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{( DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville, MD 20857

NDA 20-628/S-020

Hoffmann-LaRoche, Inc

Attention: Matthew W. Lamb

Program Manager, Global Regulatory Affairs
340 Kingsland Street

Nutley, NJ 07110-1199

Dear Mr. Lamb:

Please refer to your supplemental new drug application dated February 20, 2003 and received February
24, 2003, submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for INVIRASE®
(saquinavir mesylate) 200 mg Capsules.

We acknowledge receipt of your submissions dated:
August 8, 2003 September 11, 2003
August 21, 2003 October 2, 2003 -
September 5,2003  October 15, 2003
September 8,2003  December 16,2003

This supplemental new drug application provides for the use of INVIRASE (1000 mg twice daily)
coadministered with ritonavir (100 mg twice daily) and in combination with other antiretroviral drugs,
for the treatment of HIV infection. This new dosing regimen replaces the previously approved regimen
for INVIRASE.

We completed our review of this application, as amended. This application is approved, effective on the
date of this letter, for use as recommended in the agreed-upon labeling text.

The final printed labeling (FPL) must be identical to the attached labeling (text for the package msert
and text for the. patient package insert) dated December 24, 2003.

Please submit the FPL electronically according to the guidance for industry titled Providing Regulatory
Submissions in Electronic Format — NDA. Alternatively, you may submit 20 paper copies of the FPL as
soon as it is available, in no case more than 30 days after it is printed. Please individually mount 15 of
the copies on heavy-weight paper or similar material. For administrative purposes, this submission
should be designated “FPL for approved supplement NDA 20-628/S-020”. Approval of submission
by FDA is not required before the labeling is used. '

We remind you of your postmarketing study commitments in your submission dated December 23,
2003. These commitments are listed below.
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1. Conduct a drug interaction study with the 1000 mg saquinavir plus 100 mg ritonavir twice-daily
regimen and ketoconazole (400 mg daily) and provide dosing recommendations for both
ketaconazole and saquinavir plus ritonavir.

Protocol Submission Date: September 2004
Study Start Date: November 2004
Final Study Report Submission Date: November 2005

2. Conduct a drug interaction study with the 1000 mg saquinavir plus 100 mg ritonavir twice-daily
regimen and methadone and provide dosing recommendations for both methadone and saquinavir
plus ritonavir.

Protocol Submission Date: June 2004
Study Start Date: ' August 2004
Final Study Report Submission: © August 2005

3. Conduct a drug interaction study with the 1000 mg saquinavir plus 100 mg ritonavir twice-daily -
regimen and rifampicin and provide dosing recommendations for both rifampicin and saquinavir
plus ritonavir.

Protocol Submission Date: September 2004
Study Start Date: November 2004
Final Study Report Submission: November 2005

4. Conduct a drug interaction study with the 1000 mg saquinavir plus 100 mg ritonavir twice-daily
regimen and efavirenz and provide dosing recommendations for both efavirenz and saquinavir plus
ritonavir. :

Protocol Submission Date: September 2004

Study Start Date: November 2004
Final Study Submission Date: November 2005

5. Conduct a study to assess the saquinavir plus ritonavir combination regimen in subjects with
hepatic impairment.

Protocol Submission Date: June 2004
Study Start Date: September 2004
Final Study Submission: March 2006

(assuming a one-year recruitment period)

6. Submit the final study report containing both safety and efficacy data from the MaxCmin 2
study. _
Final Study Report Submission Date: July 2004

7. Submit phenotypic and genotypic data from the MaxCminl and MaxCmin 2 studies. The data
should include phenotypic susceptibility and HIV-1 genotypes at baseline and sequential
changes during treatment with ritonavir boosted saquinavir.

MaxCmin 1 Protocol:
Final Study Report Submission Date: July 2004

MaxCmin 2 Protocol:
Final Study Report Submission Date: July 2004
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8. Submit data on the in vitro combination effects (e.g. additive, synergistic, or antagonistic) of
~ saquinavir with all approved antiretroviral agents.
Final Report Submission Date:. September 2004

9. Submit pharmacokinetic analyses and data from study PACTG 397.
Final Report Submission Date: : September 2004

(b))

Submit clinical protocols to your IND for this product. Submit nonclinical and chemistry,
manufacturing, and controls protocols and all final study reports to this NDA. In addition, under 21 CFR
314.81(b)(2)(vii) and 314.81(b)(2)(viii), you should include a status summary of each commitment in
your annual report to this NDA. The status summary should include expected summary completion and
final report submission dates, any changes in plans since the last annual report, and, for clinical studies,
the number of patients entered into each study. All submissions, including supplements relating to these
postmarketing study commitments must be prominently labeled “Postmarketing Study Protocol”,
“Postmarketing Study Final Report”, or “Postmarketing Study Correspondence.”

In addition, please submit three copies of the introductory promotional materials that you propose to
use for this product. Submit all proposed materials in draft or mock-up form, not final print. Send one
copy to this division and two copies of both the promotional materials and the package insert directly
to: :

Division of Drug Marketing, Advertising, and Communications, HFD-42

Food and Drug Administration

5600 Fishers Lane

Rockville, MD 20857

If you issue a letter communicating important information about this drug product (i.e., a “Dear Health
Care Professional” letter), we request that you submit a copy of the letter to this NDA and a copy to the
following address:

MEDWATCH, HFD-410

Food and Drug Administration

5600 Fishers Lane

Rockville, MD 20857

We remind you that you must comply with the reporting requlrements for an approved NDA (21 CFR
314.80 and 314.81).
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If you have any questions, please call Marsha Holloman, Regulatory Health Project Manager, at (301)
827-2335.

Sincerely,
{See appended electronic signature page}

Jeffrey S. Murray, MD, MPH

Deputy Director

Division of Antiviral Drug Products
Office of Drug Evaluation IV

Center for Drug Evaluation and Research

Enclosure Marked-up printed labeling (product package insert and patient package insert)



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Jeffrey Murray
12/24/03 03:42:23 PM
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INVIRASE®
(saquinavir mesylate)
CAPSULES
Rx only
WARNING:

INVIRASE® (saquinavir mesylate) capsules and FORTOVASE® (saquinavir) soft gelatin capsules
are not bioequivalent and cannot be uged interchangeably. INVIRASE may be used only if it is
combined with ritonavir, which significantly inhibits saquinavir's metabolism to provide plasma
saquinavir levels at least equal to those achieved with FORTOVASE. When using saquinavir as the
sole protease inhibitor in an antiviral regimen, FORTOVASE is the recommended formulation (see
CLINICAL PHARMACOLOGY: Drug Interactions).

Product identification in this document includes: INVIRASE in reference to saquinavir mesylate;
FORTOVASE in reference to saquinavir soft gel formulation, and saquinavir in reference to the
active base.

DESCRIPTION

INVIRASE brand of saquinavir mesylate is an inhibitor of the human immunodeficiency virus (HIV)
protease. INVIRASE is available as light brown and green, opaque hard gelatin capsules for oral
administration in a 200 mg strength (as saquinavir free base). Each capsule also contains the inactive
ingredients lactose, microcrystalline cellulose, povidone K30, sodium starch glycolate, talc, and
magnesium stearate. Each capsule shell contains gelatin and water with the following dye systems: red
iron oxide, yellow iron oxide, black iron oxide, FD&C Blue #2, and titanium dioxide. The chemical name
for saquinavir mesylate is N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-
quinolylcarbonyl)-L-asparaginyl]amino]butyl]-(4aS,8aS)-isoquinoline-3(S)-carboxamide
methanesulfonate with a molecular formula CssHsoN¢Os-CH405S and a molecular weight of 766.96. The
molecular weight of the free base is 670.86. Saquinavir mesylate has the following structural formula:
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NHC(CH,),
X CH,SOH

Saquinavir mesylate is a white to off-white, very fine powder with an aqueous solubility of 2.22 mg/mL
at 25°C.

MICROBIOLOGY

Mechanism of Action

Saquinavir is an inhibitor of HIV protease. HIV protease is an enzyme required for the proteolytic
cleavage of viral polyprotein precursors into individual functional proteins found in infectious HIV.
Saquinavir is a peptide-like substrate analogue that binds to the protease active site and inhibits the
activity of the enzyme. Saquinavir inhibition prevents cleavage of the viral polyproteins resulting in the
formation of immature noninfectious virus particles.

Antiviral Activity

In vitro antiviral activity of saquinavir was-assessed in lymphoblastoid and monocytic cell lines and in
peripheral blood lymphocytes. Saquinavir inhibited HIV activity in both acutely and chronically infected
cells. ICsp and ICgg values (50% and 90% inhibitory concentrations) were in the range of 1 to 30 nM and
5 to 80 nM, respectively. In the presence of 40% human serum, the mean ICsg of saquinavir against
laboratory strain HIV-1 RF in MT4 cells was 37.7 + 5nM representing a 4-fold increase in the ICsq
value. In cell culture, saquinavir demonstrated additive to synergistic effects against HIV-1 in
combination with reverse transcriptase inhibitors (didanosine, lamivudine, nevirapine, stavudine,
zalcitabine and zidovudine) without enhanced cytotoxicity. Saquinavir in combination with the protease
inhibitors amprenavir, atazanavir, or lopinavir resulted in synergistic antiviral activity.

Drug Resistance ‘

HIV-1 mutants with reduced susceptibility to saquinavir have been selected during in vitro passage.
Genotypic analyses of these isolates showed several substitutions in the HIV protease gene. Only the
G48V and L90M substitutions were associated with reduced susceptibility to saquinavir, and conferred
an increase in the ICs value of 8- and 3-fold, respectively.

HIV-1 isolates with reduced susceptibility (>4-fold increase in the ICsy value) to saquinavir emerged in
some patients treated with INVIRASE. Genotypic analysis of these isolates identified resistance
conferring primary mutations in the protease gene G48V and L90M, and secondary mutations L10I/R/V,
154V/L, A71V/T, G738, V771, V82A and 184V that contributed additional resistance to saquinavir.
Forty-one isolates from 37 patients failing therapy with INVIRASE had a median decrease in
susceptibility to saquinavir of 4.3 fold.

The degree of reduction in in vitro susceptibility to saquinavir of ¢linical isolates bearing substitutions
G48V and L90M depends on the number of secondary mutations present. In general, higher levels of
resistance are associated with greater number of mutations only in association with either or both of the
primary mutations G48V and L90M. No data are currently available to address the development of
resistance in patients receiving saquinavir/ritonavir.
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Cross-resistance

Among protease inhibitors, variable cross resistance has been observed. In one clinical study, 22 HIV-1
isolates with reduced susceptibility (>4-fold increase in the ICsy value) to saquinavir following therapy
with INVIRASE were evaluated for cross-resistance to amprenavir, indinavir, nelfinavir and ritonavir.
Six of the 22 isolates (27%) remained susceptible to all 4 protease inhibitors, 12 of the 22 isolates (55%)
retained susceptibility to at least one of the Pls and 4 out of the 22 isolates (18%) displayed broad cross-
resistance to all PIs. Sixteen (73%) and 11 (50%) of the 22 isolates remained susceptible (<4-fold) to
amprenavir and indinavir, respectively. Four of 16 (25%) and nine of 21 (43%) with available data
remained susceptible to nelfinavir and ritonavir, respectively.

After treatment failure with amprenavir, cross-resistance to saquinavir was evaluated. HIV-1 isolates
from 22/22 patients failing treatment with amprenavir and containing one or more mutations M46L/1,
150V, 154L, V321, 147V, and 184V were susceptible to saquinavir.

CLINICAL PHARMACOLOGY

Pharmacokinetics

The pharmacokinetic properties of INVIRASE have been evaluated in healthy volunteers (n=351) and
HIV-infected patients (n=270) after single- and multiple-oral doses of 25, 75, 200, and 600 mg tid and in
healthy volunteers after intravenous doses of 6, 12, 36 or 72 mg (n=21). The pharmacokinetics of
INVIRASE/ritonavir 400/400 mg bid and INVIRASE/ritonavir 1000/100 mg bid have also been
evaluated in HIV-infected patients.

HIV-infected patients administered INVIRASE (600-mg TID) had AUC and maximum plasma
concentration (Cpax) values approximately 2-2.5 times those observed in healthy volunteers receiving the
same treatment regimen.

Absorption and Bioavailability in Adults

Absolute bioavailability of saquinavir administered as INVIRASE averaged 4% (CV 73%, range: 1% to
9%) in 8 healthy volunteers who received a single 600-mg dose (3 x 200 mg) of saquinavir mesylate
following a high-fat breakfast (48 g protein, 60 g carbohydrate, 57 g fat; 1006 kcal). The low
bioavailability is thought to be due to a combination of incomplete absorption and extensive first-pass
metabolism. Following single 600-mg doses, the relative bioavailability of saquinavir as FORTOVASE
compared to saquinavir administered as INVIRASE was estimated at 331% (95% C1207% to 530%).

When administered as the sole protease inhibitor, it has been shown that FORTOVASE 1200 mg tid
provides an 8-fold increase in AUC compared with INVIRASE 600 mg tid (see Table 1).

INVIRASE in combination with ritonavir at doses of 1000/100 mg bid or 400/400 mg bid provides
saquinavir systemic exposures over a 24-hour period similar to or greater than those achieved with
FORTOVASE 1200 mg tid (see Table 1).
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Table 1 Pharmacokinetic Parameters of Saquinavir at Steady-State After
Administration of Different Regimens in HIV-Infected Patients
Dosing Regimen N AUC, AUC,4, Coin
{(ng-h/mL) (ng-h/mL) (ng/mL)
INVIRASE 600 mg tid (arithmetic mean, 10 866 (62) 2598 79
%CV)
FORTOVASE 1200 mg tid (arithmetic 31 7249 21747 216
mean)
INVIRASE 400 mg bid +ritonavir 400 mg 7 16000+8000 32000 4801360
bid (arithmetic mean +SD)
INVIRASE 1000 mg bid + ritonavir 100 24 14607 29214 371
mg bid (geometric mean and 95% CI) (10218-20882) . (245-561)
FORTOVASE 1000 mg bid + ritonavir 100 | 24 19085 38170 433
mg bid (geometric mean and 95% CI) (13943-26124) (301-622)
T is the dosing interval (ie, 8h if tid and 12h if bid
Food Effect

No food effect data are available for INVIRASE in combination with ritonavir.

The mean 24-hour AUC after a single 600-mg oral dose (6 x 100 mg) in healthy volunteers (n=6) was
increased from 24 ng-h/mL (CV 33%), under fasting conditions, to 161 ng-h/mL (CV 35%) when
INVIRASE was given following a high-fat breakfast (48 g protein, 60 g carbohydrate, 57 g fat; 1006
kcal). Saquinavir 24-hour AUC and Cy,.« (n=6) following the administration of a higher calorie meal (943
kcal, 54 g fat) were on average 2 times higher than after a lower calorie, lower fat meal (355 kcal, 8 g
fat). The effect of food has been shown to persist for up to 2 hours.

Saquinavir exposure was similar when FORTOVASE plus ritonavir (1000-mg/100-mg BID) were
administered following a high fat (45 g fat) or moderate fat (20 g fat) breakfast.

Distribuﬁon in Adults

The mean steady-state volume of distribution following intravenous administration of a 12-mg dose of
saquinavir (n=8) was 700 L (CV 39%), suggesting saquinavir partitions into tissues. Saquinavir was
approximately 98% bound to plasma proteins over a concentration range of 15 to 700 ng/mL. In 2
patients receiving saquinavir mesylate 600 mg tid, cerebrospinal fluid concentrations were negligible
when compared to concentrations from matching plasma samples.

Metabolism and Elimination in Adults

In vitro studies using human liver microsomes have shown that the metabolism of saquinavir is
cytochrome P450 mediated with the specific isoenzyme, CYP3A4, responsible for more than 90% of the
hepatic metabolism. Based on in vitro studies, saquinavir is rapidly metabolized to a range of mono- and
di-hydroxylated inactive compounds. In a mass balance study using 600 mg "C-saquinavir mesylate
(n=8), 88% and 1% of the orally administered radioactivity was recovered in feces and urine, ‘
respectively, within 5 days of dosing. In an additional 4 subjects administered 10.5 mg 14C-saquinavir
intravenously, 81% and 3% of the intravenously administered radioactivity was recovered in feces and
urine, respectively, within 5 days of dosing. In mass balance studies, 13% of circulating radioactivity in
plasma was attributed to unchanged drug after oral administration and the remainder attributed to
saquinavir metabolites. Following intravenous administration, 66% of circulating radioactivity was
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attributed to unchanged drug and the remainder attributed to saquinavir metabolites, suggesting that
saquinavir undergoes extensive first-pass metabolism.

Systemic clearance of saquinavir was rapid, 1.14 L/h/kg (CV 12%) after intravenous doses of 6, 36, and
72 mg. The mean residence time of saquinavir was 7 hours (n=8).

Special Populations

Hepatic or Renal Impairment

Saquinavir pharmacokinetics in patients with hepatic or renal impairment has not been investigated (see
PRECAUTIONS). Only 1% of saquinavir is excreted in the urine, so the impact of renal impairment on
saquinavir-elimination should be minimal.

Gender, Race, and Age

Pharmacokinetic data were available for 17 women in the Phase I/II studies. Pooled data did not reveal an
apparent effect of gender on the pharmacokinetics of saquinavir

The effect of race on the pharmacokinetics of saquinavir has not been investigated.

Pediatric Patients

The pharmacokinetics of saquinavir when administered as INVIRASE has not been sufficiently:
investigated in pediatric patients.

Geriatric Patients

The pharmacokinetics of saquinavir when administered as INVIRASE have not been sufficiently
investigated in patients >65 years of age.

Drug Interactions (see PRECAUTIONS: Drug Interactions)

Several drug interaction studies have been completed with both INVIRASE and FORTOVASE. It is
important to be aware that, when INVIRASE is coadministered with ritonavir, the occurrence and
magnitude of drug interactions may differ from those seen with FORTOVASE when administered as the
sole protease inhibitor. Because ritonavir is coadministered, prescribers should refer to the prescribing
information for ritonavir regarding drug interactions associated with this drug.

Table 2 summarizes the effect of FORTOVASE on the geometric mean AUC and Cyn, of coadministered
drugs. Table 3 summarizes the effect of coadministered drugs on the geometric mean AUC and Cyax Of
saquinavir.
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Table 2

Coadministered Drugs

Effect of FORTOVASE or INVIRASE on the Pharmacokinetics of

Coadministered Drug FORTOVASE or N % Change for Coadministered Drug
FORTOVASE/
ritonavir
Dose AUC (95%CI) Cax (95%CI)
Clarithromycin 500 mg bid x 7 days | 1200 mg tid x 7 days | 12V
Clarithromycin T45% (17-81%) T39% (10-76%)
14-OH clarithromycin 124% (5-40%) 134% (14-50%)
metabolite
Midazolam 7.5-mg oral single dose | 1200 mg tid x 5 days | 6V T514% 1235%
Ketoconazole 400mg once daily 1200 mg tid 12V © “
Enfuvirtide 90mg SCq 12h (bid) for | 1000/100 mg bid 12P > ©
7 days
Nelfinavir 750-mg single dose 1200 mg tid x 4 days | 14P T18% (5-33%) <
_Rifabutin 300 mg once daily 1200 mg tid 14P Ta4% T45%
Ritonavir 400 mg bid x 14 days 400 mg bid x 14 days | 8V > “
Sildenafil 100-mg single dose 1200 mg tid x 8 days | 27V | T210% (150-300%)| T140% (80-230%)
Terfenadine¢ 60 mg bid x 11 days* | 1200 mg tid x 4 days | 12V
Terfenadine T368% (257-514%) | 1253% (164-373%)
Terfenadine acid metabolite T120% (89-156%) | T93% (59-133%)
Efavirenz 600 mg 1200 mg tid 13V 112% L13%
T Denotes an average increase in exposure by the percentage indicated.
! Denotes an average decrease in exposure by the percentage indicated.
" <> Denotes no statistically significant change in exposure was observed.
*  FORTOVASE or INVIRASE/ritonavir should not be coadministered with terfenadine (see PRECAUTIONS: Drug
Interactions).
P Patient
V  Healthy Volunteers
¢ No longer marketed in the US.
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Table 3 Effect of Coadministered Drugs on FORTOVASE or INVIRASE
Pharmacokinetics
Coadministered Drug FORTOVASE N % Change for Saquinavir
Dose AUC (95%CI) Crnax (95%CI)

Clarithromycin 500 mg | 1200 mg tid x 7 days [12V| T177% (108-269%) | T187% (105-300%)
bid x 7 days

Efavirenz 600 mg 1200 mg tid 13V 162% 150%

Indinavir 800 mg q8h x | 1200-mg single dose | 6V | T364% (190-644%) | 1299% (138-568%)
2 days

Ketoconazole 400 mg | 1200 mg tid 12V T190% T171%
once daily

Nelfinavir 750 mg x 4 | 1200-mg single dose | 14P | T392% (271-553%) | T179% (105-280%)
days

Rifabutin 300 mg once | 1200 mg tid 14P 147% 139%
daily
Rifampin 600 mg once | 1200 mg tid x 14 14V 170% 165%
daily days .
Ritonavir 100 mg bid | 1000 mg bidt 24P T176% T153%
Ritonavir 400 mg bid x [ 400 mg bid x 14 8V [ T121% (7-359%) T64%$
14 days* dayst
Lopinavir/ritonavir
400/100 mg bid, 800 bid, 10 day 14V T9.62-fold T6.34-fold
15 days combo vs. 1200 tld, (805, 1 149)/\ (532’ 755)/\

5 days alone

400/100 bid, 20 days | 1200 bid, 10 day 10V 79.91-fold T6.44 -fold
combo vs. 1200 tid,

8.28,11.86)" 5.59, 741"
5 days alone (8.28, 11.86) (5-59,7.41)

Coadministered Drug INVIRASE N % Change for Saquinavir

Dose AUC (95%CI) Cunax (95%CI)
Rifabutin 150 mg every | 400 mg bid + 400 mg | 24P T19% T39%
3 days or 300 mg every | ritonavir bid
7 days
Ritonavir 400 mg bid | 400 mg bid steady 7P T1587% T1277%
steady state* statef (808-3034%) (577-2702%)
Ritonavir 100 mg bid | 1000 mg bid} - | 24P T1124% T1325%
T Denotes an average increase in exposure by the percentage indicated.
l  Denotes an average decrease in exposure by the percentage indicated:
<> Denotes no statistically significant change in exposure was observed.
N .

When ritonavir was combined with the same dose of either INVIRASE or FORTOVASE, actual mean plasma exposures
(AUC,,, 18200 ng-h/mL, 20000 ng-h/mL, respectively) were not significantly different.
90% CI reported

Compared to standard FORTOVASE 1200 mg tid regimen (n=33).

>

—
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Compared to standard INVIRASE 600 mg tid regimen (n=114).
Did not reach statistical significance.

Patient

Healthy Volunteers

<"UUO°++

For information regarding clinical recommendations, see PRECAUTIONS: Drug Interactions, Table 7.

INDICATIONS AND USAGE

INVIRASE in combination with ritonavir and other antiretroviral agents is indicated for the treatment of
HIV infection. The twice daily administration of INVIRASE in combination with ritonavir is supported
by safety data from the MaxCmin 1 study (see Table 7) and pharmacokinetic data (see Table 1). The
efficacy of INVIRASE with ritonavir or FORTOVASE (with or without ritonavir coadministration) has
not been compared against the efficacy of antiretroviral regimens currently considered standard of care.

Description of Clinical Studies

In a randomized, double-blind clinical study (NV14256) in ZDV-experienced, HIV-infected patients,
INVIRASE in combination with HIVID was shown to be superior to either INVIRASE or HIVID
monotherapy in decreasing the cumulative incidence of clinical disease progression to AIDS-defining
events or death. Furthermore, in a randomized study (ACTG229/NV14255), patients with advanced HIV
infection with history of prolonged ZDV treatment and who were given INVIRASE 600 mg tid + ZDV +
HIVID experienced greater increases in CD4 cell counts as compared to those who received INVIRASE
+ ZDV or HIVID + ZDV. It should be noted that HIV treatment regimens that were used in these initial
clinical studies of INVIRASE are no longer considered standard of care. ’

FORTOVASE 1000 mg bid co-administered with ritonavir 100 mg bid was studied in a heterogeneous
population of 148 HIV-infected patients (MaxCmin 1 study). At baseline 42 were treatment naive and
106 were treatment experienced (of which 52 had an HIV RNA level viral <400 copies/mL at baseline). -
Results showed that 91/148 (61%) subjects achieved and/or sustained an HIV RINA level <400 copies/mL
at the completion of 48 weeks.

CONTRAINDICATIONS
INVIRASE may be used only if it is combined with ritonavir, which significantly inhibits saquinavir's
metabolism and provides plasma saquinavir levels at least equal to those achieved with FORTOVASE.

INVIRASE is contraindicated in patients with clinically significant hypersensitivity to saquinavir or to
any of the components contained in the capsule.

INVIRASE/ritonavir should not be administered concurrently with terfenadine, cisapride, astemizole,
pimozide, triazolam, midazolam or ergot derivatives. Inhibition of CYP3 A4 by saquinavir could result in
elevated plasma concentrations of these drugs, potentially causing serious or life-threatening reactions,
such as cardiac arrhythmias or prolonged sedation (see PRECAUTIONS: Drug Interactions).

