducted subgroup analyses based on the resistance profile of the comparator PI stratum.
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Table 22:

Subgroup Analysis by Resistance to Comparator Protease Inhibitor Stratum of
Treatment Response through 24 weeks (confirmed 1 logjo drop in HIV RNA from baseline)—

RESIST 1 and RESIST 2 trials

RESIST 1
Test for treatment
by subgroup
Difference in interaction
proportions Test for p-value®
(TPV/r — CPI/r) treatment (Not Resistant
Resistance in (95% Confidence effect versus Possibly or
PI stratum TPV/r + OBR  CPI/t + OBR Interval)’ p-valuet Resistant)
Not Resistant 6/21 (29%) 10/28 (36%) -1% 0.602 0.036*
(-33%, 19%) '
Possibly 52/120 (43%)  25/94 (27%) 17% 0.011
Resistant (4%, 29%)
0,
Resistant | 6%/169 (40%)  30/187(16%) | 53(4 ?3% , <0001
RESIST 2
Not Resistant | 21/55 (38%) 10/52 (19%) 19% 0.031 0.392
(2%, 36%) : '
Possibly 11/15 (73%) 6/18 (33%) 40% 0.024
Resistant (9%, 71%)
0,
Resistant | 75/200 (38%)  22/198 (11%) (1_8;)6, o y <0001
Both RESIST Trials combined
Not Resistant | 27/76 (36%) 20/80 (25%) 11% 0.153 0.081%
(-4%, 25%) '
Possibly 63/135 (47%)  31/112 (28%) 19% 0.002
Resistant (17%, 31%)
0
Resistant | 143/369 39%) 52385 (14%) (j0y,. iy 00001

Note that in RESIST 1 study the TruGene assay was used and in RESIST 2 study the Virtual Phenotype assay was used to
determine the status of resistance to a given protease inhibitor.

+  Asymptotic confidence intervals based on normal distribution.
1 p-value is based on the Mantel-Haenszel chi-square test.

§ p-value based on t-test
*  Treatment by subgroup is statistically significant at a 0.15 level.

Source: FDA Statistical Reviewer’s Analysis.

In both RESIST trials combined, only 13% were not resistant to the pre-selected PI
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stratum, and remaining 87% were possibly/definitely resistant to the comparator PIs.

In the subgroup of patients for whom the pre-selected PI was not resistant to the HIV, the
treatment difference between TPV/r and CPI/r was not consistent between RESIST 1 (US,
Canada, Australia) study versus RESIST 2 (the non-US study). In RESIST 1 the treatment
difference between TPV/r and CPIl/r among patients not resistant to PIs was not statistically
significant and negative (-7%), and in RESIST 2 the treatment difference was statistically
significant but positive (19%). '

Additionally, in RESIST 1, there was a strong treatment by subgroup interaction (p-value =
0.036) between the non-resistant group versus possibly/definitely resistant group. This
implies that the treatment effect is smaller (and not significant) if patients are not resistant
to the unboosted comparator PI than if they were possibly resistant or resistant to the
comparator PI.

For both RESIST studies combined, among the subgroup of possibly/definitely resistant
comparator PlIs, the treatment difference was statistically significant in favor of TPV/r
versus CPUr (treatment effect of ~24%). The result of this subgroup of patients with
possible/definite resistance to PIs was consistent with the overall results on the primary
efficacy endpoint (treatment effect of ~22%) which is not surprising because majority of
the patients had possible resistance or definite resistant to the unboosted comparator Pls.

Appears This Way
On Original



NDA 21-814, NOOO; APTIVUS™ (tipranavir)

Statistical Review and Evaluation

71

Table 23 shows subgroup analyses for the primary endpoint of proportion with treatment
- response (confirmed 1 log drop from baseline) by the three categories of baseline HIV
RNA: <10,000,>10,000 to <100,000 and >100,000 copies/mL.

Table 23:
Subgroup Analysis by Baseline HIV RNA of
Treatment Response through 24 weeks (confirmed 1 log;o drop in HIV RNA from baseline)—
RESIST 1 and RESIST 2 trials

RESIST 1

Difference in

proportions Test for Test for treatment
Baseline (TPV/r — CPL/r) treatment by subgroup
HIV RNA (95% Confidence effect interaction
(copies/mL) TPV/r+OBR  CPl/r + OBR Interval)f p-valuei p-value®
<10,000 25148 (52%) 15/49 (31%) 21% 0.033
(2%, 41%)
>10,000 to 56/134 (42%)  29/131 (22%) 20% 0.001 0.968
<100,00 (9%, 31%) '
. o
>100,000 45/129 (35%) 217129 (16%) (8°/(I>,92/§>% ) 0.001
RESIST 2
<10,000 26/43 (60%) 11741 27%) 34% 0.002
(14%, 54%)
>10,000 to 49/125 (39%)  20/122 (16%) 23% <.0001 0429
<100,00 (12%, 34%) '
4]
>100,000 33/103 (32%) 7/105 (7%) a Séf ?60/ ) <.0001
Both RESIST Trials combined
<10,000 51/91 (56%) 26/90 (29%) 27% 0.0002
(13%, 41%)
>10,000 to 105/259 (41%)  49/253 (19%) 21% <.0001 0.693
<100,00 (13%, 29%) '
0
>100,000 78/232 (34%)  28/234 (12%) (1402/0% ?9%) <.0001

1t Asymptotic confidence intervals based on normal distribution.
1 p-value based on asymptotic normal test.
§ p-value is based on Breslow-Day test for homogeneity of odds ratio. This test will determine whether treatment effect

due to tipranavir/ritonavir is consistent among all three subgroups (<=10,000, >10,000-<=100,000, and >100,000 HIV RNA
copies/mL at baseline).

