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Product information

Name of the medicinal product:

Victrelis

Applicant:

Merck Sharp & Dohme Ltd
Hertford Road, Hoddesdon
Hertfordshire EN11 9BU
United Kingdom

Active substance: boceprevir A
International Nonproprietary
Name/Common Name: boceprevir A

Pharmaco-therapeutic group
(ATC Code):

Protease inhibitors
(JO5AE)

Therapeutic indication(s):

Victrelis is indicated¥foi tke treatment of chronic
hepatitis C (HCV) (1entype 1 infection, in
combination with“peuinerferon alpha and ribavirin,
in adult patieatawith compensated liver disease
who arevoroviously untreated or who have failed
previous tierdpy

Pharmaceutical form(s):

Capule, hard

Strength(s):

200 mg

Route(s) of administration:

Oral use

Packaging:

blister (PVC/alu)

Package size(s):/

336 (4 packs of 84)
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List of abbreviations

AE adverse event

ALT alanine transaminase

ANC absolute neutrophil count

aPTT Activated Partial Thromboplastin Time
AUC area under the concentration-time curve
BMI body mass index

BND benzphetamine N-demethylase

CHC chronic hepatitis C

CHMP Committee for Medicinal Products for Human Use
CI confidence interval

CL/F apparent clearance

Cinax maximum drug concentration

CSR clinical study report

cv coefficient of variation

CYP cytochrome P450

DMC data monitoring committee

DNA deoxyribonucleic acid

ECOD 7-ethoxycoumarin O-deethylase
ELISA enzyme linked immunosorbent assay
EROD 7-ethoxyresorufin O-deethylase

ESRD end-stage renal disease

ETR end of treatment response

EU European Union

FDA US Food and Drug Administration
GCP Good Clinical Practice

GGT gamma glutamyl transferase

HCV hepatitis C virus

HIV human immunodeficiency virus

IFN interferon

IFNa interferon alfa

ITT intention-to-treat

U international units

v intravenous(ly)

LOD limit of detection

MedDRA Medical Dictionary (or‘Regulatory Activities
PCR polymerase chairsseasdion

PD Pharmacodynaraics

PEG-IFN pegylated interferon

PEG-IFNa2a peginterfcronjaifa-2a
PEG-IFNa2b pegiitterfery alfa-2b

PK phasmacokinetics

PT PrctHrembin Time

PROD /-nertoxyresorufin O-dealkylase
RBV wibavirin

RNA sibonucleic acid

SAE serious adverse event

SC subcutaneous(ly)

Slels Peg+Ribavirin = Bitherapy
SV sustained virologic response
thoa absorption half-life

Y22 elimination half-life

TSH thyroid stimulating hormone
ULN upper limit of normal

us United States of America
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1. Background information on the procedure

1.1. Submission of the dossier

The applicant Merck Sharp & Dohme Ltd. submitted on 23 November 2010 an application for Marketing
Authorisation to the European Medicines Agency (EMA) for Victrelis, through the centralised procedure
falling within the Article 3(1) and point 3 of Annex of Regulation (EC) No 726/2004. The eligibility to
the centralised procedure was agreed upon by the EMA/CHMP on 27 April 2010.

The applicant applied for the following indication treatment of chronic hepatitis C (HCV).
The legal basis for this application refers to:

A - Centralised / Article 8(3) / New active substance.

Article 8.3 of Directive 2001/83/EC, as amended - complete and independent @prication
Information on Paediatric requirements

Pursuant to Article 7 of Regulation (EC) No 1901/2006, the appieacien Jncluded an EMA Decision
P/88/2011 for the following condition:

e Treatment of chronic hepatitis C
on the agreement of a paediatric investigation ptan (2IP)

At the time of the submission of the applicaticri“the PIP was not yet completed as some measures were
deferred.

Scientific Advice:

The applicant received Scientiiic Advice from the CHMP on 20 May 2010. The Scientific Advice
pertained to insert nan-clinical and clinical aspects of the dossier.

Licensing status

Boceprevir ja approved in the United States.
The produch was not licensed in any country at the time of submission of the application.

1,2, Sleps taken for the assessment of the product

The Rapporteur and Co-Rapporteur appointed by the CHMP and the evaluation teams were:
Rapporteur: Philippe Lechat Co-Rapporteur: Barbara van Zwieten-Boot

e The application was received by the EMA on 23 November 2010.

e Accelerated Assessment procedure was agreed-upon by CHMP on 18 November 2010.

e The procedure started on 15 December 2010.
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e The Rapporteur's first Assessment Report was circulated to all CHMP members on 9 March 2011.
The Co-Rapporteur's first Assessment Report was circulated to all CHMP members on
7 March 2011. In accordance with Article 6(3) of Regulation (EC) No 726/2004, the Rapporteur and
Co-Rapporteur declared that they had completed their assessment report in less than 80 days.

e During the meeting on 14 April 2011 the CHMP agreed on the consolidated List of Questions to be
sent to the applicant. The final consolidated List of Questions was sent to the applicant on
15 April 2011.

e The applicant submitted the responses to the CHMP consolidated List of Questions on
22 April 2011.

e The Rapporteurs circulated the Joint Assessment Report on the applicant’s responses to ti:e List of
Questions to all CHMP members on 5 May 2011.

e During the meeting on 16-19 May 2011, the CHMP, in the light of the overall déta subrnitted and
the scientific discussion within the Committee, issued a positive opinion for grantiiig a Marketing
Authorisation to Victrelis on 19 May 2011. The applicant provided the lettemoriridertaking on the
specific obligations and follow-up measures to be fulfilled post-authorisatigh on 19 May 2011.

2. Scientific discussion
2.1. Introduction
2.2. Quality aspects

2.2.1. Introduction

Victrelis is presented in the form of hard capsule for immediate release, and contains 200 mg of
boceprevir as active substance.

Other ingredients are:

Capsule content: sodium lauiyl suifate, microcrystalline cellulose, lactose monohydrate, croscarmellose
sodium, pre-gelatinized s'arch, magnesium stearate

Capsule shell : gelftisy titanium dioxide (E171), yellow iron oxide (E172), red iron oxide (E172)

Red printina_link wontaining: shellac, red iron oxide (E172)

The capsuies are packaged into unit dose blister cells thermoformed from clear Aclar/PVC film and
semaawich a peelable paper faced foil lidding.

2.2.2. Active Substance

Boceprevir is a white to off-white, poorly wettable powder, which is hygroscopic, poorly soluble in
water and a non ionisable therefore its solubility is not pH dependant. In addition, Boceprevir is
obtained as an amorphous substance.

The structure of Boceprevir is presented hereafter:
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Boceprevir contains 5 chiral centres, four of them have a fixed stereochemical configuiation controlled
during the synthesis and the last one is obtained as a mixture of 2 configurations Ryaid S. Thus,
Boceprevir is manufactured as an equal mixture of two diastereoisomers in an.approximate amount of
1:1.

Manufacture

The commercial process is carried out using a three-step synthg3is stariing from three key starting
materials.

Adequate In-Process Controls are applied during the manutacture of the active substance. The
specifications and control methods for intermediate yrocucts, starting materials and reagents, have
been presented and are satisfactory.

Specification

The active substance specification 2tiremazse includes test for description, identification (HPLC, IR),
XRD, specific surface area (Ph. Exri)._culphated ash, heavy metals (Ph. Eur.), moisture content, assay
(HPLC), diastereomer content»(dPL.C), related compounds (HPLC), residuals solvents (GC) and acetic
acid (GC).

The specifications reflest all relevant quality attributes of the active substance and were found to be
adequate to contrci £hi=rquality of the drug substance.

Batch analysis daca for a large- number of batches of active substance (n=44) are provided. The
resultd ave witnin the specifications and demonstarte the consistency of production.

Statrility

Ctability studies were performed on the 3 primary batches manufactured under the intended
commercial process for up to 18 months refrigerated condition (5°C + 3°C) and up to 6 months at
25°C/ 60% RH. One supportive phase III stability batch data was completed up to 18 months at 5°C +
3°C, 12 months at 25°C/ 60% RH, 6 months at 30°C/ 75% RH and over 3 months at 40°C/75% RH.
The parameters followed during the stability testing were description, assay, diastereoisomer content,
related compounds, dimers content, moisture content, XRD, specific surface area and hydrate (diol)
content.
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Forced conditions stability studies (heat, humidity, acid, base and oxidative conditions) were
performed to study degradation pathways of the active substance} along with photostability testing.
The stability data provided support a 24-month retest period and the storage conditions: “store at
refrigeration (2°C to 8°C), protect from light and moisture”.

2.2.3. Finished Medicinal Product

Pharmaceutical Development

A wet granulation capsule formulation in a size 0 capsule shell was developed to meet drug loading
requirements. During the development the relevant physicochemical and biological properfies &f the
drug substance that could influence the performance of the drug product and its manufactyrability was
studied.

The formulation and manufacturing process development followed a systematisyaindsisk-based
approach in order to establish linkages between inputs (raw materials, process piirameters),
intermediate attributes, and critical quality attributes (CQAs). Principles ¢: Quality by Design have been
applied to some extent and science-based risk management processe(; kiave been used to facilitate risk
reduction. Extensive development studies have been carried out irfoider to acquire better
understanding of the manufacturing process and to define apprOpriate Lontrol strategy to produce a
consistent quality product.

The Phase II/Phase III clinical formulation and the intandea*commercial formulation have identical
capsule fill blends and differ only in the colour of the\cap sule shell. A comparison between dissolution
profile and stability of the Phase III capsules ané thesintended commercial capsules was performed.
The excipients used are lactose monohydrat:{ microcrystalline cellulose, sodium laury sulphate,
purified water, pregelatinised starch and ragnesium stearate. They are all of Ph. Eur. quality and
controlled according to their respective niaridgraphs.