INVIRASE when administered with ritonavir is contraindicated in patients with severe hepatic
impairment.

INVIRASE should not be administered concurrently with drugs listed in Table 4 (also see
PRECAUTIONS: Drug Interactions, Table 5).
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Table 4 Drugs That Are Contraindicated With INVIRASE/Ritonavir
Drug Class Drugs Within Class That Are
Contraindicated With INVIRASE
Antiarrhythmics Amiodarone, bepridil, flecainide,
propafenone, quinidine
Antihistamines Astemizole, Terfenadine
Ergot Derivatives Dihydoergotamine, ergonovine,
‘ ergotamine, methylegonovine
Antimycobacterial agents Rifampin*
GI Motility Agent Cisapride
Neuroleptics Pimozide
Sedative/Hypnotics Triazolam, Midazolam

*INVIRASE used as a sole protease inhibitor
WARNINGS

ALERT: Find out about medicines that should not be taken with INVIRASE. This statement is
included on the product’s bottle label.

Interaction with HMG-CoA Reductase Inhibitors

Concomitant use of INVIRASE with lovastatin or simvastatin is.not recommended. Caution should be
exercised if HIV protease inhibitors, including INVIRASE, are used concurrently with other HMG-CoA
reductase inhibitors that are also metabolized by the CYP3A4 pathway (eg, atorvastatin). Since increased
concentrations of statins can, in rare cases, cause severe adverse events such as myopathy including
rhabdomyolysis, this risk may be increased when HIV protease inhibitors, including saquinavir, are used
in combination with these drugs.

Interaction with St. John’s Wort (hypericum perforatum)

Concomitant use of INVIRASE and St. John’s wort (hypericum perforatum) or products containing St.
John’s wort is not recommended. Coadministration of protease inhibitors, including INVIRASE, with St.
John’s wort is expected to substantially decrease protease-inhibitor concentrations and may result in sub-
optimal levels of INVIRASE and lead to loss of virologic response and possible resistance to INVIRASE
or to the class of protease inhibitors.

Interaction with Garlic Capsules

Garlic capsules should not be used while taking saquinavir as the sole protease inhibitor due to the risk of
decreased saquinavir plasma concentrations. No data are available for the coadministration of
INVIRASE/ritonavir or FORTOVASE/ritonavir and garlic capsules.

Diabetes Mellitus and Hyperglycemia
New onset diabetes mellitus, exacerbation of preexisting diabetes mellitus and hyperglycemia have been
reported during postmarketing surveillance in HIV-infected patients receiving protease-inhibitor therapy.
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Some patients required either initiation or dose adjustments of insulin or oral hypoglycemic agents for the
treatment of these events. In some cases diabetic ketoacidosis has occurred. In those patients who
discontinued protease-inhibitor therapy, hyperglycemia persisted in some cases. Because these events
have been reported voluntarily during clinical practice, estimates of frequency cannot be made and a
causal relationship between protease-inhibitor therapy and these events has not been established.

PRECAUTIONS

General

INVIRASE (saquinavir mesylate) capsules and FORTOVASE (saquinavir) soft gelatin capsules are not
bioequivalent and cannot be used interchangeably when used as the sole protease inhibitor. Only
FORTOVASE should be used for the initiation of therapy that includes saquinavir as a sole protease
inhibitor (see DOSAGE AND ADMINISTRATION) since FORTOVASE soft gelatin capsules provide
greater bioavailability and efficacy than INVIRASE capsules.

If a serious or severe toxicity occurs during treatment with INVIRASE, INVIRASE should be interrupted
until the etiology of the event is identified or the toxicity resolves. At that time, resumption of treatment
with full-dose INVIRASE may be considered. For antiretroviral agents used in combination with
INVIRASE, physicians should refer to the complete product information for these drugs for dose
adjustment recommendations and for information regarding drug-associated adverse reactions.

Hepatic Effects

The use of INVIRASE (in combination with ritonavir) by patients with hepatic impairment has not been
studied. In the absence of such studies, caution should be exercised, as increases in saquinavir levels
and/or increases in liver enzymes may occur. In patients with underlying hepatitis B or C, cirrhosis,
chronic alcoholism and/or other underlying liver abnormalities there have been reports of worsening liver
disease.

Renal Effects

Renal clearance is only a minor elimination pathway; the principal route of metabolism and excretion for
saquinavir is by the liver. Therefore, no initial dose adjustment is necessary for patients with renal
impairment. However, patients with severe renal impairment have not been studied, and caution should
be exercised when prescribing saquinavir in this population.

Hemophilia

There have been reports of spontaneous bleeding in patients with hemophilia A and B treated with
protease inhibitors. In some patients additional factor VIII was required. In the majority of reported cases
treatment with protease inhibitors was continued or restarted. A causal relationship between protease
inhibitor therapy and these episodes has not been established.

Hyperlipidemia

Elevated cholesterol and/or triglyceride levels have been observed in some patients taking saquinavir in
combination with ritonavir. Marked elevation in triglyceride levels is a risk factor for development of
pancreatitis. Cholesterol and triglyceride levels should be monitored prior to initiating combination
dosing regimen of FORTOVASE or INVIRASE with ritonavir, and at periodic intervals while on such
therapy. In these patients, lipid disorders should be managed as clinically appropriate.
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Lactose Infolerance

Each capsule contains lactose (anhydrous) 63.3 mg. This quantity should not induce specific symptoms
of intolerance. : '

Fat Redistribution

Redistribution/accumulation of body fat including central obesity, dorsocervical fat enlargement (buffalo
hump), facial wasting, peripheral wasting, breast enlargement, and “cushingoid appearance” have been
observed in patients receiving antiretroviral therapy. A causal relationship between protease-inhibitor
therapy and these events has not been established and the long-term consequences are currently unknown.

Resistance/Cross-resistance

Varying degrees of cross-resistance among protease inhibitors have been observed. Continued
administration of INVIRASE therapy following loss of viral suppression may increase the likelihood of
cross-resistance to other protease inhibitors (see Microbiology).

Information for Patients
A statement to patients and health care providers is included on the product’s bottle label: ALERT: Find
out about medicines that should NOT be taken with INVIRASE.

Patients should be informed that any change from INVIRASE to FORTOVASE or FORTOVASE to
INVIRASE coadministered with a drug which inhibits its metabolism, such as ritonavir, should be made
only under the supervision of a physician.

INVIRASE may interact with some drugs; therefore, patients should be advised to report to their doctor
the use of any other prescription, nonprescription medication, or herbal products, particularly St. John’s
wort.

Patients should be informed that INVIRASE is not a cure for HIV infection and that they may continue to
acquire illnesses associated with advanced HIV infection, including opportunistic infections. Patients
should be advised that INVIRASE may be used only if it is combined with, ritonavir, which
significantly inhibits saquinavir's metabolism to provide plasma saquinavir levels at least equal to
those achieved with FORTOVASE.

Patients should be informed that redistribution or accumulation of body fat may occur in patients
receiving protease inhibitors and that the cause and long-term health effects of these conditions are not
known at this time.

Patients should be told that the long-term effects of INVIRASE are unknown at this time. They should be
informed that INVIRASE therapy has not been shown to reduce the risk of transmitting HIV to others
through sexual contact or blood contamination.

Patients should be advised that INVIRASE administered with ritonavir should be taken within 2 hours
after a full meal (see CLINICAL PHARMACOLOGY: Pharmacokinetics). When INVIRASE is taken

. without food, concentrations of saquinavir in the blood are substantially reduced and may result in no
antiviral activity. Patients should be advised of the importance of taking their medication every day, as
prescribed, to achieve maximum benefit. Patients should not alter the dose or discontinue therapy without
consulting their physician. If a dose is missed, patients should take the next dose as soon as possible.
However, the patient should not double the next dose.
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Laboratory Tests

Clinical chemistry tests, viral load, and CD;, count should be performed prior to initiating INVIRASE
therapy and at appropriate intervals thereafter. Elevated nonfasting triglyceride levels have been observed
in patients in saquinavir trials. Triglyceride levels should be periodically monitored during therapy. For
comprehensive information concerning laboratory test alterations associated with use of other
antiretroviral therapies, physicians should refer to the complete product information for these drugs.

Drug Interactions

Several drug interaction studies have been completed with both INVIRASE and FORTOVASE.
Observations from drug interaction studies with FORTOVASE may not be predictive for
INVIRASE. Because ritonavir is coadministered, prescribers should also refer to the prescribing
information for ritonavir regarding drug interactions associated with this agent.

The metabolism of saquinavir is mediated by cytochrome P450, with the specific isoenzyme CYP3A4
responsible for 90% of the hepatic metabolism. Additionally, saquinavir is a substrate for P-Glycoprotein
(Pgp). Therefore, drugs that affect CYP3A4 and/or Pgp, may modify the pharmacokinetics of saquinavir.
Similarly, saquinavir might also modify the pharmacokinetics of other drugs that are substrates for
CYP3A4 or Pgp.

Drugs that are contraindicated specifically due to the expected magnitude of interaction and potential for
serious adverse events are listed in Table 4 under CONTRAINDICATIONS. Additional drugs that are
not recommended for coadministration with INVIRASE and ritonavir are included in Table 5. These
recommendations are based on either drug interaction studies or predicted interactions due to the
expected magnitude of interaction and potential for serious events or loss of efficacy. |

Drug interactions that have been established based on drug interaction studies are listed with the
pharmacokinetic results in Table 2, which summarizes the effect of saquinavir, administered as
FORTOVASE or INVIRASE, on the geometric mean AUC and Cp.x of coadministered drugs and Table
3, which summarizes the effect of coadministered drugs on the geometric mean AUC and C,y.x of
saquinavir. Clinical dose recommendations can be found in Table 6. The magnitude of the interactions
may be different when INVIRASE or FORTOVASE are given with ritonavir

When coadministering INVIRASE/ritonavir with any agent having a narrow therapeutic margin, such as

anticoagulants, anticonvulsants, and antiarthythmics, special attention is warranted. With some agents,
the metabolism may be induced, resulting in decreased concentrations. Examples and clinical dose
recommendations can be found in Table 6.
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Table 5

Drugs That Should Not Be Coadministered With INVIRASE/Ritonavir

Drug Class: Drug Name

Clinical Comment

Antiarrthythmics: Amiodarone,

bepridil, flecainide,
propafenone, quinidine

CONTRAINDICATED due to potential for
serious and/or life-threatening reactions.

Antihistamines:
astemizole*, terfenadine*

CONTRAINDICATED due to potential for
serious and/or life-threatening cardiac
arrhythmias.

Ergot Derivatives:
Dihydroergotamine,
ergonovine, ergotamine,
methylegonovine

CONTRAINDICATED due to potential for
serious and life-threatening reactions such
as acute ergot toxicity characterized by
peripheral vasospasm and ischemia of the
extremities and other tissues.

Antimycobacterial Agents:
rifampin

CONTRAINDICATED since the
coadministration of this product with
saquinavir in an antiretroviral regimen
reduces the plasma concentrations of
saquinavir.

Garlic capsules

Garlic capsules should not be used while
taking saquinavir (FORTOVASE) as the
sole protease inhibitor due to the risk of
decreased saquinavir plasma
concentrations.

No data are available for the
coadministration of INVIRASE/ritonavir
or FORTOVASE/ritonavir and garlic
capsules.

GI Motility Agent: CONTRAINDICATED due to potential for

cisapride* serious and/or life-threatening reactions
such as cardiac arrhythmias.

Herbal Products: WARNING coadministration may lead to

St. John’s wort (hypericum
perforatum)

loss of virologic response and possible
resistance to INVIRASE or to the class of
protease inhibitors.

HMG-CoA Reductase
Inhibitors:
lovastatin, simvastatin

WARNING potential for serious reactions
such as risk of myopathy including
rhabdomyolysis.
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Drug Class: Drug Name Clinical Comment

Sedatives/Hypnotics:
triazolam, midazolam

CONTRAINDICATED due to potential for
serious and/or life-threatening reactions
such as prolonged or increased sedation or
respiratory depression.

* No longer marketed in the US.
. Table 6 Established and Other Potentially Significant Drug Interactions: Alteration
in Dose or Regimen May Be Recommended Based on Drug Interaction
Studies or Predicted Interaction (Information in the table applies to
INVIRASE/ritonavir)

Concomitant Drug Class:

Drug Name

Effect on Concentration of
Saquinavir or
Concomitant Drug

Clinical Comment

HIV-Antiviral Agents

Non-nucleoside reverse
transcriptase inhibitor:
Delavirdine

T Saquinavir
Effect on delavirdine is not

well established

INVIRASE/ritonavir
Interaction has not been

evaluated

Appropriate doses of the
combination with respect to
safety and efficacy have not
been established.

Non-nucleoside reverse
transcriptase inhibitor:
Efavirenz*, nevirapine

 Saquinavir
! Efavirenz

INVIRASE/ritonavir
Interaction has not been
evaluated

INVIRASE should not be
given as the sole protease
inhibitor to patients.

Appropriate doses of the
combination of efavirenz or
nevirapine and
INVIRASE/ritonavir with
respect to safety and
efficacy have not been
established.

HIV protease inhibitor:
Indinavir*

T Saquinavir

Effect on indinavir is not
well established -

Appropriate doses of the
combination of indinavir
and INVIRASE/ritonavir
with respect to safety and
efficacy have not been
established.
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Concomitant Drug Class:

Drug Name

Effect on Concentration of
Saquinavir or
Concomitant Drug

Clinical Comment

INVIRASE/ritonavir
Interaction has not been
evaluated

Saquinavir 1200 mg bid

HIV protease inhibitor: | T Saquinavir
Nelfinavir* T Nelfinavir with nelfinavir 1250 mg bid
results in adequate plasma
drug concentrations for both
protease inhibitors.
INVIRASE/ritonavir
Interaction has not been
evaluated
HIV protease inhibitor: | T Saquinavir The recommended dose

Ritonavir*

<> Ritonavir

regimen when ritonavir is
given to increase saquinavir
concentrations is 1000 mg
saquinavir plus ritonavir

100 mg twice daily:
HIV protease inhibitor: T Saquinavir FORTOVASE (SQV)
Lopinavir/ritonavir 800 mg bid + KALETRA

(coformulated capsule)*

Effect on lopinavir is not
well established

produces T AUC, T Cax,
and T Cpin relative to
FORTOVASE 1200 mg tid
(see CLINICAL
PHARMACOLOGY:
Table 3)

HIV fusion inhibitor:

FORTOVASE

No clinically significant

Enfuvirtide* Interaction has not been interaction was noted from
evaluated. a study in 12 HIV patients
who received enfuvirtide
FORTOV ASE/ritonavir concomitantly with
< enfuvirtide FORTOV ASE/ritonavir
i 1000/100 mg bid. No dose
adjustments are required.
Other Agents
Antiarrhythmics: T Antiarrhythmics Caution is warranted and

Lidocaine (systemic)

therapeutic concentration
monitoring, if available, is
recommended for
antiarrhythmics given with
INVIRASE/ritonavir
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Concomitant Drug Class:

Effect on Concentration of
Saquinavir or

Clinical Comment

Drug Name Concomitant Drug
Anticoagulant: Concentrations of warfarin
Warfarin may be affected. It is
recommended that INR
(international normalized
: ratio) be monitored.
Anticonvulsants: d Saquinavir Use with caution,
Carbamazepine, saquinavir may be less

phenobarbital, phenytoin

Effect on carbamazepine,
phenobarbital, and
phenytoin is not well
established

INVIRASE/ritonavir
Interaction has not been
evaluated

effective due to decreased
saquinavir plasma
concentrations in patients
taking these agents
concomitantly.

Anti-infective:
Clarithromycin*

T Saquinavir
T Clarithromycin

INVIRASE/ritonavir
Interaction has not been
evaluated

No dose adjustment is
required when the two
drugs are coadministered
for a limited time at the
doses studied
(clarithromycin 500 mg bid
and FORTOVASE 1200 mg
tid for 7 days).

For patients with renal
impairment, the following
dosage adjustments should
be considered:

e For patients with CLcg
30 to 60 mL/min the
dose of clarithromycin
should be reduced by
50%. '

e For patients with CLcR
<30 mL/min the dose of
clarithromycin should
be decreased by 75%.

No dose adjustment for
patients with normal renal
function is necessary.




NDA 20-628/S-020
Page 21

Concomitant Drug Class:

Drug Name

Effect on Concentration of
Saquinavir or
Concomitant Drug

Clinical Comment

Antifungal:
Ketoconazole*, itraconazole

T Saquinavir
«» Ketoconazole

INVIRASE/ritonavir
Interaction has not been
evaluated

No dose adjustment is
required when the two
drugs are coadministered
for a limited time at the
doses studied (ketoconazole
400 mg qd and
FORTOVASE 1200 mg
tid). A similar increase in
plasma concentrations of
saquinavir could occur with
itraconazole.

Antimycobacterial | Saquinavir INVIRASE should not be
Rifabutin* T Rifabutin given as the sole protease
inhibitor to patients.
Appropriate doses of the
combination of rifabutin
and INVIRASE/ritonavir
with respect to safety and
efficacy have not been
established.
Antimycobacterial | Saquinavir INVIRASE should not be
Rifampin* T Rifabutin given as the sole protease
inhibitor to patients.
INVIRASE /ritonavir Appropriate doses of the
T Saquinavir combination of rifampin
and INVIRASE/ritonavir
with respect to safety and
INVIRASE/ritonavir efficacy have not been
Interaction has not been established.
evaluated
Benzodiazapines: T Benzodiazapines Clinical significance is

Benzodiazenines:
Alprazolam, clorazepate,

diazepam, fluazapam

flurazenam

unknown; however, a
decrease in benzodiazepine
dose may be needed.

Calcium channel blockers:
Diltiazem, felodipine,

T Calcium channel blockers

Caution 1s warranted and
clinical monitoring of
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Concomitant Drug Class:

Drug Name

Effect on Concentration of
Saquinavir or
Concomitant Drug

Clinical Comment

nifedipine, nicardipine,
nimodipine, verapamil,
amlodipine, nisoldipine,

patients is recommended.

isradipine
Corticosteroid: d Saquinavir Use with caution,
Dexamethasone saquinavir may be less

INVIRASE/ritonavir
Interaction has not been
evaluated

effective due to decreased
saquinavir plasma
concentrations in patients
taking these agents
concomitantly.

Histamine H,-receptor
antagonist:
Ranitidine

T Saquinavir

INVIRASE/ritonavir
Interaction has not been
evaluated

The increase is not thought
to be clinically relevant and
no dose adjustment of
FORTOVASE is
recommended.

Appropriate doses of the
combination of ranitidine
and INVIRASE/ritonavir
with respect to safety and
efficacy have not been
established.

HMG-CoA reductase
inhibitors:
Simvastatin, lovastatin,
atorvastatin

T HMG-CoA reductase
inhibitors

The combination of
INVIRASE/ritonavir with
simvastatin and lovastatin
should be avoided. Use
lowest possible dose of
atorvastatin and with
careful monitoring or
consider other HMG-CoA
reductase inhibitors such as
pravastatin, fluvastatin and
rosuvastatin.

Immunosuppressants:
Cyclosporine, tacrolimus,
rapamycin

T Immunosuppressants

Therapeutic concentration
monitoring is recommended
for immunosuppressant
agents when coadministered
with INVIRASE/ritonavir.
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Concomitant Drug Class:

Drug Name

Effect on Concentration of
Saquinavir or
Concomitant Drug

Clinical Comment

Narcotic analgesic: | Methadone Dosage of methadone may

Methadone need to be increased when
coadministered with
INVIRASE/ritonavir

Oral contraceptives:  Ethiny] estradiol Alternative or additional

Ethinyl estradiol

contraceptive measures
should be used when
estrogen-based oral
contraceptives and
INVIRASE/ritonavir are
coadministered.

PDES inhibitors
(phosphodiesterase type 5
inhibitors):

Sildenafil*, vardenafil,
tadalafil

T Sildenafil
<> Saquinavir

T Vardenafil

T Tadalafil

Use sildenafil with caution
at reduced doses of 25 mg
every 48 hours with
increased monitoring of
adverse events when
administered concomitantly
with INVIRASE/ritonavir.

Use vardenafil with caution
at reduced doses of no more
than 2.5 mg every 72 hours
with increased monitoring
of adverse events when

| administered concomitantly

with INVIRASE/ritonavir.

Use tadalafil with caution at
reduced doses of no more
than 10 mg every 72 hours
with increased monitoring
of adverse events when
administered concomitantly
with INVIRASE/ritonavir.

Tricyclic antidepressants:
Amitriptyline, imipramine

T Tricyclics

Therapeutic concentration
monitoring is recommended
for tricyclic antidepressants
when coadministered with
INVIRASE/ritonavir.

*See CLINICAL PHARMACOKINETICS, Tables 2 and 3 for magnitude of interactions
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Drugs That Are Mainly Metabolized by CYP3A4:

Although specific studies have not been performed, coadministration with drugs that are mainly
metabolized by CYP3A4 (eg, calcium channel blockers, dapsone, disopyramide, quinine, amiodarone,
quinidine, warfarin, tacrolimus, cyclosporine, ergot derivatives, pimozide, carbamazepine, fentanyl,
alfentanyl, alprazolam, and triazolam) may have elevated plasma concentrations when coadministered
with saquinavir; therefore, these combinations should be used with caution. Since INVIRASE is
coadministered with ritonavir, the ritonavir label should be reviewed for additional drugs that should not
be coadministered.

Inducers of CYP3A4:

Coadministration with compounds that are potent inducers of CYP3A4 (eg, phenobarbital, phenytoin,
dexamethasone, carbamazepine) may result in decreased plasma levels of saquinavir.

Carcinogenesis, Mutagenesis and Impairment of Fertility

Carcinogenesis:

Carcinogenicity studies found no indication of carcinogenic activity in rats and mice administered
saquinavir for approximately 2 years. The plasma exposures (AUC values) in the respective species were
up to 6-fold (using rat) and 12-fold (using mouse) higher than those obtained in humans at the
recommended clinical dose.

Mutagenesis:

Mutagenicity and genotoxicity studies, with and without metabolic activation where appropriate, have
shown that saquinavir has no mutagenic activity in vitro in either bacterial (Ames test) or mammalian
cells (Chinese hamster lung V79/HPRT test). Saquinavir does not induce chromosomal damage in vivo in
the mouse micronucleus assay or in vitro in human peripheral blood lymphocytes, and does not induce
primary DNA damage in vitro in the unscheduled DNA synthesis test.

Impairment of Fertility:

Fertility and reproductive performance were not affected in rats at plasma exposures (AUC values) up to
5 times those achieved in humans at the recommended dose.

Pregnancy

Teratogenic Effects: Category B.

Reproduction studies conducted with saquinavir in rats have shown no embryotoxicity or teratogenicity at
plasma exposures (AUC values) up to 5 times those achieved in humans at the recommended dose or in
rabbits at plasma exposures 4 times those achieved at the recommended clinical dose. Studies in rats
indicated that exposure to saquinavir from late pregnancy through lactation at plasma concentrations
(AUC values) up to 5 times those achieved in humans at the recommended dose had no effect on the
survival, growth, and development of offspring to weaning. Clinical experience in pregnant women is
limited. Saquinavir should be used during pregnancy only if the potential benefit justifies the potential
risk to the fetus.
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Antiretroviral Pregnancy Registry

To monitor maternal-fetal outcomes of pregnant women exposed to antiretroviral medications, including
INVIRASE, an Antiretroviral Pregnancy Registry has been established. Physicians are encouraged to
register patients by calling 1-800-258-4263.

Nursing Mothers

The Centers for Disease Control and Prevention recommend that HIV-infected mothers not breast-
feed their infants to avoid risking postnatal transmission of HIV. It is not known whether saquinavir
1s excreted in human milk. Because of both the potential for HIV transmission and the potential for
serious adverse reactions in nursing infants, mothers should be instructed not to breast-feed if they
are receiving antiretroviral medications, including INVIRASE.

Pediatric Use
Safety and effectiveness of INVIRASE in HIV-infected pediatric patients younger than 16 years of age
have not been established.

Geriatric Use

Clinical studies of INVIRASE did not include sufficient numbers of subjects aged 65 and over to
determine whether they respond differently from younger subjects. In general, caution should be taken
when dosing INVIRASE in elderly patients due to the greater frequency of decreased hepatic, renal or
cardiac function, and of concomitant disease or other drug therapy.

ADVERSE REACTIONS (see PRECAUTIONS)

INVIRASE may be used only if it is combined with ritonavir, which significantly inhibits saquinavir's
metabolism to provide plasma saquinavir levels at least equal to those achieved with FORTOVASE. See
the Concomitant Therapy with Ritonavir Adverse Reactions’ section for safety information with the
recommended dosage regimen.

The safety of INVIRASE was studied in patients who received the drug either alone or in combination
with zidovudine and/or HIVID (zalcitabine, ddC). The majority of adverse events were of mild intensity.
The most frequently reported adverse events among patients receiving INVIRASE in clinical trials
(excluding those toxicities known to be associated with zidovudine and HIVID when used in
combinations) were diarrhea, abdominal discomfort, and nausea.

The following grade 2 to grade 4 adverse events, (considered at least possibly related to study drug or of
unknown relationship) occurred in >2% of patients receiving INVIRASE 600 mg tid alone or in
combination with zidovudine and/or HIVID: abdominal discomfort, abdominal pain, appetite
disturbances, asthenia, buccal mucosa ulceration, diarrhea, dizziness, dyspepsia, extremity numbness,
headache, mucosa damage, musculoskeletal pain, myalgia, nausea, paresthesia, peripheral neuropathy,
pruritus, and rash.

