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FOREWORD

Hedth Canada s Summary Basis of Decison (SBD) documents outline the scientific and regulatory
consderations that factor into Health Canada regulatory decisions related to drugs and medica devices.
SBDs are written in technical language for stakeholders interested in productspecific Hedlth Canada
decisons, and are a direct reflection of observations detailed within reviewer reports. As such, SBDs
are intended to complement and not duplicate information provided within the Product Monograph.

Readers are encouraged to consult the * Reader’ s Guide to the Summary Basis of Decision - Drugs to
assg with interpretation of terms and acronyms referred to herein. In addition, a brief overview of the
drug submission review processis provided in the Fact Sheet entitled ‘How Drugs are Reviewed in
Canadd . This Fact Sheet describes the factors considered by Hedlth Canada during the review and
authorization process of a drug submission. Readers should adso consult the * Summary Basis of
Decison Initiaive - Frequently Asked Questions' document. These documents are dl available on the
Hesalth Canadawebsite.

The SBD reflects the information available to Hedth Canada regulators at the time a decision has been
rendered. Subsequent submissions reviewed for additiona uses will not be captured under Phase | of
the SBD implementation strategy. For up-to-date information on a particular product, readers should
refer to the most recent Product Monograph for a product. For information related to post- market

warnings or advisories as aresult of adverse events, interested parties are advised to access the Hedlth
Canada website.

For further information on a particular product, readers may also access websites of other regulatory
juridictions, available under ‘Related Links on the Hedth Canada website. The information received in
support of a Canadian drug submission may not be identica to that received by other jurisdictions.

Other Drug Policies and Guidance:

Readers should consult the Health Canada website for other drug policies and guidance documents. In
particular, readers may wish to refer to the * Management of Drug Submissions Guidance' .
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1 PRODUCT AND SUBMISSION INFORMATION

Brand Name

Manufacturer/Sponsor

Medicind Ingredient

Internationa Non-proprietary Name
Strength

Dosage form

Route of Administration

DIN

Pharmaco-therapeutic group (ATC Code)
Non-medicina Ingredients

Submission Type and Control No.
Date of Submission

Date of Authorization

®Registered TM of Boehringer Ingelheim (Canada) Ltd.

"APTIVUS®

Boehringer Ingelheim (Canada) Ltd.
Tipranavir

Tipranavir

250 mg

Capaule
Ord

02273322
Non-Peptidic Protease Inhibitor

Non-medicinal ingredients: Cremophor® EL,
ethanol, mono/diglycerides of caprylic/capric
acid, propyl gdlate, propylene glycol, purified
water, and trometamol.

Capsule shell: gdatin, iron oxide red,
propylene glycol, purified water, ‘ sorbitol

specid glycerin blend’ (d-sorhitol,

1,4-sorbitan, mannitol and glycerin) and titanium
dioxide.

Black printing ink : anmonium hydroxide, ethyl
acetate, iron oxide black, isopropyl acohal,
Macrogol, polyvinyl acetate phthalate,
propylene glycol, purified water and SDA 35
acohol

New Drug Submission, Control No. 098651
2005/05/09
2005/11/21
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2 NOTICE OF DECISION

On November 21, 2005, Hedlth Canada issued a Notice of Compliance to Boehringer Ingelheim
(Canada) Ltd. for the drug product Aptivus.

Aptivus contains the medicind ingredient tipranavir which is anon-peptidic protease inhibitor.

Aptivus co-administered with low dose ritonavir, isindicated for combination antiretrovird trestment of
HIV-1 infected adult petients with evidence of vird replication, who are treatment-experienced and
have HIV-1 grains resstant to multiple protease inhibitors. HIV- 1 encodes an aspartyl protease that is
essentid for the cleavage and maturation of vird protein precursors. Tipranavir isanon-peptidic
inhibitor of the HIV - 1 protease that inhibits vird replication by preventing the maturation of vird

particles.

The drug submission for Aptivus was reviewed under the Priority Review Policy. Aptivus, co-
administered with ritonavir in antiretrovird-experienced patients, demondrated a Sgnificant increase in
efficacy with an improved benefit/risk profile compared to existing thergpies for HIV, a condition thet is
not adequately managed by a drug marketed in Canada.

The market authorization was based on qudity, preclinica, and dinicd information. The clinicd data
(N=1159) was derived from analyses of 24-week data from two pivota ongoing studies measuring
effectson plasmaHIV-1 RNA levels and CD4 cell counts. The data submitted demonstrate that
Aptivus can be administered safely when used under the conditions stated in the Product Monograph.

Aptivus (250 mg tipranavir) is presented in cgpsule form. The recommended dose of Aptivus capsules
is 500 mg co-adminigtered with 200 mg ritonavir (low-dose ritonavir), twicedaily. Dosing guiddines are
available in the Product Monograph.

Aptivusis contraindicated in patients with known hypersenstivity to the active substance or to any of the
ingredients of the product. Patientswith moderate or severe (Child-Pugh Class B or C respectively)
hepatic insufficiency are dso contraindicated. Co-adminigration of Aptivus with low-daose ritonavir,
aong with drugs that are highly dependent on CY P3A for clearance and for which eevated plasma
concentrations are associated with serious and/or life-threstening events is contraindicated. Detailed
conditionsfor the use of Aptivus are described in the Product M onograph.

Based on the Hedlth Canada review of dataon quality, safety, and effectiveness, Heath Canada
consders that the benefit/risk profile of Aptivus co-administered with low dose ritonavir is favourable
for combination antiretrovira trestment of HIV - 1 infected adult petients with evidence of vira
replication, who are treatment- experienced and have HIV- 1 strains resistant to multiple protease
inhibitors.
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3 SCIENTIFIC AND REGULATORY BASISFOR DECISION

31

Quality Basisfor Decision
3.1.1 Drug Substance (Medicinal I ngredient)

Manufacturing Process and Process Controls

Materias used in the manufacture of the drug substance, tipranavir, are consdered to be
suitable and/or meet standards appropriate for their intended use. The manufacturing processis
sereospecific and yields predominantly the single desired isomer.

Specifications for the garting materials and isolated intermediates are considered to be
acceptable.

