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hexahydro-furo-[2,3-b]furan-3- 4-(morpholin-4-yl)butanoyllamino}-
ylester.ethanolate 1,6-diphenylhexan-2-yljcarbamate
Molecular
FOfmUla C27H37N3()7S-CZH50H C4OH53N70582
Molecular (b) @) 776.02
Mass
- Pharmacoenhancer
Drug Class Protease Inhibitor (No anti-HIV-1 activity)
Supporting NDA 21976 NDA 203094
Document

Indication(s): In combination with other antiretroviral agents for the treatment of human
immunodeficiency virus (HIV-1) infection in:
. O@ treatment. @@ naive adult patients
o ©®@_experienced patients with no darunavir resistance-associated substitutions
Dosage Form(s): 800 mg of darunavir and 150 mg of cobicistat
Route(s) of Administration: Oral
Recommended Dosage: One tablet taken once daily with food
Dispensed: Rx _ X OTC ___ (Discipline relevant)

Abbreviations: AAG, alpha-1l-acid glycoprotein; ABC, abacavir; ADV, adefovir; APV, amprenavir;
ARV, antiretroviral; ATR, Atripla; ATV, atazanavir, ATV/r, ritonavir-boosted atazanavir; AZT,
zidovudine; bp, base pair; CCsy, 50% cytotoxic concentration; COBI, cobicistat; ddl, didanosine; DHHS,
Department of Health and Human Services; DRV, darunavir; d4T, stavudine; ECsy, -effective
concentration inhibiting viral replication by 50%; ECq,, effective concentration inhibiting viral replication
by 90%; ECgs, effective concentration inhibiting viral replication by 95%; EFV, efavirenz; ETR,
etravirine; ETV, entecavir; FBS, fetal bovine serum; FTC, emtricitabine; HAART, highly active
antiretroviral therapy; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency
virus (including HIV-1 and -2); HIV-1, human immunodeficiency virus type 1; HIV-2, human
immunodeficiency virus type 2; HS, human serum; HSA, human serum albumin; ICsy, 50% inhibitory
concentration; 1DV, indinavir; IL-2, interleukin 2; IN, HIV-1 integrase; INSTI, HIV-1 integrase strand
transfer inhibitor; LAM, lamivudine; LPV, lopinavir; L-dT, telbivudine; L-FMAU, clevudine; MDR,
multidrug-resistant; MOI, multiplicity of infection; MVC, maraviroc; NDA, new drug application; NFV,
nelfinavir, NNRTI, HIV-1 non-nucleoside reverse transcriptase inhibitor; NR, virologic non-response;
N(t)RTI, HIV-1 nucleos(t)ide reverse transcriptase inhibitor; NVP, nevirapine; PBMC, peripheral blood
mononuclear cell; PCR, polymerase chain reaction; PI, HIV-1 protease inhibitor; Pl/r, ritonavir-boosted
HIV-1 protease inhibitor; PK, pharmacokinetics; PR, HIV-1 protease; QD, once daily; RAL, raltegravir;
RBYV, ribavirin; RPV, rilpivirine; RT, HIV-1 reverse transcriptase; RTE, resistance testing eligible; RTI,
HIV-1 reverse transcriptase inhibitor; RTV, ritonavir; SD, standard deviation; Sl, selective index; SQV,
saquinavir; SR, suboptimal virologic response; TAM, thymidine analogue mutation; TDF, tenofovir
disoproxil fumarate; TFV, tenofovir (active moiety of the diester prodrug TDF); TPV, tipranavir; TVD,
Truvada; T-20, enfuvirtide; VF, virologic failure; VR, virologic rebound;
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EXECUTIVE SUMMARY
This application was submitted in support of a new drug application (NDA) for Prezcobix fixed dose
combination (FDC) tablets containing the approved HIV-1 protease inhibitor (PI) darunavir (DRV; NDA
21976, approved 6/23/06) and the pharmacokinetic enhancer cobicistat (COBI) (darunavir/cobicistat
800mg/150mg). The proposed indication for the Prezcobix tablet is treatment of human
immunodeficiency virus (HIV-1) infection in combination with other antiretroviral agents in: EZ;
treatment-naive adult patients and ®®@ _experienced patients with no darunavir
resistance-associated substitutions. This NDA package includes clinical data from two Phase 1 studies
(TMC1141FD1001 — a phase 1 oral bioavailability study investigating two FDC formulation concepts of
DRV/COBI ®® and TMC114IFD1003 — a phase 1 bioequivalence study of the selected
FDC formulation compared to DRV and COBI coadministered as single agents) and one Phase 3 study
(GS-US-216-0130 — a phase 3b open label, single arm study in ART-naive or — experienced HIV-1
infected adults with plasma HIV 1 RNA levels 2500 copies/mL).

Soon after the introduction of protease inhibitors, it was recognized that coadministration of the
approved HIV-1 protease inhibitor ritonavir (RTV) with other Pls improves the pharmacokinetics of the
approved PI, increasing the serum half life and thereby permitting a more constant exposure to the Pl
(i.e. reducing Cya and increasing Cnn). RTV was found to be an inhibitor of the CYP3A enzymes
involved in the metabolism of Pls. Currently, RTV-boosted HIV-1 Pl regimens are a standard of care.
However, RTV boosting is limited to Pls in protease inhibitor naive individuals as absence of a PI could
lead to selection of PI resistance-associated substitutions. RTV boosting of Pls has generated a
renewed interest in PK principles and their clinical implications.

Cobicistat is structurally similar to ritonavir and was designed to be a specific inhibitor of CYP3A
without HIV-1 protease inhibitory activity. Enzyme inactivation studies have demonstrated that COBI is
an efficient inactivator of human hepatic microsomal CYP3A activity, with enzyme kinetic parameters
(Ki and kinaet) cOmparable to those of ritonavir.

Darunavir, in combination with low-dose RTV as a pharmacokinetic enhancer and other approved
ARVs, is approved for the treatment of HIV-1 infection (NDA 21976 approved on 6/23/06). DRVI/r is
currently indicated for ®@_naive and | ®@-experienced adults, as well as = ®®-experienced pediatric
patients' @years of age and older.

1. Recommendations

1.1. Recommendation and Conclusion on Approvability:

Approval is recommended with respect to Clinical Virology of this original NDA for Prezcobix tablet
(DRV 800mg/COBI 150mg), once daily, as a treatment of human immunodeficiency virus (HIV-1)
infection in combination with other ®@ agents in: (1) ®@ treatment ( @ naive adult

patients and (2) | ®®-experienced patients with no darunavir resistance-associated substitutions.

1.2. Recommendation on Phase 4 (Post-Marketing) Commitments, Agreements, and/or Risk
Management Steps, If Approvable:

2. Summary of OND Virology Assessments

2.1.  Nonclinical Virology
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The sponsor did not conduct any new nonclinical virology studies for this submission. All of the
nonclinical virology data have been submitted with the Prezista® and Stribild® original NDA submissions
(NDA 21976, SDN 000 and NDA 203100, SDN 000). Please see the reviews of Dr. Lisa Naeger, Ph.D.
(NDA 21976) and Dr. Sung Rhee, Ph.D. and Dr. Takashi Komatsu, Ph.D. (NDA 203100) for more
details.

2.2.  Clinical Virology

This NDA package includes clinical data from two Phase 1 studies (TMC114IFD1001 — a phase 1 oral
bioavailability study investigating two FDC formulation concepts of DRV/COBI (G003 and G004) and
TMC114IFD1003 — a phase 1 bioequivalence study of the selected FDC formulation compared to DRV
and COBI coadministered as single agents) and one Phase 3 study (GS-US-216-0130 — a phase 3b
open label, single arm study in ART-naive or —experienced HIV-1 infected adults with plasma HIV 1
RNA levels 2500 copies/mL). Study GS-US-216-0130 is an open-label, single arm, multicenter, study
that evaluates the safety and efficacy of a regimen of DRV+COBI plus 2 fully active NRTIs in HIV-1
infected, ARV treatment-naive and treatment-experienced adult subjects with no DRV resistance-
associated substitutions. This submission summarizes data through Week 24 for the primary endpoint.
A total of 36 virologic failures, 30 of 277 (10.8%) and 6 of 17 (35.3%) in the treatment-naive and
treatment-experienced subjects, respectively, were identified. At screening, none of the subjects’
isolates had primary resistance substitutions for DRV. In Study GS-US-216-0130, a total of five amino
acid substitutions developed in the PR in the virologic failure isolates from the 5 subjects in the
treatment-naive subjects compared to a total of 5 amino acid substitutions in the virologic failure
isolates from the 5 subjects in the treatment-experienced subjects. The presence of DRV in this study
confounds any possible interpretation of these results with respect to the question of cobicistat
selecting Pl-resistance substitutions. Since COBI is structurally similar to RTV, the question was
whether the in vivo data support that COBI does not have any antiviral activity. In the Phase 3 (GS-
US-236-0102) study to support approval of Stribild®, a disproportionate number of substitutions in the
protease sequence developed on-treatment in the Stribild® treatment arm (16 substitutions/22 subjects)
compared to the ATR arm (4 substitutions/15 subjects) (see Clinical Virology review for NDA 203100,
SDN 001). One subject (GS-US-216-0130-0031-4217) in the treatment-experienced subjects
developed the DRV resistance-associated substitution in protease, 1841/V. The susceptibility to DRV
was not reduced in the isolate from this subject, which could be due to having a mixture of both
wildtype (1) and mutant (V) viruses.