Rare occurrences of the following serious adverse experiences have been reported during clinical trials of
INVIRASE and were considered at least possibly related to use of study drugs: confusion, ataxia, and
weakness; acute myeloblastic leukemia; hemolytic anemia; attempted suicide; Stevens-Johnson
syndrome; seizures; severe cutaneous reaction associated with increased liver function tests; isolated
elevation of transaminases; thrombophlebitis; headache; thrombocytopenia; exacerbation of chronic liver
disease with Grade 4 elevated liver function tests, jaundice, ascites, and right and left upper quadrant
abdominal pain; drug fever; bullous skin eruption and polyarthritis; pancreatitis leading to death;
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nephrolithiasis; thrombocytopenia and intracranial hemorrhage leading to death; peripheral
vasoconstriction; portal hypertension; intestinal obstruction. These events were reported from a database
of >6000 patients. Over 100 patients on INVIRASE therapy have been followed for >2 years.

Concomitant Therapy with Ritonavir Adverse Reactions

In combination with ritonavir the recommended dose of INVIRASE is 1000 mg two times daily with
ritonavir 100 mg two times daily in combination with other antiretroviral agents. Table 7 lists grades 2, 3
and 4 related adverse events that occurred in >2% of patients receiving FORTOVASE with ritonavir
(1000/100 mg bid).

Table 7 Grade 2, 3 and 4 Related Adverse Events (All Causality) Reported in >22%
of Adult Patients in the MaxCmin 1 Study of FORTOVASE in Combination
with Ritonavir 1000/100 mg bid '

FORTOVASE 1000 mg plus
Ritonavir 100 mg bid (48 weeks)
N=148
n(%=n/N)

Endocrine Disorders

Diabetes mellitus/hyperglycemia 42.7)

Lipodystrophy 8(54)
Gastrointestinal Disorders

Nausea 16 (10.8)

Vomiting 11 (7.4)

Diarrhea 12 (6.8)

Abdominal Pain 9(6.1)

Constipation 3(2.0)
General Disorders and
Administration Site Conditions

Fatigue 9(6.1)

Fever 534
Musculoskeletal Disorders

Back Pain 3(2.0)
Respiratory Disorders

Pneumonia 8(5.4)

Bronchitis 4 (2.7)

Influenza 4 (2.7)

Sinusitis 4(2.7)
Dermatological Disorders

Rash 534

Pruritis 534

Dry lips/skin 3(2.0)

Eczema 3(2.0)

Includes events with unknown relationship to study drug
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Additionally, adverse events that occurred in clinical trials with FORTOVASE, which are not listed
above, are listed for completeness. However, due to the higher bioavailability of FORTOVASE, these
adverse events might not be predictive of the safety profile of INVIRASE.

Experience from Clinical Trials with FORTOVASE

The safety of FORTOVASE was studied in more than 500 patients who received the drug either alone or
in combination with other antiretroviral agents. The most frequently reported adverse events among
patients receiving FORTOVASE in combination with other antiretroviral agents were diarrhea, nausea,
abdominal discomfort, and dyspepsia. Clinical adverse events of at least moderate intensity, which
occurred in 22% of patients in 2 studies with FORTOVASE, which are not listed above, are listed below
by body system.

Gastrointestinal Disorders: constipation, ﬂatulence, vomiting
Body as a Whole: appetite decreased, chest pain, fatigue
Psychological: depression, insomnia, anxiety, libido disorder
Special Senses: taste alteration

Skin and Appendages: verruca, eczema

Laboratory Abnormalities with INVIRASE

Grade 3 and 4 lab abnormalities have been observed with FORTOVASE in combination with ritonavir.
At 48 weeks, lab abnormalities included increased ALT, anemia, increased AST, increased GGT,
hyperglycemia, hypertriglyceridemia, increased TSH, neutropenia, raised amylase, raised LDH, and
thrombocytopenia.

INVIRASE may be used only if it is combined with ritonavir, which significantly inhibits
saquinavir's metabolism to provide plasma saquinavir levels at least equal to those achieved with
FORTOVASE.

In studies NV14255/ACTG 229 and NV14256, the following grade 3 or grade 4 abnormalities in
laboratory tests were reported among patients receiving INVIRASE 600 mg tid alone or in combination
with ZDV and/or HIVID:

Biochemistry

¢ Incidence between <1% and 4%-hypoglycemia, hyper- or hypocalcemia, hypophosphatemia, hyper-
or hypokalemia, hyper- or hyponatremia, raised serum amylase grade 3 or 4 elevations in
transaminases (SGOT [AST] SGPT [ALT]), hyperbilirubinemia

¢ Incidence of <5%: hyperglycemia. Incidence of between 7% and 12%: elevated creatine
phosphokinase.

Hematology

¢ Incidence of <2%: thrombocytopenia and anemia: incidence between 1% and 8% - leucopenia.
Additional marked lab abnormalities have been observed with FORTOVASE. These include: alkaline
phosphatase (high), gamma GT (high), and triglycerides (high).
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Monotherapy and Combination Studies

Other clinical adverse experiences of any intensity, at least remotely related to INVIRASE, including
those in <2% of patients on arms containing INVIRASE in studies NV14255/ACTG229 and NV14256,
and those in smaller clinical trials, are listed below by body system.

Body as a Whole: allergic reaction, anorexia, chest pain, edema, fatigue, fever, intoxication, parasites
external, retrosternal pain, shivering, wasting syndrome, weakness generalized, weight decrease,
redistribution/accumulation of body fat (see PRECAUTIONS: Fat Redistribution)

Cardiovascular: cyanosis, heart murmur, heart valve disorder, hypertension, hypotension, syncope, vein
distended

Endocrine/Metabolic: dehydration, diabetes mellitus, dry eye syndrome, hyperglycemia, weighf
increase, xerophthalmia

Gastrointestinal: cheilitis, colic abdominal, constipation, dyspepsia, dysphagia, esophagitis, eructation,
feces bloodstained, feces discolored, flatulence, gastralgia, gastritis, gastrointestinal inflammation,
gingivitis, glossitis, hemorrhage rectum, hemorrhoids, hepatitis, hepatomegaly, hepatosplenomegaly,
infectious diarrhea, jaundice, liver enzyme disorder, melena, pain pelvic, painful defecation, pancreatitis,
parotid disorder, salivary glands disorder, stomach upset, stomatitis, toothache, tooth disorder, vomiting

Hematologic: anemia, bleeding dermal, microhemorrhages, neutropenia, pancytopenia, splenomegaly,
thrombocytopenia :

Musculoskeletal: arthralgia, arthritis, back pain, cramps leg, cramps muscle, creatine phosphokinase
increased, musculoskeletal disorders, stiffness, tissue changes, trauma

Neurological: ataxia, bowel movements frequent, confusion, convulsions, dysarthria, dysesthesia, heart
rate disorder, hyperesthesia, hyperreflexia, hyporeflexia, light-headéd feeling, mouth dry,
myelopolyradiculoneuritis, numbness face, pain facial, paresis, poliomyelitis, prickly sensation,
progressive multifocal leukoencephalopathy, spasms, tremor, unconsciousness

Psychological: agitation, amnesia, anxiety, anxiety attack, depression, dreaming excessive, euphoria,
hallucination, insomnia, intellectual ability reduced, irritability, lethargy, libido disorder, overdose effect,
psychic disorder, psychosis, somnolence, speech disorder, suicide attempt

Reproductive System: impotence, prostate enlarged, vaginal discharge

Resistance Mechanism: abscess, angina tonsillaris, candidiasis, cellulitis, herpes simplex, herpes
zoster, infection bacterial, infection mycotic, infection staphylococcal, influenza, lymphadenopathy,
moniliasis, tumor :

Respiratory: bronchitis, cough, dyspnea, epistaxis, hemoptysis, laryngitis, pharyngitis, pneumonia,
pulmonary disease, respiratory disorder, rhinitis, sinusitis, upper respiratory tract infection

Skin and Appendages: acne, alopecia, chalazion, dermatitis, dermatitis seborrheic, eczema, erythema,
folliculitis, furunculosis, hair changes, hot flushes, nail disorder, night sweats, papillomatosis,
photosensitivity reaction, pigment changes skin, rash maculopapular, skin disorder, skin nodule, skin
ulceration, sweating increased, urticaria, verruca, xeroderma
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Special Senses: blepharitis, earache, ear pressure, eye irritation, hearing decreased, otitis, taste
alteration, tinnitus, visual disturbance

Urinary System: micturition disorder, renal calculus, urinary tract bleeding, urinary tract infection

Postmarketing Experience with INVIRASE and FORTOVASE

Additional adverse events that have been observed during the postmarketing period are similar to those
seen in clinical trials with INVIRASE and FORTOVASE and administration of INVIRASE and
FORTOVASE in combination with ritonavir.

OVERDOSAGE :

No acute toxicities or sequelae were noted in 1 patient who ingested 8 grams of INVIRASE as a single
dose. The patient was treated with induction of emesis within 2 to 4 hours after ingestion. A second
patient ingested 2.4 grams of INVIRASE in combination with 600 mg of ritonavir and experienced pain
in the throat that lasted for 6 hours and then resolved. In an exploratory Phase II study of oral dosing with
INVIRASE at 7200 mg/day (1200 mg q4h), there were no serious toxicities reported through the first 25
weeks of treatment. '

DOSAGE AND ADMINISTRATION

INVIRASE (saquinavir mesylate) capsules and FORTOVASE (saquinavir) soft gelatin capsules are
not bioequivalent and cannot be used interchangeably. INVIRASE may be used only if it is
combined with ritonavir, because it significantly inhibits saquinavir's metabolism to provide
plasma saquinavir levels at least equal to those achieved with FORTOVASE at the recommended
dose of 1200 mg tid. When using saquinavir as the sole protease inhibitor in an antiretroviral
regimen, FORTOVASE is the recommended formulation (see CLINICAL PHARMACOLOGY:
Drug Interactions).

Adults (Over the Age of 16 Years)

e INVIRASE 1000-mg bid (5 x 200-mg capsules) in combination with ritonavir 100-mg bid.
e Ritonavir should be taken at the same time as INVIRASE.

¢ INVIRASE and ritonavir should be taken within 2 hours after a meal

Monitoring of Patients
Clinical chemistry tests, viral load, and CD4 count should be performed prior to initiating INVIRASE
therapy and at appropriate intervals thereafter. For comprehensive patient monitoring recommendations

for other nucleoside analogues, physicians should refer to the complete product information for these
drugs.

Dose Adjustment for Combination Therapy with INVIRASE

For serious toxicities that may be associated with INVIRASE, the drug should be interrupted. INVIRASE
at doses less than 1000 mg with 100 mg ritonavir bid are not recommended since lower doses have not
shown antiviral activity. For recipients of combination therapy with- INVIRASE and ritonavir, dose
adjustments may be necessary. These adjustments should be based on the known toxicity profile of the
individual agent and the pharmacokinetic interaction between saquinavir and the coadministered drug
(see PRECAUTIONS: Drug Interactions). Physicians should refer to the complete product information
for these drugs for comprehensive dose adjustment recommendations and drug-associated adverse
reactions of nucleoside analogues.
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HOW SUPPLIED

INVIRASE 200-mg capsules are light brown and green opaque capsules with ROCHE and 0245
imprinted on the capsule shell — bottles of 270 (NDC 0004-0245-15).

The capsules should be stored at 59° to 86°F (15° to 30°C) in tightly closed bottles.

HIVID, FORTOVASE and VERSED are registered trademarks of Hoffmann-La Roche Inc.
KALETRA is a registered trademark of Abbott Laboratories.

Manufactured by:

F. Hoffmann-La Roche Ltd., Basel, Switzerland

or Hoffmann-La Roche Inc., Nutley, New Jersey

Distributed by:

Pharmaceuticals

Roche Laboratories Inc.
340 Kingstand Street
Nutley, New Jersey 07110-1199

XXXXXXXX-XXXX

Revised: Month/Y ear

Printed in USA

Copyright © 1998-2003 by Roche Laboratories Inc. All rights reserved.
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Patient Information About INVIRASE (in-ver-ase)
INVIRASE®

(saquinavir mesylate) Capsules
Generic Name: Saquinavir mesylate (sa-KWIN-a-veer mes-il-late)

ALERT: Find out about medicines that should NOT be taken with INVIRASE. Please also read the
section MEDICINES YOU SHOULD NOT TAKE WITH INVIRASE.

Please read this product information carefully before you start taking INVIRASE and each time you
renew your prescription. There may be new information. Reading this information can help you take this
medicine correctly. However, it is not a substitute for your doctor’s advice about the safety and benefits
of INVIRASE. You should talk to your doctor about INVIRASE as part of your long-term treatment plan
for HIV before you start taking your medication and ask any questions you may have at regular checkups.
Remember, you should remain under a doctor’s care when using INVIRASE and should not change or
stop your therapy without talking to your doctor first.

What is INVIRASE?

INVIRASE belongs to a class of anti-HIV medicines called protease (PRO-tee-ase) inhibitors.
INVIRASE Capsules in combination with other anti-HIV drugs are used for the treatment of HIV, the
virus that causes AIDS (acquired immunodeficiency syndrome).

How does INVIRASE work?

INVIRASE fights HIV as it grows inside cells by blocking an enzyme (protease) that HIV needs to
reproduce.

How is INVIRASE different from FORTOVASE © (saquinavir)?
Both INVIRASE and FORTOVASE contain the same active ingredient—saquinavir. When INVIRASE
or FORTOVASE are taken two times a day with ritonavir, a similar amount of saquinavir gets into the

blood to fight HIV. However, FORTOVASE can be taken three times a day without ritonavir and the
correct amount of saquinavir can get into the blood.

INVIRASE should never be taken without ritonavir. FORTOVASE may be taken without ritonavir if you
are not able to tolerate even a small amount of ritonavir.

You should not substitute one for the other. If the medicine you receive does not look like the light brown
and green capsule (INVIRASE) it is not the right drug. Talk to your doctor, nurse or pharmacist if you are
not sure that you have the right medication.
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Who should not take INVIRASE?

Anyone who has had a severe allergic reactlon to INVIRASE or any of the ingredients in the capsule
should not take it. The use of INVIRASE in patients under 16 years of age, over 65 years of age, or
patients with severe liver problems has not been fully investigated.

How should INVIRASE/Norvir® (ritonavir) be taken?

e The recommended dosage of INVIRASE in combination with Norvir® (ritonavir) is INVIRASE 5
capsules twice a day taken with 1 capsule of Norvir twice a day. In some combinations, your dose
may change.

e INVIRASE must be taken along with Norvir (ritonavir).

e INVIRASE must be taken with meals or up to 2 hours after a meal—but it is easiest to remember if
you take it with your meals. When INVIRASE is taken without food, the amount of INVIRASE in the
blood is lower and may not fight HIV as well.

e When taking INVIRASE and other anti-HIV medicines, it is very important to follow the directions
exactly and take your medication every day. If you skip doses—or take less than the prescribed
dose—the medicine will not work as well, and your disease could get worse.

— If you miss a dose, you should take the next dose as soon as possible. However, do not double the
dose.

What results have been seen with INVIRASE?

INVIRASE with ritonavir has been shown to reduce the amount of virus in the blood (*“viral load”) and
increase CD,, (T) cells when taken with other HIV therapy.

What are the side effects of INVIRASE?

People treated with INVIRASE in combination with Norvir may have side effects. The majority of these
have been described as mild. In clinical studies of patients who received saquinavir in combination with
Norvir and other HIV drugs the side effects seen most often were: body fat change (5.4%), nausea
(10.8%), vomiting (7.4%), diarthea (6.8%), stomach pain (6.1%), tiredness (6.1%), and pneumonia
(5.4%).

~ Diabetes (new onset or exacerbation worsening) and increased blood sugar levels have been reported
with the use of protease inhibitors. In addition, increased bleeding in patients with hemophllla has also
been associated with these drugs.

When saquinavir is taken with ritonavir, some patients may experience large increases in triglyceride and
lipid levels. The long-term chance of getting complications such as heart attack and stroke due to
increases in triglyceride and cholesterol caused by protease inhibitors is not known at this time.

Changes in body fat have been seen in some patients taking anti-HIV medications. These changes may
include increased amount of fat in the upper back and neck (“buffalo hump”), breasts, and around the
trunk. Loss of fat from the legs and arms may also happen. The cause and long-term health effects of
these conditions are not known at this time.
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These are not the only side effects that can occur with INVIRASE. Your doctor can discuss with you a
more complete list of side effects and laboratory abnormalities that may accompany this medication.

If any side effects or unusual symptoms do occur, contact your doctor immediately. Do not stop or
decrease your dose on your own. Lowering the dose may make INVIRASE less effective in fighting HIV.

Are there other medications that | should not take with INVIRASE/Norvir (ritonavir)?

There are some drugs that should not be taken with INVIRASE. Before starting therapy with INVIRASE, be
sure to tell your doctor all of the medicines—prescription medications, as well as over-the-counter drugs and
nutritional supplements—that you are now taking or plan to take.

MEDICINES YOU SHOULD NOT TAKE WITH INVIRASE

Drug Class Drugs Within Class Not to Be Taken with
INVIRASE/Norvir (ritonavir)

Antiarrhvthmics Pacerone® (amiodarone}, Tambocor® (flecainide),
Rhythmol® (propafenone), bepridil, quinidine

Seldane® (terfenadine)*, Hismanal® (astemizole)*
Ergot medications (eg, Wigraine® and Cafergot®)
Propulsid® (cisapride)*

Versed® (midazolam), Halcion® (triazolam)

Antihistamines
Antimigraines
GI motility agents

Sedatives, hypnotics Rifampin
oo . Pimozide

Antimvcobacterial agents

Neuroleptics

* No longer sold in the US.

INVIRASE causes increased blood levels of these compounds. This can lead to serious or life-threatening
reactions such as irregular heartbeat or prolonged sedation.

Taking INVIRASE with St. John’s wort (hypericum perforatum), an herbal product sold as a dietary
supplement, or products containing St. John’s wort is not recommended. Talk with your doctor if you are
taking or are planning to take St. John’s wort. Taking St. John’s wort may decrease INVIRASE levels
and lead to increased viral load and possible resistance to INVIRASE or cross-resistance to other
antiretroviral drugs.

Garlic capsules should not be used while taking FORTOVASE as the sole protease inhibitor inhtiber
due to the risk of decreased saquinavir in the blood. No data are available for the co-administration of
FORTOVASE and Norvir with garlic capsules or INVIRASE and Norvir with garlic capsules.

Your doctor may‘ want to ‘change your medicine if you are taking rifampin (known as Rifadin®,
Rifamate®, Rifater® or Rimactane®) or Mycobutin® (rifabutin); these drugs substantially reduce the level
of INVIRASE in the blood.
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The following drugs increase blood levels of INVIRASE: Norvir® (ritonavir)}, Viracept® (nelfinavir)s,
Rescriptor®  (delavirdine)$!, Nizoral® (ketoconazole), Crixivan® (indinavir)! and Biaxin®
(clarithromycin).

Talk to your doctor if you are taking lipid (cholesterol) lowering drugs and Viagra® (sildenafil citrate),
Levitra® (vardenafil), and Cialis® (tadalafil).

Does INVIRASE cure HIV/AIDS?

INVIRASE does not cure AIDS, and it does not prevent you from getting other illnesses that result from
advanced HIV infection. In addition, INVIRASE has not been shown to reduce the risk that you may
transmit HIV to others through sexual contact or infected blood. You must continue to follow all of your
doctor’s recommendations for managing your illness.

What else should | discuss with my doctor?
Inform your doctor:

e If you are pregnant or become pregnant while taking INVIRASE. The effects of INVIRASE on
pregnant women or unborn babies are not yet fully known. In addition, experts advise against breast-
feeding if you are HIV positive, to reduce the risk of passing the virus to your baby.

e If you are taking anti-HIV medications. Your doctor may want to change one or more of your anti-
HIV drugs in order to achieve the best results when you start treatment with INVIRASE.

e Ifyou have diabetes or a family history of diabetes, or if you have hemophilia, hepatitis or other liver
disease, your doctor should decide if INVIRASE is right for you.

e Ifyou have ever taken FORTOVASE, discuss with your doctor whether INVIRASE is right for you.

How is INVIRASE supplied?

INVIRASE is available as light brown and green capsules in a 200-mg strength. INVIRASE comes in
bottles of 270 capsules.

How should | store INVIRASE?

INVIRASE capsules should be stored at room temperature 59° to 86° F (15° to 30°C). The bottles should be
kept tightly closed.

INVIRASE has been prescribed specifically for you, and only for a particular condition. Do not use it for
anything else. Do not give it to anyone else. If you think you have taken more than your prescribed dose,
seek medical attention.

Keep this medication and all other medications out of the reach of children. Do not keep medicine

that 1s out of date or that you no longer need. Be sure that if you throw any medicine away, it is out of the
reach of children.

This provides only a brief summary of product information about INVIRASE. If you have any questions
about INVIRASE or HIV, talk to your doctor.
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T Below the amount that could be found using a standard test.

t . Dosages greater than 100 mg twice a day of ritonavir when taken in combination with saquinavir
were associated with an increase in side effects.

§ The safety and efficacy of INVIRASE in combination with these drugs has not been established.
Dosage adjustments may be required.

I Use of this combination should be accompanied by close monitoring of liver enzymes.

FORTOVASE and Versed are registered trademarks of Hoffmann-La Roche Inc. Norvir, Rhythmol; and
Biaxin are registered trademarks of Abbott Laboratories. Halcion, Mycobutin and Rescriptor are
registered trademarks of Pharmacia & Upjohn Co. Hismanal, Propulsid and Nizoral are registered
trademarks of Janssen Pharmaceutica Inc. Seldane, Rifadin, Rifamate and Rifater are registered
trademarks of Hoechst Marion Roussel. Rimactane and Cafergot are registered trademarks of Novartis
Pharmaceuticals Corporation. Viracept is a registered trademark of Agouron Pharmaceuticals Inc.
Crixivan is a registered trademark of Merck & Co., Inc. Viagra is a registered trademark of Pfizer, Inc.
Levitra is a registered trademark of Bayer Pharmaceuticals Corp. Cialis is a registered trademark of Eli
Lilly and Company. Tambocor is a registered frademark of 3M. Pacerone is a registered trademark
of Upsher-Smith,

If you have any questions about INVIRASE, call toll free at 1-800-910-4687.

Pharmaceuticals

Roche Laboratories Inc.
340 Kingsland Street
Nutley, New Jersey 07110-1199

Revised: December 2003
Copyright © 1999-2003 by Roche Laboratories Inc. All rights reserved.
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Executive Summary Section

Clinical Review of Supplemental
Applications to NDA 20-628
and NDA 20-828

Executive Summary

L. Recommendations

A. Recommendation on Approvability

Based on the data provided in the supplemental NDAs 20628 and 20828, it is
recommended that the proposed combination twice-daily regimens of Fortovase® (FTV)
1000 mg with ritonavir (RTV) 100 mg and Invirase® (INV) 1000 mg with RTV 100 mg
be approved. The proposed combination regimens offer the benefit of twice-daily dosing
regimen instead of the previously approved thrice daily dosing schedules for both FTV
and INV. The addition of low dose RTV to FTV or INV does not appear to significantly
alter the adverse event profiles previously associated with use of INV and FTV. Addition
of low dose RTV may subject patients taking the proposed combination regimens to
adverse events associated with RTV. However, such risks are likely to be minimal and
should be outweighed by the benefits of reduced pill burden and improved patient
compliance to be anticipated from the twice daily dosing regimen.

Of note, the previously approved package insert for INV included the following: 1) FTV
is the recommended formulation when saquinavir was to be used as part of an
antiretroviral regimen, and 2) INV may be considered for use when combined with
antiretroviral agents that significantly inhibited the metabolism of saquinavir. However,
no recommendations on the dosing regimen for use with such metabolic inhibitors were
given in the previous package insert. The data provided in these NDAs suggest that the
twice daily dosing of INV with RTV at the proposed doses will significantly improve the
patient exposure to saquinavir as compared to that expected from INV alone. Thus, the
dosing of INV as 600 mg TID is no longer recommended for use.

The recommendation for approval of the proposed combination regimens is primarily
based on the pharmacokinetic parameters of saquinavir following combination dosing of
either FTV or INV formulations with RTV. In the EPIMED 1 study, in which SQV
exposure generated by the proposed FTV/RTV and INV/RTV BID regimens were
examined in HIV-infected adults, INV/RTV 1000 mg/100 mg BID was deemed not to be
bioequivalent to FTV/RTV 1000 mg/100 mg BID. However, SQV exposures generated
from both combination regimens were at least equivalent to that of the currently approved
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Executive Summary Section

FTV dosing regimen (1200 mg TID). Thus, both regimens are expected to achieve SQV
exposure required to inhibit HIV replication.