Source: FDA Statistical Reviewer’s Analysis.
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A statistically significant treatment effect in favor of tipranavir/ritonavir compared with the
comparator PI was observed in all three subgroups based on the baseline HIV RNA in both
RESIST studies. The test for treatment by subgroup interaction was not statistically
significant implying that the treatment difference between TPV/r and comparator Pl/r
groups (i.e., treatment benefit) were similar across all subgroups. Also note that in both
treatment arms, the treatment response declined as the baseline HIV RNA increased.

Table 24 shows subgroup analyses for the primary endpoint of proportion with treatment
response (confirmed 1 log drop from baseline) by the three categories of baseline CD4+
Cell Count: <200 cells/mm® and >200 cells/mm?>.

Table 24:
Subgroup Analysis by Baseline CD4 Cell Count of

Treatment Response through 24 weeks (confirmed 1 logjo drop in HIV RNA from baseline)—
RESIST 1 and RESIST 2 trials

RESIST 1
Difference in Test for
Baseline proportions Test for treatment by
CD4+ Cell (TPV/r— CPIr)  treatment subgroup
Count (95% Confidence  effect interaction
(cells/mm”) TPV/r+ OBR  CPI/r + OBR Interval)' p-valuet p-value®
<200 80/208 (38%)  33/208 (16%) 23% <.0001
(14%, 31%) 0.076*
200 45/102 (44%)  32/101 (32%) 12% 0.069 '
~ (-1%, 26%) )
RESIST 2
<200 54/151 (36%)  17/133 (13%) 23% <.0001
(13%, 33%) 0244
5200 54/118 (46%)  20/132 (15%) 31% <0001 )
- (20%, 41%) )
Both RESIST Trials combined
<200 134/359 (37%) 50/341 (15%) 23% <.0001
(16%, 29%) 0.621
99/220 (45%)  52/233 (22%) 23% ’
>200 (14%. 31%) <.0001

Asymptotic confidence intervals based on normal distribution,

p-value is based on the Mantel-Haenszel chi-square test.

p-value based on Breslow-Day test for homogeneity of odds ratio.
Treatment by subgroup interaction is statistically significant at 0.15 level.
Source: FDA Statistical Reviewer’s Analysis.

* On H —-
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In both RESIST 1 and RESIST 2 studies, a statistically significant treatment effect in favor
of tipranavir/ritonavir compared with the comparator PI was observed in the subgroup of
patients with baseline CD4+ cell count <200 cells/mm?’.

The two studies however, gave numerically different results on the treatment difference for
patients with baseline CD4+ cell count >200 cells/mm>. In RESIST 1, the treatment effect
for tipranavir/ritonavir was not statistically significant compared with the control arm in
patients with baseline CD4+ cell count >200 cells/mm® (response rate of 44% for TPV/r
and 32% for CP/r) and the treatment effect was lower in RESIST 1 than in RESIST 2.

When both studies were combined, the test for treatment by subgroup interaction was not
statistically significant implying that the treatment difference between TPV/r and
comparator PI/r groups (i.e., treatment benefit) was similar across the two subgroups. Also
note that in both treatment arms, the treatment response was lower when baseline CD4 cell
count was <200 cells/mm”,
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5.1

S. SUMMARY AND CONCLUSIONS

Statistical Issues and Collective Evidence

Evaluation of the efficacy of tipranavir was based on the collective data through 24 weeks
from two open-label Phase 3 clinical studies, RESIST 1 (Study 1182.12) and RESIST 2
(Study 1182.48), conducted in highly treatment-experienced HIV-infected subjects. The
primary efficacy evaluation was based on surrogate endpoint of the proportion of subjects
with confirmed 1 log ;o reduction in HIV RNA from baseline at Week 24 without evidence of
treatment failure. This primary endpoint was computed using the Time to Loss of
Virologic Response algorithm (see FDA Guidance document entitled “Antiretroviral Drugs
Using Plasma HIV RNA Measurements—Clinical Considerations for Accelerated and
Traditional Approval” on http://www.fda.gov/cder/guidance ).

A number of statistical issues were identified and addressed that required re-analysis of the
primary efficacy endpoint for assessing the treatment effect. The statistical issues were as
follows.