3. Administrative

3.1. Reviewer’s Signatures

Takashi E. Komatsu, Ph.D., RAC
Clinical Virology Reviewer

3.2. Concurrence

HFD-530/Clin.Virol.TL/J. O'Rear, Ph.D.
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OND VIROLOGY REVIEW

1. Introduction and Background

1.1. Important milestones in product development

Cobicistat (COBI, TYBOST) is a pharmacokinetic enhancer of the HIV-1 protease inhibitors (PIs)
atazanavir and darunavir. Cobicistat is structurally similar to ritonavir and was designed to be a specific
inhibitor of CYP3A without HIV-1 protease inhibitory activity. Ritonavir boosting is limited to PIs in
treatment-naive individuals as absence of a Pl could lead to selection of Pl resistance-associated
substitutions. Darunavir (DRV, Prezista®), in combination with low-dose ritonavir (RTV) as a
pharmacokinetic enhancer and other approved antiretrovirals (ARVS), is approved for the treatment of
HIV-1 infection. A fixed dose combination (FDC) tablet darunavir/cobicistat (800mg/150mg) is
proposed in this NDA. This NDA package includes clinical data from two Phase 1 studies
(TMC114IFD1001 — a phase 1 oral bioavailability study investigating two FDC formulation concepts of
DRV/COBI ®®@ and TMC114IFD1003 — a phase 1 bioequivalence study of the selected
FDC formulation compared to DRV and COBI coadministered as single agents) and one Phase 3 study
(GS-US-216-0130 — a phase 3b open label, single arm study in ART-naive or —experienced HIV-1
infected adults with plasma HIV 1 RNA levels 2500 copies/mL). The Division has determined that study
TMC114IFD1001 is the pivotal study to support this NDA. A pre-NDA meeting with the sponsor was
held on 12/19/12.

1.2. Overview of HIV-1

Approximately 33.3 million people worldwide are estimated to be living with human immunodeficiency
virus type 1 (HIV-1) infection worldwide (UNAIDS Global Report, 2010). The infection, if left untreated
or suboptimally treated, leads to the development of Acquired Immune Deficiency Syndrome (AIDS),
characterized by deterioration in immune function, the subsequent occurrence of opportunistic
infections, and malignancies, ultimately resulting in death. Standard-of-care for the treatment of HIV-1
infection involves the use of a combination of antiretroviral drugs to suppress viral replication to below
quantifiable limits (<50 copies/mL), increase CD4" T cell counts, and delay disease progression.
Current treatment guidelines (DHHS, updated in March, 2012) for treatment-naive HIV-1 infected
patients suggest that initial therapy generally consists of two nucleoside or nucleos(t)ide analog
reverse transcriptase inhibitors (N(t)RTIs) in combination with a non-nucleoside reverse transcriptase
inhibitor (NNRTI), a protease inhibitor (PI, preferably “boosted” with ritonavir [RTV]), an integrase stand
transfer inhibitor (INSTI), or a CCR5 co-receptor antagonist (namely maraviroc [MVC]). For treatment-
experienced HIV-1 infected patients, a new regimen contains at least two, preferably three, fully active
ARVs to combine with an optimized background antiretroviral regimen, based on the patient’s
treatment history, and past and current resistance test results.

The use of antiretroviral combination therapy, introduced in the early 1990s, greatly reduced the
morbidity and mortality associated with AIDS. However, combination therapy increased adherence
challenges for patients due to the regimen-associated factors such as frequent dosing, differential
dosing frequency for regimen components, increased pill burden, dietary restrictions, and safety
concerns. Poor adherence increases the risk of incomplete viral suppression, development of drug-
resistance virus, and disease progression (Chesney, 2000; Chesney et al., 2000). Clinical studies have
demonstrated high levels of adherence and treatment success with simple, once-daily, highly active
antiretroviral therapy (HAART) regimens, resulting in persistent suppression of HIV-1 viral load (Arribas
et al., 2004; Felizarta et al., 2004; Maggiolo et al., 2001). Recently, a meta-analysis of 11 randomized,
controlled trials involving 3,029 subjects also demonstrated that the adherence rate was better with
once-daily regimens (+2.9%; 95% confidence interval, 1.0-4.8%) than with twice-daily regimens (Jean-
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Jacques et al., 2009). Additionally, with some combinations patients may take an incomplete regimen,
leading to increased risk of resistance development. This risk can be reduced if a complete treatment
regimen (i.e., 2 N(t)RTIs plus one ARV from another class) is available in a once-daily, single pill, fixed-
dose combination tablet (FDC), reducing pill burden. To date, three complete regimens in a single-pill
have been approved. Two are NNRTI-based with emtricitabine/tenofovir disoproxil fumarate (FTC/TDF)
as a preferred N(t)RTI backbone, for once-daily administration in the treatment of HIV-1 infection:
Atripla® (ATR; 600 mg EFV/200 mg FTC/300 mg TDF; approved on July 12, 2006; NDA 21937,
reviewed by Virology Reviewer Narayana Battula, Ph.D.) and Complera® (27.5 mg rilpivirine [RPV]/200
mg FTC/300 mg TDF; approved on August 10, 2011; NDA 202123, reviewed by Virology Reviewer
Lisa Naeger, Ph.D.). The third is an INSTI-based FDC with FTC/TDF as a preferred N(t)RTI backbone:
Stribild® (150 mg EVG/150 mg COBI/200 mg FTC/300 mg TDF; approved on August 27, 2012; NDA
203100, reviewed by Virology Reviewer Sung Rhee, Ph.D. and Virology Reviewer Takashi Komatsu,
Ph.D.).

Soon after the introduction of protease inhibitors, it was recognized that coadministration of the
approved HIV-1 protease inhibitor ritonavir (RTV) with other Pls improves the pharmacokinetics of the
approved Pl (Kempf et al., 1997; NDA 20659), increasing the serum half-life and thereby permitting a
more constant exposure to the PI (i.e. reducing Cna and increasing Cp,). RTV was found to also be an
inhibitor of the CYP3A enzymes involved in the metabolism of Pls. Currently, RTV-boosted HIV-1 PI
regimens are a standard of care. However, RTV boosting is limited to PIs in protease inhibitor naive
individuals as absence of a Pl could lead to selection of Pl resistance-associated substitutions. RTV
boosting of Pls has generated a renewed interest in PK principles and their clinical implications. The
PK rationales for the combination of Pls and ritonavir (RTV) have been reviewed in various articles and
include reduction in dose and dosing frequency, achieving additive or synergistic antiretroviral effects,
overcoming established low-level reduced sensitivity through increased drug exposure, and creating a
higher genetic barrier to resistance (Heeswijk et al., 2001; Rathbun and Rossi, 2002).

CORBiI is structurally similar to ritonavir and was designed to be a specific inhibitor of CYP3A without
HIV-1 protease inhibitory activity (Figure 1). Enzyme inactivation studies have demonstrated that COBI
is an efficient inactivator of human hepatic microsomal CYP3A activity, with enzyme kinetic parameters
(Ki and kinat) comparable to those of ritonavir. CYP3A-mediated oxidative metabolism is the major
biotransformation pathway for COBI, as it is for ritonavir; however, unlike ritonavir, COBI is a more
specific CYP enzyme inhibitor. It is a weak inhibitor of CYP2D6 and does not inhibit CYP1A2, CYP2C9,
or CYP2C19. In addition, COBI displays low liability for induction through activation of xenobiotic
receptors, including the aryl hydrocarbon receptor, pregnane X receptor, and the constitutive
androstane receptor, in human hepatocytes. In contrast, ritonavir, a known potent pregnane X receptor
activator, produces significant induction of phase | enzymes, including CYP3A, as well as phase Il
uridine 5’-diphospho-glucuronosyltransferase enzymes and drug transporters, including P-gp, that lead
to clinically significant drug—drug interactions. Other favorable characteristics of COBI are reduced
perturbation of the normal adipocyte functions of lipid accumulation and/or response to insulin (please
refer to the Clinical Pharmacology reviews by Dr. Vikram Arya, Ph.D. and Dr. Stanley Au, Ph.D., for
NDAs 203100 and 203094, respectively).
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Figure 1: Structures of COBIl and RTV.