In addition, the safety profile of FTV 1000 mg/ RTV 100 mg BID regimen over 48 weeks
during the MaxCmin 1 study also supports the approval of the proposed combination
regimens. Addition of low dose RTV did not significantly alter the adverse event profile
of FTV. The safety analysis of the MaxCmin 1 study and review of post-marketing data
revealed no new safety-related issues associated with combination dosing of FTV with
RTV as compared to the previously described safety profile of FTV. With’regard to
efficacy, the suppression of HIV RNA levels associated with the proposed FTV/RTV
1000/100 mg BID regimen were comparable to that seen with use of another RTV-
boosted protease inhibitor, indinavir. It should be noted that the comparator regimen is
not approved for use in the treatment of HIV infection but is recommended a:

i

B. Recommendation on Phase 4 Studies and/or Risk Management Steps

Following the review of these two supplemental NDAs, several Phase 4 commitments
were requested from the applicant. Most of such requests involve drug-drug interaction
studies as well as pharmacokinetic studies of the proposed regimens in subjects with

~ impaired hepatic function. The Division also asked the applicant to submit the final

results of the MaxCmin 2 study in which the safety and efficacy profiles of the FTV/RTV
combination regimen were compared to those of another combination regimen
(lopinavir/RTV) in a heterogeneous population of HIV-infected patients. At the time of
approval of the FTV/RTV combination regimen, the applicant was reminded of the
outstanding Phase 4 commitments from previous approvals of FTV.

Summary of Clinical Findings
A. Brief Overview of Clinical Program
Trade (Generic) Names: Fortovase® (saquinavir); Invirase® (saquinavir mesylate).

Approved dosage forms: soft-gelatin capsules containing 200 mg saquinavir free base
(Fortovase®); hard-gelatin capsules containing 200 mg saquinavir mesylate (Invirase®).

.Currently approved dosing regimens: FTV: 1200 mg TID; INV: 600 mg TID.

Saquinavir (SQV), which functions as a protease inhibitor (PI) to block replication of the
human immunodeficiency virus (HIV), was approved in 1995 as Invirase® (INV) hard-
gelatin capsules and in 1997 as Fortovase® (FTV) soft-gelatin capsules. In these
supplemental NDAs, the applicant seeks approval of twice-daily combination of FTV and
INV with low doses of another protease inhibitor, ritonavir (RTV). In such combination
regimens, SQV (from FTV or INV) is expected to function primarily as an inhibitor of
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HIV-encoded protease while RTV functions as a pharmacological enhancer of SQV
levels.

In these supplemental NDAs, the applicant provides 48 week safety and efficacy data
from the MaxCmin 1 study. In this Phase IV, randomized, open-label, parallel group,
multi-center trial study, 317 HIV-infected adults with varying treatment histories were
randomized to receive either FTV/RTV 1000 mg/100 mg BID or another protease
inhibitor (Indinavir®; IDV) 800 mg in combination with RTV 100 mg BID. The
applicant also provides data from the EPIMED 1 study, in which SQV exposures
following both proposed combination regimens were studied in 24 HIV-infected patients.
The EPIMED 1 results were then used as a “pharmacokinetic bridge” to support the use
of INV/RTV combination regimen based on the safety and efficacy of the previously
approved FTV regimen and on the safety of the FTV/RTV regimen in the MaxCmin 1
study.

B. | Efficacy

The efficacy of the proposed FTV/RTV regimen as shown in the MaxCmin 1 study was
analyzed. In response to the Division’s requests during the review of the NDAs, the
applicant provided several efficacy analyses using the Division’s time-to-loss-of-
virologic-response algorithm. These analyses varied with respect to use of data from all
study visits or protocol-scheduled visits, limits of quantitation for HIV RNA levels, and
inclusion or exclusion of data from five patients whose HIV RNA levels were determined
by a non-standard assay. Depending on the efficacy analysis, 52.9% — 63.3% of study
subjects who received FTV/RTV achieved suppression (< 50 or <400 copies/mL) of HIV
RNA levels at 48 weeks. In general, the proportion of subjects in the FTV/RTV arm who
achieved such suppression of HIV RNA levels was slightly greater than those in the
comparator arm. The statistical significance of such differences varied slightly

* depending on the efficacy analysis (p = 0.035 — 0.092). Also, in general, in both arms of
the MaxCmin 1 study, small and statistically non-significant (according to the applicant)
increases in CD4+ cell counts were noted during the course of the study. As of this
writing, the efficacy analyses of the applicant are being confirmed by Dr Susan Zhou, the
Statistical Reviewer. Please refer to the statistical review for additional details, including
efficacy subanalyses in special populations.

Of note, the comparator regimen of indinavir/RTV that was used in the MaxCmin 1 study
has not been approved for treatment of HIV infection. A more rigorous test of efficacy of
the proposed combination regimens would require the use of an approved RTV-boosted
PI regimen such as lopinavir/RTV as the comparator regimen. Since the approval of the
proposed combination regimens is primarily based on pharmacokinetic studies well as
safety analysis of MaxCmin 1 data, such test of efficacy is requested as a Phase 4
commitment from the applicant.

C. Safety
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In the MaxCmin 1 study, adverse events (AEs) from 306 patients who were randomized
to one of two treatment arms and received at least one dose of the study drug were
included in the 48 week safety analysis. In general, the safety profile of the FTV/RTV
regimen as used in the MaxCmin 1 study was comparable to that of unboosted FTV. The
most common AEs were gastrointestinal in nature. No new safety issues were identified
upon co-administration of low dose RTV with FTV in this study. Lastly, postmarketing
safety data as supplied from the applicant and from the Agency’s Office of Drug Safety
did not reveal additional safety concerns associated with co-administration of SQV and
RTV.

Limitations of the MaxCmin 1 safety analysis include the lack of quality checks for AEs
and expansion of time windows outside of those specified in the study protocol in order
to assign laboratory values to study visits. These limitations may explain some of the
minor discrepancies between the Agency’s analysis of the safety data and that of the

- applicant. However, such limitations should not significantly affect the overall findings
of the safety analysis.

Based on previous data as well as those from the EPIMED 1 study, the safety profile of
the INV/RTV combination regimen is anticipated to be similar to that of the FTV/RTV
regimen. Since the Capmul excipient in FTV has been associated with increased
gastrointestinal adverse events, it is possible that the INV/RTV regimen is better tolerated
that the FTV/RTV combination in some patients.

In principle, the co-administration of RTV with FTV or INV may expose patients to

adverse events previously associated with RTV use. Such risks are likely to be relatively

low (as compared to higher doses of RTV historically used to treat HIV infection) since

* the total daily dose of RTV to be used in the proposed combination regimens is: .

“mg/day. However, drug-drug interactions that have been described in the RTV p.vuuct
label should be included in the product labels for FTV and INV. Moreover, additional
drug-drug interaction studies and pharmacokinetic studies in certain patient populations
are warranted (see Special Populations, below).

D. Dosing

The applicant selected the FTV 1000 mg with RTV 100 mg twice daily combination
dosing regimen to maximize the patient exposure to SQV while minimizing RTV-
associated adverse events. The EPIMED 1 study, in which SQV exposure generated by
the proposed FTV/RTV and INV/RTV BID regimens were examined in HIV-infected
adults, has been reviewed in detail by Dr. Jen DiGiacinto, the Biopharmaceutics
Reviewer. In the EPIMED 1 study population, INV/RTV 1000 mg/100 mg BID was
deemed not to be bioequivalent to FTV/RTV 1000 mg/100 mg BID. However, SQV
exposures generated from both combination regimens were at least equivalent to that of
the currently approved and recommended FTV dosing regimen (1200 mg TID). Thus,
both regimens are expected to achieve SQV exposure required to inhibit HIV replication.
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E. Special Populations

In the applicant’s analysis of MaxCmin 1 efficacy data, there were no significant effects
of gender and ethnic background on the efficacy parameters as defined in the MaxCmin 1
protocol. Please refer to Dr. Zhou’s review for the Agency’s statistical analyses.

No significant information is provided regarding the use of the proposed combination
regimens in geriatric or pediatric populations. With regard to the pediatric population as
well as in patients with impaired hepatic function, no plans to study the proposed
combination regimens are evident. The Division has requested such studies as
postmarketing commitments.

Both formulations of SQV as well as RTV are Category B with regard to use during

pregnancy. No new information on the effects of the proposed combination regimens in
pregnant women are presented in these supplemental NDAs.
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Clinical Review

L

Introduction and Background

A. Drug Established and Proposed Trade Name, Drug Class, applicant’s
Proposed Indication(s), Dose, Regimens, Age Groups

- Trade (Generic) Names: Fortovase® (saquinavir); Invirase® (saquinavir mesylate).

Chemical names: N-tert-butyl-decahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-
quinolylcarbonyl)-L-asparaginyl]amino]butyl]-(4aS, 8aS)-isoquinoline-3(S)-carboxamide
(saquinavir) and its methanesulfonate (saquinavir mesylate).

Approved dosage forms: soft-gelatin capsules containing 200 mg saquinavir free base
(Fortovase®); hard-gelatin capsules containing 200 mg saquinavir mesylate (Invirase®).

Currently approved dosing regimens: FTV: 1200 mg TID; INV: 600 mg TID.

Saquinavir (SQV) is a competitive inhibitor of the protease encoded by the human
immunodeficiency virus (HIV). Because of its mechanism of action, SQV inhibits the
post-translational modification of HIV-encoded gag-pol polyproteins and thereby
suppresses the formation of infectious HIV virions. For treatment of HIV infection in
combination with other antiretroviral agents, SQV was approved by the Agency in 1995
as a mesylate salt formulation in hard-gelatin capsules called Invirase® (abbreviated as
INV throughout this review). In 1997, a soft-gel formulation of SQV called Fortovase®
(SQV base dissolved in the excipient Capmul; abbreviated as FTV throughout this
review) was approved by the Agency for the same indication.

The two formulations, INV and FTV, differ with respect to SQV exposure following oral
administration. When FTV is taken at the recommended dose of 1200 mg TID, the total
exposure to SQV is about 8§ to 10 fold higher than the SQV exposure following the
recommended INV dose of 600 mg TID. Given such differences, the previously
approved package insert for INV stated that: 1) FTV was the recommended formulation
when SQV was to be used as part of an antiretroviral regimen, and 2) INV may be
considered for use when combined with antiretroviral agents that significantly inhibited
the metabolism of SQV. However, no recommendations on the dosing regimen for use
with such metabolic inhibitors were given in the previous package insert.

Since the approval of SQV, co-administration of FTV or INV with another protease
inhibitor (PI), ritonavir (RTV; Norvir®, Abbott Laboratories) has been used in clinical
practice to treat HIV infection. When administered with FTV or INV, RTV inhibits the
metabolism of SQV and thus increases patient exposure to SQV. Twice daily _
administration of SQV (typically 400 mg) with RTV 400 mg has been used in clinical
practice as a “dual protease” regimen for HIV infection. In addition, co-administration of
INV with RTV has been used in patients who experienced Capmul-associated
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gastrointestinal adverse events while taking FTV. However, adverse events that have
previously been associated with RTV use were noted among patients receiving RTV at
400 mg twice daily with SQV.

In these two supplemental NDAs, the applicant proposes new dosing recommendations
for 1000 mg of INV (NDA 20628) or FTV (NDA 20828) as twice daily (BID) co-
administration with 100 mg RTV. When RTV is administered as 100 mg BID, it does
not significantly suppress HIV replication but will inhibit the p-glycoprotein-dependent
SQV transport in the gastrointestinal tract and the CYP3A4-dependent metabolism of
SQV. Moreover, the relatively low doses of RTV is expected to reduce the risk for RTV-
associated adverse events. The applicant states that the proposed BID dosing regimens
will generate patient exposures to SQV that are more sustained than those from the
previously approved 1200 mg FTV TID regimen. Moreover, the applicant proposés to
alter the INV dosing recommendation from the currently approved 600 mg TID regimen
to 1000 mg BID with concomitant administration of RTV at 100 mg BID. Lastly, the

The pivotal clinical study that is submitted in support of these indications, MaxCmin 1,
examined the safety and efficacy of FTV/RTV 1000 mg/100 mg BID when administered
for 48 weeks to a heterogeneous population of treatment-naive and treatment-experienced
HIV-infected subjects. In this Phase IV, randomized, open-label, parallel group, multi-
center trial, subjects in the comparator-arm of the MaxCmin 1 study received a twice
daily regimen of 100 mg RTV and 800 mg of another PI, Indinavir (Crixivan®, Merck;
abbreviated as IDV throughout this review). This study was conducted and analyzed by
the —-o T, The results from the MaxCmin 1 study were
published durmg the course of the review process of these NDAs (Dragsted, U.B., et al.
for the MaxCmin 1 Trial Group. Randomized trial to evaluate indinavir/ritonavir versus
saquinavir/ritonavir in human immunodeficiency virus type 1-infected patients: the
MaxCmin 1 trial. J. Infect. Dis. 188: 635-42, 2003).

The applicant also submitted the results from a pharmacokinetic (PK) study, EPIMED I,
that examined the SQV exposures in HIV-infected patients following FTV/RTV 1000
mg/100 mg BID and INV/RTV 1000 mg/100 mg BID. The applicant uses the EPIMED 1
study as a pharmacological “bridge” to extend the efficacy and safety profiles of the
FTV/RTV regimen (as shown in the MaxCmin 1 study) towards the proposed INV/RTV
twice daily regimen.

Of note, current product labels for INV and FTV indicate that SQV pharmacokinetics
have not been investigated in pediatric patients (< 16 years of age) or patients > 65 years
old. In these NDAs, no formal studies are submitted in support of SQV use in pediatric

or geriatric populations.

B. State of Armamentarium for Indication(s)
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Currently, there are four classes of drugs that have been approved to treat HIV infection:
1) nucleoside reverse transcriptase inhibitors (NRTIs); 2) non-nucleoside reverse
transcriptase inhibitors (NNRTIs); 3) protease inhibitors (PIs); and 4) fusion and
attachment inhibitors. The current standard of care for HIV infections is the
simultaneous administration of three or four antiretroviral agents to drastically reduce
viral replication and thus reconstitute the immune system.

To potentially improve tolerability and patient adherence while achieving sufficient PI
levels, efforts to develop RTV-boosted PI regimens have been noted. To date, a PI that is
co-formulated with low-dose RTV (Lopinavir + RTV; Kaletra®, Abbott Laboratories)
has been approved for treatment of HIV infection. Moreover, for a subset of recently
approved PIs such as amprenavir, atazanavir, and fosamprenavir, product labels bear
dosing recommendations to be followed when administering these drugs in conjunction
with low doses of RTV. C

C. Important Milestones in Product Development

In 1995, INV was approved under NDA 20628 by the Agency to be used in combination
with other antiretroviral agents for the treatment of HIV infection. For the same
indication, FTV was approved under NDA 20828 by the Agency in 1997.

D. Other Relevant Information

According to the applicant, FTV and INV have been approved in 61 and 66 countries
respectively, including those in the European Union. Neither FTV nor INV has been
withdrawn from the market in any country. The EMEA approved the combination dosing
of FTV and RTV as 1000 mg/100 mg BID and INV and RTV as 1000 mg/100 mg BID
in August and September 2002, respectively.

E. Important Issues with Pharmacologically Related Agents

Several PIs used to treat HIV infections have significant effects on the hepatic
cytochrome P450 enzyme system. Based on its inhibitory effects on CYP3A4, RTV has
been shown to induce a number of clinically significant drug-drug interactions. Such
effects may be of clinical importance even at the low dose (100 mg BID) of RTV to be
used with FTV and INV in the proposed BID regimens. The applicant seeks in these
NDA supplemental applications to update the product labels for FTV and INV to include
a number of such drug-drug interactions involving RTV.

Clinically Relevant Findings From Chemistry, Animal Pharmacology
and Toxicology, Microbiology, Biopharmaceutics, Statistics and/or
Other Consultant Reviews

This Clinical Review includes clinically relevant findings from the Biopharmaceutics and
the Statistics Reviews. The efficacy data from the MaxCmin 1 study is reviewed in detail
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by Dr. Susan Zhou, the Statistical Reviewer. Clinically relevant portions of Dr. Zhou’s
review are incorporated into Integrated Review of Efficacy (Section VI) of this Clinical
Review. The EPIMED 1 study as well as a number of drug-drug interaction study reports
were reviewed in detail by Dr. Jen DiGiacinto, the Biopharmaceutics reviewer.

Clinically relevant findings from Dr. DiGiacinto’s review are described in the Human
Pharmacokinetics and Pharmacodynamics (Section III) of this Clinical Review. Of note,
the safety data for EPIMED 1 is reviewed in the Integrated Review of Safety (Section
VII) of this Clinical Review. Lastly, findings and recommendations of the Agency’s

. Office of Drug Safety (ODS) regarding adverse events associated with SQV and RTV co-

administration are included in the Appendix of this Clinical Review. With regard to
other disciplines, no new clinically relevant findings are included in their respective
reviews.

Human Pharmacokinetics and Pharmacodynamics

A. Pharmacokinetics

The applicant selected the dosing regimen of FTV/RTV 1000/100 mg BID because of its
ability to achieve Cp, values equal to or greater than the average C, achieved by the
FTV 1200 mg TID regimen. In previous studies with co-administration of SQV with
RTV, higher doses of RTV (up to 400 mg BID) led to increased incidence of RTV-
associated adverse events. The applicant states that the co-administration of FTV or INV
did not significantly affect the PK of RTV at doses used in previous studies.

Data from the EPIMED 1 study suggest that increases in SQV PK parameters were
observed when FTV/RTV 1000 mg/100 mg BID and INV/RTV 1000 mg/100 mg BID
were administered to HIV infected subjects. As described in greater detail in the
Biopharmaceutics Review of the EPIMED I data, the following points may be made: 1)
in the HIV-infected patient population, INV/RTV 1000 mg/100 mg BID was not deemed
to be bioequivalent to FTV/RTV 1000 mg/100 mg BID; and 2) given the SQV PK
parameters that were derived from the EPIMED 1 study population, SQV exposures
generated from both regimens are at least equivalent to that of the currently approved and
recommended FTV dosing regimen (1200 mg TID).

The inclusion of RTV in the FTV and INV product labels require that drug-drug
interactions that occur with RTV use are incorporated in the product labels. To this end,
the applicant has included in these NDAs a number of drug-drug interaction studies with
RTV in support of the proposed combination dosing. These study reports are reviewed in
detail by Dr. Jen DiGiacinto, the Biopharmaceutics Reviewer. Based on the review of
such drug-drug interaction studies, the applicant is asked to perform several additional
drug-drug interaction and PK studies as Phase IV commitments.

In these NDAs, no new data on the basic PK properties, including effects of impaired

hepatic and renal functions, body size/weight, gender, and/or race on such PK properties,
of the FTV and INV formulations of SQV are presented.
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B. Pharmacodynamics

No new pharmacodynamic data are included in these supplemental NDA submissions.

Description of Clinical Data and Sources

A. Overall Data

The supplemental application under NDA 20828 is comprised of 20 volumes in paper
submission format that collectively contain the results of the MaxCmin 1 and the
EPIMED I studies. Also included in these volumes are supplemental materials such as
previously conducted studies and relevant literature reports. The accompanying
supplemental application for NDA 20628 contains three paper volumes bearing
additional materials, including postmarketing data for SQV co-administered with RTV.
Lastly, during the review process, 11 additional paper volumes of the applicant’s
postmarketing surveillance reports for SQV were provided and reviewed in the Appendix
of this Clinical Review.

Concomitant with the paper volumes, the datasets for the MaxCmin 1 study, including
individual patient CRFs, were submitted as an electronic submission (esub) to the
Agency. The datasets for the EPIMED I study were initially submitted in a non-esub
compatible format (Microsoft Excel); upon the Agency’s request, the EPIMED I datasets
were resubmitted in esub-compatible format in June 2003. Lastly, in reference to
additional requests from the Division, revised electronic datasets and statistical analyses
for the MaxCmin 1 study were submitted in an esub-compatible format in October 2003.

B. Tables Listiné the Clinical Trials

A clinical study, MaxCmin 1, was reviewed in detail with respect to safety and efficacy.
In addition, the safety profiles of the proposed SQV/RTV combination regimens as used
in the EPIMED I study were reviewed. With regard to previously conducted studies that
are relevant to these two supplemental NDAs, the following comments may be made:

e NV 15355: A randomized, parallel arm, comparative, open label, multi-center
study of the activity and safety of two formulations of saquinavir in combination
with two nucleoside antiretroviral drugs in treatment-naive patients. In 1997, the
Agency reviewed the 16 week safety and efficacy data for NV 15355. However,
as described in the current NDA application, the applicant intends to include the
48 week safety data from the NV 15355 study in the proposed labels for FTV and
INV. Thus, the updated safety data as provided in the NV 15355 Final Report
(included in these supplemental NDAs) are summarized in the Appendix section
of this Clinical Review.
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e NV 15182: A multicenter, open label study of safety and activity of FTV 1200 mg
TID in combination with other antiretroviral drugs for at least one year in HIV-
infected, PI-naive or —experienced patients. During the 1997 FTV approval
process, the 48 week safety update and the 24 week safety and efficacy data were
reviewed. In these NDAs, the applicant provides the 60 week efficacy and safety
data as summarized in the Final Report of this study. Such data that are relevant
to the proposed SQV/RTV combination regimens are summarized in the
Appendix of this Clinical review.

e Summary Reports and reprints of articles describing several PK and
safety/efficacy studies with once-daily dosing of SQV/RTV combinations are
summarized in the Appendix of this Clinical review. Since the applicant is not
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C. Postmarketing Experience

The NDA 20628 supplemental application contains the applicant’s own postmarketing
data for adverse events associated with SQV co-administered with RTV. In addition, 11
additional volumes of the applicant’s postmarketing Periodic Safety Update Reports for
SQV from 1995 to November 2002 were provided and reviewed. Lastly, the Agency’s
Office of Drug Safety was consulted regarding adverse events reported to the FDA
MedWatch database with SQV/RTV co-administration. These postmarketing data are
reviewed in the Appendix of this Clinical Review.

D. Literature Review

During the course of this review, the following articles and abstracts with direct relevance
to the review process were used:

e Arnaiz, J.A., et al. for the BEST Study Team. Continued indinavir versus
switching to indinavir/ritonavir in HIV-infected patients with suppressed viral
load. AIDS 17: 831-840, 2002. The applicant compares the safety profile of the
IDV/RTV arm in the MaxCmin 1 study with that of the BEST study.

e Dragsted, U.B., et al. for the MaxCmin 1 Trial Group. Randomized trial to
evaluate indinavir/ritonavir versus saquinavir/ritonavir in human
immunodeficiency virus type 1-infected patients: the MaxCmin 1 trial. J. Infect.
Dis. 188: 635-42, 2003. This article that describes the MaxCmin 1 study was
published during the course of this review.

e Youle, M. et al., for the MaxCmin 2 Trial Group. The final week 48 analysis of a
Phase IV, randomized, open-label, multi-center trial to evaluate safety and
efficacy of lopinavit/ritonavir (400 / 100 mg BID) versus saquinavir/ritonavir
(1000 / 100 mg BID) in adult HIV-1 infection: the MaxCmin 2 trial. Abstract
LB23, the 2™ TAS Conference on HIV Pathogenesis and Treatment, Paris, 2003.
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Clinical Review Methods
A. How the Review was Conducted

The MaxCmin 1 study was reviewed for safety and efficacy. The applicant’s analysis
and conclusions regarding this study were independently confirmed by the Agency. Dr.
Susan Zhou performed the statistical analyses of the data, particularly the efficacy
analysis. The Medical Officerused - ——" = _ .o review other aspects of
the MaxCmin 1 study analysis, including patient demographics, patient exposure, 48-
week patient disposition, adverse events and laboratory safety data. Where relevant in
this Clinical Review, references below each of the figures and tables refer to the relevant
page(s) of the applicant’s NDAs. Tables generated from the Agency’s analysis refer to
the applicant’s dataset(s) used in such analysis.

B. Overview of Materials Consulted in Review

The 20 paper volumes of supplemental NDA 20828 application and the three paper
volumes submitted under NDA 20628 were reviewed. The initial date of submission for
the two supplemental NDAs was February 20, 2003. Also reviewed were: 1) the
applicant’s esub datasets for MaxCmin 1; 2) the Final Study Reports for the MaxCmin 1
and EPIMED 1 studies; 3) literature cited as listed above; 4) postmarketing data from the
applicant as well as those from the Agency’s MedWatch database ( as described in the
Consultation Report from the Agency’s Office of Drug Safety); 5) copies of the European
Package Inserts for FTV and INV that were approved by EMEA; 6) additional 11 paper
volumes of the applicant’s postmarketing data for SQV (submitted August 8, 2003); and
7) MaxCmin 1 datasets that were electronically submitted on February 20, 2003 and
October 15, 2003 as well as EPIMED 1 datasets that were submitted on February 20,
2003 and July 9, 2003.

C. Overview of Methods Used to Evaluate Data Quality and Integrity

During the review of these supplemental NDAs, site inspections by the Division of
Scientific Investigations were not requested by the Division of Antiviral Drug Products.

- With regard to the EPIMED 1 study, the applicant states that no critical GCP deviations
were observed that in the auditor’s opinion would negatively impact on the data
generated and the use of this study to support the filing of the supplemental NDA.

With respect to the MaxCmin 1 study, the applicant states that no inconsistencies were
found in the safety data. Any omissions from the MaxCmin 1 database of virological
failures were detected, immediately corrected, and reanalyzed. The reanalysis confirmed
that p-values comparing treatment arms for differences or for equivalence did not

perceptibly change that would alter the conclusions reached by the = investigators.