The components of capsule shell=arid.the ink, though not developed in this section, are of Ph. Eur.
quality or in compliance with ¢#eiavznt EU Directives.

Victrelis is packaged«into unit dose blister cells thermoformed from clear Aclar/PVC film and sealed with
a peelable paper fagad il liading. A peelable blister format was selected to avoid capsule breakage
that occurs with_nush ‘nrough blisters. Efficiency of the packing has been demonstrated in stability
studies. Thée'casuies have been shown stable when blisters have been exposed to an ICH
photostability without secondary packaging.

Adventitious agents

Magmesium stearate is of vegetable origin.

Gelatin of hard gelatin capsules is of bovine origin and covered by TSE CEPs: R1-CEP 2004-247-Rev 00.
The capsules do not contain any gelatine of porcine origin.

Declarations for lactose are provided by the suppliers attesting that bovine materials (milk) used in the
manufacture of lactose are sourced from healthy animals and collected in the same conditions as milk
for human consumption.
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Manufacture of the product

The manufacturing process includes standard unit operations and equipment for capsule production via
high-shear wet granulation.

The manufacturing process includes granulating solution preparation, high-shear, wet granulation,
particle size reduction (wet), fluid-bed drying, particle size reduction (dry), extragranular blending,
lubrication blending, unit dosing (capsule filling) and primary packaging.

The manufacturing process has been validated by a number of studies for the major steps of the
manufacturing process. Data were provided on a large number of batches (n=18). The manufactaiing
process has adequately been characterised and the process validation protocol is satisfactory.,The in
process controls are adequate for this pharmaceutical form.

The batch analysis data show that the hard capsules can be manufactured reproducialy ‘according to
the agreed finished product specification, which is suitable for control of this oraiore»aration.

Product specification

The specifications includes acceptance criteria and tests using validate wethods (when appropriate)
for description, identification (IR, HPLC), assay (HPLC, degradatioi} priaducts (HPLC), Dimers (HPLC),
total degradation products (HPLC), moisture, dissolution (HPLE), taifemity of dosage units (Ph Eur),
diastereoisomers content and microbial contamination.

The specifications proposed for the finished product a#i&yappropriate to control the quality of this
medicinal product for the intended purpose.

Batch data are provided for pilot and productian batches and indicate satisfactory uniformity as well as
compliance with the specification.

Stability of the product

Stability studies were perforitieaat 5°C+ 3°C up to 18 months for three primary batches, up to 24
months for a supportive Katcy used in phase III clinical trials and up to 6 months for the three
commercial batches.Tn accdlerated conditions, stability data are available up to 6 months at
25°C/60% RH and/5 months at 40°C/ 75% RH for the 3 primary batches, up to 6 months at 25°C/
60% RH for thessuopartive batch and 6 months for the 3 commercial batches at 30°C/ 75% RH.

The batches Wwera tested for description, assay, degradations products, moisture content, dissolution,
diastereoi<om@r'content, enol content, diol content and microbial contamination were followed.

A simulafzd in-use stability program was performed to support short term patient in-use storage which
in/ad 2s four batches packaged in the proposed commercial package. The batches were stored at the
!ong term storage condition of 5°C over different length of time (6, 18, 23 and 36 months) prior to the
Initiation of simulated in-use stability studies. Parameters studied were description, assay, degradation
products, moisture content, dissolution, diastereoisomer and enol content.

Photostability studies were performed on one batch packaged in the intended commercial pack under
ICH light conditions. The batch was tested for description, assay, dimers, moisture content, and
dissolution; results compared to their respective control samples.
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In accordance with EU GMP guidelines, any confirmed out of specification result, or significant negative
trend, should be reported to the Rapporteur and the EMA.

Based on available stability data, the proposed shelf life and storage conditions as stated in the SmPC
are acceptable.

2.2.4. Discussion on chemical, pharmaceutical and biological aspects

Information on development, manufacture and control of the drug substance and drug product have
been presented in a satisfactory manner. The results of tests carried out indicate consistency and
uniformity of important product quality characteristics, and these in turn lead to the conclusiontthat
the product should have a satisfactory and uniform performance in the clinic.

2.2.5. Conclusions on the chemical, pharmaceutical and biological, aspects

The quality of this product is considered to be acceptable when used in accordarize viith the conditions
defined in the SmPC. Physicochemical and biological aspects relevant to the ¢ni'grm clinical
performance of the product have been investigated and are controlled in @ satizfactory way. At the
time of the CHMP opinion, there were a humber of minor unresolved axality issues having no impact
on the Benefit/Risk ratio of the product. The applicant gave a Lettenoindertaking and committed to
resolve these as Follow Up Measures after the opinion, within an aarei:d timeframe

2.3. Non-clinical aspects

2.3.1. Introduction

The activity of boceprevir was investigated iirwvitro in a replicon system using three different constructs
and in a biochemical enzyme assay with rixcoifhbinant NS3-NS4A. The emergence of resistant mutants

was investigated in a replicon systemeanayin samples from patients (genotype 1 non-responders). The

activity of mutant proteases was investigated in enzyme assays and in replicon assays. The activity of

boceprevir was not investigatedsiiyawiinal studies.

Cross selectivity was tested.irnan extensive panel of proteases, other enzymes and receptors.

Safety pharmacologyystudivg"were performed to examine the potential effects of boceprevir on
cardiovascular, reszipatary, central nervous, renal and gastrointestinal systems.

Pivotal safety pharmacology and toxicology studies were performed in compliance with GLP.

One of thepre-dlinical study as requested in the PIP was submitted in this application. The study was a
one-manua uiyroid hormone evaluation study of boceprevir in juvenile rats.

2 2.2. Pharmacology

r’rimary pharmacodynamic studies

Mechanism of action and effects on cells in culture

The mechanism of inhibition involves boceprevir covalently, yet reversibly, binding to the NS3 protease
active site serine (Ser139) through a ketoamide functional group. Upon binding the NS3 protease
active site serine, boceprevir prevents the HCV protease from cleaving the intermediate viral
polyprotein into functional units, thereby effectively inhibiting HCV replication.
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The effects of boceprevir on viability of human cell lines and primary cell cultures were evaluated by
standard MTS methods (Promega). Minimal cytotoxicity was observed in several human cell lines
(CC50 was 80 - >100 uM).

In vitro antiviral potency/activity of boceprevir

Antiviral activity of boceprevir was evaluated in a biochemical assay for slow binding inhibitors of NS3
protease and in the HCV replicon system. The inhibitory constant, Ki, for boceprevir was 14 £ 1 nM for
genotype la and 1b. Ki for genotypes 2a and 3a was 39 nM and 25 nM respectively. In the bicistronic
subgenomic replicon system (genotype 1b), the inhibitory concentration (IC50 and IC90) values for.
boceprevir were approximately 200 nM (n=25) and 400 nM (n=25), respectively, in a 72-houp assay.
IC90 values of monocistronic and genome-length replicons were 700 nM (n=2) and 1000 pM,(h=1)
respectively.

In another study, in vitro antiviral activity of boceprevir was investigated in 3-day assays in a replicon
system based on genotypes 1a and 1b. IC50 was 300 - 900 nM and IC90 500, 1400 nM. In the
presence of 50% human serum, the replicon IC50 value for boceprevir was 500 ri.

The effect of prolonged exposure to boceprevir was investigated in an'HCY bicistronic subgenomic
replicon. With exposure to boceprevir for 2 weeks, at concentratiofis &f =2.5 uM, replicon RNA was
almost eradicated by day 15 (estimated 1 copy per 10 cells left).

Resistance

In replicon assays, boceprevir induced an up to 6-12 fald increase in IC90 after 8-10 passages and an
up to 8-48 fold increase after approximately 30 pass<ages. Resistance-associated variants (RAVs) in
replicon cells were observed at positions V36, Q#1, r43, T54, Q86, S122, A150, R155, A156, V170,
E176. A second mutation generally increaset{fold change above that induced by a single mutation.
A156T conferred the highest level of resistange (increase in IC90 80-fold), but also significantly
reduced replicon fitness. In a replicon assay; the combination of boceprevir at 6xIC90 (2.5 uM) and
interferon alpha at 1xIC90 (1 IU/m})sedwCed resistance from 0.14% to 0.005% of the cell population.

HCV samples from patients frori, a/Phase II clinical study were sequenced (codons 1-181 of the NS3
region) and analysed by ars@lestion pressure based method (Ka/Ks) to predict drug resistance
mutations. Patients were genotype 1 non-responders to boceprevir treatment (n=252. Mutations
identified by this analysis were V36M, T54A/S, R155K, A156S, V170A, V55A/1, V1581, V163L. V1581
and V163L were_noyel/imutations in this study. V158I conferred low level resistance to boceprevir (fold
change Ki 295 <nd £C50 in replicon assay 3.3). V163L did not affect boceprevir activity

The NS3 pyotease domain of viral RNA from HCV genotype 1-infected patients (n=22; subtype 1a:
n=8, Subtvpailb: n=14) in a Phase 1b trial was sequenced before treatment, after 14-day treatment
and c‘tera 14-day follow-up period. The A156T mutation, conferring high resistance (>120-fold
inCrzese in IC50 in a replicon assay) but exhibiting low fitness, was not found in these patients.

“harmacokinetic/pharmacodynamic (PK/PD) relationship

Among patients from Phase 3 clinical trials, the most detected RAVs were V36M, R155K and T54S for
genotype la and T54A, T54S, V170A, A156S and V55A for genotype 1b. Overall, post-baseline RAVs
were detected in 15% of the subjects. The overall percentage was similar among treatment failure
subjects and treatment naive subjects and for shorter treatment (response-guided therapy) and
standard treatment. 53% of patients who did not achieve sustained virologic response (SVR) had
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RAVs. More subjects with poor interferon response had RAVs (41%) compared to interferon responsive
subjects (6%).