The manufacturing processis considered to be adequately controlled within judtified limits.
Characterisation

Tipranavir has been well characterized. The tipranavir molecule contains two chira centers
dthough it is synthesized as a Single isomer. Representative spectra have been provided.

Impurities and degradation products arising from manufacturing and/or storage were reported
and characterized. The pathways leading to each potentid impurity were fully discussed. The
proposed limits were consdered satisfactorily qudified (e.g., within recommended ICH limits,
toxicological studies). Control of theimpuritiesin the drug substance is therefore consdered to
be acceptable.

Control of Drug Substance

Copies of the andytica methods and, where gppropriate, vaidation reports were consdered
satisfactory for dl andytical procedures used for release and stability testing of tipranavir.

The specifications are considered acceptable for the drug substance. Results from batch andysis
were within the proposed acceptance criteria.

The proposed container/closure system is aso considered to be acceptable.
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Stability

Based on the properties of tipranavir and the long-term and accel erated stability data, the
proposed re-test period, storage, and shipping conditions are considered to be satisfactory for
the drug substance.

3.1.2 Drug Product

Description and Composition

Tipranavir is formulated as a Sdf- Emulsfying Drug Ddivery Sysem (SEDDS) which isfilled in
soft gelatine capsules. Aptivus (tipranavir 250 mg) capsules are pink, oblong, soft gelatin
capsulesimprinted in black with “TPV 250”. They are packaged in high-dengty polyethylene
(HDPE) bottles with a child-resstant closure containing 120 cagpsules.

Each Aptivus capsule contains 250 mg of tipranavir. Non-medicind ingredientsinclude
Cremophor® EL, ethanol, mono/diglycerides of caprylic/capric acid, propyl gdlate, propylene
glycol, purified water, and trometamol.

The capsule shell contains gelatin, iron oxide red, propylene glycol, purified water, ‘ sorbitol
gpecid glycerin blend’ (d-sorbitol, 1,4-sorbitan, mannitol and glycerin) and titanium dioxide.

The black printing ink contains ammonium hydroxide, ethyl acetate, iron oxide black, isopropyl
acohol, Macrogol, polyvinyl acetate phthaate, propylene glycd, purified water and SDA 35
acohoal.

The excipients are USP/NF standard except for the mono/diglycerides of caprylic/capric acid
and the capsule shell and imprinting ink. Specifications for non-compendia excipients have been
provided as appropriate and are considered to be acceptable. Cremephor® EL has been
reported to increase patient toxicity and can lead to hypersenstivity reactions. The appropriate
clinical divison in Hedth Canada was consulted with respect to the toxicology data used to
assess the safety of this excipient.

The excipients used in the self-emulsfying drug ddivery systems (SEDDS) formulation are
common to SEDDS and the choice is considered to be acceptable. The SEDDS is composed
of mixtures of oils and surfactants, idedly isotrgpic, and sometimes containing co- solvents,
which emulsfy spontaneoudy to produce fine ail-in-water emulsions when introduced into
agueous phase under gentle agitation.
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Pharmaceutical Development

The description of the formulation development is acceptable. Changes to the manufacturing
process and formulation made throughout the development are aso considered acceptable. The
Phasel, 11, and 111 studies were conducted using the same formulation as proposed for
marketing in Canada.

Manufacturing Process and Process Controls

A stlandard process, utilizing well- established manufacturing technology, is used in producing the
solutionHfilled soft gdlain capsules. The commercid manufacturing process of Aptivus includes
three mgor operations. manufacture of bulk fill solution, manufacture of the gel mass, and
manufacture of the finished cgpsules. The flow diagram and narrative description of the
manufacturing process are considered to be acceptable. The process is considered adequately
controlled within justified limits.

Control of Drug Product

Aptivusistested to verify thet itsidentity, purity, appearance, dissolution, content uniformity,
and levels of degradation products and microbid impurities are within acceptance criteria.

The method descriptions, in-process controls, and validation data are considered to be
acceptable. Data from batch andyses were within the proposed specification limits.

The proposed limits for degradation products were considered satisfactorily qudified (eg.,
within recommended ICH limits, toxicologica studies).

Stability

Based upon the long-term and accelerated stability study data submitted, the proposed
36-month shef life for Aptivus cgpsules packaged in HDPE bottles and stored under
refrigeration (2-8°C) is acceptable. Once opened, the bottle can be stored for up to
60 days at 25°C with excursions permitted at 15-30°C.

Stability samples were within specification limits at dl times up to 36 months when stored under
the ICH refrigerationstorage conditions of 5°C+3°C/NR RH. Samples stored under ICH
accelerated conditions of 25°C/60% RH were aso within the proposed specification limits up
to 6 months. No trends or failures were observed in the data. Results dso demonstrated that
excursgons from controlled room tenperature storage will not adversaly affect the qudity of the
drug product.
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32

3.1.3 Facilities and Equipment

The design, operations and controls of the facility and equipment that are involved in the
production are consdered suitable for the products manufactured at the Site,

3.1.4 Adventitious Agents Safety Evaluation

The gddinin the capsule shdl is of animd origin. A letter of atestation confirming that the
materid is not from a BSE/T SE affected country/area has been provided for this product
indicating that it is consdered to be safe for human use.

3.1.5 Summary and Conclusion

ThisNew Drug Submission is considered to meet the requirements of Division C.08.002 of the
Food and Drug Regulations insofar as the Qudity (Chemistry and Manufacturing) information
is concerned. The Chemistry and Manufacturing information submitted for Aptivus has
demonstrated that the drug substance and drug product can be cons stently manufactured to
meet the specifications agreed upon. Proper development and vaidation sudies were
conducted, and adequate controls are in place for the commercia processes.