Darunavir, in combination with low-dose RTV as a pharmacokinetic enhancer and other approved
ARVs, is approved for the treatment of HIV-1 infection (please see the original NDA review of Dr. Lisa
Naeger, Ph.D. for NDA 21976 approved on 6/23/06). DRV/r is currently indicated for ART-naive and
ART-experienced adults, as well as ART-experienced pediatric patients §§§ years of age and older. The
oral dose of darunavir 800 mg QD taken with RTV 100 mg q.d. and with food is recommended in
treatment-naive adult patients as well as in treatment-experienced adult patients with no DRV
resistance-associated substitutions (V11I, V32I, L33F, 147V, 150V, I54L, I54M, T74P, L76V, 184V and
L89V). The oral dose of darunavir 600 mg BID taken with RTV 100 mg b.i.d. and with food is
recommended in treatment-experienced adult patients with at least one DRV resistance-associated

substitution (V11I, V32I, L33F, 147V, 150V, 154L, 154M, T74P, L76V, 184V and L89V).
2. Nonclinical Virology

The sponsor did not conduct any new nonclinical virology studies for this submission. All of the
nonclinical virology data have been submitted and reviewed with the Prezista® (NDA 21976, SDN 000)
and Stribild® submissions (NDA 203100, SDN 000). Please see the Clinical Virology reviews of NDA
21976 SDN 000 (Dr. Lisa Naeger, Ph.D.) and NDA 203100 SDN 000 (Dr. Sung Rhee, Ph.D. and Dr.
Takashi Komatsu, Ph.D.) for a detailed analysis of the mechanism of action, antiviral activity in cell
culture, cytotoxicity, combination antiviral activity relationships with approved antiretroviral drugs as well
as the methods that were used for the analyses for DRV and COBI.

3. Clinical Virology
The development of the FDC DRV/COBI 800mg/150 mg QD is intended for the same population in
which the dose regimen DRV/rtv 800mg/100 mg QD is recommended and approved: i.e. = ®®-naive
adult subjects and = ®®-experienced adult subjects without DRV resistance-associated substitutions.
The development for this FDC is based on the development of the individual products, DRV (in
combination with ritonavir) and COBI. The bridging clinical program contains the following:
1. TMC114IFD1001 - a phase 1 oral bioavailability study investigating two FDC formulation
concepts of DRV/COBI N
2. TMC114IFD1003 — a phase 1 bioequivalence study of the selected FDC formulation compared
to DRV and COBI coadministered as single agents.
3. GS-US-216-0130 — a phase 3b open label, single arm study in ART-naive or — experienced
HIV-1 infected adults with plasma HIV 1 RNA levels = 500 copies/ml.
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Studies TMC114IFD1001 and TMC114IFD1003 are bioavailability and bioequivalence studies in
healthy subjects so will not be covered in this review. Please see the review of the Dr. Stanley Au,
Ph.D., Clinical Pharmacology Reviewer, for more details.

Study GS-US-216-0130

This ongoing study is an open-label, single arm, multicenter, study that evaluates the safety and
efficacy of a regimen of DRV+COBI plus 2 fully active NRTIs in HIV-1 infected, ARV treatment-naive
and treatment-experienced adult subjects with no DRV resistance-associated substitutions. The study
consisted of an eligibility screening (within 35 days before baseline/Day 1 visit), a 48-week open-label
treatment period, and a follow-up visit 30 days after last drug intake. After 48 weeks of treatment,
subjects were given the option to participate in an open-label rollover study to receive DRV, COBI, and
investigator-selected NRTIs, and attend study visits every 12 weeks until COBI becomes commercially
available (or until Gilead Sciences, Inc elects to terminate its development). Subjects who complete
treatment through the Week 48 visit and decide not to participate in the rollover study were required to
complete the 30-day follow-up visit.

Treatment consisted of DRV 800 mg (2 x 400-mg tablets; once daily [QD] with food) and COBI 150 mg
(1 x 150-mg tablet; QD with food) plus 2 investigator-selected NRTIs, determined by resistance testing
at screening. In subjects with the M184V/| reverse transcriptase substitution present on the screening
genotype report, emtricitabine (Emtriva®, FTC) or lamivudine (Epivir®, 3TC) could be included as a third
(not-fully active) NRTI for the purpose of maintaining the M184V substitution. Use of a fixed-dose
combination tablet (i.e., Combivir®, Truvada®, or Epzicom®/Kivexa®) plus an additional NRTI may have
been used for these subjects (e.g., Truvada + zidovudine). This submission summarizes data through
Week 24 for the primary endpoint.

Clinical virology analyses were conducted using the censored, as-treated subject population (n=294)
including all randomized subjects who received at least one dose of study medication with at least one
virologic observation after Baseline but excludes subjects who discontinued their assigned treatment
before the primary efficacy assessment while they had a suppressed viral load (HIV-1 RNA <50
copies/mL).

For the analyses, virologic failures were identified as follows:

o Subjects who failed to achieve HIV-1 RNA <50 copies/mL either at Week 24 (snapshot analysis
during the 24-week evaluation window) or at the time of early discontinuation.

A total of 36 virologic failures, 30 of 277 (10.8%) and 6 of 17 (35.3%) in the treatment-naive and
treatment-experienced subjects, respectively, were identified (Table 1).

Table 1: Virologic Failures in Censored, As-Treated Analyses’ of Study GS-US-216-0130

Treatment Naive (n=277)

Treatment Experienced (n=17)

Virologic Failure (VF)2 30 (10.8%) 6 (35.3%)
Virologic Poor Response (PR)3 18 (6.5%) 3 (17.6%)
Virologic Rebound (VR)4 12 (4.3%) 3 (17.6%)

1. The censored, as-treated analysis was done using the censored, as-treated population that includes all randomized subjects who received
at least one dose of study medication with at least one HIV-1 RNA measurement after Baseline but excludes subjects who discontinued

their assigned treatment while they had a suppressed viral load (HIV-1 RNA <50 copies/mL).
2. VF, virologic failure (virologic non-responders, suboptimal virologic responders, and virologic rebounders), is defined as subjects who failed
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to achieve HIV-1 RNA <50 copies/mL either at Week 24 (snapshot analysis during the 24-week evaluation window) or at the time of early
discontinuation.

3. PR, virologic poor-response, is defined as >50 copies/mL mL at Week 24 (or at the time of early discontinuation) without experiencing
virologic rebound.

4_VR, virologic rebound, is defined as either confirmed HIV-1 RNA levels >50 copies/mL after HIV-1 RNA levels <50 copies/mL being
achieved or confirmed >1 logs copies/mL increase of HIV-1 RNA from nadir.

3.1. Antiviral Effectiveness (Potency and Durability) of DRV/COBI in Study GS-US-216-0130

The antiviral efficacy (potency and durability) analyses were conducted in the censored, as-treated
subject population to determine whether DRV/COBI had potent and durable antiretroviral activity. For
the overall efficacy of DRV/COBI, please refer to the reviews by Dr. Sarita D. Boyd, Pharm.D., Clinical
Reviewer. The primary efficacy endpoint was the percentage of subjects with virologic success (HIV-1
RNA <50 copies/mL) at Week 24 using the FDA-defined snapshot analysis.

3.1.1. Virologic Response to DRV/COBI Treatment by Baseline HIV-1 RNA levels

The correlation between HIV-1 RNA levels at Baseline and antiviral efficacy of DRV/COBI was
analyzed. A higher rate of virologic failure at Week 24 was observed in the subgroup of subjects with
higher baseline viral load (negative correlation between baseline HIV-1 RNA levels and antiviral
efficacy of DRV/COBI). The virologic rebound rates were somewhat variable but there was a trend
towards a higher rate with higher baseline viral load. The overall virologic failure and rebound rates in
the treatment-naive and treatment-experienced DRV/COBI-treated subjects were 10.8% (30/277) and
35.3% (6/17), respectively (Table 2). The overall virologic failure and rebound rates in the treatment-
naive and treatment-experienced DRV/COBI-treated subjects were 4.3% (12/277) and 17.6% (3/17),
respectively. In treatment-naive DRV/COBI-treated subjects, subjects with baseline viral RNA levels
2100,000 copies/mL experienced virologic failure and rebound at higher rates compared to subjects
with baseline viral RNA levels <100,000 copies/mL; 22.5% (23/102) vs. 4.0% (7/175). Similarly in
treatment-experienced DRV/COBI-treated subjects, subjects with baseline viral RNA levels 2100,000
copies/mL experienced virologic failure and rebound at higher rates compared to subjects with baseline
viral RNA levels <100,000 copies/mL, 50.0% (3/6) vs. 27.3% (3/11).