1. The Applicant had planned to evaluate the primary efficacy data for non-inferiority of
TPV/r versus the comparator PI/r group. Their null hypothesis was that the proportion
of treatment responders at 24 weeks was at least 10% lower in the TPV/r group than in
the CPI/r group. '

A non-inferiority analysis would have been possible with the original protocol of
RESIST trials for evaluating efficacy of tipranavir as the control arm would have been
an active control arm. However, after Protocol Amendment # 2 was introduced, a non-
. inferiority analysis was unacceptable to the FDA review team, as this amendment
allowed the Applicant to enroll a large number of patients in RESIST studies with
highly resistant Protease Inhibitor virus to be treated with boosted protease inhibitors.
This amendment created a control arm that is sub-optimal and primarily not active. As
was recommended previously to the Applicant, the FDA reviewers therefore evaluated
the RESIST studies for a superiority analysis of efficacy. '

2. The open-label study designs had a potential to introduce bias in efficacy evaluation.
Bias could come from multiple sources. Firstly, the studies had an escape clause at
Week 8 of the study, which allowed patients in the control group to discontinue their
randomized treatment if they did not show an initial virologic response. A large
number of patients (17% in TPV/r vs. 47% in CPI/r) in the control group had
discontinued treatment before Week 24 and that was attributable mainly to virologic
failure. The proportion of initial virologic failures by Week 8 was 35% in TPV/r versus
59% in CPI/r.
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Therefore, the FDA reviewers incorporated this escape clause as a reason for treatment
failure into the time-to-event analysis which would provide a correct interpretation of
the final primary efficacy endpoint.

3. Other sources of potential open-label bias were: a) post-randomization changes by
_ patients to their assigned background antiretroviral drugs taken in combination with
their randomized treatment of TPV/r or CPLt, b) post-randomization changes to their
randomization strata with or without adding enfuviritide (T-20), c) large number of
patients with protocol violations (51% in TPV/r and 56% in CPI/r group) in the study,

d) potential lack of treatment compliance due to knowledge of treatment group.

This FDA reviewer has addressed all of these open-label bias issues to evaluate whether
the evidence of efficacy of tipranavir is sufficiently robust or not.

4. Finally, the FDA reviewer also evaluated claims made in external publications that
tipranavir is superior in efficacy to any of the control protease inhibitor drugs such as
lopinavir, amprenavir, saquinavir, or indinavir. Our evaluation was based on the drug
resistance profiles of the comparator drugs and the prior exposure to the drugs. As
noted before, a substantial proportion of patients (86%) were not susceptible to the
comparator drugs because of resistant virus, while tipranavir was a new drug to which
the HIV had not yet developed resistance.

Extensive review and evaluation of the efficacy data from the two Phase 3 studies lead us
to the following conclusions.

1. RESIST 1 (Study 1182.12) and RESIST 2 (Study 1182.48) studies were identically
designed studies with primary difference being the geographic location where the
studies were conducted. RESIST 1 was conducted in the USA (80%), Canada (13%),
and Australia (7%) and RESIST 2 was conducted in Europe (85%) and Australia
(15%).. Both studies are ongoing and are of 96 weeks in duration. This statistical
review is based on 24 week efficacy data from both studies.

2. In RESIST 1, a total of 620 patients were randomized and treated with either
tipranavir/ritonavir (TPV/r) or comparator Pl/ritonavir (CPI/r) given in combination
with an optimized background regimen of at least two non-PI antiretroviral drugs. Out
of these 84% of patients completed treatment through 24 weeks in TPV/r arm and 54%
completed treatment through 24 weeks in the CPI/r arm.

In RESIST 2, a total of 863 patients were randomized and treated with either
tipranavir/ritonavir (TPV/r) or comparator Pl/ritonavir (CPl/r) given in combination
with an optimized background regimen of at least two non-PI antiretroviral drugs. All
of these 863 patients were to have completed 16 weeks in the study. However, as
previously agreed by FDA, the Applicant provided efficacy data on 539 patients who
would complete 24 weeks of the study. Out of these 539 patients, 82% of patients
completed treatment through 24 weeks in TPV/r arm and 51% completed treatment
through 24 weeks in the CPI/r arm.
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3. The demographics of patients both studies were balanced across both treatment groups.
In both RESIST studies combined, the mean age of patients was 44 years (range 17 to
80), 88% were male (12% female), 73% were of white origin, 14% of black origin, 1%
of Asian origin and 12% patients from France did not report race due to local law.

4. Patients who enrolled in the RESIST trials were in an advanced HIV disease stage with
many patients on a failing treatment regimen prior to study entry. Most of the baseline
disease characteristics were balanced across the treatment groups in both studies. In
both studies combined, the total of 1159 randomized and treated patients had a median
baseline plasma HIV RNA of 4.82 (range 2 to 6.8) loglo copies/mL, and median
baseline CD4 cell counts of 155 (range 1 to 1893) cells/mm’. Forty percent (40%) of
patients had baseline HIV RNA of >= 100,000 copies/mL, 61% had a baseline CD4 cell
count <200 cells/mm®, and 57% had an AIDS defining Class C event at baseline. In
RESIST 1 and RESIST 2, respectively, 10% and 18% patients were either hepatitis B
or C positive.

5. The randomization stratification factors in the RESIST studies were the pre-selected
comparator protease inhibitors and the pre-determined assignment of enfuvirtide (T-
20). These factors were not similar between the two studies. In RESIST 1, the
proportion of patients assigned to the protease inhibitor stratum of lopinavir,
amprenavir, saquinavir or indinavir, respectively were 61%, 14%, 21%, and 4%. In
RESIST 2, the proportion of patients assigned to the protease inhibitor stratum of
lopinavir, amprenavir, saquinavir or indinavir, respectively were 38%, 40%, 20%, and
3%. In other words, in RESIST 1 trial patients were most likely to be in the lopinavir
stratum while in RESIST 2 the most common strata were lopinavir or amprenavir.

In RESIST 1, 37% were assigned to receive enfuvirtide while in RESIST 2 only 14%
were assigned to receive enfuvirtide.