Non-clinical Basisfor Decision

3.2.1 Pharmacodynamics

Initid examination showed tipranavir to be a more potent antivirad agent in contrast to other
antivird agentsin early development. Results showed that the ability of HIV variants to grow at
increasing concentrations of tipranavir required the sequentid accumulaion of mutationsin the
viral protease gene. Decreased susceptibility to tipranavir was initidly seen in mutations L33F
and 184V, followed by K45I, 113V, V32l, V82L, M36l, A71V, L10F and 154T/V. Up to 10
mutations were observed in the protease gene of viruses growing in the presence of 20uM of
tipranavir and showing an 87-fold decrease in susceptibility to the inhibitor. In addition, a
mutation in the CA/P2 p55 gag cleavage ste and a mutation in the transframe region were
observed in resistant viruses. The only single mutation identified that showed reduced
susceptibility to tipranavir was L33F. Viruses containing the conrbinations L33F/184V and
L331/184V showed 3.3 and 1.8 fold resistance, respectively. In a phenotypic anadyss of 141
HIV dlinica isolates from patients showing pos-treatment decreased susceptibility to other
protease inhibitors, 65% of the isolates remained susceptible to tipranavir.
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In vitro tests showed that the antivird activity of tipranavir was reduced (2- to 7-fold) asa
result of protein binding (human serum abumin, human plasma, al-acid glycoproten).
Tipranavir protein binding was very high in al anima modes and in humans. The effect was
concentration-dependent with higher levels of protein in the assay resulting in larger decreasesin
antivird activity.

Tipranavir showed a synergistic effect with zidovudine, delavirdine, and ritonavir, and an
additive effect with amprenavir and lopinavir. No sgnificant antagonism was observed with the
combinations studied.

Tipranavir did not gppear to digplay binding affinity for any site except the CCK-A receptor at
the highest concentration; however this was not fully explored.

The effects of tipranavir on various cardiac parameters were examined. Studies indicated that
tipranavir has alow proarrhythmic potentid. Tipranavir had no effect on action potentid
parameters, however, changes in mean arteria pressure were noted as were changes in heart
rate, respiratory rate, PR interval and ST segment divison. The sponsor stated that they did not
consider these changes toxicologicdly reevant, however it isfdt that these cardiac effects
should be further investigated in the pre-clinica toxicity studies and clinical studies. Noted
changesin rats that are mogt likely to be observed in human studies include changes in gastric
secretion, gastric emptying and gastrointesting propulsion.

3.2.2 Pharmacokinetics

Absorption

Initia formulationsof tipranavir gppeared to have very low ord bioavailability in dl species. The
development of the free acid sdf-emulsfying drug ddivery sysem (SEDDS) formulaion and the
co-adminigration of ritonavir increased the bioavailability of tipranavir subgtantialy.

Fasting and the intake of food had no gpparent effect on tipranavir absorption. In rats and mice,
femaes seemed to have significantly increased bioavailability, higher plasma concentrations,
higher drug exposure (AUC vaues), and lower clearance of tipranavir. The gender effect
appeared to gpply to other animal models as well, but was not as apparent.

Distribution

Tipranavir was highly bound to human plasma (99.97%) and appeared to be concentration
dependent. There was very little penetration into the brain tissue and cerebra spind fluid.
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Tipranavir was equaly distributed in blood and plasma with the greatest concentration in the
liver (approximately 50-fold higher than in whole blood) followed by the lung, blood, adrena
gland, intestine and kidney. Maximum drug levels occurred gpproximatdy 4 hours after dosng.

Metabolism

Tipranavir was shown to be metabolized by the liver and when administered oraly it underwent
subgtantid first pass metabolism. No mgjor metabolites of tipranavir were identified.
Metabolites that were identified included glucoronide conjugates of tipranavir, dehydrogenation
metabolites, tricydlic regioisomers and phenylhydroxymethyl structures. Metabolism occurred
viathe cytochrome P450 (CY P) system in the liver and CY P3A4 was identified as the enzyme
mogt likely to be involved in the metabolism. Mde and femae rats that were treated with high
doses of tipranavir showed sgnificant dose related increasesin liver weight, CY P specific
content, and CY P2B and CY P3A enzymatic activity. In mae rats, asignificant dose-related
decrease in CY P2C11 enzyme activity was noted. Dogs treated with high doses showed
increased CY P3A12 and CY P2B11 activity. These results suggest the occurrence of enzyme
induction, and the liver as the primary organ of toxicity.

Excretion

Tipranavir was primarily excreted in the faeces. Biliary excretion was the primary route of
eimination in dl test species, with the mgority of tipranavir being recovered in the faeces and
secondly inthe urine.

3.2.3 Toxicology

Single-Dose Toxicity

In the angle- dose toxicity studies of tipranavir in mice, the maximum non-letha dose was 2000
mg/kg/day and the minimum letha dose was 3000 mg/kg/day. In rats, it was found that divided
doses of 1500 to 3000 mg/kg/day were acutely lethal. In both species, the drug-related dlinica
sgnswere Smilar and generdly gagtrointestind. Clinicad sgnsincluded sdivation, soft stool,
inactivity, wet and stained anogenital/muzzle haircoat, ptosss, laboured bregthing, unsteedy gait,
seizures, no feces, prone position, moribund appearance and body weight loss. Intherat a
doses of 1500 and 3000 mg/kg/day, there was aso a dight prolongation of activated partia
thromboplastin and prothrombin times and discoloration of the small and large intestines.
Generdly, femae animas tended to show signs of toxicity a lower drug levelsthan maes. The
reason for thisis likely due to the higher overdl plasma concentrationsin femaes a equivaent
doses to males, as demonstrated in the repeat- dose toxicity sudies.
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Repeat-Dose Toxicity

Repeat-dose toxicity studies demonstrated NOAEL (the highest leve at which no adverse
effect is observed) values of gpproximately 40 mg/kg/day and 300 mg/kg/day for rats and dogs,
respectively. Repeated dermal applications resulted in sufficient exposure to induce systemic
toxicity (primarily hepatotoxicity) at aminimad toxic dermd dose levd of

12 mg/day for 28 days.

Clinicd sgnsthat increasad in frequency and severity with increased dosesin al the repeat-dose
toxicity studies included sdivation, decreases in food consumption and body weight gain,
gtaining of the anogenita region, decreased motor activity, emess, soft stool/diarrhoes,
dyspnoes, ptosis, changes in haircoat, and distended abdomens. Additiondly, excessve
bleeding after retro-orbital bleeding procedures in rats was noted in Study U04-3111 due to
changesin coagulation factors. In severd studies, desths resulting from iatrogenic effects were
noted. A gender effect was noted with an increased observation of adverse effectsin females.