Page 16



. CLINICAL REVIEW

Clinical Review Section

During the course of the NDA review process, three issues regarding the quality
assurance of the MaxCmin 1 datasets and analysis became evident. First, summaries and
WHO ICD 10 coding of all adverse events (grades 1-4) were not subjected to thorough
quality check (pp. 14-35, 14-39 of NDA 20828). Second, as mentioned in the MaxCmin
'1 Final Report, the applicant extended the study visit windows to utilize the laboratory
values that were collected as follows: week 4: baseline visit-week 10, week 12: week 10-
21, week 24: week 21-33, week 36: week 33-45, week 48: week 45-60, and all data past
week 60 were censored (p. 14-25, NDA 20828). Such extension of the time windows
were larger than those specified in the MaxCmin 1 protocol, and may explain some of the
discrepancies between the applicant’s analysis of the data and that performed by the
Division. Third, in response to the Division’s requests, the applicant provided during the
review process revised analyses of the MaxCmin 1 efficacy data and additional datasets
on patient demographics. Analysis of such revised datasets did show some differences in
the efficacy data as provided in the MaxCmin 1 study report and as analyzed by the
Division. In this Clinical Review, these points will be addressed in relevant Sections
below. Despite these issues, in the opinion of this Medical Officer, the safety and
efficacy of the proposed FTV/RTV combination regimen as studied in the MaxCmin 1
study supports the approval of the proposed combination regimens.

D. Were Trials Conducted in Accordance with Accepted Ethical Standards

The applicant notes that the MaxCmin 1 study was conducted in accordance with ICH-
GCP guidelines and all applicable regulations, including the Declaration of Helsinki.
Furthermore, the appllcant notes t that the protocol was reviewed and approved by the
appropriate = = = —_.~ """ A copy of the protocol, the
Patient Information Sheets, and the Pat1ent Consent Forms are included in the NDAs.
According to the applicant, monitors from — periodically contacted each of the
MaxCmin 1 study sites or performed on-site visits to evaluate the documentation of
patient’s informed consent and other issues according to the standard operating
procedures of .— Lastly, the applicant states that there was appropriate
documentation to confirm that the MaxCrmin 1 study was conducted according to
accepted ethical principles and was monitored as described in the protocol.

The applicant notes that the EPIMED I study was conducted in accordance with the
principles of the Declaratlon of Helsmkl and the protocol was approved by an ethics
committee =~ T Furthermore, the investigators for
the EPIMED I study adhered to the provisions set 6ut in GCP Guidelines. A copy of the
study protocol as well as copies of the Patient Information and Consent Forms are
included in the NDAs. ‘

Thus, given the information summarized above, the MaxCmin 1 and EPIMED 1 studies
appear to have been conducted in accordance with accepted ethical standards.

E. Evaluation of Financial Disclosure
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In the NDA 20828 application, the applicant provided Form FDA 3454 with regard to the
required certification and disclosure of financial interests of the MaxCmin 1 study
investigators. On this form, 27 of the 28 Principal Investigators and 121 out of 140 Sub-
Investigators had nothing to report. According to the applicant, due diligence was made
to obtain the requisite information from the single Principal Investigator and 29 Sub-
Investigators who did not sign the requisite financial disclosure form. The reasons why
such information was not obtained are attached to the Form 3454.

In this application, the applicant reports that the principal clinical investigator for the
EPIMED I study had nothing to report with regard to the required certification and
disclosure of financial interests as submitted on FDA Form 3454.

Thus, financial disclosures as provided by the applicant are consistent with the notion that
the findings of the MaxCmin 1 and EPIMED 1 studies are independent of the financial
interests of the various study investigators.

Integrated Review of Efficacy
A. Brief Statement of Conclusions

Results from the MaxCmin 1 study show that the antiretroviral effects of FTV/RTV
1000/100 mg BID are comparable to those seen with IDV/RTV 800/100 mg BID. In the
MaxCmin 1 study, a heterogeneous population of antiretroviral-naive and —experienced
HIV infected patients who received the FTV/RTV BID regimen achieved similar levels
of HIV RNA suppression and increases in the CD4+ cell counts as those who received
the comparator IDV/RTV regimen. Of note, the analysis of efficacy endpoints as defined
in the MaxCmin 1 protocol and as shown in the Final Study Report did not conform to
the DAVDP’s TLOVR algorithm. In response to the Division’s requests, the applicant
provided a series of revised efficacy data analyses based on all study visits or scheduled
visits only, inclusion or exclusion of data from five patients whose samples were
analyzed for HIV RNA levels using the  .e——====-__and 50 or 400 copies/mL as LLQ.
In general, the number of subjects in the FTV/RTV arm who achieved the LLQ over the
course of the 48 week study was slightly greater than those in the comparator arm;
however, in most cases, such difference was not statistically significant. Similarly, a
revised dataset bearing the CD4+ cell counts was provided. In general, such datasets
confirmed the applicant’s statement that in the MaxCmin 1 study, increases in CD4+ cell
counts were seen in both arms of the study and that the differences in the CD4+ cell
count increases were not statistically significant between the two arms. Please refer to
Dr. Zhou’s Statistical Review regarding the Agency’s full analysis of efficacy
parameters, including CD4+ cell count and special populations. The fact that the
IDV/RTV comparator regimen used in the MaxCmin 1 study has not been approved by
the Agency for treatment of HIV infection remains a limitation of the efficacy analysis.

B. General Approach to Review of the Efficacy of the Drug

Page 18



CLINICAL REVIEW

Clinical Review Section

The applicant’s definition of virological failure as described in the MaxCmin 1 protocol
and analysis of the efficacy data as shown in the MaxCmin 1 Study report were reviewed.
However, there were significant differences between the between the applicant’s analysis
of efficacy data and those specified in the recent Guidance Document (Antiretroviral
Drugs Using Plasma HIV RNA Measurements — Clinical Considerations for Accelerated
and Traditional Approval, October 2002). Thus, the applicant resubmitted the efficacy
analysis for the MaxCmin 1 data following the time to loss of virologic response
(TLOVR) algorithm as defined by DAVDP for the two arms of the study through week
48. The applicant’s revised analysis of the incidence of virological failure and changes in
CD4+ cell count for the two arms during the course of the MaxCmin 1 study were
confirmed by Dr. Susan Zhou, the Statistical Reviewer. Lastly, the patlent demographics
were confirmed by this Medical Officer.

C. Detailed Review of Trials by Indication
1. Summary of Study Design-MaxCmin 1 Study.

The MaxCmin 1 study was a Phase [V, randomized, open-label, parallel group, multi-
center trial in which HIV-1 infected adult subjects were started on a BID regimen of
either IDV and RTV at 800 mg and 100 mg respectively, or FTV and RTV at 1000 mg
and 100 mg respectively. The total duration of treatment was 48 weeks. Prior to
randomization to either of the PI arms, concomitant use of at least two NRTI/NNRTIs
was decided by the treating physician for each patient. Aside from the randomized PI
therapy, no other PIs were to be used in these patients except in cases of treatment
toxicity or failure. During the course of the study, the investigators were responsible for
monitoring of possible drug-drug interactions between any of the Pls and other agents
that may be metabolized by the CYP3A4 system.

With respect to study logistics ~-  developed the protocol and administered the
MaxCmin 1 study while the applicant provided financial support for the study. The
.contract between the two parties included stipulations that the applicant cannot veto the
public presentation of the results from the study. A Steering Committee, intentionally
devoid of representatives from --—  supervised the analysis and presentation of the
MaxCmin 1 study data by ~--- " as well as selected members for the Data Safety
Monitoring Board. -

The dose for IDV/RTV combination regimen was chosen to increase plasma
concentrations of IDV while minimizing the toxicities associated with IDV and RTV. As
compared to the IDV pharmacokinetic parameters associated with unboosted 800 mg TID
regimen, the Cpin of IDV was higher when administered as 800 mg BID with RTV 100
mg BID. For the MaxCmin 1 study, patients who received IDV/RTV were not under
food restrictions but were recommended to maintain fluid intake of > 1.5 liters. Of note,
this dosing combination of IDV and RTV has been studied in another clinical trial (the
BEST study) that has recently been published (Arnaiz, et al., 2002). The dosing rationale
for the FTV/RTV combination regimen has been discussed elsewhere in this review.
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The primary objective of this study was to determine whether there is equivalence in the
incidence of virological failure for the IDV/RTV arm relative to the FTV/RTV arm. The
secondary objectives were: to determine the differences in the CD4 lymphocyte count
response; to determine the frequency of subjects with suppression of HIV RNA in the
two treatment arms; to assess the safety and tolerability of the two treatment arms; to
assess changes in genotypic and phenotypic resistance in plasma HIV-1 over the study
period in the two treatment arms; and to determine the concentration of study PIs in
plasma approximating the trough levels at weeks 4 and 48 after starting study medication.
According to the applicant, data analysis for the last two secondary objectives are
ongoing and thus not included in the MaxCmin 1 Final Report.

Following a screening assessment performed up to four weeks prior to first dose of study
drug, eligible patients were randomized into one of the two treatment arms. By clinical
and laboratory monitoring at study day 1 and at weeks 4, 12, 24, 36, and 48, patients were
assessed for safety, tolerability, and antiviral activity of the study medications. Such
monitoring included vital signs, screening for adverse events, routine clinical
laboratories, HIV RNA levels, and CD4+ cell count. In the study protocol, grading of
adverse events as well as follow-up of such events are described.

With regard to changes in antiretroviral therapy, only patients experiencing treatmerit
limiting adverse events or virological failure (as defined in the protocol; see below) were
permitted to discontinue the assigned PI regimen. If either of the PIs to which the
patients were randomized was likely to be responsible for the treatment-limiting adverse
event or virological failure, the dosing of the PIs were to be adjusted with guidance from
= With regard to non-PI agents, one or more of such drugs may be discontinued and
replaced during the first 24 weeks of the study only in cases of treatment-limiting adverse
events, virological, immunological, or clinical failure (see below). However, even when
one or more of these criteria were fulfilled, change of the non-PI treatment was not '
mandatory. During the second 24 week portion of the study, the non-PI treatment could
be changed at the discretion of the investigator.

Of note, the applicant reports several instances in which patients receiving FTV/RTV
developed gastrointestinal side effects that were at least possibly related to the «——
component of the FTV formulation. For such patients, provisions during the course of
the study permitted switching of the SQV formulation from FTV to INV at the identical
dose of 1000 mg BID with RTV. Such switching was not considered as a switch in
assigned treatment with respect to the applicant’s statistical analysis.

2. Study Population-MaxCmin 1 Study.
Major inclusion criteria were:
o Male or female, > 18 years of age.

e HIV-1 infected as documented by a licensed HIV-1 ELISA.
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e Women of childbearing potential with a negative serum pregnancy test (beta-
hCGQG) within 28 days of trial day 1.

e Ability to provide appropriate consent.

e All clinical laboratory values must have been considered clinically significant—
for the potential response to the planned new regimen—in the opinion of the
investigator.

o Fulfillment of at least one of the following five criteria, provided that either (see
following inclusion criterion) of the boosted PI-regiments studied in this trial was
judged to be of benefit to the person:

o Being Pl-naive.
o Being Pl-experienced and with a viral load > 400 copies/ml.
o Being Pl-experienced and with a viral load <400 copies/ml and:
= Experiencing adherence problems either before or currently on an
ongoing mono-PI-containing regiment (irrespective of type and
dosing schedule of the PT) AND/OR:
= Currently experiencing toxicity to the PI-component of a mono-PI-
containing regimen (other than IDV or SQV) AND/OR:
= Experiencing typical RTV-associated adverse events (i.e. loose
stool or peripheral dysaesthesia) on a RTV (at doses no less than
300 mg BID) boosted double-PI containing regimen (regardless of
type and dosing schedule of other PI).

e For all five sub-criteria listed above, the a priori probability of responding to
SQV and IDV, as judged by the investigator, should have been equal. The
judgment should have taken into account the factors mentioned below which
would preclude enrollment:

o Prior dose-limiting toxicity to either IDV or SQV (1rrespect1ve of dosing).

- o Prior switch away from a regimen that included one but not the other PI
(IDV, SQV) because of virological failure, except if resistance testing at
time of failure did not show evidence of selective resistance development
(not applicable for patients who are PI-naive). Thus, prior exposure to any
of the three Pls used in the study did not preclude enrollment.

As evident from the inclusion criteria, the MaxCmin 1 study was intended to determine
the safety and efficacy of FTV/RTV in a heterogeneous population of HIV-infected
patients. With respect to antiretroviral therapy, the study patients may be treatment-naive
or treatment—experienced with PIs. If in the latter group, the viral load in these patients
may or may not be suppressed below 400 copies/mL, and with or without adverse
events/tolerability issues.

The major exclusion criteria were:

e Subjects whom in the investigator’s opinion were unlikely to complete the 48
week trial period.
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e Subjects with current alcohol or illicit drug use which, in the opinion of the
investigator, may interfere with the subjects’ ability to comply with the dosing
schedule and protocol evaluations. :

¢ Subjects on concomitant medications which—in the opinion of the investigator
and according to drug product labeling—would result in clinically significant
interactions with any of the Pls assessed in this trial.

Subjects being pregnant or breast feeding.
Subjects with renal failure requiring dialysis.

o Subjects suffering from a serious medical condition, including one or more AIDS
defining events, which in the opinion of the investigator, would compromise the
safety of the subject.

In all, 317 subjects were randomized to one of two treatment arms: IDV/RTV (159
subjects) or FTV/RTV (158 subjects). Following randomization, 11 participants (10 in
FTV/RTV arm and 1 in IDV/RTV arm) did not start scheduled andomized treatment. Of
those subjects in the FTV/RTV arm, nine withdrew consent/declin€dparticipation and
one died (see Integrated Review of Safety, below). According to the applicant, the
reason for the one patient in the IDV/RTV ari who did not commence the study
treatment was unknown.
In the opinion of this Medical Officer, the imbalance of the number of patients who did
not start the assigned treatment after randomization (10 in the FTV/RTV arm versus one
in the IDV/RTV arm) merits several comments. Since the MaxCmin 1 study was an
open-label study, it is possible that such difference may indicate thepresence of an
underlying systematic bias ‘inherent to the study. It is possible that either the
investigators (at each of the study sites and/or those at <=~ or the patients showed a
preference for IDV/RTV regimen. It is also conceivable that the clinical status of
patients randomized to the FTV/RTV arm were worse than those of patients in the
comparator arm, and thus more patients in the FTV/RTV arm did not start assigned
therapy.

,
The efficacy and safety analyses were performed on the intent-to-treat (ITT) population,
which was defined as all study subjects who were randomized to either of the two
treatment arms and who were exposed to at least one dose of randomized treatment.

3. Demographic Data and Baseline Characteristics-MaxCmin 1 Study.

The first patient enrolled in the study on September 1, 2000 and enrollment was closed in
March 2001. At that time, 317 patients were randomized, 159 to IDV/RTV and 158 to
FTV/RTV from 28 sites in 13 countries. A total of 306 subjects received at least one
dose of the study drug (ITT population); 158 in IDV/RTV, 148 I the FTV/RTV arm).
The following table depicts the demographic data provided by the applicant:

Table 1. Baseline Parameters According to Treatment Arm.
| Baseline Parameter [ IDV/RTV | FTV/RTV | Total |
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N=158 N =148 N =306
Race (N, %)
White 129 (82) 127 (86) 256(84)
Black 19 (12) 14 (9) 331D
Asian 6(4) 1(1) 72
Other 4(3) 64 10 (3)
Gender
Male 117 (79 122 (82) 239 (78)
Female 41 (26) 26 (18) 67 (22)
HIV Exposure Group
Homosexual/Bisexual 74 (47) 76 (51) 150 (49)
IV Drug Use 16 (10) 19 (13) 35711
Hemophiliac 64 2 (1) 803
Transfusion 0(0) 4(3) 4 (1)
Heterosexual 55 (35) 47 (32) 102 (33)
Unknown 7(4) 0(0) 17Q)
Age (Median, IQR) 40 (34-46) 39 (34-48) 39 (34-47)
Origin )
Same as center 114 (72) 99 (67) 213 (70)
Europe 11 (7) 21 (14) 32 (10)
Africa 15(9) 14 (9) 299
America 10 (6) 11 (7N 21(7)
Asia 64 1(D) 7(2)
Other 0(0) 2 (1) 2(1)
Unknown 2D 0(0) 2(1)
Region** .
Argentina 28 (18) 27 (18) 55(18)
Scandinavia 67 (42) 61 (41) 128 (42)
C. Europe 20 (13) 17 (11) 37(12)
S. Europe 14 (9 15 (10) 29 (9)
NW Europe + USA 29 (18) 28 (19) 57(19)
Body Mass Index* (Median, IQR) 24 (22-26) 23 (21-25) 24 (21-26)
Antiretroviral naive 34 (22) 42 (28) 76 (25)
PI-Naive 59 (38) 61 (41) 120 (39)
Pl-experienced VL > 400 copies/mL*** | 39 (25) 3524 74 (25)
Pl-experienced* VL < 400 copies/mL 59 (38) 52 (35) 111 (36)
CDC Category C 45 (28) 48 (32) 93 (30)
HIV-RNA* (copies/ml log 1y) 39(1.7-5.2) 4.0 (1.7-5.1) 39(1.7-5.1)
(median, IQR)
HIV-RNA* < 400 copies/mL 62 (39) 56 (38) 118 (39)
CD4 cell count* (10°L) 280 (139-453) | 272 (135-420) | 277 (137-450)
CDA4 cell count at nadir (10%/L) 119 (47-225) | 107 (33-195) | 110 (40-205)

*: these variables include missing information and thus the denominator is less than the number of subjects who
received treatment.
**: Scandinavia includes Denmark and Norway, C. Europe includes Germany, Switzerland, and Austria, S. Europe
includes Italy, Portugal, and Spain and NW Europe includes Belgium, the UK and Holland.
***: In the MaxCmin 1 Final Study report, the VL is listed as “= 400 copies/mL.” It is assumed by this Medical
Officer that patients listed in this row bore HIV RNA loads > 400 copies/mL.

Source: NDA 20828 p. 14-42.
The applicant’s comment regarding the missing information is taken to mean that for a
subset of variables, not all patients had values/numbers and thus calculations to derive the

median and IQRs for these variables used only values that were available.

The applicant notes that the majority (84%) of the patients enrolled in this study were
Caucasian and male (78%) who were infected through sex with other men (49%). The
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median age was 39 years. The demographics and baseline HIV disease characteristics
appear balanced between the treatment arms with respect to age, gender, CD4+ count,
viral load, HIV risk factors, body mass index, and treatment-naive and treatment—
experienced (PI naive or experienced, HIV viral load < or > 400 copies/mL). Such
demographics reflect the heterogeneous population of HIV-infected patients that were
enrolled through the relatively complex entry criteria. Lastly, it is noted by this Medical
Officer that there was a slightly greater proportion of patients in the FTV/RTV arm that
were treatment-naive at baseline as compared to those in the IDV/RTV arm (28% versus
22%, respectively).

For the MaxCmin 1 patient population, the summary statistics showing the prior
antiretroviral treatment history and the treatment regimen at screening and at baseline are
shown below (Tables 2 - 4). The applicant has listed each individual drug according to
its drug class. In the previous treatment regimens, the most frequently used NRTI drugs
were lamivudine and zidovudine, while indinavir was the most frequently used PI. In
both treatment arms of the MaxCmin 1 study, the patterns and types of antiretroviral
drugs to which the patients were exposed before or during the study appear balanced. The
data shown in these tables are indicative of the regimens most commonly used to treat
HIV infection during the time in which the MaxCmin 1 study was conducted. The
applicant notes that relatively few patients were treated with NNRTISs prior to enrollment
into the study and at screening as well as at baseline.

Table 2. Antiretroviral Exposure Prior to Baseline According to Treatment Arm (ITT).

IDV/RTV FTV/RTV

Drug combination | # (%) exposed | Median exposure time | # (%) exposed | Median exposure time
(IQR) (weeks) (IQR) (weeks)

NRTIs
Abacavir 14 (9) 25 (3-44) 10(7) 23 (6-38)
Didanosine 41 (26) 40 (22-94) 44 (30) 48 (18-95)
Lamivudine* 112 (71) 174 (95-228) 94 (64) 168 (105-213)
Stavudine 53 (34 86 (33-145) 46 (31) 134 (66-184)
Zalcitabine 11(7) 33 (21-96) 10 (7) 1789 (12-162)
Zidovudine* 106 (67) 200 (94-267) 97 (66) 155 (67-246)
Combivir 65 (41) 101 (61-128) 48 (32) 79 (54-111)
PIs .
Indinavir 48 (30) 159 (108-200) 40 27) 163 (93-190)
Nelfinavir 35(22) 83 (30-125) 27(18) 73 (37-105)
Ritonavir 30(19) 64 (18-163) 3524 112 (13-175)
Fortovase 20 (13) 86 (25-1380 18 (12) 82 (9-118)
Invirase 8(5) 74 (27-92) 13(9) 75 (54-86)
NNRTIs '
Efavirenz 13 (8) 56 (26-81) 9 (6) 36 (17-64)
Nevirapine 20 (13) 42 (5-96) 17 (11) 73 (20-102)

Source: NDA 20828 p. 14-43.

Table 3. Ongoing Antiretroviral Therapy at Time of Screening (ITT, non-treatment naive

subjects only).
Drug Combination IDV/RTV (#, %) | FTV/RTV (#, %)
NRTIs :
Zidovudine + lamivudine | 55 (44) 46 (43)
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Zidovudine + didanosine 2(2) 44
Stavudine + didanosine 8 (6) 44
Stavudine + lamivudine 21 (17 24 (23)
Zidovudine + lamivudine + | 5 (4) 303
abacavir

Other combinations 54 44
Only 1 NRTI 2(2) 1(1)
No NRTIs 26 (21) 20 (19)
Pls

Indinavir 39 (3D 28 (26)
Nelfinavir 25 (20) 19 (18)
Ritonavir 7 (6) 6(6)
Invirase 2(2) 0 (0)
Fortovase 2(2) 2(2).
2 Pls 5(4) 13 (12)
No PIs 44 (35) 38 (36)
NNRTIs

Efavirenz 54 5(5)
Nevirapine 8 (6) 10 (9)
No NNRTI 111 (90) 91(86)
Total number of subjects | 124 106

Source: NDA 20828 p. 14-44.

Table 4. Antiretroviral Therapy at Baseline According to Treatment Arm (ITT).

Drug Combination IDV/RTV (#,%) | FTV/RTV (#, %)
Zidovudine + lamivudine 87 (55) 83 (56)
Zidovudine + didanosine 4 (3) 5(3)
Stavudine + didanosine 12 (8) 11(7)
Stavudine + lamivudine 31 920) 3121
Zidovudine + lamivudine + | 1 (1) 1(1)
Abacavir

Other combinations 17 (11) 11(7)
Only 1 NRTI 5(33) 43

No NRTIs 1(1) 2(1)
NNRTI 64 7(5)

PIs 158 (100) 148 (100)
Total number of subjects | 158 148

Source: NDA 20828 p. 14-45.

During the course of this review, revised datasets that were designed to aid this reviewer
in verifying the demographic data from MaxCmin 1 were provided to the Division.

Using the full complement of available datasets, the majority of patient demographic data
were confirmed by this Medical Officer with minor discrepancies that do not significantly
affect the numbers presented in Table 1. However, even using the updated datasets, this
reviewer could not independently confirm the nadir values for the CD4+ cell counts.
Moreover, based on the datasets that were provided by the applicant, the demographics
with respect to .various previous, ongoing, and baseline antiretroviral drug regimens were
not able to be confirmed by this Medical Officer. These limitations did not significantly
affect the overall conclusions of this Clinical Review.

4. applicant’s Analysis Plan in the Final Report of the MaxCmin 1 study and as
revised by the Agency’s request.

Page 25



CLINICAL REVIEW

Clinical Review Section

Overview of applicant’s Efficacy Analysis Plan.

For efficacy analysis by the applicant as well as that by the Agency, all 306 subjects in
the MaxCmin 1 study who took at least one dose of study drug (ITT population) were
included. The study was designed and powered to show or reject equivalence for the
incidence of virological failure (as defined in the MaxCmin 1 protocol) between the two
study PI regimens. The sample size of 150 per group was based on the assumption that if
underlying failure rates were 20% in both groups, there is an 80% chance that the 95%
confidence interval for the difference in failure rates will exclude a difference greate

than 15% in either direction. '

The primary efficacy parameter as defined in the MaxCmin 1 protocol was the incidence
of virological failure, i.e. for subjects entering the study with a viral load of <200
copies/mL, a confirmed HIV-RNA value of > 200 copies/mL, and for subjects entering
the study with a viral load > 200 copies/mL, either any rise in HIV-RNA of > 0.5 logs
and/or a viral load of > 50,000 at > 5 weeks after baseline, > 5,000 at > 14 weeks after
baseline; or >200 at > 27 weeks after baseline. All cases of suspected virological failure
were to be confirmed by a second HIV-RNA determination performed at least two weeks
later or as soon as possible thereafter, even if the first HIV-RNA value identifying failure
was measured at the week 48 visit. Once the virological failure was confirmed, then the
time of virological failure was defined as the time of the first measurement greater than
the limits shown above.