Table 2: Correlation between Baseline HIV-1 RNA Level and Virologic Failure in Study GS-US-
216-0130

Treatment Naive Subjects (n=277)
Median baseline HIV-1 RNA levels of 4.8 log1g copies/mL (range, 3.0-6.9 log1g)
Overall virologic failure rate of 10.8% and rebound rate of 4.3%

Baseline HIV-1 RNA

(copies/mL) <5 log1o >5 logio

Virologic failure rate’ 4.0% (7/175) 22 5% (23/102)

Virologic rebound rate’ 1.7% (3/175) 8.8% (9/102)

Baseline HIV-1 RNA

(log1o copies/mL) <4 logo >4 but <5 logig >5 but <6 logo >6 logyg (all <7)

Virologic failure rate’ 6.5% (3/46) 3.1% (4/129) 18.9% (18/95) 71.4% (5/7)

Virologic rebound rate’ 4.3% (2/46) 0.8% (1/129) 8.4% (8/95) 14.3% (1/7)

Treatment Experienced Subjects (n=17)
Median baseline HIV-1 RNA levels of 4.7 log1g copies/mL (range, 3.2-6.5 log1g)
Overall virologic failure rate of 35.3% and rebound rate of 17.6%
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Baseline HIV-1 RNA

(copies/mL) =5 log1o

<5 log1o

Virologic failure rate' 27.3% (3/11) 50.0% (3/6)

Virologic rebound rate’ 27.3% (3/11) 0% (0/6)

Baseline HIV-1 RNA

(log1o copies/mL) 26 logqo (all <7)

<4 log1o =4 but <5 log1o =5 but <6 log1o

Virologic failure rate 0% (0/2) 33.3% (3/9) 25.0% (1/4) 100% (2/2)

Virologic rebound rate’ 0% (0/2) 33.3% (3/9) 0% (0/4) 0% (0/2)

1. Virologic failure and rebound rates were calculated using the censored, as-treated population that includes all randomized subjects who
received at least one dose of study medication with at least one HIV-1 RNA measurement after Baseline but excludes subjects who
discontinued their assigned treatment while they had a suppressed viral load (HIV-1 RNA <50 copies/mL

3.1.2. Virologic Response to DRV/COBI Treatment by HIV-1 Subtype

The majority of subjects in this study were infected with HIV-1 subtype B, reflecting that over 98% of
HIV-1 infections in the US are caused by subtype B (Hemelaar et al., 2006). Of note, in 2004 - 2007,
subtype B was estimated to contribute to 11% of the worldwide epidemic (Hemelaar et al., 2011).
Subtype B was detected in 96% of the overall censored, as-treated subject population (283/294). In
addition, 1 additional pure genetic subtype (C [n=3]) were found in 1.0% (3/294) of the studied
population and 3 recombinant forms (AE, AG, and complex) in 2.7% (8/294). In subjects with subtype
B infection, 11.2% (30/267) and 37.5% (6/16) experienced virologic failure in the treatment-naive and
treatment-experienced DRV/COBI-treated subjects, respectively (Table 3). In subjects with non-
subtype B infection, 0% (0/10) and 0% (0/1) experienced virologic failure in the treatment-naive and
treatment-experienced DRV/COBI-treated subjects, respectively. The small sample sizes precluded a
conclusive determination of whether HIV-1 subtype-specific differences could affect the antiviral
effectiveness of DRV/COBI.

Table 3: Virologic Failures by HIV-1 Subtype in Study GS-US-216-0130

Virologic failure rate’
HIV-1 Subtype Treatment
Overall
Treatment Naive Treatment Experienced
B 8.8% (283/294) 11.2% (30/267) 37.5% (6/16)
Non-B 0% (0/11) 0% (0/10) 0% (0/1)

AE 0% (0/2) 0% (0/2) N/A

AG 0% (0/2) 0% (0/1) 0% (0/1)

C 0% (0/3) 0% (0/3) N/A

Complex 0% (0/4) 0% (0/4) N/A

1. Virologic rates were calculated using the censored, as-treated population that includes all randomized subjects who received at least one
dose of study medication with at least one HIV-1 RNA measurement after Baseline but excludes subjects who discontinued their assigned
treatment while they had a suppressed viral load (HIV-1 RNA <50 copies/mL).

3.2. Clinical Resistance in Study GS-US-216-0130

Drug resistance testing, genotypic and phenotypic, was performed for viruses (pre-treatment and on-
treatment) from subjects with suboptimal virologic response or virologic rebound and with 2400
copies/mL of HIV-1 RNA. The HIV-1 protease (PR)/reverse transcriptase (RT) genotyping and
phenotyping analyses were performed using the PhenoSense GT™ assay (Monogram Biosciences,
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South San Francisco, CA). In addition, any subjects with 2400 copies/mL of HIV-1 RNA at study
discontinuation (after Week 8) while receiving study drugs (or within 72 hours of discontinuation of
study treatment) were analyzed for PR/RT resistance. None of the subjects’ baseline isolates had
primary resistance substitutions for DRV (JAS-USA, 2011).

Of the 294 treated subjects in the censored, as-treated, pooled population of the study, 36 subjects
(12.2%) showed evidence of virologic failure (HIV-1 RNA =50 copies/mL) by Week 24. Evaluable
genotypic and/or phenotypic resistance data were obtained from 10 subjects (Table 4).

Table 4: Number of Subjects with Evaluable Resistance Data in Study GS-US-216-0130

Study (n=294') Treatment Naive (n=277) Treatment Experienced (n=17)
VF?, n=36 30 6
Genotypic Data
(Population-based)
PR-coding region 6 4
RT-coding region 6 4
<400 copies/mL 18 2
Genotyping Failed 1 0
Others® 5 0
Phenotypic data
(cell-based drug 6 4

susceptibility)

1. Drug resistance analysis was done using the censored, as-treated population that includes all randomized subjects who received at least
one dose of study medication with at least one HIV-1 RNA measurement after Baseline but excludes subjects who discontinued their
assigned treatment while they had a suppressed viral load (HIV-1 RNA <50 copies/mL).

2. VF, virologic failure, is defined as subjects who failed to achieve HIV-1 RNA <50 copies/mL either at Week 24 (snapshot analysis during
the 24-week evaluation window or at the time of early discontinuation.

3. Discontinued drug due to AE. These subjects are not considered VF based on study protocol definitions.

3.2.1. Development of PR Resistance

The sponsor proposes to use COBI as a PK enhancer in treatment-naive subjects. Since COBI is
structurally similar to RTV, the question was whether the in vivo data support that COBI does not have
any antiviral activity. In the Phase 3 (GS-US-236-0102) study to support approval of Stribild®, a
disproportionate number of substitutions in the protease sequence developed on-treatment in the
Stribild® treatment arm (16 substitutions/22 subjects) compared to the ATR arm (4 substitutions/15
subjects) (see Clinical Virology review for NDA 203100, SDN 001). Four of the 16 protease
substitutions (M361, D60E, A71V, and V771) in isolates from the EVG/COBI/FTC/TDF have been
associated with resistance to protease inhibitors and are considered accessory substitutions. The
clinical relevance of this observation is unclear at this time as the number of subjects was small. The
sponsor is doing a long term follow-up of these studies to better address the question of COBI's
protease activity as a PMR. The sponsor was asked to evaluate the protease sequences in their
clinical studies.

In Study GS-US-216-0130, all subjects received DRV. At screening, none of the subjects’ isolates had
primary resistance substitutions for DRV. In Study GS-US-216-0130, a total of five amino acid
substitutions developed in the PR in the virologic failure isolates from the 5 subjects in the treatment-
naive subjects compared to a total of 5 amino acid substitutions in the virologic failure isolates from the
5 subjects in the treatment-experienced subjects (Table 5). The presence of DRV in this study
confounds any possible interpretation of these results with respect to the question of cobicistat
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selecting Pl-resistance substitutions. One subject (GS-US-216-0130-0031-4217) in the Pl-naive-
treatment-experienced subjects developed the DRV resistance-associated Pl 1841/V substitution (Table
6 and Table A1- 1). The susceptibility to DRV was not reduced in the isolate from this subject, which
could be due to having a mixture of both wildtype (I) and mutant (V) viruses (Table A1- 2).