The liver was the primary organ of toxicity with hepatotoxicity noted in al animal modds.
Changes to the liver included increasesin liver weight, discoloration at necropsy, prominent
lobular architecture, hepatocd lular hypertrophy and hydropic liver change, hepatocdlular
midzona necross and increased mitotic index, cholangiohepetitis, Kupffer cel hyperplasia, and
interdtitid fibross. Hepatotoxicity was believed to be aresult of the effects of tipranavir on the
cytochrome P450 system and enzyme induction. Many hepatotoxic effects were reversible after
discontinuation of tipranavir.

Thethyroid was generdly considered the secondary organ of toxicity with effects such as
minimal to mild follicular cell hypertrophy of the thyroid, decreasesin tri-idothyronine and
thyroxine concentrations, and increases in thyroid stimulating hormone. The sponsor notes that
“thyroid fallicular hypertrophy in rats is a secondary effect due to hepatic enzyme induction
caused by tipranavir, as the primary clearance of thyroid hormone in rodentsisvia
glucuronidation and biliary excretion”. Asaresult, it is possible that this effect may not be
observed in humans.

In most dose groups of the various animal models tested, studies showed dose-rel ated
decreases in prothrombin and activated partid thromboplagtin times, and treatment-related
increases in fibrinogen. Decreases in red blood cell parameters, white blood cell counts and
absolute lymphocyte counts were a so reported.

In Study UOO-3089, an eectrocardiogram analysis was performed and showed notable
changes in heart rate, PR interval and QRS interva in beagle dogs of each dose group (30, 75,
160, and 320 mg/kg/day).
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Changesin dinicd chemigry incdluded devationsin danine aminotranderase (AL T), aspartate
aminotransferase (AST), and total protein in mice. In rats, results showed decreasesin mean
cholesterol and potassium, akaline phosphatase activity and potassum; and increases in tota
protein, dbumin and globulin, serum cacium, cholesterol, and blood urea nitrogen. Increased
levels of serum akaline phosphatase levels, and decreases in abumin, total protein and
abumin/globulin ratios and cacium levels were seen with mid to high dosesin dogs.

Genotoxicity

Tipranavir shows no genotoxic/mutagenic potentid. The sponsor has fulfilled dl of the ICH
recommendations regarding the genotoxicity studies, and no evidence of genotoxicity was
shown.

Carcinogenicity

The carcinogenicity studies have not yet been submitted. The Product Monograph contains a
statement to the effect that carcinogenicity studies are currently ongoing and thet thereis
currently no data available on tipranavir’ s potentid to induce carcinogenesis.

Reproductive and Developmental Toxicity

Reproductive and developmentd toxicity due to tipranavir administration cannot be discounted
due to the occurrence of the following adverse effects. Studies with rats showed decreased feta
body weight and incidence of unossified sternebrae at 400 and 1000 mg/kg/day. Rabbit studies
showed materna toxicity indluding liver toxicity, weight loss, decreased weight gain and
scant/soft feces at the 350 and 750 mg/kg/day doses. Embryo toxicity was observed and
included increased post-implantation loss, and decreased mean live fetus weight. Results also
showed postnata reductionsin body weight, body weight gain and food consumption in the
dams and reductions in pup growth throughout lactation. The Product Monograph provides the
results of the feta toxicity tests with reference to human exposure.

3.2.4 Summary and Conclusion

Tipranavir isanon-peptidic inhibitor of HIV -1 protease. Tipranavir is very highly protein-bound
in human plasmaand is noted for its rdatively high genetic barrier to resstance. Tipranavir is
primarily metabolized via the cytochrome P450 system in the liver with CY P3A4 identified as
the enzyme mogt likely involved in the metabolism.

10
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The mgor aress of toxicity identified in the acute and chronic toxicity sudiesinclude
prolongation of activated partid thromboplastin and prothrombin times, liver effects, thyroid
effects, and gadtrointestind effects. The liver was the primary organ of toxicity and exhibited
changesincluding increases in weight and hepatocellular hypertrophy among others, at awide
range of exposures. The mgority of these effects were reversble upon discontinuation of
tipranavir. Changesin cardiac parameters such as heart rate, PR interva and QRS interva were
noted and were further examined in the clinical studies.

Carcinogenicity studies have not yet been completed for tipranavir. Tipranavir showed no
sgnificant evidence of genotoxicity, or reproductive and developmentd toxicity.

Overdl, the nonclinica pharmacology and toxicology studies support the use of tipranavir for
the proposed indication.

Clinical Basisfor Decision

3.3.1 Pharmacodynamics

The pharmacodynamics of the medicind ingredient of Aptivus (tipranavir) werestudied in a
randomized, opentlabd, pardld group design in 31 trestment-naive HIV-1 infected patients
with three different 14-day treatment regimens. Tipranavir (TPV) was administered in a sdif-
emulsfying drug delivery system (SEDDS), ether done a adose of 1200 mg twice aday
(BID), or a 300 mg or 1200 mg BID administered with ritonavir (RTV) 200 mg BID.

After two weeks of treatment, median HIV-1 RNA levels were decreased by 0.77, 1.43, and
1.64 logy copiesmL in the TPV 1200 mg, TPV 300 mg + RTV, and TPV 1200 mg + RTV
groups, repectively. The greeter decreasein vird levelsin the ritonavir-boosted TPV groups
compared to the TPV 1200 mg group was Statisticaly sgnificant, however the differences
between the two RTV groups were not. Nine subjects (82%) in the TPV 1200 mg + RTV
group had a 1.5 logy or greater decreasein HIV-1 RNA by Day 15. Four subjects (40%) in
the TPV 300 mg + RTV group had asimilar decrease, while no subjectsin the TPV 1200 mg
group achieved a 1.5 log,o decrease.

Median first order vird dimination rates were esimated to be -0.06, -0.13, and -0.14 for the
TPV 1200 mg, TPV 300 mg + RTV, and the TPV 1200 mg + RTV groups, respectively.

By the end of the study, the immune competence, measured by median CD4 cdll counts, had
increased by 42, 75 and 83 callgmnT in the TPV 1200 mg, TPV 300 mg + RTV, and TPV
1200 mg + RTV groups, respectively; however, the difference between groups was not
gatidicaly gnificant.