As described by the applicant, secondary efficacy parameters included: proportion of
subjects with HIV RNA < 50 and < 400 copies/mL at 24 and 48 weeks; proportion of
subjects with virological failure at 24 and-48 weeks; changes in CD4+ cell count from
baseline after 24 and 48 weeks; time to/reasons for discontinuation of randomized
treatment; immunological failure (as compared to baseline CD4+ cell count, a decrease in
the CD4+ cell count of more than 50% on two consecutive occasions at least one week
apart, if the baseline CD4+ cell count was more than 150 x 10° /L; for patients with
baseline CD4+ cell counts between 100-150 x 108/ L, a decrease in the CD4+ cell count
to<50x10%/ L; and for those with baseline CD4 cell counts < 100 x 10% /L, a decrease
in the CD4+ cell count of <25 x 10°/L); and clinical failure (development of a new
AIDS defining event or relapse of a previously successfully treated AIDS-defining
event).

The original study protocol stipulated that the proportion of patients with virological
suppression (either < 100 or <400 copies/ml) would be assessed as a function of time
during the study. The 100 copies/ml cutoff was initially chosen since at the start of the
study, a number of study sites used an assay with a lower limit of detection of 80
copies/ml. However, after the study was started, all stored plasma from sites using a
higher cutoff than 50 copies/ml were retested. Thus, all analyses in which the protocol
stipulated a cutoff of 100 copies/ml were changed to a cutoff of 50 copies/ml.
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During the course of this review, a number of issues regarding HIV RNA measurements
were identified. First, the electronic dataset bearing the baseline HIV RNA values was
found to contain data from 69 subjects that used assays such as the = —
esomema—— . 38say that were different from the protocol-specified Roche
Ultrasensitive HIV RNA assay. Second, HIV RNA values obtained from unscheduled
clinic visits that were distinct from protocol-scheduled visits were included in the
datasets. Third, it was unclear from the applicant’s Final Report whether or not HIV
RNA measurements from assays with varying lower limits of detection were included in
the efficacy analysis. Lastly, the efficacy analysis that was presented by the applicant
was different from the Division’s TLOVR algorithm/analysis.

To address these issues and in response to the Division’s requests, the applicant
resubmitted the efficacy data as analyzed by the Division’s TLOVR algorithm. Of note,
all HIV RNA levels from scheduled visits were tested using the Roche Ultrasensitive
assay and thus are measured to the same level of accuracy. In contrast, the applicant
notes that the unscheduled viral loads were never retested at a central location and thus
have different LLQ values. In the applicant’s MaxCmin 1 study report, such results were
included in the primary analysis for confirmatory purposes only. Lastly, HIV RNA
levels from five patients were measured with the ———— with LLQ of 80
copies/mL; these values are identified in the revised datasets. Thus, the applicant
resubmitted the efficacy analysis using scheduled or unscheduled visits, LLQ = 50 or 400
copies/mL, and with or without inclusion of  —.-..- ~-esults. These results are discussed
below. It should be noted that the results from the TLOVR analyses are slightly different
than those in the MaxCmin 1 Final Report and the published article describing this study
(Dragsted, et al., 2003).

Another limitation of efficacy and safety analyses is the definition of time windows for
patient visits. The MaxCmin 1 Final Study report states that for purposes of analysis and
to assign a study visit to all follow-up visits, the time windows for all scheduled study
patient visits were extended as follows: week 4 visit included data from day 1 to
beginning of week 10, week 12 visit included weeks 10-21, week 24: weeks 21-33, week
36: weeks 33-week 45, week 48: weeks 45-60; and all data collected after week 60 were
censored (NDA 20828, p. 14-36). It is assumed by this reviewer that for the primary
efficacy analysis as resubmitted by the applicant, HIV RNA measurements from
scheduled visits followed the protocol-defined windows and those from unscheduled
visits are identified as such. However, for other efficacy analysis (e.g. CD4+ counts) and
safety data analysis, such extension of study windows as described by the applicant may
explain some differences between the data analysis by the applicant and the Division (see
below).

Primary efficacy parameter:

As presented in the MaxCmin 1 Final Report, the applicant’s analysis of virological
failure is as follows:
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e “Switch included”: Switch of randomized treatment was ignored. Events such as
death, withdrawal of consent, or loss to follow-up were also considered as
virological failure if they occurred before observed virological failure. This was
the applicant’s primary method of efficacy analysis. According to this method, at
the 48 week conclusion of the study, 77 subjects (55 due to observed virological
failure and 22 due to loss of follow-up) experienced virological failure. Of these,
41 subjects were in the IDV/RTV arm (of which 76% were due to observed
virological failure) and 36 subjects were in the FTV/RTV arm (of which 67%
were due to observed virological failure). The applicant states that between the
two study arms, there were no statistically significant differences in the median
HIV RNA levels at time of failure as well as the number of subjects with HIV
RNA levels <400 copies/mL, and those still on randomized PI at time of failure.
For the formal test of proportions of subjects failing at 48 weeks (i.e. as defined in
the protocol, whether or not to be able to claim that the difference in success rated
between the two treatments is less than 15%), the applicant obtained a p-value of
0.0048, and thus claim statistical significance between the two treatment arms.

e Two supplemental efficacy analyses were also performed: “switch = failure”
(switch from randomized treatment, death, withdrawal of consent, and loss of
follow-up were all considered as virological failure if observed virological failure
had not occurred prior to such events) and “on treatment” (subjects who switched
from the randomized treatment were not included for analysis from time of such
switch regardless of the reason for such switch). In the “switch = failure”
analysis, 128 subjects met the failure criteria (73 due to stopping the randomized
treatment and 35 due to observed virological failure; 61 in IDV/RTV arm and 82
in FTV/RTV arm). The risk of virological failure among subjects in the
IDV/RTV arm was greater as compared to that among those in the FTV/RTV arm
(p = 0.01 by the log-rank test; p = 0.18 by the proportional hazards test). In the
“on treatment” analysis, a total of 35 subjects (20 in IDV arm and 15 in SQV arm)
met the failure criteria; this difference was not significant (p = 0.56 by log rank
test).

In the revised electronic submission from October 2003, the applicant provides the
following graphs and tables in response to the Division’s requests:

e Response rates according to treatment arm and LOQ level (400 or 50 copies/mL),
failure determined on all visits (scheduled and unscheduled) or scheduled visits
only, with or without 5 NASBA cases (patients whose HIV RNA levels were
measured using an assay with LOQ = 80 copies/mL).

e Kaplan-Meier estimate of the probability of response during 48 weeks of
treatment according to TLOVR analysis based on all visits (scheduled and
unscheduled) or scheduled visits only, LOQ = 50 or 400 copies/mL, with or
without 5 NASBA cases.
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¢ Disposition tables utilizing HIV RNA values from all scheduled and unscheduled
visits or scheduled visit only, allowing or disallowing 5 cases with
and LOQ = 50 or 400 copies/mL.

The disposition tables and the Kaplan-Meier estimates are summarized below:

Table 5. Summary of Disposition Tables Resubmitted by the applicant.

Outcome (1) FTV/RTV IDV/RTV p value
(Failure determination) (N =158) (N=159)
n (%) n (%)

Scheduled and unscheduled visits, LOQ = 400 copies/mL
Responder | 97 (61.4%) [ 82(51.6%) | 0.078
Scheduled and unscheduled visits, LOQ = 50 copies/mL, with 5§ NASBA cases
Responder [ 87 (55.1%) | 70 (44.0%) ] 0.049
Scheduled and unscheduled visits, LOQ = 50 copies/mL, without S NASBA cases
Responder | 83 (54.2%) [ 70 (44.0%) ] 0.071
Scheduled visits only, LOQ = 400 copies/mL
Responder [ 100 (63.3%) | 82 (51.6%) | 0.035
Scheduled visits only, LOQ = 50 copies/mL with 5 NASBA cases
Responder | 85(53.8%) 169(43.4%)  |0.064
Scheduled visits only, LOQ = 50 copies/mL without 5 NASBA cases
Responder | 81(52.9%) [ 69(43.4%) | 0.092
Reason for Discontinuation (2)
New CDC-C events 0 (0%) 1 (0.6%)
Death 1 (0.6%) 1 (0.6%)
Adverse Event (3) 20 (12.7%) 48 (30.2%)
Other Reasons: 24 (15.2%) 10 (6.3%)

Consent withdrawal 5(3.2%) 3(1.9%)

Lost to follow-up 4 (2.5%) 5(3.1%)

Never treated 10 (6.3%) 1(0.6%)

Other (4) 5(3.2%) 1 (0.6%)

1: For each of the six study outcomes, the p values of the comparisons between the responders in each of
the study arms is included in the last column. Values < 0.05 are in bold.

2: For each of the six study outcomes, the number of patients in each of the categories under
discontinuation are identical except for a minor difference of one patient in the AE column under IDV/RTV
arm (47 versus 48 patients). This difference is likely due to the time that this patient reached one of the
treatment failure/discontinuation endpoints (loss of virologic response or AE). In the opinion of this
Clinical Reviewer, this minor difference does not make a significant change in the interpretation of the
data.

3: Per applicant, AEs includes clinical and laboratory AEs.

4: Per applicant, this included non-compliance and protocol violations.

Source: Adapted from NDA 20628/20828 electronic submission Oct. 15, 2003.

Table 6. Summary of Resubmitted TLOVR Analyses and Kaplan-Meyer Estimates. .

Basis for TLOVR Analysis/Kaplan-Meyer Estimate of Probability of Response | p value

' (Log-Rank Test)
Scheduled and unscheduled, LOQ = 400 copies/mL 0.0283
Scheduled and unscheduled, LOQ = 50 copies/mL, with 5 NASBA cases 0.0167
Scheduled and unscheduled, LOQ = 50 copies/mL, without 5 NASBA cases 0.0313

Scheduled visits only, LOQ = 400 copies/mL 0.0276
Scheduled visits only, LOQ = 50 copies/mL with 5 NASAB cases 0.0442
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| Scheduled visits only, LOQ = 50 copies/mL without 5 NASBA cases | 0.0667 I
- Source: Adapted from NDA 20828 electronic submission Oct. 15, 2003.

As shown above, the p values obtained for the difference between the treatment arms in
the number of patients who met the criteria for virological failure were similar (0.035 —
0.092) among the six outcomes of the study population. In two of the six such outcomes,
p <0.05 was obtained. With respect to the difference in the probability of virological
response (equal to 1 — probability of virological failure) between the two arms of the
study, similar range of p values (0.0276 — 0.0667) . were obtained among the six
outcomes; p < 0.05 was obtained for all but one analyses. Thus, in general, the revised
TLOVR efficacy analysis for the MaxCmin 1 study population confirm the applicant’s
assertion that there is a difference between the two treatment arms. However, such
differences as shown in six possible outcomes may or may not be statistically significant
and appear less robust than the applicant’s analysis. Lastly, the disposition of subjects at
week 48 were reconfirmed by this Clinical Reviewer using the revised datasets provided
by the applicant.

Secondary efficacy parameters:

Proportion of subjects with HIV-RNA < 400 copies/mL or <50 copies/mL: In graphs
provided by the applicant, it appears that the proportion of patients with HIV RNA <400

copies/mL is greater in the FTV/RTV arm as compared to IDV/RTV arm when using the
“switch = failure’ approach. Similar trends are noted in the “switch included” and “on
treatment” approach. However, no statistical analyses are presented to determine
whether or not such differences are significant.. Given the revised datasets, the
applicant’s analysis on this parameter was not confirmed during this review process.

Changes in CD4 cell count: With respect to the median CD4 cell count increase from
baseline values, the applicant noted that such increases were modest (median changes at
week 4: 30.5-35.5; at week 48, 72.5 — 84.5) and no statistically significant differences
between the two treatment arms were noted. Similarly, the applicant notes that the
median (IQR) time from baseline to increase of > 100 CD4 cells/mL was 15 (5-36) weeks
for subjects in the IDV/RTV arm and 12 (4-28) weeks for FTV/RTV arm (p = 0.48, log
rank test). Lastly, according to the applicant, a total of six subjects met the criteria for
immunological failure (four in the IDV/RTV arm, two in the FTV/RTV arm) which
precluded formal statistical analysis regarding the differences in these numbers between
treatment arms. These numbers were verified by Dr. Susan Zhou; please refer to her
Statistical Review for additional details.

Clinical endpoints: The applicant noted that during the course of the study, among
subjects on randomized treatment, 20 HIV-associated events and clinical progression (13
CDC category B events and seven category C events) were noted. Of these occurrences,
the applicant states that 14 (including four category C events) were among subjects
randomized to the IDV/RTV arm, and nine (including three category C events) were
noted in subjects in the FTV/RTV arm. Given these low numbers, the applicant did not
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perform statistical analysis of these events. In this Medical Officer’s review of the
datasets, out of 20 total cases of HIV-associated events (category B) and clinical
progression to category C, 13 (including four category C events) cases were in the
IDV/RTV arm and seven (including three category C events) cases were in the FTV/RTV
arm. No statistical analysis of these events were performed during this Clinical Review.

Additional analyses: Given that a heterogeneous population of HIV-infected subjects was
enrolled in the MaxCmin 1 study, the applicant sought to determine whether certain
demographic and/or entry criteria were associated with different efficacy outcomes. To
this end, the applicant performed a multivariate model analysis to assess the potential
influence of a number of study baseline factors on the risk of virological failure (as
defined in the MaxCmin 1 protocol) and proportion of subjects with virological
suppression at week 48. Factors analyzed included: HIV-RNA < or > 400 copies/mL,
CD4 cell count, gender, age, HIV transmission factor, geographical region, being naive to
antiretroviral agents, and being naive to Pls.

In general, the applicant notes that adjustment for such potential confounding factors did
not substantially change the unadjusted ratios for comparing outcomes in the IDV/RTV
arm to those of the FTV/RTV arm. However, the applicant notes a slightly increased risk
(hazard ratio: 2.0 (1.2 — 3.1 univariate), 2.0 (1.3 — 3.3 multivariate)) of virological failure
in subjects in the IDV arm in the “switch = failure” analysis. Moreover, the applicant
comments that the only baseline variable that consistently showed altered clinical
outcome was HIV RNA > 400 copies/mL; subjects with such baseline RNA values had
an increased risk of virological failure. Furthermore, subjects with prior PI therapy
showed a statistically significant increase in the risk for virological non-suppression
(“switch included”, HIV RNA > 50 copies/mL and “on treatment” HIV RNA > 400
copies/mL). However, being experienced or naive to ART did not independently affect
the outcome of the statistical analysis. Lastly, the time until HIV RNA reached <400 or
<50 copies/mL for subjects with baseline HIV RNA values > 400 or > 50 copies/mL
respectively was not statistically different for subjects in the IDV/RTV arm relative to
those in the FTV/RTV arm.

Given the datasets provided by the applicant, no attempt was made to duplicate the
applicant’s multivariate analysis. Please refer to Dr. Zhou’s Statistical Review for further
details on the Agency’s subanalyses.

D. Efficacy Conclusions

Based on the revised dataset analysis, the FTV/RTV 1000 mg/100 mg BID regimen
showed efficacy that was at least comparable to that of the IDV/RTV BID regimen. The
virologic response rates of patients in the FTV/RTV arm ranged from T
depending on the use of all or scheduled visits only, LOQ of 50 or 400 copies/mL, and
inclusion or exclusion of NASBA assay data from five patients in the efficacy analysis.
There are no historical controls that would be appropriate as a comparator of the efficacy
of the FTV/RTV BID regimen; clinical studies in support of the initial approval of the
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INV and FTV NDAs used antiretroviral regimens that are no longer considered standard
of care. Moreover, the response rates shown above may have been affected by the
heterogeneous nature of the MaxCmin 1 study population. Many subjects were PI-
experienced at entry into the study and close to 40% of entire ITT population bore
baseline HIV RNA levels < 400 copies/mL (Table 1).

With regard to the differences in the virologic failure rates between the two treatment
‘arms, those derived from the TLOVR analysis were not as robust as those obtained using
the MaxCmin 1 protocol definition of virologic failure. However, in general, the
analysis of the MaxCmin 1 study efficacy data by the Division’s TLOVR algorithm
showed no marked deviations from that performed by the applicant. Please refer to Dr.
Zhou’s Statistical Review for additional details regarding the Agency’s efficacy analysis.

—-Mw——_—-'
. However, the Agency
is aware of widespread use of this reglmen in clinical practice and inclusion of boosted
1DV (with two NRTIs) in the DHHS HIV treatment guidelines as an alternative regimen
for initial therapy. But, the use of IDV/RTYV has been supplanted by lopinavir/RTV in
clinical practice and in the treatment guidelines. Thus, for future studies, a comparator
arm consisting of a previcusly approved RTV-boosted PI regimen will be more useful to
determine the efficacy of the proposed SQV combination regimens with RTV. To this-
end, the applicant has ecently presented an abstract on the MaxCmin 2 study, in which
the efficacy and safety?of FTV/RTV 1000 mg/100 mg BID regimen were compared
against those of 10p1nav1r/RTV in a heterogeneous HIV-infected patient population
(Youle, et al., 2003). In a preliminary analysis, more patients in the FTV/RTV arm
experienced protocol- défined virological failure as compared to those in the comparator
arm; such difference was not seen in the on-treatment analysis. Furthermore, more
patients in the FTV/RTV arm than those in the lopinavir/RTV arm discontinued the PI
regimen due to patient choice. However, the clinical toxicity profile was comparable
between the two arms. Whether these results will have significant clinical implications
on the use of SQV/RTV combination regimens'remains to be seen.

SN . x .- PRI . -

Lastly, since the start of the Mamem 1 study, there has been an increased role of
genotype/phenotype analysis in guiding the treatmént of HIV-infected patients. In many
parts of the developed world, resistance testing of HIV strains is performed in many
clinical situations, such as prior to start of therapy in treatment-naive patients and change
of antiretroviral regimen in patients who are failing treatment. The MaxCmin 1 study
report presents no data on resistance testing, and thus it is unclear whether use of such

;  testing may have altered the virologic, immunologic, or clinical outcomes of the study

- participants.

VII. Integrated Review of Safety

A. Brief Statement of Conclusions
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During the 48 week MaxCmin 1 study period, the FTV/RTV 1000 mg/100 mg BID
regimen was in general safe and better tolerated than the comparator IDV/RTV BID
regimen in the heterogeneous study population of HIV-infected adults with varying
treatment histories. The most common adverse events associated with FTV/RTV
regimen were gastrointestinal in nature. The number of deaths reported during the course
of the study were small and such deaths appeared not to be associated with antiretroviral
regimens. With respect to laboratory abnormalities, small but statistically significant
increases in bilirubin and creatinine were noted during the study in patients assigned to
receive IDV/RTV but not among those randomized to FTV/RTV. Consistent with effects
of PIs on lipid profiles, among patients in both arms, small, statistically significant
increases in total and LDL cholesterol were noted during the study. The number of
patients who withdrew from the randomized treatment due to treatment-limiting adverse
events was greater in the IDV/RTV arm than in the FTV/RTV arm.

The safety profile of the patients enrolled in the FTV/RTV arm of the MaxCmin 1 study
was in general comparable to previously reported safety profile of unboosted FTV. No
new safety issues were identified when RTV was co-administered with FTV in this study.
Postmarketing safety data from the applicant as well as the Agency’s MedWatch program
as summarized in the consultation report from the Office of Drug Safety do not reveal
additional safety concerns associated with co-administration of SQV and RTV.

B. Description of Patient Exposure

The applicant’s analysis of patient exposure to randomized treatment was confirmed and
is shown below:

Figure 1. Time to Switch From Randomized Treatment According to Treatment Arm.

SQV/RTV

IDVIRTV

T T T T T
100 150 200 - 250
Analysis Time (Days)

300

Source: Generated from DISP_DT dataset from appllcant NDA 20828. A similar graph
is also shown in NDA 20828 p. 14-55.

Table 7. Number of Subjects on Randomized Treatment During MaxCmin 1 Study.
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Week 0 4 12 [24 |36 |48

IDV/RTV | 158 | 151 | 132 | 117 | 105 | 67
FTV/RTV | 148 [ 139 1130|121 | 112 | 89

Source: NDA 20828 p. 14-55.

The applicant states that at 48 weeks, 202 (66%) of the subjects who started the assigned
treatment (ITT) remained on the assigned treatment (59% in IDV/RTV arm and 73% in
FTV/RTV arm) (NDA 20828, p. 14-55). However, analysis of the applicant’s data by
this Medical Reviewer showed that at 48 weeks, 161 out of 306 subjects (52%) were still
on assigned treatment (69 out of 158 (43%) in IDV arm and 92 out of 148 (62%) in the
SAQ arm). Moreover, as compared to the applicant’s Final Study report, the Agency’s
analysis showed minor differences in the number of subjects on each treatment arm at
weeks 0, 4, 8, 12, 24, 36, and 48. Despite these discrepancies, the difference in the
number of subjects on each treatment arm during the study was statistically significant
(applicant’s analysis: log rank test p = 0.01; in the Agency’s analysis, p = 0.0084).
Furthermore, the applicant’s statement regarding the mean duration of exposure to the
study medication (37 weeks in the IDV/RTV arm and 41 weeks in the FTV/RTV arm)
was confirmed by this Medical Reviewer.

With regard to patient exposure to study treatments, the applicant also notes that a total of
22 patients in the study reduced the dose of the randomized PI treatment. Specifically, 21
patients who were assigned to the IDV arm reduced the dose of IDV; seven reduced the
IDV dose to 600 mg BID (one patient dose reduced further to 400 mg BID) and 14 dose
reduced to 400 mg BID (one patient further reduced the dose to 200 mg BID). The
applicant states that the median time to first dose reduction was 22 weeks; this value was
in accord with that obtained by this Medical Reviewer. In addition, one patient who was
randomized to the FTV/RTV arm dose reduced to 800 mg BID after 27 weeks of
assigned treatment. Of note, no specific reason for dose reduction was given for any of
these 22 subjects. It is assumed by this Medical Officer that this was due to intolerance
to the assigned treatment.

C. Methods and Specific Findings of Safety Review

The applicant’s analysis of the safety profile of the FTV/RTV BID regimen as compared
to that of the IDV/RTV BID regimen was reviewed by the Medical Officer. In particular,
the MaxCmin 1 Final Report contains analysis of Grade 3 and 4 adverse events; analysis
of Grade 1 and 2 adverse events were not required as per the study protocol. To extend
the safety analysis, this Medical Officer used the datasets provided by the applicant to
examine Grade 1 and 2 adverse events. In several portions of this section, the Agency’s
analysis of the datasets and clinical case summaries from the MaxCmin 1 study are
shown. The safety profile of the proposed FTV/RTV BID regimen from the MaxCmin 1
study was also compared to previously studied/reported safety profiles of unboosted FTV
regimens (studies NV 15355 and NV15182) and that of SQV/RTV regimens containing
400-600 mg RTV (EV 15373). Lastly, postmarketing safety issues associated with co-
administration of RTV with SQV and as reported by the applicant and independently
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reviewed by the Agency’s Office of Drug Safety are summarized in the Appendix of this
Clinical Review.

1. Overview of Safety Analysis-MaxCmin 1 study.

The MaxCmin 1 protocol provided the following definitions. An adverse event (AE) was
defined as any untoward medical occurrence in a subject administered a pharmaceutical
product which did not necessarily have a causal relationship with this treatment.
Treatment-limiting AEs were defined as AEs sufficiently severe for the subject to
prematurely switch from the assigned PI treatment. A serious adverse event (SAE) was
defined as any event that was: fatal; life threatening (except if clearly related to HIV

- disease); potentially at immediate risk of death; disabling or incapacitating; a congenital
anomaly; an event which may have jeopardized the subject or required intervention to
prevent one of the outcomes listed in the points above (except if clearly related to HIV
disease); and/or required inpatient hospitalization or prolonged a current hospitalization.
As described in the MaxCmin 1 study protocol, laboratory analyses (including CD4 cell
count and HIV-1 viral loads), and screening for AEs were performed at study visits at
weeks 4, 12, 24, 36 and 48.

The applicant provided tabulation of AEs by treatment group, intensity (ACTG grading
scale), relationship to randomized treatment (not related, remotely/unlikely, possibly,
probably/likely, definitely related), and by seriousness (i.e. AE or SAE). The applicant
also provided clinical summaries for all AEs that led to premature switch from the
randomized treatment as well as for all SAEs. Furthermore, the time to development of a
grade 3 or 4 AE according to treatment arm was analyzed using a Kaplan-Meier plot.
Moreover, laboratory markers during the study were analyzed for statistically significant
changes from baseline and the incidence of marked laboratory test value abnormalities.
Finally, the applicant provided brief description of deaths and one pregnancy that
occurred during the study. The data described above were analyzed by the Clinical and
Statistical Reviewers.

2. Grades 1/2 Adverse Events-MaxCmin 1 study.

The applicant did not provide a detailed analysis of Grade 1 and 2 AEs. For the
Agency’s safety analysis, datasets provided by the applicant were used to identify Grades
1/2 AEs (all causality and at least possibly related to treatment). Such analysis was
performed since differences in the types and/or incidence of Grade 1 and 2 AEs may,
over the course of long-term treatment, affect tolerability and/or adherence to,
antiretroviral therapy. :

Table 8. Summary of Adverse Events (Grades 1/2) All Causality, > 2% of patients in
Each Arm.