Table 5: Total Number of Amino Acid Substitutions that Developed in the HIV-1 Protease On-
Treatment

Study Treatment Naive Treatment Experienced

Total 5 (n=5 subjects; 1.0 substitution/subject) 5 (n=5 subjects; 1.0 substitution/subject)

Table 6: Amino Acid Substitutions that Developed On-Treatment in the HIV-1 Protease

Treatment Naive Treatment Experienced

T12A/T 0 1
V32AV 1

P39P/S 1 0
P/S39P 0 1
K/R41K 1 0

1541/N 0 1
D65D/E 0 1
1841V 0 1
G86E/G 1 0

I93Il! 1 0

Green: Accessory substitutions for Pls
Red: DRV Resistance-associated substitution

Isolates from 95.0% (263/277) and 94.1% (16/17) of subjects had Pl secondary resistance-associated
amino acid substitutions at baseline in the treatment-naive and treatment-experienced subjects,
respectively (Table 7). Of the subjects with baseline Pl secondary resistance-associated amino acid
substitutions 11.0% (29/263) and 37.5% (6/16) subjects were virologic failures in the treatment-naive
and treatment-experienced subjects, respectively.

Table 7: Number of Subjects with Resistance-associated Amino Acid Substitutions at Baseline
in HIV-1 Protease’

Treatment Naive Treatment Experienced
AA Substitution Responder Virologic Failure Responder Virologic Failure
PR__L10
FIL 1 0 0 0
| 19 1 0 1
I/L 6 2 0 0
I\ 1 0 0 0
Lv 1 0 0 0
\' 10 0 0 0
PR_G16
E 10 3 1 0
E/G 7 1 0 0
PR_K20
| 8 0 1 0
K/M 0 1 0
K/IR 7 0 0 0
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M/R 1 0 0 0
R 8 0 1 0
PR_L33
| 3 0 0 0
1L 2 0 0 0
LV 1 0 0 0
v 10 0 0 0
PR_M36
| 50 1 4 1
1M 15 1 1 0
T 1 0 0 0
L 2 0 0 0
L/M 1 0 0 0
MV 1 0 0 0
v 1 0 0 0
PR_M46
| 1 0 0 0
1M 1 0 0 1
PR_I54
I 0 0 0 1
PR_Q58
E 4 0 0 0
PR_D60
DIE 6 1 0 0
E 20 4 2 1
PR_I62
I 16 2 1 0
v 54 3 2 0
PR_L63
AILIPIV 1 1 0 0
AP 1 1 0 0
FILIPIS 0 0 1 0
HIP 2 1 0 0
L/P 4 0 0 0
P 109 13 3 6
P/Q 1 0 0 0
PIS 9 0 0 0
PR_I64
1L 1 1 0 0
IILIM 1 0 0 0
1M 3 1 0 0
I 12 0 1 0
L 9 4 0 2
LV 1 0 0 0
M 4 0 2 0
v 46 4 4 0
PR_H69
K 11 0 1 0
R 2 0 0 0
PR_A71
AT 10 0 0 0
AN 4 0 0 0
T 17 5 0 1
v 11 0 2 0
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PR_G73
GIS 1 0 0 0
S 1 0 0 0

PR_V77
| 75 17 1 4
I 17 0 1 1

PR_V82
| 4 1 0 0
1L 1 0 0 0
I 2 0 0 0

PR_I85

v 1 0 0 0

PR_L89
| 1 0 1 0
L/M 2 0 0 0
M 6 1 0 0

PR_L90
M 1 0 0 0

PR_I93

1L 6 0 0 0
L 95 11 3 4

Of note, subject GS-US-216-0130-0571-4301 (PI-treatment-experienced) developed 2 RT
substitutions: RT L74l/L and RT P225H/P, which are known to be associated with resistance to the
NRTIs didanosine and abacavir, and to the NNRTI EFV, respectively. The subject’'s background
regimen, however, consisted of FTC+TDF+AZT. Additionally, this subject did not develop any PI
resistance-associated substitutions.

3.2.2. Development of RT Resistance

None of the subjects who were genotyped developed primary resistance-associated substitutions to
any of the RT inhibitors (Table A1-1).

4. Conclusion
This original NDA for Prezcobix fixed dose combination (FDC) tablets containing the approved HIV-1
protease inhibitor (PI) darunavir and the pharmacokinetic enhancer cobicistat (COBI) is approvable
with respect to Clinical Virology. The proposed indication for the Prezcobix tablet is treatment of human
immunodeficiency virus (HIV-1) infection in combination with other antiretroviral agents in: (1)
®®@ treatment-naive adult patients and (2) | ®®-experienced patients with no darunavir
resistance-associated substitutions. This NDA package includes clinical data from two Phase 1 studies
(TMC1141FD1001 — a phase 1 oral bioavailability study investigating two FDC formulation concepts of
DRV/COBI ( ®® and TMC114IFD1003 — a phase 1 bioequivalence study of the selected
FDC formulation compared to DRV and COBI coadministered as single agents) and one Phase 3 study
(GS-US-216-0130 — a phase 3b open label, single arm study in ART-naive or — experienced HIV-1
infected adults with plasma HIV 1 RNA levels =500 copies/mL).

Microbiology Package Insert

The words with strikethroughs are the text the sponsor was requested to delete and words in blue are
recommended insertions. Additionally, the Clinical Virology team had a request regarding “Section 12:
Clinical Pharmacology, Sub-section: 12.4 Microbiology, Sub-subsection: Cross-resistance.” (See
Appendix 2 for more detail)
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Note: @
Referral to the darunavir label is made above. The Division is taking this approach with new FDC
products. X

12.1 Mechanism of Action
PREZCOBIX is a fixed dose combination of the HIV-1 antiviral drug darunavir and a CYP3A
inhibitor ®® [see Microbiology (12.4)].

12.4 Microbiology

Mechanism of Action

Darunavir: Darunavir is an inhibitor of the HIV-1 protease. It selectively inhibits the cleavage of HIV-1
encoded Gag-Pol polyproteins in infected cells, thereby preventing the formation of mature virus
particles.

Cobicistat: Cobicistat is a selective, mechanism based inhibitor of cytochromes P450 of the CYP3A
subfamily. Inhibition of CYP3A mediated metabolism by cobicistat ®®gnhances the systemic
exposure of CYP3A substrates e

Antiviral Activity

Darunavir: Darunavir exhibits activity against laboratory strains and clinical isolates of HIV-1 and
laboratory strains of HIV-2 in acutely infected T cell lines, human peripheral blood mononuclear cells
and human monocytes/macrophages with median ECs, values ranging from 1.2 to 8.5 nM (0.7 to 5.0
ng/mL). Darunavir demonstrates antiviral activity in cell culture against a broad panel of HIV 1 group M
(A, B, C,D, E, F, G), and group O primary isolates with ECs, values ranging from less than 0.1 to 4.3
nM. The ECs5, value of darunavir increases by a median factor of 5.4 in the presence of human serum.
Darunavir did not show antagonism when studied in combination with the Pls amprenavir, atazanavir,
indinavir, lopinavir, nelfinavir, ritonavir, saquinavir, or tipranavir, the N(t)RTls abacavir, didanosine,
emtricitabine, lamivudine, stavudine, tenofovir, zalcitabine, or zidovudine, the NNRTIs delavirdine,
efavirenz, etravirine, rilpivirine, or nevirapine, and the fusion inhibitor enfuvirtide.

Cobicistat: Cobicistat does not inhibit recombinant HIV-1 protease in a biochemical assay and has no
detectable antiviral activity in cell culture against HIV-1. The antiviral activity in cell culture of approved
HIV 1 antiretroviral drugs was not antagonized by cobicistat.

Resistance

Cell Culture

Darunavir: HIV 1 isolates with a decreased susceptibility to darunavir have been selected in cell culture

and obtained from subjects treated with darunavir/ritonavir. Darunavir resistant virus derived in cell

culture from wild type HIV 1 had 21 to 88 fold decreased susceptibility to darunavir and developed 2 to

4 of the following amino acid substitutions S37D, R41E/T, K55Q, H69Q, K70E, T74S, V77I, or I85V in

the protease. Selection in cell culture of darunavir resistant HIV-1 from nine HIV-1 strains harboring

multiple Pl resistance-associated substitution ®® resulted in the overall emergence of 22
®® nutations in the protease gene, coding for amino acid substitutions L10F, V111, 113V, 115V,
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G16E, L23l, V32l, L33F, S37N, M46l, 147V, 150V, F53L, L63P, A71V, G73S, L76V, V82l 184V,
T91A/S, and QI2R, of which L10F, V32I, L33F, S37N, M46l, 147V, 150V, L63P, A71V, and 184V were
the most prevalent. These darunavir resistant viruses had at least eight protease substitutions and
exhibited 50 to 641 fold decreases in darunavir susceptibility with final ECsy values ranging from 125
nM to 3461 nM.

Clinical Studies

due to its lack of antiviral activity.
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(b) (4)

Cross resistance

Cross resistance among Pls has been observed. Darunavir has a less than 10 fold decreased
susceptibility in cell culture against 90% of 3309 clinical isolates resistant to amprenavir, atazanavir,
indinavir, lopinavir, nelfinavir, ritonavir, saquinavir and/or tipranavir showing that viruses resistant to
these Pls remain susceptible to darunavir. A less than 10-fold decreased susceptibility was observed
for the other Pls in 26% to 96% of these PI resistant clinical isolates (nelfinavir (26%), ritonavir (34%),
lopinavir (46%), indinavir (57%), atazanavir (59%), saquinavir (64%), amprenavir (70%), and tipranavir
(96%)).