Date I ssued: 2006/08/15 11



Summary Basis of Decision (SBD) Health Canada
PAPTIVUS® Boehringer Ingelheim (Canada) Ltd.
Tipranavir, 250 mg, capsule Control No. 098651

Co-adminigration of tipranavir and ritonavir resulted in substantid increases in tipranavir
exposure and concentration, compared to tipranavir one. In addition, tipranavir oral clearance
was decreased and the gpparent elimination half-life was increased when tipranavir was
coadministered with ritonavir.

3.3.2 Pharmacokinetics

Absorption

Tipranavir pharmacokinetics appear to be linear for single doses up to 200 mg, however there
appears to be some non-linearity upon multiple dosing.

Two sudies examined the effects of ritonavir on the steedy state pharmacokinetics of tipranavir.
Results showed alarge increase in tipranavir systemic drug exposure; the increasesin Crax
(four-fold) and AUC (5- to 13-fold) were thought to be due to the inhibition of CY P3A4 by
ritonavir. Tipranavir appeared to significantly induce the metabolism of ritonavir, with a5-fold
reduction in ritonavir’ s average steady- state concentrations.

Distribution

In circulation, tipranavir was extensvely bound to plasma proteins. The binding of tipranavir in
normal subjects was not sgnificantly different from the extent of binding in HIV-positive
subjects. The influences of additiond highly - bound drugs on the free fraction of tipranavir were
investigated. In the presence of dlavirdine, at its therapeutic Cx, the unbound fraction of
tipranavir increased by approximately 2-fold. Warfarin dso caused an increase in the unbound
fraction of tipranavir, but to alesser extent. Saquinavir, indinavir, trimethoprim, and
sulfamethoxazole had no effect on the binding of tipranavir to plasma proteins. The effect of
tipranavir on the binding of other drugs was not investigated.

Metabolism

Tipranavir gppears to induce its own metabolism (autoinduction). In vitro metabolism studies
with human liver microsomesindicated that CY P3A4 is the predominant CY P isoform involved
in tipranavir metabolism.

The metabolism of tipranavir in the presence of low-dose ritonavir isminima. Only afew
metabolites were found in plasma, and all were at trace levels (0.2% or less of the plasma
radioactivity).

12
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Excretion

Administration of “*C-tipranavir to subjects that received tipranavir/ritonavir 500 mg/200 mg
BID demongrated that the main route of excretion of *“C-tipranavir-derived radioactivity was
via the faeces with grester than 80% of the total radioactivity recovered in the faeces. Excretion
in the urine was the minor route of dimination with less than 5% of the totd radioactivity
recovered in the urine.

Special Populations

A smdll pharmacokinetic study was carried out in patients with mild (n = 9) and moderate

(n = 3) hepatic imparment dong with age- and sex-matched controls. While there were no
datidicaly sgnificant differences, the sudy had very low gatistica power making it difficult to
make any definitive conclusions. The Product Monograph was modified to reflect this fact.

Drug Interaction Studies

Drug interactions were extensvely studied covering the nucleoside reverse transcriptase
inhibitors (abacavir, didanosine, lamivudine, stavudine, tenofovir and zidovudine); non
nucleos de reverse transcriptase inhibitors (efavirenz and nevirgpine); protease inhibitors
(amprenavir, lopinavir, ritonavir and saquinavir) and other drugs (atorvadtatin, clarithromycin,
fluconazole, loperamide, Mad ox, norethindrone-ethinyl estradiol and rifabutin). Of the three
classes of antiretrovirads tested, the protease inhibitors were the most significantly affected by
tipranavir coadminigtration with subgtantial reductionsin dl the protease inhibitors tested. Of
note, therewas a high dropout rate with the combination of nevirgpine and tipranavir, with and
without ritonavir, because of poor tolerability in the hedlthy volunteers. Tipranavir/ritonavir
sgnificantly increased the exposure of atorvastatin which would increase therisk of
atorvagtatin' s sde effects (e.g. myopathy), such that the combination is not recommended. In
addition to a 9gnificant reduction in ethinyl estradiol concentrations, there was poor tolerability
in the hedthy volunteers (rash and arthrdgias) with this combination. The only other mgor
interaction was with rifabutin; levels of rifabutin were dramatically increased. Precautionary
measures would include the dramatic reduction of the rifabutin dosage (150 mg two or three
times weekly).
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3.3.3 Clinical Efficacy

The submission contained two pivota Phase I11 studies, and two supporting sudies. The pivota
studies, studies 1182.12 and 1182.48, will hereafter be referred to by their acronyms, the
RESIST-1 and RESIST-2 studies.

Pivotal Studies

The RESIST-1 and RESIST-2 studies provided efficacy data from the 24-week mark, but are
being continued in order to provide 48-week data. The RESIST-1 study had 620 patients, and
the RESIST-2 study had 863 patients, athough only 539 received 24 weeks of treatment. Both
of these studies had adequate population sizes.

The RESIST-1 and RESI ST-2 studies were randomized, opentlabd, multicentre sudiesin
HIV-positive, triple-class experienced patients, eva uating trestment with tipranavir,
coadministered with low-dose ritonavir, plus an optimized background drug regimen (OBR) that
was individudly defined for each patient based on genotypic resistance testing and patient
history. The comparator regimen included a ritonavir-boosted protease inhibitor (PI, also
individudly defined) plusan OBR. All patients had received & least two PI-based antiretrovira
regimens and were failing a Pl-based regimen at the time of study entry. At least one primary
protease gene mutation from among 30N, 461, 46L, 48V, 50V, 82A, 82F, 82L, 82T, 84V or
90M had to be present at baseline, with not more than two mutations on codons 33, 82, 84 or
90. The 1159 patients included in the primary interim andys's had a median age of 43.0 years
(range 17-80), were 88% male, 73% white, 14 % black and 1% Asan.

In the tipranavir and comparator arms, the median baseline CD4 cdll counts were 155 and

158 cellSmm?®, respectively, (ranges 1-1893 and 1-1184 cdlSmm?®); and the median basdine
plasmaHIV-1 RNA were 4.83 and 4.82 logyo copies/mL, respectively (ranges 2.34-6.52 and
2.01-6.76 logyo copies/mL).