IDV/RTV | FTV/RTV

All Body Systems
Total number of patients with 146/158 119/148
at least one Grade 1/2 AE (92%) (80%)
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Total number of Grade 1/2 AEs | 710 490
Gastrointestinal

Diarrhea 33 (21%) | 35(24%)
Nausea 38 (24%) | 27 (18%)
Vomiting 25 (16%) | 19 (13%)
Abdominal pain 17 (11%) | 21 (14%)
Flatulence 7 (5%)
Bloating . 7 (5%)
Dyspepsia/Gastriti 3 (2%) 6 (4%)
Throat Pain 4 (3%)
Constipation 3 (2%) 4 (3%)
Candida stomatitis 7 (4%)

Gingivitis 3 (2%)
Dermatological

Rash/dermatitis 39 (25%) | 20 (14%)
Pruritis 8 (5%) 3 (2%)
Dry skin 22 (14%) | 8 (5%)
Herpes simplex 3 (2%)

Respiratory

Pneumonia 7 (4%) 8 (5%)
Cough 5 (3%) 4 (3%)
Dyspnea 3 (2%)
Bronchospasm 3 (2%)

Bronchitis 4 (3%) 4 (3%)
Sinusitis 4 (3%)
Influenza 6 (4%)
Neurological

Headaches 12 (8%) 9 (6%)
Neuropathy/Paresthesia 7 (4%) 8 (5%)
Dizziness 10 (6%) 5 (3%)
Insomnia 5 (3%)

Body as a Whole

Fatigue 23 (15%) | 17 (11%)
Fever 5 (3%) 9 (6%)
Lipodystrophy 12 (8%) 9 (6%)
Weight loss 5 (3%) 4 (3%)
Musculoskeletal pain 21(13%) | 11 (%)
Hair loss 17 (11%)
Hematological

Anemia 5 (3%) 7 (5%)
Thrombocytopenia 3 (2%)

Elevated Laboratory Tests

Elevated ALT 5 (3%) 8 (5%)
Elevated AST 3 (2%) 5 (3%)
Elevated bilirubin 19 (12%) | 5 (3%)
Elevated Alkaline phosphatase 6 (4%)
Elevated amylase 3 (2%) 4 (3%)
Hypertriglyceridemia 10 (6%) 5 (3%)
Hypercholesterolemia 6 (4%) 5(3%)
Increased creatinine 3 (2%)

Renal

Renal colic 4 (3%)

Kidney stone 4 (3%)

Urinary Tract Infection 4 (3%)

Hematuria 9 (6%)

Source: NDA 20828 AE.xpt dataset; Agency analysis
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Table 9. Summary of Adverse Events (Grades 1/2) at Least Possibly Related, > 2% of

Patients in Each Arm. .
IDV/RTYV | FTV/RTV

All Body Systems )
Total number of patients with 131/158 91/148
at least one Grade 1/2 AE (83%) (61%)
Total number of Grade 1/2 AEs | 435 244
Gastrointestinal
Diarrhea 23 (15%) | 29 (20%)
Nausea 29 (18%) | 22 (15%)
Vomiting 18 (11%) | 13 (9%)
Abdominal pain 14 (9%) 14 (9%)
Flatulence 7 (5%)
Bloating 5(3%)
Dyspepsia/Gastritis 3 (2%) 3(2%)
Constipation 3(2%)
Altered taste in mouth 3 (2%)
Dermatological
Rash/dermatitis 32 (20%) | 9 (6%)
Pruritis 7 (4%) 3 (2%)
Dry skin 22(14%) [ 7 (5%)
Neurological
Headaches 8 (5%) 4 (3%)
Neuropathy/Paresthesia 5(3%) 5(3%)
Dizziness 6 (4%)
Insomnia 3(2%)
Body as a Whole
Fatigue 18 (11%) | 13 (9%)
Lipodystrophy 12 (8%) 8 (5%)
Weight loss 3 (2%)
Musculoskeletal pain 9 (6%)
Hair loss 15 (9%)
Hematological
Anemia 3 (2%)
Elevated Laboratory Tests
Elevated ALT 4 3%) 5 (3%)
Elevated AST . 5 (3%)
Elevated bilirubin 19(12%) | 5(3%)
Elevated alkaline phosphatase 7 (5%)
Hypertriglyceridemia 10 (6%) 5 (3%)
Hypercholesterolemia 6 (4%) 4 (3%)
Increased creatinine 3 (2%)
Renal
Renal colic 4 (3%)
Kidney stone 4 (3%)
Hematuria 8 (5%)

Source: NDA 20828 AE.xpt dataset; Agency analysis.

In both tables shown above, it is evident that the majority of patients in each arm of the
MaxCmin 1 study experienced Grade 1/2 AEs of all causality (92% in IDV/RTV arm,
80% in FTV/RTV arm) and at least possibly treatment-related (83% vs. 61%,
respectively). In addition, among patients randomized to the IDV/RTV arm, there are
greater incidences of hyperbilirubinemia as well as dermatological (including hair loss,
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dry skin, and dermatitis/rash) and renal AEs as compared to participants in the FTV/RTV
arm; these AEs have previously been reported with IDV use.

With respect to Grade 1/2 AEs seen in the FTV/RTV arm, the predominant body system
that was affected by this regimen was gastrointestinal. Again, such AEs as nausea,
vomiting and diarrhea have been well documented in clinical practice as well as in
previous clinical studies with FTV. Lastly, it is noted that patients in the FTV/RTV arm
experienced far fewer Grade 1/2 AEs (all causality: 498, at least possibly treatment-
related: 248) as compared to those in the IDV/RTV arm (713 and 436, respectively).

3. Grade 3 and 4 Adverse Events-MaxCmin 1 study

The applicant notes that a total of 188 AEs of Grade 3 and/or 4 were reported in 100
study subjects (65 in IDV/RTV arm, 35 in FTV/RTV arm), of which 106 events (in 46
patients in IDV/RTV arm, 19 patients in FTV/RTV arm) were assessed as being at least
possibly related to the study medication. The applicant notes that the difference in the
numbers of patients in the IDV/RTV arm who experienced Grade 3/4 AE (all causality
and those related to treatment) and those in the FTV/RTV arm was statistically
significant (p = 0.0015 and 0.007, respectively).

In the Agency’s analysis of the data, 183 events were identified in 100 subjects (117
events in 65 patients in IDV/RTV arm, 66 events in 35 patients in FTV/RTV arm). Of
these events, 105 were at least possibly related to the study medication (69 events in 47
patients in IDV/RTV arm, 36 events in 19 patients in FTV/RTV arm). These numbers
are similar to those provided by the applicant and do not significantly affect the statistical
significance of the differences between the treatment arms.

Table 10. Summary of Adverse Events (Grades 3/4), All Causality, at Least > 2% of
Patients.

- IDV/RTYV | FTV/RTV

All Body Systems
Total number of patients with 65 (41%) | 35 (24%)
at least one Grade 3/4 AE
Total number of Grade 3/4 AEs | 117. 66
Gastrointestinal
Nausea 4 (3%) 6(d%) |
Vomiting 5 (3%) 3 (2%)
Abdominal pain 5 (3%)
Dermatological
Dry skin 3 (2%)
Neurological -

" | Depression 4(3%)
Body as a Whole :
Fatigue 3 (2%)
Lipodystrophy 3 (2%)
Fever ‘ 3 (2%)
Hair loss 3(2%)
Hematological
Anemia 3 (2%)
Thrombocytopenia 3 (2%)
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Elevated Laboratory Tests

Elevated ALT 32%)
Elevated AST 3 (2%)
Elevated bilirubin 4 (3%)
Hypertriglyceridemia . 8 (5%)
Renal

Kidney stone 7 (4%)

- Source: NDA 20828 AE.xpt dataset; Agency analysis.

Table 11. Summary of Adverse Events (Grade 3/4) at Least Possibly Related, > 2% of
Patients.

IDV/RTV | FTV/RTV
All Body Systems -
Total number of patients with 47 (30%) 19 (13%)
at least one Grade 3/4 AE
Total number of Grade 3/4 AEs | 69 36
Gastrointestinal
Nausea 4 (3%) 6 (4%)
Vomiting 5 (3%) 3(3%)
Abdominal pain 3(2%)
Dermatological ,
Dry skin 3(2%)
Body as a Whole
Fatigue 3 (2%)
Lipodystrophy 3Q2%)
Hair loss 4 (3%)
Elevated Laboratory Tests
Elevated bilirubin 4(3%)
Hypertriglyceridemia 8 (5%)
Renal
Kidney stone 7 (4%)

Source: NDA 20828 AE .xpt dataset; Agency analysis.

Given these data, the following comments may be made. First, the patients in the
IDV/RTV arm experienced more AEs than those in the FTV/RTV arm. Second, the
numbers of Grade 3/4 AEs related to the gastrointestinal system were similar in both
arms of the study. Third, renal complications and hyperbilirubinemia were noted with
patients on IDV/RTV, as was previously discussed with Grade 1/2 AEs. Fourth, for each
organ system that was affected by these AEs, relatively small, qualitative differences in
the number of observed Grade 3/4 AEs were noted between the two arms. However,
given the small patient population and number of AEs observed, no statistical tests were
performed on such differences.

With regard to time to development of a grade 3 or 4 AE during the MaxCmin 1 study,
the applicant performed a Kaplan-Meier survival estimate analysis. The applicant reports
that the risk of developing at least one grade 3 or 4 AE was higher for patients on
IDV/RTYV than those in the FTV/RTV arm (log rank test: p = 0.002). Similar numbers
were obtained by the Agency’s analysis. A statistically significant difference in the time-
to-event (all causality and at least possibly treatment related)-free survival was seen
between FTV/RTV and IDV/RTV (all causality: p = 0.0081; at least possibly treatment-
related: p=0.0004) (Dr. Zhou, Statistical Reviewer).
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4. Serious Adverse Events-MaxCmin 1 study

The applicant noted 72 total SAEs in 50 patients (37 events in 27 patients in IDV/RTV
arm, 35 events in 23 patients in the FTV/RTV arm). Of these, 15 events in 14 subjects in
the IDV/RTV arm and one event in one patient in the FTV/RTV arm were deemed as
being at least possibly related to trial medication. The difference between the number of
patients experiencing SAEs in the IDV/RTV arm and those in the FTV/RTV arm was
statistically significant (p = 0.0012). ‘

The applicant has provided case summaries of all SAEs from the MaxCmin 1 study. For
the Agency’s analysis, each of the 74 SAE case summaries were reviewed by this
Medical Officer. In all, 38 SAEs in 27 patients in IDV/RTV arm and 36 SAEs in 24
patients in the FTV/RTV arm) were noted. Of these, 15 events in 14 subjects in the IDV
arm and one event in one patient in the FTV/RTV arm were considered to be at least
possibly related to trial medication by the study investigators. Of the IDV/RTV
associated SAEs, eight events were related to the renal system (renal insufficiency:1;
renal failure/increased creatinine:2; renal colic:2; and nephrolithiasis:3). The single SAE
in the FTV/RTV arm was a subject who experienced grand mal seizures. However, a
review of deaths that occurred in this study suggest that the possibility of a relationship
between the study medications (including FTV/RTV) and liver failure in patient
#2003105 cannot be excluded (see Deaths, below); on the SAE forms, the liver failure
and death of this patient is listed as “no relationship” to study medications. From these
findings, it appears that: 1) there were significantly greater number of SAEs observed
among the IDV/RTV patient population than the FTV/RTV patients; 2) among the
IDV/RTV study subjects, the organ systems affected with SAEs were again consistent
with those associated with previously reported AEs for IDV; and 3) the possibility that
study medications were at least possibly related to the liver failure and death of patient #
2003105 cannot be excluded.

5. Clinical AEs Leading to Switch from Randomized Treatment-MaxCmin 1 study

The initial Patient Disposition table in the MaxCmin 1 study report was revised by the
applicant according to the Division’s TLOVR analysis algorithm. The updated Patient
Disposition table is presented in the Integrated Review of Efficacy (Table 5). There is a
slight difference in the number of subjects that switched treatment because of treatment-
limiting non-fatal AE (67 as stated in the Final Report, 68 as provided in Table 5).
However, this minor difference does not significantly affect the difference in the number
of such patients in the IDV/RTV arm (45) as compared to those in the FTV/RTV arm
(22) (p = 0.006, Fisher’s exact test per applicant). The 67 case summaries for the clinical
non-fatal AEs that led to treatment withdrawal were reviewed by this Medical Officer.

The applicant notes that the clinical non-fatal AEs leading to withdrawal from assigned

therapy were primarily gastrointestinal and renal in nature. Eleven subjects (6%)
randomized to IDV/RTV but none in the FTV/RTV arm switched from assigned therapy
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due to renal toxicity. In both treatment arms, about 10% of the subjects discontinued
assigned therapy due to gastrointestinal toxicity. Out of the 67 subjects who withdrew
from assigned treatment, 45 (67%) experienced AEs of grades 1 or 2. As shown in Table
12, these 67 AEs were then analyzed by the applicant with respect to the affected body
system, treatment arm, and AE grade. Similar analysis by this Medical Officer did not
reveal significant differences between the Agency’s review of these AEs and that of the
applicant.

Table 12. Number of Subjects with Clinical Non-Fatal AEs Leading to Permanent
Switch from Randomized Treatment According to Treatment Arm.

Number of subjects | IDV/RTV | FTV/RTV
With event

Nervous system 2 4

Renal 11 0
Pulmonary 0 0
Gastrointestinal 17 13
Skin/Hair 10 1
Fatigue/fever 2 0

Other 3 2

AE subsets: Grade 1: 14, Grade 2: 30, Grade 3: 20, Grade 4: 3
p-value for this difference in distribution among those who permanently switched from

randomized treatment: 0.02 (Fisher’s exact test)
Source: Adapted from Table 8, NDA 20828, p. 14-61.

Of these events, gastrointestinal, skin/hair, and renal events were analyzed further by this
Medical Officer:

Table 13. Agency’s Subanalysis of Clinical Non-Fatal AEs Leading to Permanent Switch
from Randomized Treatment According to Treatment Arm.

AE IDV/RTV | FTVIRTV
Renal

Renal colic/flank pain | 3 0
Nephrolithiasis 6 0

Renal failure 1 0

Renal Insufficiency 1 0
Gastrointestinal

Diarrhea 6 2

Nausea 4 1
Meteorism 0 2
Vomiting 6 5
Abdominal pain 0 1
Nonspecific 1 1
Skin/hair

Pruritis 2 1

Allergic rash . 3 0
Retinoid syndrome 1 0
Alopecia 3 0 ' ;

Source: Agency’s review of treatment-limiting AE case summaries, NDA 20828, pp. 15-
43 to 15-52.
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Thus, patients enrolled in the IDV/RTV arm experienced a greater number of renal and
dermatological AEs that led to switching of study-assigned antiretroviral therapy than
those in the FTV/RTV arm. In contrast, patients in the FTV/RTV arm who switched the
assigned therapy due to AEs did so predominantly due to gastrointestinal AEs. These
observations are consistent with the previously discussed AE profiles of patients in the
IDV/RTV and FTV/RTV arms.

6. Deaths-MaxCmin 1 Study

The applicant reports that three subjects who died after starting the randomized treatment,
as well as one that died after randomization but before being notified of the results of the
randomization and the Baseline visit. Two of these subjects were naive to antiretroviral
treatment at the time of enrollment into the study and that both had experienced AIDS-
defining events (Kaposi’s sarcoma (KS) and Preumocystis carinii pneumonia (PCP),
respectively) just prior to entry into the study. Both subjects were considered by the
respective site investigators to be able to complete the study and that their clinical status
had stabilized at time of study entry.

The summaries of the SAEs and the CRFs for these subjects were reviewed by this
Medical Officer. The clinical descriptions of each of these subjects are summarized
below. Note that patients 5 and 6 were not included in the Final Report as deaths that
occurred during the study. These patients partlclpated in the study, but withdrew from
the study before death.

1. Patient # 2012108, a 37 year old male who was randomized to the IDV/RTV
arm, was known to have Castleman’s disease (diagnosed by a lymph node
biopsy a month prior to study enrollment) and history of KS of the legs.
About eight weeks after commencing lamivudine, zidovudine, and IDV/RTV,
the subject experienced progressive malaise, dyspnea, diarrhea and fever. The
patient was started on prednisone 100mg QD and then died due to multi-organ
failure due to sepsis despite treatment with antibiotics. It is assumed by this
Medical Officer that the prednisone was intended to treat the Castleman’s
-disease.

2. Patient # 4601112, a 46 year old male with a history of PCP three weeks
before the baseline visit, was started on lamivudine, zidovudine, and
FTV/RTV. After about ten days of antiretroviral therapy, the patient was
admitted to the hospital with sudden onset of dyspnea. “Multi-drug resistant”
S. aureus was found in the sputum and the patient died of respiratory failure a
few hours after admission.

3. Patient # 2003105, 37 year old male with a history of PCP, and “severe
chronic™ hepatitis C for about seven years prior to the study, had been on
lamivudine, zidovudine, abacavir, and FTV/RTV for about ten months. The
patient was then admitted to the hospital for a two-day history of anuria and
hematemesis, as well as hypotension, confusion, jaundice, and decreased
Glasgow Coma Scale. Laboratory values provided in the SAE report form
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showed bilirubin:138 (umol/L), ESR: 52, and platelets: 17,000. The patient
died two days after hospitalization due to liver failure, presumably due to
hepatitis C.

4. Patient # 1501131, a 55 year old male patient who was randomized to the
FTV/RTV arm but did not yet start the assigned treatment was found dead at
his residence. An autopsy revealed an old coronary thrombosis, a “weakened
heart” due to the previous ischemic event and a new thrombosis in the right
coronary artery. The new thrombus in the right coronary artery was listed on
the death certificate as the cause of death.

5. Patient #1101107, a 33 year old male was started on lamivudine, zidovudine
and IDV/RTV. About six months after starting the randomized antiretroviral
therapy, the patient was diagnosed with non-Hodgkin’s lymphoma. Due to
gastrointestinal side effects from the chemotherapy, the patient withdrew
consent from the study and then died six months after the diagnosis of
lymphoma.

6. Patient #7507101, a 63 year old male, was randomized to the FTV/RTV arm
and received lamivudine, stavudine, and FTV/RTV. After three months of
antiretroviral therapy, the patient underwent a right-sided hemicolectomy for
colon adenocarcinoma with metastatic lesions to the liver. The patient then
withdrew from the study and thereafter only palliative care was given until
death. ‘

Several comments may be made regarding these deaths. First, it is plausible that at the
time of hospitalization and the presumed S. aureus respiratory tract infection, patient #2
may have experienced immune reconstitution response (due to antiretroviral therapy)
against the recent Preumocystis infection. Second, it is unclear whether the “multidrug
resistant” S. aureus from patient #2 corresponds to S. aureus that is resistant to methicillin
or to other antibacterial agents. Third, it is possible that the administration of prednisone
to patient #1 (presumably to treat Castleman’s disease) may have predisposed this patient
to infections that led to his clinical decompensation with physiological changes consistent
with sepsis. Fourth, given the nature and severity of the underlying medical conditions,
patient #1 should have been excluded from the study and classified as a protocol
violation. Fifth, given the underlying hepatitis C infection, the possibility that study
medications played a role in hepatic decompensation and death of patient #3 cannot be
excluded; no other data were presented for this patient. Aside from patient #3, there
appears to be no evidence that the study-related antiretroviral therapy of other five
patients directly contributed to the deaths.

7. Laboratory Parameters-MaxCmin 1 study

At baseline and at subsequent study visits, blood was collected from each subject for the
following laboratory analyses: hemoglobin, platelet count, WBC count, AST or ALT,
total bilirubin, creatinine, serum amylase, total lymphocytes, HIV-1 RNA, and CD4+
lymphocyte count. Also, at baseline, and at weeks 4 and 48, fasting total and LDL
cholesterol and fasting triglyceride levels were determined. The HIV-1 RNA and CD4+
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lymphocyte count analyses have been discussed in the Integrated Review of Efficacy
section of this Clinical Review as well as in the Statistical Review by Dr. Susan Zhou.
All measurements were transformed into SI units 9prior to data analysis except for
platelets, WBC count, and lymphocytes (all in 10°/L)

With respect to the analysis of laboratory data, the applicant extended the study visit
windows as follows: week 4: baseline visit-week 10, week 12: week 10-21, week 24:
week 21-33, week 36: week 33-45, week 48: week 45-60, and all data past week 60 were
censored. According to the applicant, this was done to assign a study visit to all patient
visits that occurred during the study (some patients were evaluated outside the specified
time windows of the study). Such extension of study windows may efficiently utilize all
data collected during the study but may not clarify the time-dependent changes and trends
of laboratory variables. Moreover, for the laboratory values in the applicant’s datasets, it
is unclear whether they were collected at protocol-specified scheduled visits or from non-
scheduled visits and imputed/assigned to the nearest scheduled visit. Lastly, the study
protocol specified analysis of only one of two transaminases (ALT or AST) at each of the
protocol-specified time points. Such an approach would likely limit the full evaluation of
liver function during the course of the study.

7a. Hematologic, pancreatic, renal and liver-related laboratory markers

The applicant analyzed the changes from baseline values with respect to hemoglobin,
WBC count, lymphocyte count, platelet count, creatinine, AST/ALT, and amylase at
weeks 4 and 48. The applicant notes the following: 1) in both treatment arms over the 48
week study period, the hemoglobin level remained unaffected while the WBC,
lymphocyte counts, and the platelet counts increased by a median of 8-13%; 2) the
creatinine increased by 2-4% whereas the amylase and the AST/ALT tended to decline in
both arms without a consistent pattern; and 3) the bilirubin level increased in subjects on
IDV/RTV with a peak at week 4 (median increase 115%; 45% had bilirubin > 22
umol/L); during the duration of the study, 71% of subjects in the IDV/RTV arm had at
least one bilirubin level > 22 pmol/L, whereas no median change in bilirubin levels was
observed in FTV/RTV arm at week 48.

Using the dataset provided by the applicant, the Agency’s analysis as shown below
included laboratory values for weeks 4, 12, 24, 36, and 48 to determine any differences
during the study:

Table 14. Mean Absolute Values for Hematologic, Pancreatic, Renal, and Liver-related
Laboratory Markers According to Treatment Arm.

Lab IDV IDV IDV IDV IDV IDV FTV FTV | FTV | FTV | FTV | FTV

parameters baseline | Week | Week | Week | Week | Week | baseline | week | week | week | week | week 48
: 4 12 24 36 48 ‘ 4 12 24 36

Hemoglobin | 8.41 829 | 828 | 844 | 844 |85 8.47 838 | 847 | 8.6 8.6 8.7

(mmol/L)
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WBC 5 5.5 562 | 592 |61 6.17 | 5.44 575 | 582 | 587 [615 |6

(16°/L) ]

Platelets 218 234 [ 245 [248 [249 [248 | 209 230 [ 231 [232 228 |233
(10°/L)

Lymphocytes | 1.71 181 [18 185 [187 | 194 [1.75 1.92 [ 1.86 [ 191 | 1.87 | 1.94
(10°/L)

Amylase 117 119 [112 [121 [122 [121 [ 118 121 [116 [116 [ 115 [ 113
au/mw)

Creatinine 79 856 |854 |[863 [876 [852 |83 863 | 864 | 838 | 854 |847
(pmol/L) \

Bilirubin 123 239 [225 [221 [196 [178 | 137 119 [ 122 [131 [ 129 [ 124
(umol/L)

AST 34.9 33 362 [373 [351 |[343 [393 - [386 |361 [325 |356 |364
u/L)

ALT 37.2 30 36 295 | 34 30 413 | 429 | 354 | 328 | 343 | 378
u/L)

Source: LABP.xpt dataset for NDA 20828.

For each of these laboratory parameters, the statistical significance of change from
baseline values and % change from baseline between the two treatment groups were
analyzed by the Wilcoxon test. If a subject had more than one value within any of the
defined time windows, the mean value was used in the statistical analysis. The Agency’s
analysis revealed that between the treatment arms: 1) with respect to bilirubin, the
changes from baseline and % change from baseline were statistically significant for all
time windows (p < 0.0001); and 2) with respect to creatinine, the change from baseline
was statistically significant at weeks 24 (p = 0.02) and week 36 (p <0.0001), and %
change from baseline were statistically significant at week 24 (p = 0.01), week 36 (p <
0.0001) and week 48 (p = 0.05). No statistically significant changes in either changes
from baseline values or % change from baseline were noted for other laboratory
parameters.

Thus, with respect to bilirubin and creatinine values obtained at specific points during the
study, the change from baseline values and % change from baseline values from patients
receiving IDV/RTV were greater than the corresponding values from patients in the
FTV/RTV arm. The persistently elevated bilirubin levels in patients assigned to the
IDV/RTV arm is consistent with the hyperbilirubinemia that has been well described to
be associated with IDV use. Also, the statistical analysis of creatinine values is
consistent with renal AEs and SAEs seen much more frequently in the IDV/RTV arm
during the study. It is possible that the statistically significant changes in creatinine
values at other time points during the study may have been present but were not evident
due to the applicant’s extension of each time point window. Similarly, given that either
AST or ALT was collected at each time point according to the protocol, the decreased
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sample size for each of these variables may have affected the statistical analysis and
interpretation of changes during the course of the study.

7b. Lipid parameters
The applicant’s analysis of values for fasting triglycerides (TG), LDL cholesterol and
total cholesterol that were collected during the MaxCmin 1 study at baseline and weeks 4

and 48 are shown in the following table:

Table 15. Median % and Absolute Change from Baseline to Weeks 4 and 48 for the
Three Lipid Parameters (in mmol/L) According to Treatment Arm.