Cross resistance between darunavir and nucleoside/nucleotide reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors, fusion inhibitors, CCR5 co-receptor antagonists, or
integrase strand transfer inhibitors is unlikely because the viral targets are different.

Baseline Genotype/Phenotype and Virologic Outcome Analyses

Baseline 1AS-defined PI resistance substitutions confer reduced virologic response to darunavir.
Please refer to the “Baseline Genotype/Phenotype and Virologic Outcome Analyses” section in the
darunavir label.

Additional changes

e ‘mutation’ changed to ‘substitution’ throughout the label where appropriate.

e Add the ‘Baseline Genotype/Phenotype and Virologic Outcome Analyses’ section from the
darunavir label.

o Note: All information that do not pertain to both of the drugs in question (e.g. DRV/RTV data)
and all data that are not supported by a well-controlled study (e.g., Study GS-US-130 which
was an open-label study looking at WK 24 endpoint for the DRV/COBI) were removed from the
label.

Clean Version

12.1 Mechanism of Action

PREZCOBIX is a fixed dose combination of the HIV-1 antiviral drug darunavir and a CYP3A inhibitor,
cobicistat [see Microbiology (12.4)].

12.4  Microbiology

Mechanism of Action

Darunavir: Darunavir is an inhibitor of the HIV 1 protease. It selectively inhibits the cleavage of HIV 1
encoded Gag Pol polyproteins in infected cells, thereby preventing the formation of mature virus
particles.
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Cobicistat: Cobicistat is a selective, mechanism based inhibitor of cytochromes P450 of the CYP3A
subfamily. Inhibition of CYP3A mediated metabolism by cobicistat increases the systemic exposure of
CYP3A substrates.

Antiviral Activity

Darunavir: Darunavir exhibits activity against laboratory strains and clinical isolates of HIV 1 and
laboratory strains of HIV 2 in acutely infected T cell lines, human peripheral blood mononuclear cells
and human monocytes/macrophages with median EC50 values ranging from 1.2 to 8.5 nM (0.7 to 5.0
ng/mL). Darunavir demonstrates antiviral activity in cell culture against a broad panel of HIV 1 group M
(A, B, C, D, E, F, G), and group O primary isolates with EC50 values ranging from less than 0.1 to 4.3
nM. The EC50 value of darunavir increases by a median factor of 5.4 in the presence of human serum.
Darunavir did not show antagonism when studied in combination with the HIV protease inhibitors (PIs)
amprenavir, atazanavir, indinavir, lopinavir, nelfinavir, ritonavir, saquinavir, or tipranavir, the N(t)RTIs
abacavir, didanosine, emtricitabine, lamivudine, stavudine, tenofovir, zalcitabine, or zidovudine, the
NNRTIs delavirdine, efavirenz, etravirine, rilpivirine, or nevirapine, and the fusion inhibitor enfuvirtide.

Cobicistat: Cobicistat does not inhibit recombinant HIV 1 protease in a biochemical assay and has no
detectable antiviral activity in cell culture against HIV 1. The antiviral activity in cell culture of approved
HIV 1 antiretroviral drugs was not antagonized by cobicistat.

Resistance

Cell Culture

Darunavir: HIV 1 isolates with a decreased susceptibility to darunavir have been selected in cell culture
and obtained from subjects treated with darunavir/ritonavir. Darunavir resistant virus derived in cell
culture from wild type HIV 1 had 21 to 88 fold decreased susceptibility to darunavir and developed 2 to
4 of the following amino acid substitutions S37D, R41E/T, K55Q, H69Q, K70E, T74S, V77I1, or 185V in
the protease. Selection in cell culture of darunavir resistant HIV 1 from nine HIV 1 strains harboring
multiple PI resistance associated substitutions resulted in the overall emergence of 22 mutations in the
protease gene, coding for amino acid substitutions L10F, V111, 113V, 115V, G16E, L23Il, V32I, L33F,
S37N, M46l, 147V, 150V, F53L, L63P, A71V, G73S, L76V, V82I, 184V, T91A/S, and Q92R, of which
L10F, V32I, L33F, S37N, M46l, 147V, 150V, L63P, A71V, and 184V were the most prevalent. These
darunavir resistant viruses had at least eight protease substitutions and exhibited 50 to 641 fold
decreases in darunavir susceptibility with final EC50 values ranging from 125 nM to 3461 nM.

Clinical Studies

The resistance profile of PREZCOBIX is driven by darunavir. Cobicistat does not select any HIV-1
resistance substitutions, due to its lack of antiviral activity. For the clinical resistance profile of
darunavir, refer to the darunavir full prescribing information.

Cross resistance

Cross resistance among Pls has been observed. Darunavir has a less than 10 fold decreased
susceptibility in cell culture against 90% of 3309 clinical isolates resistant to amprenavir, atazanavir,
indinavir, lopinavir, nelfinavir, ritonavir, saquinavir and/or tipranavir showing that viruses resistant to
these Pls remain susceptible to darunavir. A less than 10 fold decreased susceptibility was observed
for the other Pls in 26% to 96% of these PI resistant clinical isolates (nelfinavir (26%), ritonavir (34%),
lopinavir (46%), indinavir (57%), atazanavir (59%), saquinavir (64%), amprenavir (70%), and tipranavir
(96%)).
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NDA: 205395 SDN: 000 DATE REVIEWED: 12/19/14
Clinical Virology Reviewer: Takashi E. Komatsu, Ph.D., RAC

Cross resistance between darunavir and nucleoside/nucleotide reverse transcriptase inhibitors, non-
nucleoside reverse transcriptase inhibitors, fusion inhibitors, CCR5 co receptor antagonists, or
integrase strand transfer inhibitors is unlikely because the viral targets are different.

Baseline Genotype/Phenotype and Virologic Outcome Analyses

Baseline International AIDS Society (IAS)-defined PI resistance substitutions confer reduced virologic
response to darunavir. Please refer to the “Baseline Genotype/Phenotype and Virologic Outcome
Analyses” section in the darunavir full prescribing information.
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NDA: 205395 SDN: 000
Clinical Virology Reviewer: Takashi E. Komatsu, Ph.D., RAC

DATE REVIEWED: 12/19/14

Appendix 1: Virologic Failures with Resistance Data for Study GS-US-216-0130
Table Al- 1: Genotypic Data (Study GS-US-216-0130)

Subject ID

Treatment
Experience

Study Week

Virologic Response® Amino Acid Substitutions in PR

Amino Acid Substitutions in RT

GS-US-216-0130-0031-4217

Experienced

Week 12

N37D/N®-, R41K/R®, , \
PR R57K"", L63P™, \ \ \

193L

K20R®, v351/T%, v60IP-, R83KE", Q102K
K122P®", 11351/M®", A138A/T, 114277, C162S™,
KIT165A/E/K/T, K/IR172R, D177D/E®", 1178L%,

V179D/VE, Y181C/Y®", Q207E®, R211K/R,
F214F/L®", A272PB" R277K® A/T286T, V2931%,
K/R311K, V3291, N334Q, D335G, T357M, 1381V,

R390K, E/G399E, S/T400T

GS-US-216-0130-0571-4301

Experienced

Week 16

VR N37D%, PSQQWSKBL,

V60, L74I/L, Q102K®", K103N®", v108I%-, K122R®",
D123E™, C162S®, Q174R®, D177ER, 1178L%
M184VE", T200A%" Q207A%, R211K"® F214L®"

P225H/P, R277K®", Y346F, K356R, T357M, 1400T

GS-US-216-0130-0661-4211

Experienced

Week 12

EI0I®, E35D°" N37SP-, P/S39P, I541IN,
VR R57K™, Q61E™, H6BR, Vi,

V351%- Q102K K103N®, K122E/K, 11351V,
C162S"" K/IR211K, V245MP-, R277KB", T322S,
E3340Q, K356R, R366K, A400T

GS-US-216-0130-1534-4274

Experienced

Week 12

R K43R®", L63AP", D65D/E

E53D®", Q102R®, K122P®, C162S®- IIMV184M/V,
A272SPt R277KB, T286A°, v2931°-, P294TE:
R311K, A/S322S, I1325L, T357M, K366R®", 1386T,
R390K, T400A%

GS-US-216-0130-1537-4222

Naive

Week 8

VR R41K™, K43R"™, PBOEE:, [62VE, [63PE:,

172T%, V771>, G86E/G, 193L

Q102K"®, K122E®, K123KI/N, 1142V®, C1625°,
D177E®, G196E®", Q207A%", R211K"®", v245M°",
A272PP" Q334L%", R356K"", 1386T, A400T