The primary efficacy endpoint was the proportion of patients with a trestment response
(>1log reduction in 2 consecutive vira load measurements without evidence of trestment
falure) a 48 weeks. Given that this submisson provided only 24-week data, only secondary
efficacy endpoints were used.

The secondary endpoints included determinations of:

* Proportion of patients with a trestment response (>1 log,, reduction in 2 consecutive
vird load measurements without evidence of trestment failure) at 24 weeks

14
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» Virologic response based on the proportion of patientswith >1 log;o reduction invird
load from basdline
Virologic response based on the proportion of patientswith avira load
<400 copies/mL
Virologic response based on the proportion of patients with avira load
<50 copiesmL
Change from basdinein vird load a each sudy visit to week 24
Dally average change from basdinein vird load to week 24
Change from basdline in CD4 count at each study visit to week 24
Proportion of patients with trestment-emergent AIDS-defining illnesses reported in the
first 24 weeks of treatment
Trough Pl plasmalevels.

Resultsfrom RESI ST-1 showed that there were approximately 100 fewer patients who
completed 24 weeks on the comparator arm than in the tipranavir armprimarily dueto
trestment failure. Thisis sgnificant, given that gpproximately 300 were treated origindly in each
arm. After 8 weeks, 15 patients (4.9%) in the comparator arm discontinued for lack of initial
virologic response or virologic falure, compared to only one patient (0.3%) in the tipranavir
arm. However, 15 tipranavir patients (4.8%) were discontinued due to adverse events
compared to only 7 (2.3%) in the comparator arm. By week 24, 106 patients prematurely
discontinued in the comparator arm, compared to only 23 patientsin the tipranavir arm.

Basad on the analyses of treatment response, there was a significant difference (p<0.0001)
between the two treatment arms. Therefore, tipranavir can be considered superior to the
comparator arm. Consequently, the tipranavir/ritonavir combination can be viewed as superior
to lopinavir/ritonavir, amprenavir/ritonavir, and saquinavir/ritonavir combinations for this patient
population. No determination of superiority could be established for indinavir due to the lack of
patients using that particular comparator regimen.

Thefact that there were nearly 70% of comparator arm patients who failed to achieve a
confirmed 1 logyo reduction in vira load, compared to only 45% in the tipranavir arm dso
shows the superiority of tipranavir to the comparator protease inhibitors under the conditions of
thisclinica trial. Aswell, the lack of treatment response due to a change in medication or
discontinuation because of virologic failure occurred more frequently in the comparator arm
(35.3%) than in the tipranavir arm (4.2%).

In the tipranavir arm, agreater treatment response was evident very early on, achieving 53.1%
compared to only 34.3% in the comparator am as early as week 2, with the differences
pergsting through week 24. As of week 24, 43.4% of the patients in the tipranavir aam had
achieved areduction of >1 logy in vird load, compared to only 23.3% in the comparator arm,
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which was sgnificantly different (p<0.0001). Smilarly, 25.1% of the patients in the tipranavir
arm had achieved avira load <50 copies'mL, compared to only 10.0% in the comparator arm,
which was sgnificantly different (p<0.001). For patients who were treatment experienced, it
was hoted that the trestment response for patientsin the tipranavir arm did not differ drastically
if there were fewer than 12, or more than 19, protease gene mutations.

The median increase from basdine in CD4 count was higher in the tipranavir am

(36 cdlsmm?®) than in the comparator arm (6 cellsmm?®). Coadministration with enfuvirtide
sgnificantly increased () the proportion of treatment responders, (b) the median reduction in
logio copiemL plasma HIV-1 RNA levels, and (c) the median CD4 count from basdine, in the
tipranavir arm as compared to the comparator arm.

Resultsfrom RESI ST-2 showed superior efficacy of tipranavir/ritonavir (TPV/RTV) based
on sgnificant changes in established and vaidated surrogate markers for HIV-1 disease (plasma
HIV-1 RNA) and immune competence (CD4 cell count) after 24 weeks of trestment.

A dgnificantly higher proportion (p<0.0001) of patients on TPV/RTV (41%) achieved a
treatment response at week 24 vs. patients in the comparator arm (15%). I n the sengtivity
andysis after 24 weeks, with 44.4% of the tipranavir patients achieving a treatment response
compared to only 18.6% in the comparator arm, it is conduded thet tipranavir is Sgnificantly
superior to the comparator protease inhibitors (p<0.0001), with the exception of indinavir.

The proportion of patients with virologic response after 16 weeks was sgnificantly higher in the
tipranavir arm (46%) than in the comparator arm (21%). Similar results were noted after 24
weeks.

The median log, reduction from basdinein vird load was consstently higher in the tipranavir
am (-0.72) than in the comparator arm (-0.22) after 24 weeks of treatment. When combined
with enfurtivide, tipranavir increases its reduction in the median vird load notably (to-2.06
loge), while the same cannot besaid about the comparator arm (-0.07 logyo). The median daily
average change from basdine in vird load up to 24 weeks was-1.01 logio in the tipranavir am
versus -0.25 logo in the comparator arm.

A higher proportion of patients receiving TPV/RTV (33.2%) achieved plasma HIV-1 RNA
levels <400 copiesmL compared with CPI/RTV (12.7%). A smilar difference was observed
between the proportions of patients with plasma HIV-1 RNA levels<50 copiesmL (TPV/RTV
22.1% and CPI/RTV 8.6%).
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At week 24, an increase in the CD4 cell count of 31 cellsmm? was noted in the tipranavir arm,
compared to an increase in the CD4 cell count of 1 odl/mm? in the comparator arm. When
enfurtivide was added, the cell counts became 72 and -1 odlsmm?®, respectively.

Asthe basdine fold in 1C50 increases, the log,o change from basdinein vird load, trestment
response and virologic response dl decline at week 24. This shows an interaction between the
phenotypic resistance to tipranavir and the effect of the drug.

RESIST-1 and RESI ST-2 demondtrated that tipranavir is superior to the comparator
treatment regimens, with the exception of the indinivar/ritonavir combination, and that was due
to alack of patients using that particular comparator regimen.