It is assumed that suppression of HCV replication in vivo will depend on maintaining plasma trough
concentrations (Cmin) at levels > IC90 as determined in the replicon assays. The estimate of the
required Cmin is 200 ng/ml (400 nM).

Data show that Cmin correlates better with maximal HCV-RNA drop than Cmax or AUC.

Follow-up data from Phase 1 and 2 patients showed that among treatment failures with RAVs, after (2
years after end of treatment approximately 60% of the RAVs return to wild type. Final data with
subjects from phase III studies are awaited.

Secondary pharmacodynamic studies

Boceprevir contains an electrophilic moiety. Activated nucleophiles, which are present s many
proteases and esterases, have the potential to react with the electrophilic mojatv.%Tre applicant
performed two studies in which the selectivity of boceprevir was investigated.

In study D-46277, cross reactivity of boceprevir with human cathepsifissc H and L was investigated
using spectrophotometric assays. In a study described in reports [7-53146 and D-46276, an extensive
panel of cellular proteases, other enzymes and receptors was tgstaa=or inhibition by boceprevir.

Only cathepsin L was inhibited by boceprevir to a substantizi=axtant.

Safety pharmacology programme

Safety pharmacology in vitro

Cardiovascular system

In mouse L-929 cells expressing the wEG potassium channel, 1 uM boceprevir had no effect on hERG-
mediated potassium currents.

In isolated canine Purkinje®iihess, 0.1 and 0.3 uM boceprevir did not significantly affect action potential
parameters, i.e. amplitudey,sisting potential, maximal rate of depolarization and action potential
duration (APD60 an4,ARD90) under either normal (1Hz) or low (0.5Hz) stimulation rates. Exposure to
1 uM (measured_conceritration =0.813 uM) boceprevir did not affect amplitude, resting potential or
maximal rate, ¢.\depolarization but produced an increase in ADP60 and ADP90 that was inverse
frequency-dependent. The reference substance dI-Sotalol HCI (50 uM) caused a pronounced
prolorigacion=sf ADP that was inverse frequency-dependent.

Siretv'pharmacology in vivo

Gardiovascular system

Single oral administration of 75 or 200 mg/kg boceprevir to conscious cynomolgus monkeys did not
induce treatment-related changes in blood pressure up to 5 hours after administration. Following
exposure to 200 mg/kg boceprevir, heart rates were significantly elevated during hours 4 and 5 post-
dosing as compared to vehicle. The maximum increase in heart rate was nominally 28 bpm. The
corrected QT interval (QTc) revealed no significant difference between the test article dosed groups
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and the vehicle at any of the time intervals. Significant RR interval shortening was found for the high-
dose group compared to vehicle from 3.5 through 5 hours post-dose. QT intervals were also
significantly shortened, as compared to vehicle, at 0.5, 1, 2.5, 4 and 4.5 hours for the high dose
group.

Respiratory system

Single oral administration of 10, 30 or 100 mg/kg boceprevir to rats did not induce treatment-related
changes in arterial pH or blood gases (pa0O2, paCO?2 or bicarbonate) up to 4 hours after dosing.
Single oral administration of 25, 75 or 200 mg/kg boceprevir to conscious rats did not induce
treatment-related changes in respiratory rate, tidal volume or minute volume up to 5 hours afiex
administration.

Central nervous system

Single oral administration of 10, 30 or 100 mg/kg boceprevir to conscious ratsshad ro effect on
behavioural, neurological and autonomic function (measured in a modified Irwin jest) up to 4 hours
after dosing.

In an additional study utilizing a functional observational battery eha“ocomotor activity assessments,
single oral administration of 25, 75 or 200 mg/kg boceprevir hiuvaisg ro effect on overall behaviour,
locomotor activity, spinal reflexes and autonomic function ug=to" h after dosing [01400].

Gastrointestinal system

Single oral administration of 10, 30 or 100 mg/K_ bcseprevir to rats did not demonstrate any drug-
related effect on gastric emptying or intestir:él transit time, whereas the reference compound atropine
produced a significant inhibition of gastriclemntying and intestinal transit time.

Renal system

Single oral administration of 20,30 or 100 mg/kg boceprevir to rats did not significantly affect urine
volume, electrolyte excretiOn, Cs creatinine clearance.

Pharmacodynamisdiug interactions

In vitro poténcy/aciivity of boceprevir in combination with interferon alfa-2b

To investigate_the effect of boceprevir on interferon alfa-2b activity, in a replicon system, escalating
doses™af hoeaprevir (10 nM to 5 mM) were added to a standard titration of interferon alfa-2b (0.1 to 40
IU/m{) tongenerate a 10 x 10 matrix of concentrations varying from below the IC50 to above the IC90
fol- Foth drugs. At 72 hours, replicon RNA levels were estimated using the standard, single-tube
rauitiplex assay. Evaluation of varying combinations of boceprevir and interferon alfa-2b that produced
©0% suppression of replicon RNA showed additivity of effect; no evidence of synergy or antagonism
was detected (Malcolm et al, 2006).

Interaction with HIV protease inhibitors

The activity of boceprevir in the presence of various concentrations of HIV protease inhibitors
atazanavir (1-10 pM), lopinavir (5-20 uM) and ritonavir (0.3-10 pM) was measured in replicon cells
using Tagman analysis. Boceprevir inhibited replicon RNA in a dose-dependent manner with EC90 =
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300 nM. The HIV protease inhibitors had minimal effect (2-3 fold) on boceprevir EC50 and EC90. No
cell toxicity (CC50 > 5 pM) was observed in replicon cells as a result of exposure to these
combinations. The influence of boceprevir on the activity of the HIV protease inhibitors was
investigated in a cell-based HIV infection assay (astroglioma cells). Boceprevir up to 5 uM had minimal
effect (< 3-fold) on antiviral activity of atazanavir and ritonavir. There was a slight decrease (10-fold)
in EC50 values of lopinavir in the presence of higher concentrations (above clinical exposure) of
boceprevir. No cell toxicity was observed.

2.3.3. Pharmacokinetics

Victrelis (boceprevir) is a racemic mixture of two diastereomers (SCH 534128 and SCH 534120 5, Gy
the diastereomer SCH 534128 is pharmacologically active.

Both non-validated and validated LC-MS/MS methods have been used for the detectior, of boceprevir,
its individual diastereomers, and its major human metabolite SCH 629144 (collective designation for
SCH 783007, SCH 783005, SCH 783006, and SCH 783004) in plasma. The LGsM3/MS methods are
considered sufficiently accurate and precise by the CHMP.

Absorption was generally rapid in all species. After oral administration. ke pioavailability of boceprevir
was moderate in male mice, rats, and dogs (34%, 26%, and 30%( respectively) but was low in fasted
male monkeys (4%). Subsequent studies in rats and male monkavs*sniowed that the bioavailability of
both SCH 534128 and SCH 534129 was similar. In monkeygythg, bioavailability increased under fed
conditions (10-13%). The half-life of boceprevir is short,sanairig from 1 to 5 h in the pre-clinical
species and humans. In addition, the half life of the active diastereomer SCH 534128 ranged from 1 to
4 h in rat and monkey and ~2 h in humans. No information was provided on the half-life in other pre-
clinical species.

From TK data obtained after a single dose’ genuer-related differences in systemic exposure were
evident in rodents with females more expased than males given the same boceprevir dose (up to 3-
fold in mice and rats). In addition, Aiiqrewvas some inter-study variability regarding the exposure levels
measured for a given dose and jmsatgiven sex, particularly at high dose levels. A time-related effect on
the kinetics of boceprevir was*case.ved in mice only, with a decrease in exposure levels probably
related to the induction ofCytoshrome P450 enzymes.

Animals were treated once daily in the pre-clinical repeated dose studies and humans were treated two
or three times a_day (¢:very 8 to 12 hours) in the clinical studies. In addition, the ratio of the two
diastereomérs s spacies dependent. In mice, the steady state SCH 534128:SCH 534129 ratio was
1.2:1 and #ne ratio in male mice was greater than the ratio in female mice. The steady state SCH
53412R:2Cw=534129 ratio was 1:1 in rat plasma. In monkey, the SCH 534128:SCH 534129 ratio was
apprcximiately 1:5.9 in plasma at steady state. The ratio of diastereomer concentrations in humans at
stiaauy-state was 2.2:1 (SCH 534128:SCH 534129).Therefore, the comparison of the kinetic
paraimeters is hampered.

Exposure values in juvenile rats were higher than exposure values in adult rats on a restricted diet; but
lower than exposure values in adult rats fed ad libitum. However, based on the comparison of
exposure data obtained in adult and juvenile male rats under fed conditions, it cannot be excluded that
the pharmacokinetics in juveniles are different than that in adults and may be caused by not fully
expressed liver metabolic enzymes in the juvenile.
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Boceprevir is moderately bound to plasma proteins in all species, and was shown to cross the placenta
in pregnant rats. In rats administered radiolabeled boceprevir, the highest radioactivity levels were
measured in the liver, bladder, kidneys, prostate gland, other endocrine tissues (adrenal, harderian,
and salivary glands), and bone marrow. The results did not indicate a specific binding of drug-related
radioactivity to melanin-containing tissues, and there was no gender-related difference in the tissular
distribution profile. Only bladder, liver, kidney, bone marrow, endocrine glands and reproductive
organs contained quantifiable levels of radioactivity at 8 h post-dose. All tissues, except bone marrow,
were below quantifiable limits after 24 h. Based on the provided distribution data, the fact that patients
are treated every 8 h hours and similar half-lives in rat and humans, accumulation in humans can b¢
expected in bone marrow and endocrine glands. Effects on bone marrow were not specifically
investigated in the pre-clinical toxicity studies. However, no toxicity was observed in bone masrawazind
blood after 6 months repeated dosing in rat.