In RESIST 1 and RESIST 2, respectively, the proportion of patients evaluated to be
possibly resistant or resistant using genotypic testing were 92% and 80% respectively.
This difference could be attributed to the use of two different types of assay methods
and algorithms (In RESIST 1 TruGene assay was used and in RESIST 2, European sites
used Virtual Phenotype while Latin American sites used TruGene assay).

6. The FDA analysis of primary efficacy incorporated the early discontinuations due to
lack of initial virologic response at Week 8 as treatment failure. Based on our analysis,
the proportion of treatment responders (confirmed 1 log reduction in HIV RNA from
baseline) at Week 24 was 41% in TPV/r and 21% in the CPI/r arm in RESIST 1 study.
In RESIST 2, the proportion of treatment responders was 40% in TPV/r group and 14%
in the CPUr group. Treatment differences of 20% in RESIST 1 (95% CL: [12%, 27%])
and 26% in RESIST 2 (95% CI: [19%, 33%]) were statistically significant and in favor
of tipranavir/ritonavir. The major source of treatment failures in both studies was due
to virologic failure and specifically due to the initial lack of response in many patients
at Week 8.
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7.

10.

Additionally, several sensitivity analyses were conducted by the FDA reviewer to
address the many different sources of potential open-label biases such as early escape
clause, post-randomization changes to the background antiretroviral regimen, post-
randomization changes to the randomization strata of enfuvirtide assignment, numerous
protocol violations (in at least 50% of patients), and potential treatment non-
compliance. All of the sensitivity analyses were consistent with the FDA results of
primary efficacy. These analyses indicated that the treatment effect of
tipranavir/ritonavir was statistically significant compared with the comparator protease
inhibitors/ritonavir. The treatment benefit due to tipranavir/ritonavir compared with
comparator Pl/ritonavir is expected to range between 9% and 32% using a pooled
confidence interval of 99.875% for both studies combined.

In RESIST 1 and RESIST 2 studies combined, among the patients who achieved the
primary endpoint (confirmed 1 log reduction from baseline in HIV RNA at Week 24),
the proportion of patients with HIV RNA < 400 copies/mL was significantly greater in
the TPV/r arm than in the control CPI/r (34% and 15%, respectively). The treatment
difference was 19% with a pooled 99.875% confidence interval of (11%, 27%).

Similarly, for the pooled RESIST studies, the proportion of patients with HIV RNA <
50 copies/mL was significantly greater in the TPV/r arm than in the control CPI/r arm
(24% and 10%, respectively). The treatment difference was 14% with a pooled
99.875% confidence interval of (7%, 21%).

Among all patients who completed 24 weeks of therapy, the median change from
baseline in HIV RNA in patients receiving tipranavir/ritonavir (N=489) versus
comparator PI/ritonavir (N=285) was -1.34 and -1.02 logl0 copies/mL, respectively.
However, among all randomized and treated patients including virologic responders
and treatment failures, the median change from baseline in HIV RNA in' patients
receiving tipranavir/ritonavir (N=582) versus comparator PI/ritonavir (N=577) was -0.8
and -0.25 log10 copies/mL at Week 24, respectively.

Among all patients who completed 24 weeks of therapy, the median change from
baseline in CD4+ cell count in patients receiving tipranavir/ritonavir (N=436) versus
comparator PUritonavir (N=248) was +40 cells/mm3 and +32 cells/mm3 , respectively.
However, among all randomized and treated patients including virologic responders
and treatment failures, the median change from baseline in CD4+ cell count in patients
receiving tipranavir/ritonavir (N=582) versus comparator Pl/ritonavir (N=577) was +34
and +4 cells/mm3 at Week 24, respectively.

Several subgroup analyses were conducted on the primary efficacy endpoint (confirmed
1 logyo drop in HIV RNA from baseline at Week 24) based on the use of enfuvirtide (T-
20), resistance to pre-selected comparator Pls, baseline HIV RNA, baseline CD4 cell
count, gender, race and age. The first two subgroup analyses were based on the
randomization strata of enfuvirtide use and resistance to comparator PIs. The second
two subgroup analyses were standard subgroup analyses done for HIV drugs based on
baseline HIV RNA and baseline CD4 cell counts—both being clinically relevant
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11.

surrogate endpoints.

Efficacy of tipranavir/ritonavir was demonstrated regardless of the use of T-20, but the
efficacy was significantly greater in both studies when TPV/r was combined with T-20
in the patient population defined in the RESIST trials. When T-20 was combined with

_ TPV/r the additional treatment effect was 32% versus 18% when T-20 was not used.

Among patients who were not resistant to the comparator protease inhibitors, there was
no statistically significant difference between TPV/r and CPI/r groups. However, this
does not imply lack of efficacy of tipranavir. Among patients who were possibly
resistant or resistant to the control drugs, tipranavir boosted with ritonavir was shown to
be better than any of other boosted comparator PIs, implying efficacy of tipranavir.

Treatment effect was significant and in favor of tipranavir/ritonavir compared with
comparator Pl/ritonavir in all three subgroups of patients with baseline HIV RNA
<10,000 copies/mL, >10,000 to <100,000 copies/mL and >100,000 copies/mL.
Treatment effect was similar in all three subgroups. However, in both treatment arms,
the response rate declined when baseline HIV RNA increased.