In summary, the results of both pivota studies show that the TPV/RTV regimen (in combination
with other antiretrovirals) was sgnificantly more effective than the genotypically-defined
CPI/RTV-based regimen (in combination with other antiretrovird agents) in achieving a
treatment response in patients who had previoudy received multiple antiretrovird drugs and had
multtdrug resistant HIV. The benefits provided by a TPV/RTV-based regimen through 24
weeks were enhanced in terms of proportion of trestment responders and duration of response
by coadminigration of other active antiretrovird agents, including enfuvirtide.

Supporting Studies

In one of the supporting studies that examined multiple protease inhibitor (PI) experienced
ubjectsfailing on their current Pl regimen, substitution of tipranavir/ritonavir at doses of

500 mg/100 mg or 1000 mg/100 mg both resulted in a greater than 2 logy reduction in vird
load which was sustained beyond 48 weeks. In another supporting study, conducted in single-
Pl experienced subjects, tipranavir/ritonavir at doses of 500 mg/100 mg and 1250 mg/100 mg
yielded amaximum of 1.8 log;, reduction in HIV-1 RNA leves, which did not differ sgnificantly
from the ritonavir- boosted saquinavir control group (400 mg/400 mg). By 48 weeks, however,
the efficacy in dl treetment groups had declined substantialy.

Tipranavir treetment has been shown to sdect for L10V, 184V, 154V, L33F and L33l
res stance mutations, and select againgt the V82A mutation. The HE9Y, T74A, and V82L
mutations were aso sdected for, but the significance of these mutations is uncertain.

Increased phenotypic resistance to Plsin generd, including tipranavir, occurred following
treatment with tipranavir/ritonavir a a dose of 500/100 mg, but not with the 1250/100 mg dose.
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Microbiology Studies

A microbiology report was based on resstance data from seven clinicdl tridsin HIV-pogitive
adults. three Phase |1 dose ranging studies, two Phase I11 controlled trids, one Phase [1b
pharmacokinetic and safety tria of dua-boosted Pl use, and one long-term Phase 111 rollover
ety trid.

Sixteen protease mutations were associated with tipranavir and comprised the tipranavir
mutation score as follows: 10V, 13V, 20M/R/V, 33F, 35G, 36, 43T, 46L, 47V, S4A/MIV,
58E, 69K, 74P, 82L/T, 83D and 84V. The mutation 82L was not previoudy associated with
any protease inhibitors. The sponsor aso noted that the multi-Pl resstant mutations L90OM and
V32l were not associated with tipranavir resistance. Mutations D30N, 150V, and N88D were
associated with increased tipranavir susceptibility. Saquinavir appeared to be the only protesse
inhibitor that maintained antivira activity againg isolates with increased tipranavir resstance. The
most common emerging mutations associated with decreased tipranavir susceptibility were
mutations L33F, V82L/T and 184V with mutations L33F and 184V occurring first. Antivira
response as compared to basgline genotype and phenotype was generdly positive though the
response decreased with increasing number of mutations. Results have demongtrated that
tipranavir poses a high genetic barrier to resstance development and with the appropriate
background regimen, vird load reduction in patients with extensive vira mutations gppears
possible.

3.3.4 Clinical Safety

An examination of the safety results from the two pivotd trids (RESIST-1 and

RESIST-2), and other supporting studies as well as safety data published in peer-reviewed
journas or as conference abstracts, indicate that tipranavir istolerated aswell as other protease
inhibitorsin highly trestment- experienced patients.

Pivotal Studies

The study design of the two pivota studies, RESIST-1 and RESIST-2, isdescribed in section
3.3.3 Clinical Efficacy.

The safety endpoints for the two pivota studies included:

Proportion of patients with treatment- emergent adverse events
Proportion of patients with serious adverse events

Proportion of patients reporting adverse events by severity
Proportion of patients with laboratory test dbnormalities
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Laboratory test changes over time

Discontinuations due to adverse events

Common adverse events included diarrhea, nausea, vomiting, pyrexia, fatigue, increased ALT
and AST, rash, and hypertriglyceridaemia.

In RESIST- 1, there were more serious adverse events in the tipranavir am as well as more
intense serious adverse events that were related to the study drug. The percentage of patients
who discontinued the study drug due to serious adverse events was gregter in the tipranavir arm
than the comparator arm (4.2% vs 1.0%). In the tipranavir arm, diarrhea, nausea, increased
AST, abdomina pain, increased ALT, hyperlipidemina, hypertriglyceridemiaand vomiting
occurred as severe drug-related adverse events, while diarrhea and fatigue occurred as severe
drug-related adverse events in the comparator arm. In the tipranavir arm, devated liver enzymes
were disproportionately more frequent among drug-related serious adverse events than among
al serious adverse events. More patients in the tipranavir am had significant ALT and AST
elevations than the comparator arm (3.5% vs. 0.6%). Also, the AST eevations occurred nore
frequently in the tipranavir group over time, suggesting a potentia long-term hepatic effect of
tipranavir. The results suggest that hepatotoxicity may be an issue for tipranavir. While there was
no evidence of hepatitis occurring in this study, fatal cases of hepatitis did occur in the long-term
rollover sudy, o the effects of tipranavir on the liver cannot be undergtated. Tipranavir isto be
contraindicated in moderately and severdly hepaticaly impaired patients (Childs- Pugh B or C),
and it should be used with caution in mildly hepaticaly impaired patients.