Boceprevir undergoes extensive metabolism in all tested species. In vitro, human liverimicrosomes
converted approximately 99% of boceprevir to metabolites, and at least 31 metabulites were produced.
In vivo, the percentage of drug excreted unchanged was weak and the numbemoinroduced
metabolites was of the same order. The metabolism of boceprevir involves mainly oxidation and/or
reduction, and hydrolysis reactions. Two main pathways can be described The first involves the
reduction of boceprevir to SCH 629144 (4 stereoisomers SCH783005,/SZK783007, SCH783006,
SCH783004) and is catalysed by the cytosolic aldo-keto reductase((AiK) family of enzymes, more
precisely AKR1C2 and 1C3 isoforms. AKR1C3 preferentially metanoinsec SCH 534128 to SCH 783007
and AKR1C2 preferentially metabolised SCH 534129 to SCH+782904. Metabolising data indicate that
the formation of the different SCH 629144 diastereomersyisidifierent between the different species with
more SCH 783006 in rat compared to the other pre-clinical species and humans. Exposure to SCH
629144 increased as the dose of boceprevir was incizasi:*d. AKR1C2 and 1C3 are expressed in the liver
and in hormone-associated tissues (prostate, uttrus,ymammary gland, testes). Therefore, this
metabolic pathway would take place in bothitepatic and extra-hepatic tissues. Data showing that
boceprevir has no potential for auto-inhibition,oi this pathway were provided.

The second pathway involves the Gia3~% and CYP3AS isoenzymes, mainly responsible for the
formation of oxidized metabolitess sinscher metabolite, SCH 503034-K (MOBA), is a hydrolytic cleavage
product and also a low-level ifnpuricy in the drug substance whose formation depends on the presence
of SLS (sodium lauryl sulpiiate),in the formulation. In humans dosed with boceprevir as capsule, the
circulating levels of SCH 582%434-K relative to parent drug were lower than levels that may raise a
safety concern. TherafCre, this metabolite was clinically not relevant.

In all speci€s, tae rwain route of excretion was via the faeces, as a combination of biliary excretion of
metabolites and,excretion of unabsorbed drug. In rats, a limited fraction of an oral dose (3%)
underiwent eaterohepatic circulation. In lactating rats, boceprevir-related radioactivity was rapidly
excre_ed nto maternal milk. No information was provided concerning the precise composition of
redizectivity as found in rat milk samples. Consequently, the SmPC mentions that a risk to the
riawoorn/infant cannot be excluded and that breast-feeding must be discontinued prior to initiation of
therapy in patients who will be administered boceprevir

Boceprevir is an inducer of CYP2B and 3A in mice, but not in other species including humans. A study
on human liver microsomes showed that it is rather a competitive inhibitor of CYP3A4/5 at
concentrations in the range of that reached in patients.

Boceprevir was shown to be both a P-glycoprotein and a weak BCRP substrate. These findings and a
warning about a likely interaction with inhibitors of these transporters are reported in the SmPC.
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Regarding the inhibitory potential for transporters, it can be concluded that boceprevir is not expected
to significantly inhibit MRP2 and BCRP at therapeutic concentrations. Nevertheless, it was shown to be
a P-glycoprotein and an OATP1B1 inhibitor in vitro.

In an enzyme induction study with three batches of human hepatocytes, boceprevir did not cause
significant induction of CYP1A2, CYP3A4 and CYP2B6. As these enzymes are sensitive indicators for
activation of the AhR, PXR and CAR receptors, and activation of these receptors can also result in the
induction of some of the UGT enzymes, the potential that boceprevir will cause significant induction of
UGT enzymes is low.

2.3.4. Toxicology
Toxicology
Single dose toxicity

Single-dose toxicity studies were conducted in rats, dogs and monkeys by the Orii route which is used
in patients. An additional study was performed in rats by the intraperitori:al route. The observed
maximum non-lethal oral acute doses in rat, dog and monkey were respestively 2000, 300 and 1000
mg/kg.

Repeat dose toxicity

Repeat-dose toxicity studies were conducted in mice far up to 3 months, rats for up to 6 months, and
monkeys for up to 12 months. In repeat-dose studies in'mice, no overt toxicological effects were seen
up to 900 mg/kg (ca 23 x human dose, ca 3.6 x*aunian AUC of active isomer SCH 534128). Target
organs for mild effects were liver, kidney an: spleen.

In rats, target organs/tissues identified were testes, epididymides, prostate, adrenal glands, thymus
and liver in males. Effects on testegmanavZpididymides were sertoli cell vacuolation, spermatid
degeneration, atrophy of seminifascus/tubules, and luminal cellular debris in the epididymides. A
decrement of prostate weight®with/ho histopathologic correlate was seen in study 01290, but not in
other studies. Effects on ufineshemistry in male and female rats and on testes in males appeared at
75 mg/kg (ca 2 x human dese, ca 1.3 x human AUC of boceprevir). Established NOAEL is 15 mg/kg,
thus much lower than the intended human exposure.

In monkeys} minorteffects were seen in some studies on P450 enzymes, liver weight, serum
cholesterol; buwnot in the 12 month study. Most important were increases in activated partial
thromuoplastin time (APTT) seen in monkeys without associated clinical observations, changes in other
clinicil paethology parameters suggestive of haemorrhage, or gross pathology evidence of haemorrhage
thiatswould indicate a defect in haemostasis (NOAEL of 25 mg/kg which represents a monkey to human
expusure multiple of 0.15 based on AUC of boceprevir (SCH 503034).. The APTT has been monitored in
Zlinical studies, and no clinically meaningful effects have been identified. It is agreed that the effect on
APTT of boceprevir seen in monkeys is probably not an important risk factor for humans.

Genotoxicity
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The genotoxicity of boceprevir was evaluated in vitro in an Ames test, and in human peripheral blood
lymphocyte and mouse micronucleus assays. Boceprevir was not genotoxic in this ICH-compliant
battery of tests.

Carcinogenicity

The carcinogenic potential of boceprevir was assessed in mice and rats following oral administration.

Hepatocellular adenomas were found in female mice in the 2-year carcinogenicity study.

Boceprevir was not found to be carcinogenic in a 2-year rat study. The AUC-values of boceprevin (€2
503034) and the active metabolite SCH 534128 at high dose in rats were slightly below thz=human
AUC-values at the intended dose.

Reproductive and developmental toxicity

The effect of boceprevir on fertility and early embryonic development was assf:ssed in female mouse,
male and female rats and in female rabbits.

Boceprevir induced reversible effects on fertility and early embryofiicidevelopment in female rats at
150 mg/kg. In males a decreased fertility and testicular degendratior v as shown at 150 mg/kg. The
NOAEL was 75 mg/kg. In embryo-foetal toxicity studies of rztg, shere were no boceprevir-mediated
effects on reproductive parameters (e.g. resorptions, foetalwizoility), or foetal weight, nor were there
any test article-related malformations or variations. The NOAEL for maternal toxicity in rats is <150
mg/kg (based on the decrement in gestational body‘weijht gain) and the NOAEL for embryo-foetal
toxicity in rats is 600 mg/kg. Rabbits showed mé&teriial toxicity at 50 mg/kg, but embryo-foetal toxicity
or teratogenicity was not observed up to 60vimg/Kkg.

In pre/postnatal toxicity study in rats, thuore®were no boceprevir related effects on pregnancy,
parturition and lactation of the mateziaamanimals (FO) or on the growth, viability, development or
reproductive performance of thesEl%aeneration. Survivability of the F2 generation was unaffected. The
NOAEL for FO and F1 generafioiis was found 150 mg/kg.

Juvenile rats showed,after'2.<nonths exposure to boceprevir lower mean body weights and body weight
gains, delayed attaimmunt of male developmental landmarks at 150 mg/kg, hyperplasia of thyroid
gland follicular cells{ hi/pospermia in the epididymides, and vacuolation of the seminiferous epithelium
and degeneration i the seminiferous tubules at dosage levels of 75 and 150 mg/kg. The NOAEL for F1
systemic tgxicity was 25 mg/kg (AUC about 0.2 times the intended human adult exposure). Thyroid
gland“ayperplasia seems to be specific for juvenile rats, as it was not observed in adult rats, or in mice.

TOxicokinetic data

woxicokinetic data were obtained after a single and repeated oral administrations of boceprevir.

From toxicokinetc data obtained after a single dose, gender-related differences in systemic exposure
were evident in rodents with females more exposed than males given the same boceprevir dose (up to
3-fold in mice and rats). In addition, there was some variability from one study to another regarding
the exposure levels measured at the same dose level in each sex, particularly at high doses.
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In mice, AUC levels were decreased after repeated doses compared to those measured following single
dose.

Local Tolerance
No study was performed since boceprevir is intended to be administered orally.
Other toxicity studies

Standard immunotoxicity endpoints including white blood cell counts, differentials lymphoid orgas
weights, lymphoid tissue histopathology and bone marrow cellularity were assessed in genera’ taxisicy
studies and did not indicate a need for specific immunotoxicity or antigenicity studies to besaaiiducted.
Idiosyncratic adverse reactions are not expected.

Additional studies were performed to elevate mechanisms concerning testicular toxicityy hormone
levels during pregnancy, estrogenicity, thyroid hypertrophy, heamolysis and ART 1%, 2iso some in vivo
combination studies have been performed.

The testicular toxicity shown in repeated dose studies in male rats wa's rict accompanied by changes in
serum levels of LH, FSH and testosterone.

In female rats, the observed decrease in pregnancy was nof=accampanied by changes in serum
concentrations of LH, FSH, P4 and E2. In vitro tests showsacithit boceprevir has no estrogenic activity
and no antagonistic activity on the androgen receptor.

Boceprevir showed no effect on red blood cell ostnotis fragility in human blood and no effect on APTT
(activated partial thromboplastin time) in cy:{omolgus monkey blood.