In both RESIST studies combined, the treatment difference between TPV/r and
comparator PI/r groups (i.e., treatment benefit) was similar whether patients had
baseline CD4 cell count <200 cells/mm® or >200 cells/mm’®. Also note that in both
treatment arms, the treatment response was lower when baseline CD4 cell count was
<200 cells/mm’.

In both RESIST studies, female patients had a numerically higher treatment response
rate with TPV/r than CPl/r than male patients (29% treatment difference in females in
RESIST 1 and 45% treatment difference in females in RESIST 2).

In RESIST 1 study, the white patients had a statistically significant treatment benefit
with TPV/r compared with CPI/r (24% treatment difference), but the black patients did
not have a significant treatment effect with TPV/r (2% treatment difference). However, -
the treatment effect due to TPV/r was similar between white and black patients in
RESIST 2 study. The number of patients of Asian origin was very small in both studies
to make any statistical conclusions of efficacy of tipranavir/ritonavir.

In both studies combined, the median age of patients was 43 years. The treatment
effect due to TPV/r compared with CPI/r was statistically significant and in favor of
tipranavir whether patients were below 43 years of age or above. In RESIST 1, the
treatment effect was similar in both age groups. However, in RESIST 2 study, patients
of age <=43 years had a larger treatment benefit (30%) than patients of age >43 years
(19%). The number of patients of age 65 years or more was only 16 in both studies.

FDA analysis of a head-to-head comparison was done to compare the treatment effect
of boosted tipranavir (TPV/r) with each of the individual control PIs of boosted
lopinavir, boosted amprenavir (APV/r), boosted saquinavir (SQV/r) and boosted
indinavir (IDV/r). When patients were susceptible and naive to the control Pls, the
treatment difference between TPV/r versus each of LPV/r, and APV/r was small and
not statistically significant, implying that tipranavir/ritonavir combination is not
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5.2

superior to the control PIs, LPV/r and APV/r. In the SQV/r strata among patients
susceptible and naive to SQV, the treatment difference between TPV/r and SQV/r was

_ not statistically significant but the confidence intervals were shifted positive in favor of
TPV/r. The number of patients in IDV/r strata who were susceptible and naive to IDV
were too small to make a head-to-head comparison.

Among patients who were experienced or resistant to the comparator protease
inhibitors, the control group was sub optimal, and the treatment effect was statistically
significant and in favor of TPV/r versus each of LPV/r, APV/r, SQV/r and IDV/r on a

head-to-head comparison basis.

Conclusions and Recommendations

Collective efficacy data through 24 weeks in two large, multinational, and multicenter
Phase 3 clinical trials, RESIST 1 (1182.12) and RESIST 2, in 1159 HIV-infected patients
who are highly treatment-experienced with (protease inhibitor) Pl-resistant virus, show that
APTIVUST™ (tipranavir) given in combination with ritonavir demonstrated efficacy when
compared with the control group. The control group in these trials consisted of comparator
protease inhibitors (lopinavir, amprenavir, saquinavir or indinavir) pharmacokinetically
boosted with ritonavir. Efficacy evaluation was based on the surrogate endpoint of -
confirmed 1 log10 reduction from baseline in HIV RNA after 24 weeks of treatment. No
results were available to make any conclusions to evaluate the effect of tipranavir on the
clinical progression of HIV to AIDS.

Appears This Way
On Origingj
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6. APPENDICES

6.1

Protocol Amendments of RESIST Trials

Table 25:

Listing of Protocol Amendments for RESIST Trials

Planned dates of trial: RESIST 1 January 2003 through December 2004.

Amendment
Number

Protocol

Reason for change

Date of Protocol

1) RESIST1(1182.12) Original

N/A

08-Nov-2002

2) RESIST1(1182.12) 1 (Canadian-

only)

To allow for the participation of
patients receiving or starting tenofovir
treatment in 1182.12 study (Change in
Canada only).

Although Tenofovir is currently in expanded
access in Canada, it is licensed in all other
countries participating in 1182.12. Therefore
to remove potential bias in this study, patients
will be allowed to have been on Tenofovir
prior to study entry or to use Tenofovir during
the study period.

06-Feb-2003

3) RESIST1(1182.12) 2

To remove exclusion criterion
concerning resistance interpretation of
protease inhibitors on TruGene
resistance report.

This change enables patients with highly
protease inhibitor (PI) resistance virus to be
treated with a ritonavir boosted Pl-based
regimen. The comparator arm in the trial
allows patients to receive the best available
standard of care regimen. Current data
suggests that PI resistant virus can still
respond to a boosted PI-based regimen and
current standard of care is to continue a PI-
based regimen for these patients.

06-Mar-2003

4) RBSIST1(1182.12) 3

To enhance existing sections of the

protocol with greater detail gleaned

from investigator and health authority

interaction.

1. Modification in management guidelines:
addition of guidelines for vomiting,
inclusion of withdrawal criteria in

17-Mar-2003
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guidelines for diarrhea and
hyperlipidemia, and collection of occult
blood test data (if conducted).