IDV/RTV FTV/RTV
Number of | Week 4 Week 48 Number of | Week 4 Week 48 P value for the
patients Change | Change patients Change Change Treatment
with lab from from with lab from from effect
values Baseline | Baseline values Baseline Baseline At week 4/48
drawn at (IQR) (IQR) drawn at (IQR) (IQR)
baseline ™) ™) baseline ™) ™)
() ™)
Cholesterol | 162 17% 17% 145 9% 9% 0.005/0.01
Median % (2-32) (0-41) (-4-20) (-7-25)
change N=147 N=135 N=135 N=131
LDL 99 21% 19% 94 6% 3% 0.0003/0.04
Median % (0-48) (0-54) (-11-21) (-12-29)
change N=103 N=89 N=96 N=75
TG 148 29% 23% 150 13% 9% 0.03/0.01
Median % (-6-80) (-20-97) (-16-68) (-34-41)
change N=153 N=138 N=137 N=135
Cholesterol | n/a 108 0.8 n/a 04 04 0.002/0.005
Absolute (0.1-1.3) | (0.0-1.8) (-0.2-0.9) (-0.4-1.1)
change
(mmol/L)
LDL n/a 0.6 1 0.5 n/a 0.2 0.1 0.0004/0.03
Absolute (0.0-1.2) | (0.0-1.2) (-0.3-0.6) (-0.5-0.9)
change ’
(mmol/L)
TG n/a 04 0.3 n/a 0.1 0.1 0.03/0.03
Absolute (-0.1- (-0.3-1.0) (-0.3-0.8) (-0.7-0.8)
change 1.2)
(mmol/L)

Source: NDA 20828, adapted from p. 14-63.

From these data, the applicant makes the following observations: 1) the median levels for
these markers of lipid metabolism increased over the first four weeks of the study and
thereafter appeared to plateau until week 48; 2) the elevation of lipids was consistently
more pronounced for subjects randomized to the IDV arm as compared to subjects in the
SQV arm; 3) this difference was significant for all measurements at all visits except the
LDL-cholesterol changes at week 48. ‘

The Agency’s analysis of lipid parameters differs from that of the applicant since the

LDL and total cholesterol but not TG levels were found to be statistically different (p <
0.05) between the treatment arms at weeks 4 and 48 (Dr. Zhou, Statistics Reviewer). It
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should be noted that the number of patients whose lipid profiles were studied vary among
the time points and each of the three parameters. For the two treatment arms, the number
of patients who had lipid levels drawn at baseline and at four and 48 weeks are shown in
Table 15. Thus, the statistical significance of the differences in LDL and total cholesterol
levels between the treatment arms may be tempered by the fact that sampling of lipid
profiles was somewhat limited during the course of the study.

7¢. Marked Laboratory Test Value Abnormalities

The applicant has provided a table showing the proportion of subjects with abnormal
values of the laboratory parameters discussed in the two previous sections. This table is
shown below: ‘ ’

Table 16. Percentage of Subjects with Abnormally Low (for Hematblogical Parameters)
and Abnormally High (for All Other Parameters) Laboratory Values at Baseline and at
Weeks 4 and 48.

IDV/RTV | IDV/RTV | IDV/RTV | FTV/RTV | FTV/RTV | FTV/RTV
Baseline Week 4 Week 48 | Baseline Week 4 Week 48
Hemoglobin 8 10 6 10 13 4
(<7 mmol/L) )
WBC count 15 4 1 5 6 3
(<3x10°L)
Platelet count 14 9 5 18 12 11
(<150 x 10°/L)
Lymphocyte 11 6 3 11 5 5
Count
0.7 x 10°/L)
Amylase 3 4 3 3 4 2
(>300U/L)
Creatinine 1 1 1 1 1 2
(130 umol/L)
Bilirubin 9 43 23 13 6 7
(22 pmol/L) )
AST 25 20 22 21 20 19
(>40 U/L)
ALT 31 20 16 30 30 26
(>40U/L)
Cholesterol 16 26 36 18 27 27
(6.2 mmol/L))
LDL 48 60 60 50 1 56 62
Cholesterol
(> 3.2 mmol/L) .
Triglycerides 26 41 38 30 36 32
(> 2.3 mmol/L)

Source: NDA 20828 p. 14-64.
According to the applicant, the study was not designed to have statistical power to be able
to detect relevant differences in these variables; thus, no formal statistical testing to detect

differences between the study arms was performed.

With respect to the numbers shown in this table, the Agency’s analysis showed no
significant changes/discrepancies with those of the applicant. Overall, there is no striking
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difference between the incidences of abnormal laboratory values between the two
treatment arms except for bilirubin levels that were seen in greater numbers in the
IDV/RTV arm. In both groups, there were similar percentages of patients with elevated
transaminases and lipid profiles.

8. Pregnancy-MaxCmin 1 study

During the MaxCmin 1 study, the applicant noted one case of pregnancy. Subject #
1503120, a 25 year old, black woman of African origin and who became infected with
HIV through heterosexual contact, was found to be pregnant with her HIV-negative
partner after about 45 weeks of follow-up in the study. This patient was Pl-experienced
but had adherence problems with antiretroviral regimens and had an HIV viral load < 50
copies/mL at baseline. The patient was assigned to the IDV/RTV arm with concomitant
administration of stavudine and lamivudine. After an episode of renal insufficiency, all
antiretroviral treatment was stopped at 11 weeks of follow-up and was restarted at week
13 of the study with substitution of abacavir for IDV/RTV. When the subject was found
to be pregnant, stavudine was replaced with zidovudine and abacavir with nelfinavir
(later switched back to abacavir 19 weeks later). At 30 weeks gestation, because of pre-
eclampsia, the subject gave birth via Caesarian section to a live baby. With regard to the
newborn, no congenital or other abnormalities were reported. The baby received post-
partum treatment with zidovudine for 37 days; the HIV status of the newborn is not
known to the applicant at the time of the study Final Report.

Since there were no cases of pregnancy in the FTV/RTV arm, no comments may be made
at this time regarding the possible effects of this PI combination regimen on the mother
and/or the child during pregnancy.

9. Safety Analysis — EPIMED 1 study

In the EPIMED 1 study, a total of ten patients reported a total of 18 AEs; four patients in
Group A (FTV/RTV then INV/RTV) reported seven events and six patients in Group B
(INV/RTV then FTV/RTV) reported 11 events.

Table 17. Summary of Adverse Events by Body System — EPIMED I Study.

Body system/ Group A Group B
Adverse event N=12 . N=12 .
# (severity, relationship to treatment) | # (severity, relationship to treatment)
Gastrointestinal system | 3 7
Constipation 1 (mild, possible relationship) 0
Meteorism 1 (mild, possible relationship) 1 (moderate, probable relationship)
Heartburn 1 (mild, questionable relationship) 0
Abdominal symptoms 0 2 (moderate, probable; moderate, possible)

Diarrhea 0 3 (2 moderate, possible; 1 mild, possible)
Stomach pain 0 1 (moderate, possible relationship)
Central nervous system | 0 1 :

Dizziness/vertigo 0 ) 1 (mild, questionable)

Respiratory system 1 0

Bronchitis 1 (mild, unrelated) 0
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Other 3 3

Fever 1 (mild, questionable) 1 (moderate, no relationship)
Fatigue 1 (mild, questionable) 1 (mild, questionable)

Oral herpes simplex 1 (mild, no relationship) 0 ]

Tonsillitis 0 1 (severe, no relationship)

Source: NDA 20828, p. 4-94.

The individual patient AE listing that was provided by the applicant was reviewed by this
Medical Officer and confirms the figures presented in Table 17. There were no deaths or
SAEs that were reported during the study, and none of the AEs led to the withdrawal of
patients from the study.

As specified in the EPIMED 1 protocol, lipid profiles (fasting and non-fasting
triglyceride and total cholesterol values) and AST, ALT, and GGT values were measured
in each patient on day 0 and day 10 of the study. These values were provided by the
applicant and reviewed by this Medical Officer. There are isolated laboratory values that
are outside of the normal range, However, the applicant concludes that there did not
appear to be any major shifts in laboratory parameters that occurred during the study
period. The Agency’s safety review agrees with the applicant’s analysis. The one patient
(B11) who took rifabutin during the course of study did not experience significant
abnormalities in the liver function tests.

D. Adequacy of Safety Testing

With regard to the MaxCmin 1 study, the range of laboratory parameters that were
examined as well as frequency of monitoring for AEs and laboratory tests appear
adequate. The potential limitations of analysis due to the extended study windows and
monitoring of one transaminase (either AST or ALT) during study visits have been
previously discussed.

Given the primary nature of the EPIMED 1 as a PK study and the relatively short
duration of the study drug regimens, it appears that the scope of safety and laboratory
monitoring was appropriate for this study.

E. Summary of Critical Safety Findings and Limitations of Data

As described in detail above, data from the MaxCmin | study suggest that the safety
profile of the FTV/RTV BID regimen is more favorable as compared to that of the
IDV/RTV BID regimen. As compared to the patient population in the IDV/RTV arm,
there were fewer patients in the FTV/RTV arm who experienced adverse events (at least
possibly related to treatment, all grades, AE and SAEs, and treatment-limiting AEs).
With respect to laboratory parameters, small, statistically significant increases in LDL
and total cholesterol values were seen in both treatment arms. Furthermore, small,
statistically significant increases during the study were seen in the creatinine and bilirubin
values among patients in the [IDV/RTV arm but not in the FTV/RTV arm. Lastly, there
were no qualitatively apparent differences in the number of patients in both arms of the
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study that developed marked laboratory test value abnormalities. No treatment-related
deaths and complications of pregnancy were reported.

The safety profile of IDV/RTV as seen in the MaxCmin 1 study is similar to that
observed for IDV/RTV regimens in the recently published BEST study. In the BEST
study (Arnaiz, et al., 2003), the efficacy and safety during 48 week treatment of IDV 800
mg TID + two NRTIs was compared against IDV 800 mg BID (liquid form) / RTV 100
mg BID + 2 NRTIs in HIV-1 infected patients. In this study, 30 % (47 out of 161) of
patients in the IDV/RTV BID regimen switched therapy due to AEs. Moreover,
genitourinary/renal Grade 3/4 AEs were seen in 20% (33 out of 161) of patients and were
treatment-limiting in 15 patients. It is possible that the formulations of IDV used in the
BEST study may have had altered the PK profile of IDV and thus may have modified the
patient exposure and adverse event profile.

The safety profile of FTV/RTV BID regimen as shown in the MaxCmin 1 study is
comparable to that observed in previous studies using FTV in the absence of RTV. There
were no substantial differences in the frequency and types of AEs observed in the
FTV/RTV arm of the MaxCmin 1 study and those seen in studies NV 15355 (48 week)
and NV 15182 (24 and 48 week safety data reviewed in 1997; 60 week final safety report
summarized in the Appendix of this Clinical Review). Of note, when used in BID
combination regimens with INV, higher doses (400-600 mg BID) of RTV led to
increased incidence of circumoral and peripheral paresthesias and taste perversion as well
as greater incidence of abnormal LFTs (study EV 15373, reviewed by the Division in
1999). Atthe RTV doses used in the MaxCmin 1 study, no increased incidence of such
events (likely associated with higher doses of RTV) was seen in the FTV/RTV arm.

The evaluation of the safety profile of FTV/RTV in the MaxCmin 1 study is limited by:
1) the lack of documented quality control of AE datasets and ICD 10 coding of AEs, and
2) extension of study time point windows beyond those specified in the protocol (and
thus may confound the time-dependent changes of laboratory variables);

To expand the focus of safety analysis for the proposed SQV/RTV combination
regimens, AEs that have previously been reported to the applicant and the Agency’s
MedWatch database regarding combination dosing of RTV with SQV were reviewed. As
detailed in the Appendix of this Clinical Review, no new AEs were noted when SQV and

'RTV were co-administered. In general, gastrointestinal events associated with SQV use

as well as clinical and laboratory abnormalities associated with RTV use (paresthesia,
taste perversion, elevated lipid profile) and AEs associated with antiretroviral use in
general (e.g. lipodystrophy) were noted. '

Dosing, Regimen, and Administration Issues
The proposed FTV/RTV and INV/RTV combination dosing regimens provides patient

exposure to SQV that is at least equal to that of the approved FTV 1200 mg TID regimen.
Moreover, given the relatively poor bioavailability of SQV following INV dosing, INV
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should no longer be dosed as the sole PI but instead be given as 1000 mg with 100 mg of
RTV BID. The proposed regimens will likely require additional PK studies in certain
patient populations, especially those with moderate to severe liver dysfunction.
Furthermore, a formal test of the safety and efficacy of the SQV/RTV BID regimens
should be performed as a clinical study in HIV infected adults. In such studies, a
comparator regimen should contain another RTV-boosted PI.

Use in Special Populations

A. Evaluation of applicant’s Gender Effects Analyses and Adequacy of
Investigation

In the MaxCmin 1 study, 22% of the ITT subjects were female. The applicant’s
univariate and multivariate analyses of the MaxCmin 1 efficacy data did not identify
gender-specific effects on the incidence of protocol-defined virological failures. Please
refer to Dr. Zhou’s Statistical Review for details on the Agency’s analysis.

B. Evaluation of Evidence for Age, Race, or Ethnicity Effects on Safety or
Efficacy

As above, the applicant’s statistical analyses of the MaxCmin 1 efficacy data did not
identify age- or geographical region-specific effects on the incidence of protocol-defined
virological failures. The applicant provides no evidence suggesting that similar analyses
were performed regarding race or ethnicity. Again, please refer to Dr. Zhou’s Statistical
Review for details on the Agency’s analysis.

L

D. Comments on Data Available or Needed in Other Populations
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As discussed above, the proposed regimen should be examined in specific patient
populations, including those with moderate to severe liver dysfunction and pediatric
patients.

Conclusions and Recommendations

A. Conclusions

Based on the PK data from the EPIMED 1 study, SQV exposures generated from both
combination BID regimens were at least equivalent to that of the currently approved and
recommended FTV dosing regimen (1200 mg TID). In addition, as shown in the
MaxCmin 1 study, the safety profile of the FTV/RTV 1000 mg/100 mg BID regimen is
comparable to that of the unboosted FTV 1200 mg TID regimen. In principle, the
addition of low dose RTV to the FTV dosing regimen will expose patients to risk of
developing RTV-associated adverse events. However, with adequate drug-drug
interaction studies and labeling changes, such risk is expected to be significantly
outweighed by the benefits of increased SQV exposure and lowered pill burden.

The efficacy of the FTV/RTV BID regimen as demonstrated in the MaxCmin 1 study is
within the range expected for administration of a new PI regimen among HIV infected
patients with varying treatment histories. But, the comparator PI combination regimen
that was used in the MaxCmin 1 study has not been approved by the Agency for
treatment of HIV infection. A more rigorous testing of the proposed SQV/RTV
combination regimens would involve a clinical study using an approved RTV-boosted PI
regimen as the comparator. .

Based on clinical experience with INV and results of the EPIMED 1 study, SQV
exposure and the adverse event profile of twice-daily INV/RTV regimen are not expected
to be significantly different from those of the FTV/RTV regimen. The addition of RTV
to the FTV and INV product labels require significant changes, most notably drug-drug
interactions associated with RTV.

Of note, the applicant had originally proposed to include PK data from once-daily
administration of FTV 1600 mg in combination with RTV 100 mg. However, the SQV
Chin that is generated from such a regimen is variable and the lower limit of its 95%
“confidence interval falls significantly below the corresponding Cpin confidence interval
limits derived from twice-daily INV/RTV and FTV/RTV regimens. Thus, the
information submitted in these NDAs do not adequately support the inclusion of PK data
from once-daily administration of FTV and RTV in the INV and FTV package inserts.

B. Recommendations
Evidence provided in these supplemental NDAs appear sufficient to recommend approval

of the proposed 1000 mg/100 mg BID combination regimens of FTV/RTV and
INV/RTV. A number of changes to the FTV and INV product labels are proposed,
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particularly regarding drug-drug interactions (please see Dr. DiGiacinto’s
Biopharmaceutics Review for details). In addition, to better describe the potential risk
for hyperlipidemia and/or pancreatitis as previously included in the RTV label, the
following paragraph is proposed for inclusion into the two product labels:

Elevated cholesterol and/or triglyceride levels have been observed in some
patients taking saquinavir in combination with ritonavir. Marked elevation in
triglyceride levels is a risk factor for development of pancreatitis. Cholesterol and
triglyceride levels should be monitored prior to initiating combination dosing
regimen of FORTOVASE or INVIRASE with ritonavir, and at periodic intervals
while on such therapy. In these patients, lipid disorders should be managed as
clinically appropriate. '

Furthermore, in the Indications and Usage section of the two labels, inclusion of the
following sentence is proposed to the applicant:

Moreover, the following paragraphs are proposed for the use of SQV in the pediatric
population in the FTV and INV package inserts:

L A S RPN [ o S

Lastly, the dosing of INV 600 mg TID as the sole PI is no longer recommended. Instead,
INV is to be administered with RTV as the proposed BID combination regimen. FTV
may be dosed as previously approved (1200 mg TID) or as recommended for approval in
combination BID dosing with RTV.

Appendix
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A. Other Relevant Materials

1. Postmarketing safety data regarding co-administration of saquinavir and
ritonavir

The applicant reviewed AEs in the Roche Drug Safety database (ADVENT) that were
associated with the combined use of SQV (both formulations) and RTV (all SQV/RTV
doses). All serious and non-serious cases received from spontaneous sources (e.g. health
care professionals, regulatory authorities, literature reports, consumers) as well as all
serious cases from clinical trials were recorded in the ADVENT database. Table 18
shows all AEs occurring at > 1% of the 2592 reported events of all severities for
SQV/RTYV dosing combinations. Based on these data, the applicant notes that: 1) these
AEs are frequently associated with SQV and/or RTV when either drug is administered by
itself; 2) no AEs occurred with an unexpectedly high frequency; and 3) since these
reactions are reported in a voluntary fashion from a population of uncertain size, it is not
possible to reliably estimate their frequency or establish a causal relationship to FTV
exposure. From this Medical Officer’s standpoint, these conclusions appear to be

. consistent with these data. Also, many of these AEs may also be associated with
concomitant antiretroviral therapy (e.g. anemia with zidovudine administration, lactic
acidosis associated with other antiretroviral agents).

Table 18. Number of AEs (Sorted by Descending Frequency) Reported with Saquinavir
with Concomitant Ritonavir. Data Cumulative to November 30, 2002.

WHO SCO coding Single AE cases Pregnancy cases Summary cases | Total
AE CO | AE CO | ()
Serious | Non- N Serious | Non- N
Serious Serious

Hypertriglyceridemia 49 34 3 8 - - - 94
Diarrhea 33 42 1 - - - - 76
Nausea 20 31 1 [2 - - |- 64 |
Vomiting 33 16 13 | - - - - 62
Fever 33 9 19 |- - - - 61
Abdominal pain 16 14 21 1 1 - 53
Hypercholesterolemia 14 28 5 - - - - 47
Anemia 28 4 4 7 1 - - 44
Hepatic function abnormal | 17 19 6 - - - - 42
Pancreatitis 35 - 2 - - - - 37
Lipodystrophy 11 21 1 - - - 1 34
Pneumonia 31 - - 1 - - - 32
Drug interaction NOS 22 9 - - - - - 31
.Lactic acidosis 17 1 1 10 1 - - 30
Granulocytopenia 16 - 1 2 - - 28
Myocardial infarction 27 - - - - - - 27
Asthenia 13 4 9 - - - - 26
Hyperlipemia 7 18 - - - - - : 25

AE: adverse event; CO: comanifestations (signs and symptoms).

Source: NDA 20628 p. 1-196.

In response to the Division’s request during the NDA review, the applicant provided nine
periodic safety update reports for SQV up to 11/30/2002. These reports were reviewed
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CHEMIST'S REVIEW 8/23/03 HFD-530 20-628

3. NAME AND ADDRESS OF APPLICANT 4. TYPE OF SUPPLEMENT

Hoffman-La Roche Inc. Labeling

340 Kingsland Street 5. DOCUMENT(S)

Nutley, NJ 07110-1199 ' NUMBERS DATED RECEIVED

Attn: A. Heather Knight-Trent, Pharm.D. SE2-020 2/20/03 2/24/03
6. NAME OF DRUG ‘ 7. NONPROPRIETARY NAME

INVIRASE® Capsules saquinavir mesylate capsules

8. SUPPLEMENT PROVIDES FOR: _
Labeling changes to support the combination of saquinavir 1000 mg
with ritonavir 100 mg BID

9. AMENDMENTS/DATES

10. PHARMACOLOGICAL CATEGORY | 11. HOW DISPENSED

12. RELATED IND/NDA/DMF(s)

Anti-HIV X| B || OTC
13. DOSAGE FORM(S) :
Hard gelatin capsules

14. POTENCY (CIES).
200 mg

15. CHEMICAL NAME AND STRUCTURE
[3S-[2[1R*(R*),28*],30,4aB,8aB]]-N'[3-[[(1,1-dimethylethyl)amino]- ‘
carbonyl]octahydro-2-(1H)-isoquinolinyl]-2-hydroxy-1-(phenylmethyl)-
propyl]-2-[(2-quinolinylcarbonyl)amino]butanediamide
monomethanesulfonate salt
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16. MEMORANDA

17. COMMENTS

-

environment will exceed - — ‘The concentration o
substance. In 2001 US sales of Invirase amounted to —~——

larger than the current recommendation of 600 mg TID (=1800 mg/day).

This labeling supplement contains no CMC details and the dosage form and packaging are not affected. However, a
categorical exclusion from the requirements to prepare an environmental assessment in accordance with 21 CFR 25.31(b) is
claimed. Although the use of the active moiety is expected to increase it is not expected that the concentration in the aquatic
corresponds to approximately «— of drug

capsules which correspondsto . ;of

drug substance (Annual Report Y-006, dated 1/25/03). The proposed dose of 1000 mg BID (= 2000 mg/day) is only slightly

18. CONCLUSIONS AND RECOMMENDATIONS

The request for a categorical exclusion from the requirements to prepare an environmental assessment is reasonable. There
are no other CMC changes. This supplement is therefore recommended for approval from a CMC perspective.
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PHARMACOLOGY/TOXICOLOGY REVIEW COVER SHEET

NDA NUMBER:
NUMBER/DATE/TYPE:

INFORMATION TO SPONSOR
SPONSOR

DRUG MANUFACTURER

DIVISION NAME:

HFD #:

REVIEW COMPLETION
REVIEWER

DRUG TRADE NAME:
GENERIC NAME
CODE NAME

CHEMICAL NAME

FOrRMULA/MW
STRUCTURE

RELATED INDS
DRUG CLASS:
INDICATION:

CLINICAL FORMULATION:

ROUTE

PROPOSED USE:

20-628 Supplemental
020/2-20-2003/ SE2 NDA

Yes (x) No ()
Hoffmann-La Roche Inc., Nutley, New Jersey 07110

Same as above

DAVDP

HFD-530

6/25/03

Kuei-Meng Wu

INVIRASE "Hard Gel Capsule,
Saquinavir :
Ro 31-8959/003 (mesylate salt, CAS# 149845-06-7), Ro 31-8959/000 (free base,
CAS# 127779-20-8)
cis-N-tert-Butyl-decahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2-quinolylcarb
onyl)-L-asparaginyl]amino]butyl](4aS,8aS)-isoquinoline-3(S)-carboxamide
methylsulfonate

C33Hs5oNgO5.1:1CH403S; MW: 767 (free base = 671)

OH

it~

i

41,099, 43,861, 56,072

Antiviral

Monotherapy and Combination Treatment (with HIVID and ZDV) for Patients
with Advanced HIV Infections

Gelatine capsule 200 mg (as free base) (Inactive ingredients: lactose,
microcrystalline cellulose, povidone K30, sodium starch glycolate, talc and
magnesium stearate)

Oral

HIV Infection

| DISCLAIMER: Tabular and graphical information is from sponsor’s submission unless stated otherwise.
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INTRODUCTION

REGULATORY
COMMENTS

LABELING
CHANGES

Saquinavir (Ro 31-8959) is an antiviral drug developed as an oral therapy for the
treatment of HIV infection. The antiviral activity of saquinavir results from inhibition
of the HIV proteinase enzyme. This NDA drug product related to the hard gelatine
capsule formulation of saquinavir (HGC) that has a very low oral bioavailability in
both animals and man (~2.5%, ~4% and <12% in rat, man and marmoset,
respectively). This low bioavailability results from a combination of poor, and
saturable absorption (<20% in rat, ~30% in man), and rapid/saturable, metabolism of
the drug.

This supplemental NDA does not contain pharm/tox data, except an update of the
drug’s label that relates to addition of available carcinogenicity information on
saquinavir. The carcinogenicity portion of the labeling is reviewed and slightly
modified (2 places, bold and underlined) as below.

Carcinogenesis, Mutagenesis and Impairment of Fertility
Carcinogenesis: |

Carcinogenicity studies found no indication of carcinogenic activity in rats and mice
administered saquinavir for approximately 2 years. The plasma exposures (AUC
values) in the respective species were up to 6-fold (rat) and 12-fold (mouse) higher
than those obtained in humans at the recommended clinical dose.

KUEI-MENG WU, PH.D. cc:
REVIEWING PHARMACOLOGIST _ HFD-530 NDA 20-628(020)

DAVDP

HFD-530/D1VvISION FILE

CONCURRENCES: HFD-530/Ass0oC DIR/JFARREL
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