In RESIST-2, diarrhea, nauses, eevated liver enzymes, headache, rash and hyperlipidemia
were more prevalent in the tipranavir arm, compared to the comparator arm, which was
congstent with the known effects of the product. Adverse events considered related to study
medication differed between the treetment arms, with frequencies of 40.5% in the tipranavir arm
and 22.2% in the comparator arm. In the tipranavir arm, the most frequent adverse eventswere
diarrhea (22.5%), nausea (13.6%), headache (9.7%), pyrexia (9.2%) and vomiting (6.9%),
whereas in the comparator arm, the most frequent adverse events were diarrhea (18.5%),
nausea (7.5%), pyrexia (7%), vomiting (6.5%) and headache (6.1%). The vast mgority of the
drug-related severe adverse reactions were associaed with liver toxicity, including an increese
in the liver enzymes (AST, ALT, GGT), the transaminases or cytolytic hepatitis, liver disorder,
hepatitis steatod's, or toxic hepatitis. The most frequent adverse events leading to study drug
discontinuation were gastrointestinal disorders followed by hepatobiliary disorders, including
cytolytic hepetitis, and toxic hepatitis. Also, the addition of hyperamylasemia and periphera
neuropathy suggest that there may aso be an effect on the pancreas, and dight mitochondria
toxicity.
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In summary, the adverse event profiles of the 2 treatment groupsin both pivota studies,
RESIST-1 and RESIST-2, were consstent with the usual manifestations of advanced HIV-
infection and the common sde effects of antiretrovird thergpy in trestment- experienced patients.
Thefrequencies of clinicd adverse events and common |aboratory test abnormalities were
conggtent with those in amilar dinicd trids. The safety profiles exhibited some consstent
differences, with the tipranavir arm showing higher frequencies most importantly for totd
adverse events, severe adverse events, serious adverse events, adverse events leading to
discontinuetions from study medication, ALT eevations and triglyceride eevations. Mortdlity,
whether calculated as crude numbers or as numbers adjusted for exposure, was Smilar between
the tipranavir and comparator arms.

Supporting Studies
In support of this gpplication, a number of Phase | and Phase |l clinical studies were reviewed.

The clinical study of tipranavir on QT prolongation did not meet current ICH standards,
therefore, the effect of tipranavir on QT prolongation is unclear. The sponsor has agreed to
include in the Product Maonograph a precaution steting that the effect of tipranavir on QT
prolongation has not been thoroughly characterized in the clinical studies. The sponsor is
conducting athorough clinica QT study, a Phase IV commitment to the U.S. Food and Drug
Adminidration at the time of gpprova.

The most common adverse events observed included nauses, diarrhea, vomiting, fatigue and
rash. Theincidence of gastrointestind Sde effects, in particular, was related to the tipranavir
dose. In one study, the incidence of rash in the combined tipranavir/ritonavir 500/100 mg and
1250/200 mg groups exceeded that seen in the saquinavir control group by more than 10%.

Severe adverse events were seen in gpproximately 40-50% of tipranavir-treated subjects,
increasing with dose. The most commonly observed severe adverse events were nausea,
vomiting, increased AL T, increased GGT, and hypertriglyceridemia. Decreased white blood cell
counts were aso commonly seen.
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Benefit/Risk Assessment and Recommendation
3.4.1 Benefit/Risk Assessment

The drug submission for Aptivus was granted Priority Review because Aptivus, coadministered
with ritonavir in antiretrovird-experienced patients, demondrated a Sgnificant increase in
efficacy with an improved benefit/risk profile compared to existing thergpies for HIV, for a
condition that is not adequately managed by a drug marketed in Canada.

In the two submitted pivotal studies, the medicina ingredient of Aptivus (tipranavir)
demongrated efficacy in patients who have a very limited sdection of dternate medications.
Overdl, there was a Sgnificant difference in terms of trestment response between the tipranavir
arm and the comparator arm. There was a0 alarge difference between both armsin terms of
numbers of discontinuations due to lack of initid virologic response or virologic fallure.

Coadminigtration of tipranavir with enfurtivide was found to enhance response rates, particularly
as the number of basdline primary protease gene mutations increased. Tipranavir can make a
very good addition, based on its efficacy in highly trestment- experienced patients, to the list of
antiretroviras used as potentiad savage therapy.

While there is a Sgnificant benefit for tipranavir for patients with HIV-1 strains resistant to most
other protease inhibitors, the greatest drawback with tipranavir isits safety profile. The product
has not been studied for an extended period of time. The clinical assessment was based on 24-
week data from two pivota studies.

Tipranavir is principally metabolized by the liver (CYP3A). Therefore, caution should be
exercised when adminigtering tipranavir to patients with hepatic impairment as tipranavir
concentrations may be increased. Tipranavir is contraindicated in patients with moderate to
severe (Child-Pugh dass B and Child- Pugh dass C) hepatic insufficiency.

Tipranavir contains a sulphonamide moiety; therefore, tipranavir should be used with caution in
patients with aknown sulphonamide dlergy.

The mogt frequent adverse eventsin the clinica trials were diarrhea, nauses, fatigue, headache
and vomiting. Diarrhea and nausea occurred in more than 10% of patients, and
hypertriglyceridaemia, hyperlipidemia, anorexia, heedache, vomiting, flatulence, abdomina
digenson, abdomind pain, loose stools, dyspepsia, rash, pruritus, and fatigue al occurred with
an incidence between 1 and 10%.
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Tipranavir has been associated with reports of clinical hepatitisand hepatic decompensation,
including some fatdities. A causal relationship to tipranavir could not be established, however,
adl patients should be followed closdy with dinica and laboratory monitoring, especidly those
who are co-infected with hepatitis B and/or C, as these patients have an increased risk of
hepatotoxicity. Liver function tests should be performed prior to initiating therapy with
tipranavir, and at regular frequent intervas throughout the duration of the treatment.
Additiondly, physicians and patients should be vigilant for the appearance of signs or symptoms
of hepatitis, such asfatigue, malaise, anorexia, nauses, jaundice, bilirubinuria, acholic stools,
liver tenderness or hepatomegaly. Patients with sgns or symptoms of clinical hepatitis should
discontinue tipranavir trestment immediately and seek medicd attention.

Despite the safety issues identified, particularly for hepaticaly impaired patients, the efficacy
associated with tipranavir for use as a savage thergpy makes it more than suitable. Aptivus has
demondgtrated a Sgnificant increase in efficacy such that the overdl benefit/risk profileis
improved for antiretrovira- experienced patients.

3.4.2 Recommendation

Based on the Hedlth Canada review of data on qudity, safety and efficacy, Hedth Canada
consdersthat the benefit/risk profile of Aptivus, coadministered with low dose ritonavir, is
favourable for combination antiretrovird trestment of HIV-1 infected adult patients with
evidence of vira replication, who are trestment-experienced and have HIV-1 strainsresstant to
multiple protease inhibitors. The New Drug Submission complies with the requirements of
sections C.08.002 and C.08.005.1 and therefore Health Canada has granted the Notice of
Compliance pursuant to section C.08.004 of the Food and Drug Regulations.
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