2. Specification that ARV background
medications must be predeclared at
time of randomization.

3. Addition of stratification by enfuvirtide
(T-20).

4. Clarification that no dose adjustment
of study drug is allowed.

5. Revision of viral load testing method.

6. Modification of HIV-resistance
consultant panel interaction.

7. Modification of dispensing of study
medication.

8. Modification of the recommended
saquinavir formulation.

9. Clarification that prior atazanavir or fos-
amprenavir use is allowed.

10. Clarification that ritonavir plasma levels
will be determined.

11. Termination of collecting patient initials.

)

RESIST 1 (1182.12)

4

To obtain pharmacokinetic data for
women treated with tipranavir

Addition of blood sample collection in women
enrolled into the trial to determine tipranavir
blood levels. This amendment will be an
optional PK substudy to be conducted at study
sites enrolling HIV-infected women

13-May-2003

6)

RESIST 1 (1182.12)

5

The study duration was extended from
48 to 96 weeks to enable the long term
evaluation of the safety and efficacy of
TPV/RTYV versus an active control arm

24-Nov-2003

7)

RESIST 1 (1182.12)

6

1. To provide a corrected version of
Appendix 11.3: Division of AIDS
(DAIDS) Table for Grading
Severity of Adult Adverse
Experiences.

2. To clarify the frequency of
completing the self-administered
MOS-HIV Health Survey
questionnaire and the duration of
the study in specific sections of the
study protocol.

16-Jun-2004
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6.2 Summary of Efficacy Studies
Table 26: Summary of Efficacy Studies
Study Ne. Design Population Primary Efficacy No. of ITT Patients Tipranavir | Duration Country
Endpoint (Randomized and (TPV) (# of study sites)
Treated) formulation
Phase 3 Studies
1182.12 Phase 3 Safety and HIV +, Treatment response Total: 620 TPV 250 mg | Ongoing | United States (103)
RESIST 1 | Efficacy Study Triple ARV class, (21 logy reduction in Soft Elastic | 96 weeks | Capada (15)
. ; ) ual PI-experienced. two consecutive vira ) apsules i
(U04 Randomized, open dual P1 d Ul ey 311 Capsul Australia (7)
3339) label, and controlled | HIV RNA>1,000 load measurements . (SEDDS
copies/mL without prior CPU/r: 309 formulation)
Jan 2003 | TPV/r 500mg/200 mg | At least one PI mutation MH_%% © of reatment
to b.i.d+OBR at 30N, 46V/L, 48V, S0V, at 48 weeks and time 24 imo_ﬁ.m m
ongoin 82A/F/L/T, 84V, or 90M : population: N=620
going vs. to treatment failure
and no more than two throuch 48 weeks
CPIr + OBR mutations at codons 33, £ '
82, 84, 0r 90
1182.48 Phase 3 Safety and HIV +, Treatment response Total: 863 TPV 250 mg | Ongoing | (EUROPE AND
RESIST 2 | Efficacy Study Triple ARV class, (=1 logyy reduction in | TPV/r: 435 Soft Elastic 96 weeks | SOUTH AMERICA)
(U04- Randomized, open- dual Pl-experienced two consecutive viral | ~pr.. 400 Capsules Argentina (6), Austria
1526) label, and controlled | HIV RNA>1,000 load measurements (SEDDS (1), Belgium (5), Brazil
copies/mL cﬁnﬂo& prior formulation) (13), Denmark (4),
Feb 2003 | TPV/r 500mg/200 m At least one PI mutation m,\._aouoo of treatment | 24 Smm_mm E,H.l France (22), Germany
to bid+ OBR € | At 30N 4611 48V sov. | feilure) . population: N=539 (28), Greece (6), Ireland
. 1 $2A/F/LIT, 84V, o1 90M at 48 weeks mn.a time - (1), Italy (30),
2004 Vs, and no more than two to treatment failure Luxembourg (1), Mexico
CPIr + OBR through 48 weeks. (4), Netherlands (6),