In rats, the combination of ribavirin with“a0Ceprevir did not increase the toxicity of boceprevir in a 3-
month study. Administration of diflisivisaiyritonavir and ribavarin caused more toxicity in a 3-month
study in rats with thymus, adreral g!'2nd, kidneys and thyroid glands as targets. Co-administration of
boceprevir, ribavirin and ritorfavir i‘icreased dose normalized exposure to boceprevir at steady state
approximately 2 to 6-fold {imfamales) or 4 to 9-fold (in males).

The combination of REC:-Intron and ribavirin with boceprevir showed mild effects which were only
attributable to PEG-infron and ribavirin.

The appliciint parrormed a number of 1-month repeated-dose studies in rats with exposures to
differéathavwalies of boceprevir containing relatively high amounts of impurities and degradation
prodi cts:\Based upon systemic exposure, clinical observations, body weight, food consumption,
o htnalmology, clinical pathology and pathology/histopathology data/findings, there was no
toxicologically significant difference found between the batches tested and pure boceprevir.

2.3.5. Ecotoxicity/environmental risk assessment

An ERA according to CHMP guideline on the environmental risk assessment of medicinal products for
human use (EMEA/CHMP/SWP/4447/00,) was submitted.
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The PECsyrracewater Value determined in the phase I risk assessment exceeds the action limit value by
a 1200-fold factor. Therefore, it is agreed that boceprevir should enter into phase II Tier A risk
assessment. Further data is required to substantiate the outcome and complete the programme as
such the study report on log Kow and the study reports related to the phase II assessment should be
provided.

2.3.6. Discussion on non-clinical aspects

Pharmacology

Boceprevir is a serine protease inhibitor, which inhibits NS3, a viral protease which is involvec¢:i
further cleavage of the viral polyprotein into downstream nonstructural proteins. Boceprevimhinds
covalently, yet reversibly, to the NS3 protease active site serine through a ketoamide firactiorial group,
thereby inhibiting the cleavage of the viral polyprotein into functional units, therebyyinaibiting HCV
replication.

In replicon assays with the human hepatoma cell line Huh7 transfected with KliA'based on HCV
genotype 1b, IC50 was 200 - 900 nM and IC90 was 400 - 1400 nM. In ti e presence of human serum,
IC50 was 500 nM. In an enzyme assay, Ki was 14 nM for genotype 1¢ adid 1b, and 39 nM and 25 nM
for genotypes 2a and 3a respectively. In vitro studies showed thatmytations emerge at concentrations
up to 10 pM. Mutations are therefore expected to emerge at hyinan=€xyosures if boceprevir is used as
monotherapy.

In replicon assays, boceprevir induced an up to 6-12 fald increase in IC90 after 8-10 passages and an
up to 8-48 fold increase after approximately 30 pascages. A156T conferred the highest level of
resistance (increase in IC90 80-fold), but also sitnifisantly reduced replicon fitness. In a replicon
assay, the combination of boceprevir at 6xIC20 (2.5 uM) and interferon alpha at 1xIC90 (1 IU/ml)
reduced resistance from 0.14% to 0.005%, ofdrie cell population.

In HCV samples from Phase 1 and 2 patiaints (genotype 1 non-responders), post-baseline RAVs were
detected in 15% of the subjects=5 5%/ /0of patients who did not achieve sustained virologic response
(SVR) had RAVs. More subjegtsiwitih poor interferon response had RAVs (41%) compared to interferon
responsive subjects (6%)Te'axtent that baseline levels (higher or other types of RAVs) might
jeopardize future treatmernt.<r treatment failures. The clinical consequence of the emerging mutations
(in terms of responga, ty, boceprevir and impact to subsequent lines of therapies) need to be further
substantiated.

Given thatgiC9uyranges from 400 - 1400 nM in in vitro studies the estimate of the required Cmin of
200 ng/r 4350 nM) seems rather low. Furthermore, clinical pharmacokinetic data show that in a large
part (f thi» patient population Cmin of 200 ng/ml was not even achieved. Moreover, this value
rebrzgents the total fraction, as a result of which the freely available, non-protein-bound fraction is
everl lower. However, data show that higher dosing would not seem to increase Cmin substantially,
nd therefore a higher Cmin seems not likely achieved. Ultimately, the clinical response is the most
important and clinical data point towards a significant effect of boceprevir in combination with
peginterferon alpha and ribavirin compared to peginterferon alpha and ribavirin alone. Likely, the
combination with peginterferon alpha and ribavirin contributes significantly to the efficacy

The activity of boceprevir was not investigated in animal studies. This is endorsed; robust in vitro cell
culture systems are lacking and animal models for hepatitis C are not readily available, except
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chimpanzees, and activity measurements in chimpanzees are not expected to add significantly to
clinical data.

Boceprevir showed minimal cytotoxicity in several human cell lines (CC50 was 80 - >100 uM).

In secondary pharmacology studies_Cross reactivity of boceprevir with an extensive panel of proteases,
other enzymes and receptors was investigated in vitro. Only cathepsin L was inhibited by boceprevir to
a substantial extent. This is considered not likely to have a relevant impact. Cathepsin L is only one of
a large family of proteases, it is involved in nonspecific protein breakdown and most likely there will
still be sufficient proteolytic pathways.

Concerning safety pharmacology studies,_single oral doses of boceprevir did not induce adyessy effects
on the CNS, respiratory, renal and gastro-intestinal systems. However, the cardiovascularisafaty
pharmacology programme raised some concern. The main criticism is that the condanuiaticns tested in
vitro (hERG and Purkinje fiber assay) were too low with regard to the clinical C,ax “\free drug level.
Nonetheless, a prolongation of the Purkinje action potential was observed at 0«5 Fz/The Applicant
considers that the action potential prolongation is modest, but it must be kept/n/inind that this
lengthening reached 42 to 82 msec (depending on the fiber) at a concent:ation corresponding to
therapeutic concentrations. This effect being concentration-dependent a/id inverse rate-dependent, and
probably amplified by hypokaliemia, such and effect cannot be ignored. indeed, the dog Purkinje fiber
is a well known sensitive and predictive model with very rare faise pgsilive results. In that context, it
cannot be accepted that boceprevir is unlikely to prolong QF=atarval based on the lack of significant
effect on hERG potassium channel in a study performed &t vanientrations in the range of the clinical
Cmax. This opinion is justified notably by the fact manyv other ionic channels are involved in the
repolarization of the action potential and that the Pu:kin e fiber model is a much more relevant,
physiologic and predictive model.

The in vivo model was Cynomolgus monk¢y. At'che top dose (200 mg/kg), an increase in heart rate
was observed without any effect on QT irterval. However, the Cynomolgus model is not a good model,
as compared to dog for example, teminvestigate the potential effects of a drug on the ECG pattern. In
fact, it is not very sensitive to datact.zn effect on the QT duration due in particular to the high basal
heart rate in Cynomolgus mofikavs and the absence of an ideal correction formula for that species.
Therefore it is not surprisiFigatinat no effect could be detected during the in vivo studies. The major
human metabolite SCH 622144 was not tested. The applicant considers that due to the presence of the
main metabolite in_moiikeys, its potential cardiotoxicity was evaluated during the in vivo studies. For
the same reasons a¢ auvove, this is not convincing.

Taking inte’accaunt that the pharmacokinetics of boceprevir is highly variable and complex, and that
the patientswiay present some pathophysiological conditions (e.g. electrolytic disturbances) that may
poteritatena potential drug-related effect on cardiac physiology, there are some concerns regarding the
re’suics obtained in cardiovascular safety pharmacology studies. Therefore, even in the absence of a
Ciaar effect of boceprevir in healthy volunteers (with normal heart rate, no electrolyte disturbance, no
Zo-administration of any other drug interacting with either the pharmacokinetics or the
pharmacodynamics of boceprevir), there is still some doubt concerning the potential effects of
boceprevir on QT prolongation, in particular in subjects presenting with low heart rates. Thus, the
positive findings observed in vitro are mentioned in SmPC 5.3 to give adequate information to the
prescriber. In addition, events possibly related to effects on the cardiovascular system (such as
syncopes, unexplained deaths, and QT prolongation) will be monitored in the RMP.
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Concerning pharmacodynamic drug interactions, IFNa and boceprevir showed additivity of effect in a
replicon system. It was shown in vitro that IFNa decreased emergence of resistance to boceprevir. The
interaction with ribavirin was not investigated preclinically. However, the combination of boceprevir
with peginterferon-a and ribavirin is investigated clinically. No relevant pharmacodynamic interactions
were observed with HIV protease inhibitors atazanavir, lopinavir and ritonavir.

Pharmacokinetics

Pharmacokinetic studies showed that the most important route of metabolism of boceprevir is via alfo;
keto reductase (AKR) enzymes. The capacity of boceprevir to inhibit aldo-keto reductase enzymes was
not investigated. AKRs 1C2 and 1C3 are dominantly expressed in hormone-associated tissue gugh @4
prostate, testis, uterus, and mammary gland. Thus, conversion of SCH 534128 and SCH 524129 to
SCH 629144 will occur in liver and in extra-hepatic tissues, and local tissue concentratians\of/specific
diastereomers may depend on the tissue distribution of the AKR1C isoforms. Furthéwaata provided by
the applicant showed that AKR1C3 preferentially metabolised SCH 534128 to SCH 785207 and AKR1C2
preferentially metabolised SCH 534129 to SCH 783004. The applicant investigated,enly the inhibitory
potential of boceprevir via AKR1C3 and not AKR1C2. Based on the provided ditz it can not be
excluded that boceprevir inhibits AKR1C2. AKR isozymes are important it the endocrine hormone
metabolism and interactions are as such a concern. The applicant has/commiitted to evaluate
endogenous steroids to evaluate whether their presumed interactign witn the AKR isoforms is affected
by the presence of boceprevir. If positive signals are detected, Limicat studies can be designed to
better understand the significance of the in vitro findings. Thig,cammitment is reflected in the RMP.