GS-US-216-0130-1598-4026

Naive

Week 24

VR KIRA1K, I63P®, V77iet, (981

K11Q® K49R®, Q102K®, 1135T%, C1625""
M184M/VE-, 1/T200T, 1202VE", R211K®, v245E°,
K/IR277R, T286A°", P294T", L3291, Y346F,
K/R356R, S359G, R366K, R390K, A400T

GS-US-216-0130-1609-4043

Naive

Week 12

EE0UE®E, R41K®- RE7K®- 164L°"
VR ' : . ' '
V77,

V351 %102KB", D/H/Y121D/H, K122E®- Cc162S®
Q174R" D177E®, T200E®", Q207N®", R211K®,
E248D° v2611°, R277K"®, T286A%, V2921,
K/R311K, I/V3291, E333G, H334Q, IIM/T357M,
AIT360A, I/V375I, IM/T377T, C/S379S, 1/V380I,
R390K, A400T
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GS-US-216-0130-2058-4092

Naive

Week 24

VR

MBBINES, R41K", q

A7, 172v

V35ME-, T39A/T®, R83KE, vo0IPt, Q102K™,
D123D/E®, I/T1421/L/P/T, Q145E/Q"", C162S%,
Q174E®, 1178L%", E248D%", A272P%", v276T®

Q278H"", T286P"", E297K"®", Y334Q, S359G,

K/R366K, A369T, V375I, R390K, A400T

GS-US-216-0130-2154-4108

Experienced

Week 24

VR

AL2A/T, 113V°-, L63P2S, Viz7i®t

K22K/R, V35E/V®", T39AP vooIve, Q102K®,
K103N®", K122E®, D123D/N™, 1135T", Cc1625™,
G196E", R211G/R®", E245E/V, E248Q°", R277K",
R311K, E324D, G/S359G, R390K, A400T

GS-US-216-0130-2157-4204

Naive

Week 16

VR

V32A/V, P39P/S, [BAVES, Vi

V60I%-, R83K®" Q102K K122E/K, D123D/G/N/S,
1135V, 114275 C162S°, I/T165T, Q174H°,
P176P/S®", D177D/G, I/V178I/M, T200E®", R211K"",
V245E°- E248D°", A272P°" R277K", T286A°
E291D", v2931%-, E297K®", W334Q, V357M, K358R,
V376A, R377T

Green: Accessory substitutions for Pls

Red: Resistance-associated substitutions to Pls

Yellow: Resistance-associated substitutions to N(t)RTIs

1Virologic response: R, virologic responder, is defined as: subjects who achieved HIV-1 RNA <50 copies/mL at Week 24 (snapshot analysis during the 24-week evaluation window);
PR, virologic poor-response, is defined as >50 copies/mL mL at Week 24 (or at the time of early discontinuation) without experiencing virologic rebound; VR, virologic rebound, is
defined as either confirmed HIV-1 RNA levels >50 copies/mL after HIV-1 RNA levels <50 copies/mL being achieved or confirmed >1 log10 copies/mL increase of HIV-1 RNA from

nadir.

Table Al- 2: Genotypic Data

Study GS-US-216-0130)

Reference ID: 3676603

Drug Susceptibility (fold-change?)

Subject ID R\Q;?Qlt?ngsizl Study Week | ABC | DDI | FTC | 3TC DTA TVF zov | pbLv | EFV ERT NVP | AMP | ATV | DRV | IDV | LPV | NFV | RPV '?/T sQv
GS'US'Zﬁ'%BO'OOM" PR Week 12 0.9 0.9 11 11 0.9 08 0.6 30.2 39 9.8 268 0.6 0.8 0.5 0.8 0.6 13 6.2 06 06
Gs-us-ziggllso-osn- VR Week 16 23 | 12 | >840 | 5760 | 04 | 03 | 03 | 250 | 425 | 05 | >17381 | 05 | 09 | 05 |08 | 05 | 13 | o5 | 08 | 04
GS'US'Zﬁ'lOlBO'OGM" VR Week 12 11 1.0 1.0 1.4 1.0 09 0.9 470 | 11.8 | 1.2 36.1 1.1 1.3 0.7 2.1 1.0 20 13 15 11
GS'US'Z%‘%'%SMSM‘ R Week 12 11 0.9 1.7 21 0.7 06 0.4 0.8 0.7 0.8 0.7 0.6 0.9 0.6 0.6 0.8 0.7 0.7 06 05
GS'US'Zﬁ'ZOZBO'lsy" VR Week 8 0.8 0.9 0.9 0.8 0.9 10 11 2.4 16 1.4 1.2 0.8 0.7 0.4 1.1 0.6 15 1.6 0.7 05
GS-US-ZZZ%-ZOQSO-lSQS- VR Week 24 10 | 11| 12 12 | 10 | 10 | 13 | 22 | 12 | os 23 17 | 15 | 08 | 16 | 13 | 26 | 08 | 16 | 12
GS'US'Zi%ffO'mog" VR Week 12 1.0 0.9 12 11 0.8 0.7 0.9 0.8 09 0.8 0.6 0.3 0.7 11 0.7 0.4 09 0.8 05 09
GS-US-2:;%—:2130-2058- VR Week 24 1.0 11 2.1 1.8 0.9 10 1.0 2.5 15 1.2 2.0 0.7 1.7 15 1.7 12 13 13 16 15
GS'US'Zﬁ'ng'le“" VR Week 24 11 1.3 15 1.4 1.0 08 0.8 1233' 290 | 15 | >144.25 0.7 0.6 0.4 0.6 0.7 09 1.6 08 0.7
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| GS'US'Zﬁ'é’PO'ZlW" VR | Week 16 ‘ 0.6 | 0.8 | 0.9 ‘ 0.8 ‘ 0.8 | 09 | 0.7 | 1.0 | 06 ‘ 0.8 ‘ 0.7 | 0.3 ‘ 0.6 ‘ 0.6 ‘ 0.4 ‘ 0.3 | 09 | 0.7 ‘ 06 ‘ 05 ‘
Virologic response: R, virologic responder, is defined as: subjects who achieved HIV-1 RNA <50 copies/mL at Week 24 (snapshot analysis during the 24-week evaluation
window); PR, virologic poor-response, is defined as >50 copies/mL mL at Week 24 (or at the time of early discontinuation) without experiencing virologic rebound; VR, virologic

rebound, is defined as either confirmed HIV-1 RNA levels >50 copies/mL after HIV-1 RNA levels <50 copies/mL being achieved or confirmed >1 log10 copies/mL increase of
HIV-1 RNA from nadir.

2. Fold-change in drug susceptibility of virologic failure isolates compared to wild-type reference HIV-1.

1.
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Appendix 2
The Clinical Virology team had the following comment and request regarding “Section 12: Clinical
Pharmacology, Sub-section: 12.4 Microbiology, Sub-subsection: Cross-resistance.”

Division’s Request: In the label it states that ‘.....Darunavir has a less than 10 fold decreased
susceptibility in cell culture against 90% of 3309 clinical isolates resistant to amprenavir, atazanavir,
indinavir, lopinavir, nelfinavir, ritonavir, saquinavir and/or tipranavir showing that viruses resistant to
these Pls remain susceptible to darunavir'. Please identify any of these protease inhibitors for
which the percentage of isolates was much less than 90% and provide the supporting data for all.
Pls that fall significantly below 90% should be identified in your labels.

The Sponsor’s Response:

The label text of TRADENAME on cross-resistance originates from the PREZISTA® (darunavir)
label (Section 12.4). Relevant data and analyses can be found in the Virology Research Report:
TMC114-20050005-VRR ‘Drug Susceptibility Profile of TMC114 against a Large Panel of HIV-1
Quasispecies Observed in Clinical Isolates’ (NDA 21976/Seq 0000/Module 5.3.5.4/Virology
Research Report TMC114-20050005-VRR [08-Aug-2005]), and in the Virology Summary (NDA
21976/Seq 003/Module 2.7.2/Summary of Clinical Pharmacology Studies [24-Nov-2005]).

The antiviral activity of darunavir and 8 tested Pls (amprenavir, atazanavir, indinavir, lopinavir,
nelfinavir, ritonavir, saquinavir and tipranavir) was determined against 9181 clinical isolates. Among
those, 3309 (36%) isolates had a fold change in ECs, value (FC) > 4 for at least 1 PI. This subset of
HIV-1 Pl-resistant clinical isolates was further analyzed. An FC distribution of TMC114 and the
tested Pls against this panel of 3309 HIV-1 Pl-resistant isolates is presented below.