mutations at codons 33,
82,84, 0r90

Portugal (5), Spain (20),
Sweden (3), Switzerland
(4), United Kingdom
(12)
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Table 26: Summary of Efficacy Studies
Study No. Design Population Primary Efficacy No. of ITT Patients Tipranavir | Duration ‘ Country
Endpoint (Randomized and (TPV) (# of study sites)-
Treated) formulation
Phase 2 Dose Response Studies
1182.52 Phase 2 Dose-Ranging | HIV +, Triple ARV-class, | Median change from | Total: 216 TPV 250mg | Upto32 | Australia (2), Canada
p p
(U03- Study dual Pl-experienced baseline in VL during | Tpv/r 500mg/100 mg: 71 Soft Elastic | weeks (3), France (6), Germany
3236) Randomized, double- HIV RNA>1.000 2 weeks of functional i Capsules (4), Italy (2), The
A > > TPV/r 500mg/200mg: 72 .
blind, dose copies/mL monotherapy (new (SEDDS Netherlands (2), Spain
optimization, dose- Atl . opp | TPV/ronstable TPV/r 750mg/200mg: 73 | formulation) (4), United Kingdom (1),
Mar 2002 | -~ 1o ctud t least one primary background ARV for United States (38).
to Jan Y- resistance mutation, 2 weeks)
2003 including 30N, 461/L,
48V, 50V, 82A/F/L/T, 84
V, or 90M with no more
than one of 82L/T, 84V,
or 90M.
1182.2 Randomized, open HIV + patients who failed | Change from baseline | Total: 41 TPV 300mg | Upto80 | United States (10)
(U03- label dose-response >2 PI regimens HIV-1 WZ?A Low dose: 19 Hard-Filled | weeks
3006) study proportion <400, <50 High dose: 22 .OM.ﬂwEm
initially then
changed to
TPV 250 mg
SEDDS in
Aug 1999
Special Population Studies
1182.51 Randomized, open- HIV +, Triple ARV-class, | Efficacy not primary | Total: 315 Tipranavir 24 weeks | RESIST 1:
P p ¢
(U04- label, mﬁm:m_ group dual Hw-oxww:.onoaa‘ and | endpoint. Secondary | TPV/r: 67 250 mg Soft United States (37),
1726) wE& in HIV-positive | multi-PI resistant owmo.mo% o.s&:m were LPV/TPV/r: 83 Elastic Canada (8), Australia (3)
patients. Genotype resistance Bo&mﬁ S.B_ load SQV/TPVIr: 82 Capsules RESIST 2:
testing from screening of reduction and . (SEDDS .
Feb 2003 3 g virologic response APV/TPV/r: 83 formulation) Belgium (3), Denmark
RESIST-1 or RESIST-2
to : defined as HIV RNA (3), France (13),
must show at least 3 .
Jan 2004 mutations at protease below 400 copies, 50 Germany (21), Greece,
codons 33, 82, 84, and 90. | copies, 1 log below (2), Italy (2),
’ baseline or 0.5 log Zmﬁ.wozmbam ), ]
below baseline at Switzerland (3), United
Weeks 2, 4, 8, 16, 24 Kingdom (3)
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Table 26: Summary of Efficacy Studies
Study No. Design Population Primary Efficacy No. of ITT Patients Tipranavir | Duration Country
P
Endpoint (Randomized and (TPV) (# of study sites)
Treated) formulation
1182.14 Multiple-dose, open- Pediatric patients Week 4: Total: 100 Tipranavir 48 weeks | Argentina (1), Canada
(U04- label, randomized, | (children and adolescents) | Median Viral Load TPV 290 mg/m2 + RTV | Oral Solution | with (2), France (2), Germany
3384) mmmwQ and PK study in | of age 2 ﬁm mw H«owﬂm. mrmamo from @mmaﬂuﬁ 115 mg/m2 BID: 50 M:M Soft optional | (1), :HMN 2), mmﬁ: ),
Jan 2004 wﬂ -positive patients | Confirme -1+ % w/ HIV RNA < .oo TPV 375 mg/m2 + RTV elatin safety United States (9)
etween the ages of 2 | 11y RNA >1500 and <50 copies/mL; ] capsules extension
to d18 i % w/ 11 ducti 150 mg/m2 BID: 50
ongoing and 19 years copies/mL at study entry. o W/ 1 log reduction
Rollover Study
1182.17 Open-label, long-term, { HIV patients who had Objective: To Total: 748 Tipranavir Varied Argentina (3), Australia
(U04- rollover trial. Subjects | completed a previous determine long-term | using database lock date | Soft Elastic with (7), Belgium (4), Canada
3360) from Trials: 1182.1, tipranavir trial, or who safety and tolerance of 8 March 2004 Capsules study (10), Denmark (6),
1182.2.1182.4, were virologic failures of Bc_mv_.m oral doses | Group 1: 217 (Patients AmmUUm. France (24), Germany
1182.6,1182.12, from a comparator PI of TPV/rin from Trials 1182.2, formulation) (21), Greece (5), Italy
May 2004 | 1182.48,1182.51, and | arm, and were seeking combination with one | 11824, 1182.6, and and (8), Luxembourg (1),
to 1182.52 therapy with an agent or more marketed 1182.52) Ti . The Netherlands (3),
ongoing which might offer ARV therapies. To Group 2: 245 (Patients rﬁ Mm%ﬂ,\ M Spain (9), Switzerland
additional efficacy. make TPV/r available gﬂ% 82.51) OMH m- _ﬁmmo (3), United Kingdom (2),
to patients completing ’ psu United States (88).

randomized trials
until licensing or
development
withdrawal.

Group 3: 286 (Patients
who virologically failed

from 1182.12 [RESIST-
1] and 1182.48 [RESIST-

2])

Sources: Tables 2:1, 2:2, and 2:3 of Module 2.7.3 Summary of Clinical Efficacy; Page 24 of Module 2.5, Clinical Overview; Page 165 of Module 2.7.6 Synopses of Individual

Studies.
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6.3 Electronic Data Sources