SCH 503034-K was also observed as metabolite of boceprevir. SCH 503034-K is a hydrolytic cleavage
product and is also present as low-level impurity in the ¢irug substance. Boceprevir is formed in the
presence of SLS and under acidic conditions. Intaunans dosed with boceprevir as capsule, the
circulating levels of SCH 503034-K relative t{ parent drug were lower than levels that may raise a
safety concern

Qualitatively, the metabolites detegtad na*numans were also detected in mice, rats, and monkeys.
However, quantitatively, significant¥nter-species variability was noted. This is notably the case of the
major human metabolite SCH*629144, which was a minor metabolite in the rat. This species is thus to
be considered as not fullyge'evant for humans.

Preliminary pharmasakinetic data indicate that the exposure in juvenile rats is higher than in adult
animals at similar administered dosages. The current application is for adult use only. However, off-
label use in‘chiidrer» cannot be excluded, therefore the SmPC states that the pharmacokinetic profile of
boceprevirgitiayybe different in juvenile rats than in adult rats.

A sin{le ¢ral dose of *C-boceprevir, drug-derived radioactivity was rapidly transferred into the milk of
lalitzcing rats. No information was provided concerning the precise composition of radioactivity as
feund in rat milk samples. However the SmPC states that boceprevir and metabolites are excreted in
rat milk.

Toxicology
The observed max. non-lethal oral acute doses in rat, dog and monkey were resp. 2000, 300 and 1000

mg/kg.

CHMP assessment report
Page 22/117
Rev10.10



In repeat-dose toxicity studies boceprevir showed testicular degeneration in rats at systemic exposures
lower than those in humans at the recommended human therapeutic dose. Such findings were
observed neither in mice, nor in monkeys. Additional studies in rats suggest that Sertoli cell is probably
the primary target of boceprevir toxicity, thus supporting inhibin B as a valid marker for this effect in
clinical studies. There was no indication of altered testicular function in clinical studies, based notably
on unaltered inhibin B levels in two phase 2 studies. The overall non-clinical and clinical data suggest
that the testicular toxicity observed in rats only is not likely to be relevant for humans. However, no
definitive mechanism is proposed to support the assumption that the testicular findings are rat-
specific.

In juvenile rats, boceprevir caused reversible and reproducible follicular thyroid hyperplasia. Tig
finding was not reported either in adults rats, or in mice. To better understand the thyroid swarplasia
observed, a hormone evaluation study in juvenile rats was conducted. However, it did paticlearly
support the hypothesis that thyroid effects in juvenile rats were the caused by bocénrcyir-related
enhanced T3 and/or T4 clearance (phenobarbital-like mechanism) due notably to tine tack of
compelling data from the phenobarbital positive control.

Boceprevir induced a reversible decrease in the fertility in female rats at ¢ xposures 1.2-fold the human
exposure at the recommended therapeutic dose. Decreased fertility wiag’a!so observed in male rats,
most likely as a consequence of testicular degeneration. Boceprev/i was shown to be devoid of
embryonic or teratogenic potential in both rats and rabbits at niaterwOthxic dose levels.

In the 2-year carcinogenicity study in female mice hepatece!lular adenomas were found. However,
considering the relatively low incidences of these findings, no genotoxicity, no hepatocellular adenomas
in males, no association with increased malignancy, ‘sor e induction of p450 enzymes, and no
hepatocellular adenomas/carcinomas found in ra's, tae hepatocellular adenomas are considered to be
due to enzyme induction and therefore not rdievant for humans.

Administration of diflunisal, ritonavir anaivavirin caused more toxicity in a 3-month study in rats with
thymus, adrenal gland, kidneys ang=cayasid glands as targets. Co-administration of boceprevir,
ribavirin and ritonavir increaseds,Zava.siormalized exposure to boceprevir at steady state approximately
2 to 6-fold (in females) or 4 0 2-faid (in males). This increase is considered to be due to the
pharmacokinetic enhancerfientof the exposure to boceprevir by ritonavir. However data suggest that
no toxicological effeet due'sa/a higher exposure of boceprevir during combination therapy is to be
expected.

Anaemia was. fizquently reported as a treatment-related effect in humans. An in vitro assay in human
blood did rOt provide any evidence of a haemolytic potential for boceprevir. Anaemia was not reported
in mica. "ate=znd monkeys, and bone marrow smears performed in the 6- and 12-month monkey
studi¢s ad not show any treatment-related effect. Further investigations are required to understand
th'= iicremental anemia observed in clinical practice. The applicant has committed to perform further
rsaecnanistic studies.

2.3.7. Conclusion on the non-clinical aspects

Overall, the non-clinical aspects of boceprevir have been adequately documented and meet the
requirements to support this application.

Overall, the toxicological profile of boceprevir is acceptable.
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Further investigations are required to understand the incremental anemia observed in clinical practice.
The applicant has committed to perform further mechanistic studies

2.4. Clinical aspects

The applicant requested for accelerated assessment pursuant to Article 14 (9) of Regulation (EC) no
726/2004.

The application focused on HCV infection with genotype 1. For genotype 2 and 3 sustained viral
response (SVR) around 70-85% can be achieved with pegylated interferon plus ribavirine after .6
month treatment period, while after one year treatment SVR rates below 50% for genotype=l ‘are
reached, with still lower SVR rates in some subpopulations. The low SVR rates in treatmer niive
patients infected with genotype 1 results in a pool of treatment experienced patients fur whom new
treatment options are needed. In addition, because the SVR rates in treatment naive patients infected
with genotype 1 are low, there is also a medical need in these HCV genotype i=iniac.ed patients for
new drugs that improve response rates. Therefore there is an unmet medical eed in HCV genotype 1
treatment naive as well as pretreated patients. The addition of boceprevii.to peginterferon + ribavirin
therapy is expected to be of added value in two ways: first it will signirizantiy increase Sustained Viral
Response rates; second, it might shorten treatment duration.

The CHMP agreed to the applicant’s request for an accelerajed, assessment for the evaluation of this
product in November 2010.

The proposed indication for Victrelis (boceprevir) is the treatment of chronic hepatitis C (HCV)
genotype 1 infection, in combination with peginttrferan alpha and ribavirin, in adult patients (18 years
and older) with compensated liver disease w:to are previously untreated or who have failed previous

therapy.

The proposed treatment regimen is#cQ0%¥ig of Boceprevir administered orally three times daily (TID)
with food.

CHMP guidelines/Scientifie”Aadvice

The guideline on tha«Cinical £valuation of Direct Acting Antiviral Agents intended for treatment of
Chronic Hepatitis,C :-MeEA/CHMP/EWP/30039/2008, is applicable.

On 20 May/201@ rormal Scientific advice was given by the CHMP: EMEA/H/SA/1574/1/2010/11. This
advicénconceriied quality aspects.

O(1 vie tollowing dates Scientific Advices were given by the Member States:

Lefore start of the phase III studies:

France, 3 Sep 2008. Main comment: it was recommended to incorporate a stopping rule in phase III.
Sweden, 29 Feb 2008. Main points were: The MPA questioned the stopping rule at week 12 for

experienced and after week 12 for naive patients in phase III. MPA suggested earlier stopping in order
to prevent resistance. Furthermore not randomizing patients with < 1 log reduction was recommended
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in order to prevent resistance; the company decided to randomize these patients based upon the
phase II results which cam available after this advice.

Before submission: United Kingdom, 26 May 2010, France, 12 April 2010, Sweden, 29 March 2010,
The Netherlands, 15 April 2010. Phase III studies were still ongoing.

No clinical paediatric data was submitted as part of the application. A deferral was granted for clinical
studies in the PIP.

2.4.1.

GCP

The Clinical trials were performed in accordance with GCP as claimed by the applicént

The applicant has provided a statement to the effect that clinical trials conductad wuiside the
community were carried out in accordance with the ethical standards of Directive 2001/20/EC.

e overview of clinical studies

The clinical program mainly consists of

- two completed phase II studies: P03523/SPRINT 1 in.tre¢iatnierit naive patients, P03659/RESPOND 1
in treatment experienced patients

- two completed phase III studies: P05216/SPRINT(2 ir treatment naive patients, P05101/RESPOND 2
in treatment experienced patients

These studies were performed with peginterreren alfa 2b+ribavirin

A phase III study in combination witi pag.nterferon alfa 2a + ribavirin (P05685) was also provided
within the course of the procedur=a.

Ongoing Trials

A long-term follow-un study (P05063) of which interim results are presented.

Phase II: PG54: 1: Roceprevir combination therapy is investigated in subjects co-infected with HIV.
Phase III: #8531« (PROVIDE): Boceprevir combination therapy is offered to non-responders or

relapsaréfians PR control arm of boceprevir trials.

Phiase 1i1: PO6086: Prospective evaluation of two strategies (ribavirin dose reduction only vs
Qryefropoietin support) to manage anaemia associated with boceprevir/PR therapy.
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Table 1: Tabular summary of pivotal clinical studies

Study ID Diagnosis Design Study Posology Subjs by arm
Incl. entered/
criteria compl.