Percentage of the 3309 HIV-1 PIl-Resistant Clinical Isolates, With FC > 4 for at Least one PI,

Distributed by FC
Antiviral Activity DRV IDV RTV NFV SQV APV LPV ATV TPV
FC<10 90 57 34 26 64 70 46 59 96
FC<4 80 37 22 9 49 53 34 39 87

Refer to TMC114-20050005-VRR
(b) (4)

In response to the Request for Additional Virology Information and on the basis of the presented
data, the following yellow highlighted text is proposed by the applicant to be added to the label of
TRADENAME:

Resistance
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Cross-resistance

Cross-resistance among Pls has been observed. Darunavir has a less than 10-fold
decreased susceptibility in cell culture against 90% of 3309 clinical isolates resistant to
amprenavir, atazanavir, indinavir, lopinavir, nelfinavir, ritonavir, saquinavir and/or tipranavir
showing that viruses resistant to these PIs remain susceptible to darunavir. A less than 10-
fold decreased susceptibility was observed for the other Pls in 26% to 96% of these PI
resistant clinical isolates (nelfinavir (26%), ritonavir (34%), lopinavir (46%), indinavir (57%),
atazanavir (59%), saquinavir (64%), amprenavir (70%), and tipranavir (96%)).

Cross-resistance between darunavir and nucleoside/nucleotide reverse transcriptase
inhibitors, non-nucleoside reverse transcriptase inhibitors, fusion inhibitors, CCR5 co-
receptor antagonists, or integrase inhibitors is unlikely because the viral targets are
different.

Comment: The sponsor’s response is adequate.
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DATE: 16 July 2014
TO: NDA 205395

FROM: Erika Pfeiler, Ph.D.
Microbiologist
CDER/OPS/NDMS

THROUGH: John Metcalfe, Ph.D.
Senior Review Microbiologist
CDER/OPS/NDMS

cc: Nina Mani
Regulatory Health Project Manager
CDER/OND/OAP/DAVP

SUBJECT: Product Quality Microbiology assessment of Microbial Limits for
Darunavir/Cobicistat [Submission Date: 31 March 2014]

The NDA for Darunavir/Cobicistat proposes a waiver of microbial limits testing for drug
product release. The applicant provides a suitable rationale for the exclusion of this testing,
and microbial limits testing will be performed as a part of the stability program. Therefore,
this submission is recommended for approval from the standpoint of product quality
microbiology.

The proposed drug product containing Darunavir and Cobicistat is a solid film-coated tablet for oral
administration. ®@

The applicant presents a rationale for waiving microbial enumeration testing for product release.
The rationale states that microbiological controls on incoming materials, controlled
manufacturing areas, and validated cleaning processes are in place to ensure microbiological

quality. e

The applicant provides stability data to demonstrate a lack of microbial growth in the finished
product. Microbial enumeration testing was performed for three primary stability batches
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MEMORANDUM

(2CG7514-X, 2CG7515-X, and 2CG7516-X). Product was held at O® and
®® Microbiological specifications for these studies are in ag:reemegt with those
described in USP <1111>, and include a O® FNMT

Microbiological stability data provided met acceptance criteria Testing was performed using
methods described in USP <61> and USP <62>. A description of method verification studies
was provided in the application. The drug product will be tested for microbial enumeration and
the absence of E. co/i annually as part of the stability program.

ADEQUATE

Reviewer Comments — The applicant’s proposal to waive microbial limits testing for product

release is acceptable.
END

Filing Review Information Request
1. You state that microbiological purity of vour drug product is ensured by the use of a validated
manufacturing process, but you do not provide information detailing the validation process or the steps
taken in manufacturing to ensure microbiological quality. Describe these steps and their associated
validation studies.

2. Itis unclear if yvou plan to perform microbial enumeration testing as part of your stability program. Please
note that you should perform microbial enumeration testing minimally at the initial testing time point.
Clarify the stability testing schedule for microbial enumeration testing.

3. Provide a statement verifyving that microbial enumeration testing methods are suitable for use with the drug
product.

14 July 2014 Response

The applicant provided the requested information, including a revised stability specification. The information is
reviewed in the preceding section.
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VIROLOGY FILING CHECKLIST FOR NDA or Supplement

NDA Number: 205395 Applicant: Janssen Research & Stamp Date: 3/31/14
Development, LLC.

Drug Name: Darunavir/ NDA Type: Original
Cobicistat

On initial overview of the NDA application for filing:

Content Parameter Yes | No Comments

1 | Is the virology information (nonclinical and clinical)
provided and described in different sections of the NDA
organized in a manner to allow substantive review to
begin?

2 | Is the virology information (nonclinical and clinical)
indexed, paginated and/or linked in a manner to allow X
substantive review to begin?

3 | Is the virology information (nonclinical and clinical)
legible so that substantive review can begin?

4 | On its face, has the applicant submitted cell culture data in
necessary quantity, using necessary clinical and non-
clinical strains/isolates, and using necessary numbers of Not applicable
approved current divisional standard of approvability of the
submitted draft labeling?

5 | Has the applicant submitted any required animal model
studies necessary for approvability of the product based on Not applicable
the submitted draft labeling?

6 | Has the applicant submitted all special/critical studies/data
requested by the Division during pre-submission X
discussions?

7 | Has the applicant submitted the clinical virology datasets in
the appropriate format as described in the relevant guidance | X
documents and are the datasets complete?

8 | Has the applicant used standardized or nonstandardized
methods for virologic outcome measures? If
nonstandardized methods were used, has the applicant
included complete details of the method, the name of the Not applicable
laboratory where actual testing was done and performance
characteristics of the assay in the laboratory where the
actual testing was done?

9 | Has the applicant submitted draft labeling consistent with
current regulation, divisional and Center policy, and the X
design of the development package?

10 | Has the applicant submitted annotated microbiology draft
labeling consistent with current divisional policy, and the X
design of the development package?

Reference ID:
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VIROLOGY FILING CHECKLIST FOR NDA or Supplement

Content Parameter Yes | No

Comments

11

Have all the study reports, published articles, and other
references been included and cross-referenced in the
annotated draft labeling or summary section of the
submission?

12 | Are any study reports or published articles in a foreign

language? If yes, has the translated version been included X
in the submission for review?

IS THE VIROLOGY SECTION OF THE APPLICATION FILEABLE?

YES

If the NDA is not fileable from the virology perspective, state the reasons and provide comments

to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-

day letter.

Komatsu, Takashi 5/02/14
Reviewing Virologist Date
O’Rear, Jules 5/02/14
Virology Team Leader Date

File name: Virology Filing Checklist for a NDA or Supplement 010908
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PRODUCT QUALITY MICROBIOLOGY NON-STERILE

DRUG PRODUCT FILING CHECKLIST

NDA Number: 205395 Applicant: Janssen Products

LP

Drug Name: NDA Type: 505(b)(1)
Darunavir/Cobicistat

Dosage Form: Tablet

The following are necessary to initiate a review of the NDA application:

Reviewer: Erika Pfeiler, Ph.D.

Letter Date: 31 MAR 2014

Stamp Date: 31 MAR 2014

Content Parameter

Yes

No

Comments

Is the product quality microbiology information described
in the NDA and organized in a manner to allow substantive
review to begin? Is it legible, indexed, and/or paginated
adequately?

X

Has the applicant submitted an overall description of the
manufacturing processes and microbiological controls used
in the manufacture of the drug product?

Has the applicant submitted microbiological specifications
for the drug product and a description of the test methods?

See Additional
Comments.

Has the applicant submitted the results of analytical method
verification studies?

Has the applicant submitted preservative effectiveness
studies (if applicable)?

N/A

Is this NDA fileable? If not, then describe why.

Additional Comments:

The applicant proposes a waiver of microbial limits testing for product release, and states that a
risk assessment was performed to justify this waiver, and that the manufacturing process is
validated with regards to microbial limits. However, no description of validation studies was
provided. Further, it is unclear if the applicant plans to perform microbial enumeration testing for
the stability program. Finally, the applicant did not provide a statement that the microbial limits
testing method used in stability studies was verified with the drug product. An information
request will be sent to the applicant in the 74-day letter for clarification on these matters.

To be conveyed to the applicant in the 74-day letter:

1. You state that microbiological purity of your drug product is ensured by the use of a
validated manufacturing process, but you do not provide information detailing the
validation process or the steps taken in manufacturing to ensure microbiological quality.
Describe these steps and their associated validation studies.
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2. It is unclear if you plan to perform microbial enumeration testing as part of your stability
program. Please note that you should perform microbial enumeration testing minimally
at the initial testing time point. Clarify the stability testing schedule for microbial
enumeration testing.

3. Provide a statement verifying that microbial enumeration testing methods are suitable for
use with the drug product.

Erika Pfeiler, Ph.D. Date
Microbiologist
John Metcalfe, Ph.D. Date

Senior Review Microbiologist
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