Table 27:
Electronic Submissions of Efficacy Datasets and Lengths of Follow-up

How data was

Study Type of Data cut off Electronic Location of data in
datasets date selected from FDA/CDER network
Applicant’s database
for the data files
1182.12 RAW April 01, 2004 For each patient, the \Cdsesub1\N21814\N_000\200
(RESIST 1) DATASETS Applicant provided data 4-10-21\crt\datasets\1182_0012
‘ through  exactly 24
weeks (Visit 8). If \Cdsesub1\N21814\N_000\200
patient prematurely 4-11-24\crt\datasets\1182_0012
discontinued before 24
weeks, then visit was \Cdsesub1\N21814\N_000\200
coded as Visit 98 4-12-05\cri\datasets\1182 0012
(premature
discontinuation). \Cdsesub1\N21814\N_000\200
4-12-09\crt\datasets\1182 0012
\Cdsesub1\N21814\N_000\200
4-12-29\crt\datasets\1182_0012
1182.12 APPLICANT’S  April 01, 2004 For each patient, the W\Cdsesub1\N21814\N_000\200
(RESIST 1) ANALYSIS Applicant provided data 4-10-21\cri\datasets\analysis
DATASETS through  exactly 24 datasets\efficacy\1182_0012\da
weeks (Visit 8). If fasets
patient prematurely
discontinued before 24 \Cdsesub1\N_000\2004-12-
weeks, then visit was 29\crt\datasets\analysis
coded as Visit 98 datasets\efficacy\1182 0012\da
(premature tasets
discontinuation).
1182.12 PATIENT April 01, 2004 For each patient, data \Cdsesub1\N21814\N_000\200
(RESIST 1) MASTER FILE included all viral loads 4-12-09\crt\datasets\analysis
REQUESTED  All data through and CD4 cell count datasets\efficacy\1182_0012\da
BY FDA cut off date (efficacy data) through fasets
STATISTICAL the data cut off date. If a
REVIEWER patient reached beyond \Cdsesub1\N21814\N_000\200
24 weeks of treatment, 4-12-29\cri\datasets\analysis
then that data was datasets\efficacy\1182_0012\da
included. fasets\FDA datasets
1182.48 RAW March 19, 2004 For all 863 randomized WCdsesub1\N21814\N_000\200
(RESIST 2) DATASETS and treated patients (with 4-10-21\crt\datasets\1182 0048

the exception of
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How data was
selected from
Applicant’s database
for the data files

Electronic Location of data in
FDA/CDER network

Study Type of Data cut off
datasets date
1182.48 APPLICANT’S March 19, 2004
(RESIST 2) ANALYSIS
DATASETS
1182.48 PATIENT March 19, 2004
(RESIST 2) MASTER FILE
REQUESTED All data through
BY FDA cut off date
STATISTICAL
REVIEWER

dropouts), the Applicant
provided data through
exactly 16 weeks (Visit
7). For 539 patients
(with exception of drop
outs) data was given
through  exactly 24
weeks.

If a patient prematurely
discontinued, then visit
was coded as Visit 12 or

98 (premature -

discontinuation).

For all 863 randomized
and treated patients (with
the exception of
dropouts), the Applicant
provided data through
exactly 16 weeks (Visit
7). For 539 patients
(with exception of drop
outs) data was given
through _ exactly 24
weeks.

If a patient prematurely
discontinued, then visit
was coded as Visit 12 or
98 (premature
discontinuation).

For each patient, data
included all viral loads
and CD4 cell count
(efficacy data) through

\Cdsesub1\N21814\N_000\200
4-11-24\crf\datasets\1182 0048

WCdsesub1\N21814\N_000\200
4-12-05\crt\datasets\1182_0048

\Cdsesub1\N21814\N_000\200
4-12-09\crf\datasets\1182_ 0048

WCdsesub1\N21814\N_000\200
4-12-29\cri\datasets\1182_ 0048

\Cdsesub1\N21814\N_000\200
4-10-21\cri\datasets\analysis
datasets\efficacy\1182 0048\da
lasets

WCdsesub1\N21814\N_000\200
4-12-29\crf\datasets\analysis
datasets\efficacy\1182_0048\da
tasets

WCdsesub1\N21814\N_000\200
4-12-09\crt\datasets\analysis
datasets\efficacy\1182_0048\da
fasets

the data cut off date. Ifa
patient reached beyond
24 weeks of treatment,
then that data was
included.

WCdsesub1\N21814\N_000\200
4-12-29\crt\datasets\analysis
datasets\efficacy\1182 0048\da
tasets\FDA datasets

Source: FDA Statistical Reviewer's Description of Data Sources.
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Table 28: Efficacy Datasets Reviewed
STUDY Phase RAW DATASETS ANALYSIS DATASETS PATIENT MASTER FILE
1182.12 3 WCdsesub1\N21814\N 000\ \Cdsesubl\N21814\N 00 \Cdsesub1\N21814\N 000\
(RESIST 1) 2004-12- 0\2004-12- 2004-12-
29\crt\datasets\1182 0012 29\crt\datasets\analysis 2% crt\datasets\analysis
datasets\efficacy\1182 00 datasets\efficacy\1182 001
12\datasets 2\datasets\FDA datasets
1182.48 3 \CdsesubI\N21814\N_000\  \CdsesubI\N21814N 00 \WCdsesub1\N21814\N_000\
(RESIST 2) 2004-12- 0\2004-12- 2004-12-
29\crt\datasets\1182 0048 29\crt\datasets\analysis 29\crt\datasets\analysis
datasets\efficacy\1182 00 datasets\efficacy\1182 004
48\datasets 8\datasets\FDA datasets
1182.52 2 WCdsesubI\N21814\N 000\  WCdsesub1\N21814\N 00 \Cdsesub1\N21814\N 000\
(Dose- 2004-12- 0\2004-12- 2004-12-
ranging) 09\crt\datasets\1182 0052 29\crt\datasets\analysis 29\crt\datasets\analysis
datasets\efficacy\1182 00 datasets\efficacy\1182 005
52\datasets 2\datasets\FDA datasets
1182.17 4 WCdsesub1\N21814\N 000\
(Roll-over 2004-12- NA NA
study) 09%\crt\datasets\1182 0017
1182.51 3 WCdsesub1\N21814\N 000\
(Special 2004-12- NA NA
Population) 09\crt\datasets\1 182 0051
NA=Not Applicable
Appears This Way

On Origingj
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