P03523 Treatment- Phase 2, open-label, two-part Total: 598/595

(SPRINT-1)  naive study. Part 1 Part 1: 520 treated

Completed °p . . BOC 800 mg TID Part 2: 75 treated

art 1 included five treatment PEG2b 1.5 pglkg QW

arms with BOC/PR for 28 or 48 RBV 800 to 1400
weeks, with and without a 4-week  mg/day
lead-in with PR.
° : : Part 2

Part 2 included exploration of BOC 800 mg TID
BOC/P/low-dose RBV (400 to
1000 mg/day) for 48 weeks. 25324%8; “,]%/gg Qw
® Randomization was stratified mg/day
by race (black vs white) and by
cirrhosis vs no cirrhosis (Part 1)

P05216 Treatment- Phase 3, double-blind, placebo- BOC 800 mg TID (or, 1099/1097

(SPRINT-2)  naive controlled study comparing two placebo) Cohort 1: 938

Completed regimens of boceprevir response- PEG2b 1.5 yg’kg QW  nonblack

2008-2010 guided therapy (RGT) treatment RBV 600 0 409 treated subjects

paradigm of BOC/PR (28/48 wk) mg/dav. Cohort 2: 159 black
and BOC/PR (48 wk) to PR treated subjects
(48 wk).

® 2 cohorts: Cohort 1 (white) and

Cohort 2 (black)

® Randomization to 3 treatrment

arms (1:1:1) in each cohar.

® Stratified by HCV genotype 1a

vs 1b and by viral.nad (<400,000

IU/mL vs >400/000,1¢/mL) within

cohort.

® 28- ondswall treatment

duraticn; 4/ week lead-in with PR.

P03659 Previous ’hasa’2, double-blind (for RBV), BOC (or placebo) 100, 357/357

(RESPOND- PEG/RBV omcebo-controlled study to 200, 400, or 800 mg

1) Treatment (letermine the safe and effective PO TID

Completed Failures dose range of boceprevir (100 to PEG2b 1.5 pg/kg QW

800 mg) and PEG2b with or RBV (or placebo) 800
without RBV. to 1400 mg/day

® Up to 49-wk treatment

duration.

P0510% Previous Phase 3, double-blind, placebo- BOC 800 mg TID (or 404/403

(RESFON>- PEG/RBV controlled study comparing two placebo)

2) Treatment regimens of boceprevir response- PEG2b 1.5 ug/kg QW

tomnieted  Failures guided therapy (RGT) treatment RBV 600 to 1400

2(098-2010 paradigm of BOC/PR (36/48 wk) mg/day
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® Randomization to 3 treatment
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in qualifying treatment regimen
and by HCV genotype 1a vs 1b.
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® 36- or 48-wk treatment
duration; 4-week lead-in with PR.

Long-Term Follow-up Study

P05063 Received at 3.5 year long-term follow-up study No drug therapy No planned sample
Ongoing least to confirm durability of virologic administered size
one dose in a response, characterize long-term 604 enrolled as of
previous safety, and characterize natural 04 MAR 2010
Phase history of HCV sequence
1,2,0r3BOC variants.
trial or NAR
Trial

HCV=hepatitis C virus; NAR=narlaprevir; PO=oral, PLB = placebo; RBV = ribavirin; QW=once a week; SC=subcutaneousy
SPRI=Schering-Plough Research Institute; TID = three times a day; WBD = weight-based dosing

2.4.2. Pharmacokinetics

Twenty Phase I studies were submitted to support the pharmacokinetics of begépsevir. These included
13 studies in healthy subjects, five studies in subjects with chronic hepatilis C, and two special
population studies, in hepatically impaired and renally impaired subjedis»Atotal of 377 healthy
subjects were included in these studies.

The clinical trials conducted in hepatitis C patients included aeriatype 1 interferon non-responder
subjects and genotype 2/3 subjects, from which also phiarrizacckinetic data were obtained, next to one
Phase 2 study (P03659) and two Phase 3 studies (P05216 and P05101) from which sparse sampling
data were obtained for population pharmacokinetic ¢nalssis.

Additional information was obtained from stydies submitted in the non-clinical part: animal data from
studies DM27192, SN01556 and DM27296¢; prcsein binding data from study SN03368, in vitro Caco-2
data and absorption (including P-gp intéracsizen) from study DM27866, diastereomer inter-conversion
data from study SN04016, as well asaata regarding CYP450 enzymes (substrate/inhibition) and other
possible enzymes involved in the nietauolism of boceprevir from studies SN03208, DM27292,
DM27352 and DM27368.

Absorption

The absolute bioavailahiiity of boceprevir has not been determined since no IV formulation was
available. Bocepreyii»was shown to be a substrate as well as an inhibitor of P-gp using the Caco-2 bi-
directional penmuability assay (DM27866). Bi-directional permeability was concentration-dependent
and saturanle.

Bicauwil20ility and bioequivalence

Anroriginal dry-blend capsule formulation (50 and 100 mg strength) was used in phase 1 and early
phase 2 clinical studies. For further phase 2 and phase 3 studies, a higher dose capsule was required.
Consequently, a clinical image formulation i.e a wet capsule (200 mg strength) was developed in study
P03533.

One part of a study evaluated the effect of formulation on the bioavailability of boceprevir. The
objective of this study was to determine whether a formulation containing SLS improved the
bioavailability compared to the original formulation ( 400 mg single dose 4-period cross-over study
CHMP assessment report
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with original, 0% SLS, 3% and 6% SLS commercial formulation under fasted condition, n=44). The
results are reported in the Table below.

Table 2: Mean (CV%) pharmacokinetic parameters of boceprevir following administration of
Boceprevir (400mg, single dose) as original formulation or as capsules containing 0%, 3%
(commercial formulation), or 6%SLS in fasted healthy adult subjects (P03533)

Treatment n AUC(0-t) (ng.hr/ml) Cmax (ng/ml) Tmax? (hr)
Original 12 1930 (45) 672 (55) 1.50 (1.00-3. JO;_
0% SLS 12 1510 (49) 364 (67) 2.25 (1.06~52007
3% SLS (commercial formulation) 12 2540 (40) 865 (35) 1.50 (3#50-4<00)
6% SLS 12 2750 (50) 1020 (61) 1.50%1.02-5.00)

¢ Median (range)

Table 3: Relative systemic exposure of boceprevir following administration'vf boceprevir
(400mg, single dose) as original formulation or as capsules containing 6%, 3% (commercial
formulation), or 6% SLS to fasted healthy adult subjects

AUC (0-t) (ng.hr/ml) Cmax (ng/ml)

Ratio Estimate Ratio Estimate

Comparison n (%) 90% (5 (%) 90% CI
0% SLS vs Original 12 76 62-94 51 39-68
3% SLS (commercial formulation)

vs Original 12 135 109-167 139 106-183
6% SLS vs Original 12 140 113-174 147 112-193

These results show that the bioavailability of boceprevir was improved with formulations containing 3
and 6% SLS compared to the formulation cantaining 0% SLS and to the original formulation. The
difference in bioavailability between the 2" €orrhulations containing SLS was marginal. Similarly, PK
changes were observed with the activy, dicstereocisomer SCH 534128. Accordingly, the applicant
selected the capsule containing 3% SLS for clinical trials.

The commercial formulation . ropgsed for marketing (same composition and same manufacturing
process as clinical image«ornjuiation used in phase 2 and 3) only differs by the colour of the capsule
shell. No bioequivaleiice study was performed to demonstrate the bioequivalence between the clinical
image formulationand tiie commercial image formulation which were considered to be similar by the
applicant.

The origindl formulation has been used in several Phase I trials, while the commercial formulation has
been xo=avin the Phase II and III trials. The most important studies, like dose proportionality, food
intecagtion, QTc effects, and drug-drug interaction studies have been carried out with the commercial
fo.wnu ation.

Effect of food
The food effect has been evaluated for the original formulation and for the commercial formulation.

The effect of high fat and non fat meals on the bioavailability of boceprevir was investigated with the
original formulation in a three period single dose (600 mg) crossover study (n=12) (fasted, standard
high fat breakfast and standard non-fat breakfast). The bioavailability of boceprevir increased
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substantially when administered with food. The mean ratio estimate for AUC was 317% (high fat meal)
and 182% (low fat meal) relative to the fasted state. The corresponding values for Cmax were 223%
and 129% respectively.

The second study was a single dose two-period crossover study (administration of 600 mg in a fasted
state and immediately after consumption of a standard high-fat breakfast) (n=20). The results
indicated that in the fed state the peak was delayed (3hrs later) and the bioavailability increased
(217% for AUC and 162% for Cmax) relative to the fasted state.

Three more studies were performed to evaluate the effect of food on the bioavailability of the
commercial formulation.

One study was designed to determine the effect of a low fat meal on the bioavailability .af \2oczprevir

administered as the commercial capsule formulation (400 mg) single dose 3-way chessiover followed

by two treatments in a fixed sequence exploring food effect with original and comniareial formulation,
n=44). For the commercial formulation, boceprevir (and its diastereomers) Al'< ans Cmax increased
by about 65% (2x200mg) due to intake of a low fat meal.

A second study investigated the effect of the timing of a low fat standara breakfast on the
bioavailability of boceprevir commercial formulation. This was a sitigig,aose (400 mg) four period cross
over study (fasted, administration 5 min before meal, after consumption of half meal and within 5 min
of meal completion)(n=12). The capsules (2x200mg) were ae¢ministered in fasted state, immediately
before intake of a low-fat breakfast, during intake of a low iat Lreakfast (taken at about 50% of meal
consumption) and immediately after the intake of a low-fat breakfast. The meal contained 21 g fat and
had a caloric content of 450 kcal. The timing of the raea administration did not notably affect this
increase in bioavailability.

The third study evaluated the PK of bocep'evir after single doses administration under fasted and fed
conditions in Japanese and Caucasian suciects. There were 3 dose groups (200, 400 and 800 mg).
Each group included 3 periods: pericd, 1%rter an overnight fast, period 2 with a FDA standardized high
fat breakfast and period 3 with a='ap2s1ese low fat meal. Twelve subjects (Japanese n=6, Caucasian
n=6) were enrolled in each dgsa. aroup.

In Caucasians, the effect o5, fuod on boceprevir AUCt increased for the 200, 400 and 800 mg strength
from 16, 48 to 59%=Fos Cmax no effect was observed at the 200 mg dose, but this increased about
50% at the 400.and(810 mg dose. The overall food effect was 40% for AUC and 28% for Cmax. A
similar tren& wos ovserved in Japanese subjects, although the effect of food was higher, especially on
Cmax.

As rellecyad in the posology, the drug is to be administered with food, Administration without food
cqula be associated with a net loss of efficacy due to insufficient exposure.

Jistribution

Animal data indicate that high concentrations were observed in liver, bladder wall, kidneys, and
various glandular tissues. In addition, boceprevir was not measurable in brain, indicating that it does
not cross blood-brain.
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Furthermore, preclinical data indicate that boceprevir crosses the placenta and is excreted in mother’s
milk.

In vitro protein binding studies using human plasma indicate that boceprevir is approximately 82%
bound to plasma proteins at a concentration of 50 ng/ml and 69% at of 25000 ng/ml, indicating a
slight concentration dependent binding. This was confirmed in vivo, where a protein binding of 74%
was measured in plasma obtained from healthy volunteers. In addition, the protein binding of
SCH629144 was about 70%, and a comparable protein binding for boceprevir and SCH629144 was
observed in plasma from end stage renal disease patients.

Boceprevir is not actively taken up in red blood cells.

Population pharmacokinetic analysis indicated a central volume of distribution of 94 |., Md,5 was
estimated to be about 772 |

Elimination

A study with *C boceprevir showed that a mean total of 88.2% (range 85%-9176%) of the radioactive
dose was recovered in the urine (mean 9.3%, range: 7.3%-11.8%) apuyinifeces (mean 78.9%,
range:75.8%-83.5%) over 168 hrs after a single administration dosz ¢£ 2J0mg oral suspension in 3%
(w/w) SLS (P03588). Approximately 3% and 8% of the dosed radiacahon was eliminated as
unchanged boceprevir in urine and faeces, respectively.

In an ascending single dose study, plasma boceprevir concantrations declined in a biphasic manner
with a mean terminal half-life of 7 to 15 hrs for dose’s ranging from 100 to 800 mg. In a multiple dose
study (800 mg tid), the mean terminal half-life was\1572 hrs (CV 98%) and 4.5 hrs (CV 53%) in
Caucasian and Japanese subjects respectivelv. Inpooled studies the mean steady-state half-life was
3.4 hrs (CV 90%). The half-life of the activeraiasterecisomer was found to be ranging from 1.5to 5 hr
across doses and studies.

The AUC values across the clinical (;tucies and doses suggest that the plasma clearance of the inactive
diastereoisomer SCH 534129 was creater than that of the active diasterecisomer SCH 534128. The
ratio of diastereoisomer concuntrations (active:inactive diastereoisomer) in humans varies with time
approaching a steady-sta‘e rctio of about 2:1.

In vitro and in vivd dataindicate that boceprevir undergoes extensive metabolism, mainly by the
aldoketoreductiiseznathway and by CYP3A4/5 metabolism. The main part of the drug-derived
radioactivity expasure in plasma was due to SCH 783004, SCH 783006, and SCH 783007 (together
grouped.as,SCH 629144), which are formed by the aldoketoreductase pathway.

Dose prioportionality and time dependencies

Atter a single dose, boceprevir shows a more than dose proportional increase over the 200 - 800 mg
vose range; however this was not observed after t.i.d. dosing. At higher doses AUC and Cmax clearly
increased less than dose proportional, probably due to limited solubility and absorption.

No unexpected accumulation occurred for boceprevir, with accumulation factors below 2. Also based on
the population predicted AUC and Cmin levels no unexpected accumulation was identified. In addition,
there was no indication that the elimination half-life was dependent on dose or affected by repeated
administration. Steady state was achieved within about 2 days.
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Special populations

Specific phases I studies evaluating renal and hepatic functions were conducted. Other data related to
age, gender and race were derived from population PK analyses.

A study was carried out on subjects with end stage renal disease and haemodialysis, who received an
800 mg single dose of boceprevir. Obtained boceprevir pharmacokinetics at day 1, when patients were
not dialysed, indicated that AUCt and Cmax were comparable between the end stage renal disease
patients and healthy volunteers with ratio’s of 0.90 (90% CI 0.47 - 1.74) and 0.81 (90% CI 0.38 =
1.74), respectively.

To evaluate the effect of dialysis, these patients received at day 4, when they underwent ({ialjisis, an
additional single 800 mg dose under fed conditions. Pharmacokinetics at day 4 and aa’ 1'were
comparable (ratio AUCt 0.99, ratio Cmax 0.88).

The effect of impaired liver function on the pharmacokinetics of boceprevir wiis/pvestigated in study
P03747. Subjects with mild hepatic impairment (Child-Pugh score 5 - 6),anoderate hepatic impairment
(Child-Pugh score 7 - 9) and severe hepatic impairment (Child-Pugh szese™10- 12) were included.

Boceprevir was administered at a dose of 400 mg under fasting_coadifians. Blood samples were taken
up to 72 h after dosing.

Mild to moderate hepatic impairment did not affect the pharmacokinetics of boceprevir after a single
dose of 400 mg. Severe hepatic impairment increas¢d ~UC and Cmax by 42 and 61%, respectively.

Population pharmacokinetic analyses did not revea! any significant effect of gender, weight, race or age.
No data were obtained in children and adolescents patients or children

Pharmacokinetic interaction studies

In vitro studies showed that boepievir is primarily metabolised via aldoketoreductase isoforms
(AKR1C2 and AKR1C3) and_tu,a minor extent via CYP3A4/5-mediated oxidation.

Boceprevir is a substrate foriP-gp. Furthermore, boceprevir inhibited the efflux of digoxin, with an
estimated IC50 of 25 jig,/ml.

Using human %ives microsomes and incubations with P450 probe substrates with selectivity for CYP1A2,
CYP2A6,.C/P2136, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A4/5, boceprevir was
demoyistravad to be an inhibitor of CYP3A4/5 . A Ki of 7.7 uM (about 4 ug/ml) was observed and
inkigitian’ was time-dependent.

inWwitro, using cultured human hepatocytes, no relevant induction by boceprevir was observed for
CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19 and CYP3A4/5 after incubation at a concentration of 1,
10 and 100 uM (520 - 52,000 ng/ml)

Concomitant drugs effecting boceprevir pharmacokinetics in vivo:

e In studies with ketoconazole (a strong CYP3A4 inhibitor and P-gp inhibitor) the AUCt and Cmax
of boceprevir increased by about 130 and 40% respectively.
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e Ritonavir (strong CYP3A4 inhibitor and weak P-gp inhibitor) affects the elimination of
SCH629144 (110% increase in AUC). The precise mechanism of this interaction is not clear.

e Data provided suggest that the effects of AKR inhibitors (NSAIDs diflunisal or ibuprofen) are
unlikely to be of any clinical relevance if co-administered with boceprevir.

e Efavirenz (a CYP3A4 inducer) decreased Cmax, Cmin and AUCtau of boceprevir (800 mg t.i.d.)
statistically significant by 8, 44 and 19%, respectively.

e Tenofovir did not affect the pharmacokinetics of boceprevir. A small but statistically significant
increase in SCH629144 Cmax and AUCtau of about 10% was observed.

e Boceprevir pharmacokinetics (200-400 mg t.i.d.) were not affected by peg-interferon-a (1.5
Hg/Kg).

Boceprevir effects n the pharmacokinetics concomitantly administered drugs:

e No effects on the pharmacokinetic parameters of diflusinal were observed when cc -
administered with boceprevir

¢ Concomitant administration of boceprevir with midazolam increased the Craaxarid AUC of
midazolam by 177 and 430%,

e Boceprevir coadministration increased the Cmax and AUC of efavireni /o\w11 and 20%,
respectively, which was statistically significant

e Boceprevir increased the Cmax and AUC of tenofovir (P-gp subsirate, and renal hOAT1 and
hOAT3 substrate)by 32 and 5%, respectivelyNo dose adjustmuiatss required for the co-
administration with tenofovir.

e Boceprevir (800 mg t.i.d.) caused a statistically signifitant¥n¢rease of Cmax and AUC of
drospirenone, by 57 and 99%, respectively, after administration of drospirenone/ethinyl
estradiol 3mg/0.02 mg (Yaz) o.d. For ethinyl estiwaial 1o effect on Cmax was observed;
however AUC decreased 24%. Alternative contraceptives should be considered for these
patients.

e Peg-interferon-a pharmacokinetics (AUG) were unaffected by boceprevir (200-400 mg t.i.d).

Pharmacokinetics using husm.ar. biomaterials

2.4.3. Pharmacodynamic:

The pharmacodynamic propé ties=Of boceprevir were investigated in isolates obtained from HCV
patients enrolled into thelohase I and III studies. In the following these data are presented along with
a brief summary of visological data. In addition, information from the QTc study in healthy subjects
and the integrated/PryP> analyses is described.

The mechaniémaf action underlying the antiviral activity, and aspects of drug resistance are also
discussed (n tlie section"Non- Clinical aspects “Pharmacodynamics”.

Megchanais'n of action

Th< nechanism of action involves boceprevir covalently, yet reversibly, binding to the NS3 protease
acuive site serine (Ser139) through a ketoamide functional group. Upon binding to the NS3 protease
active site serine, boceprevir prevents the HCV protease from cleaving the intermediate viral
polyprotein into functional units, thereby effectively inhibiting HCV replication.

Primary and secondary pharmacology
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The inhibitory concentrations producing a 50% response (IC50) and a 90% response (IC90) for
suppression of the HCV replicon (genotype 1b) in a 72-hour culture were approximately 200 nM and
400 nM. In 50% human serum, the replicon IC50 value for boceprevir was 500 nM.

In Phase Ib dose finding combination study of boceprevir administered in combination with PegIFN
there appears to be a dose response relation ship: higher total daily doses seem to result in higher

response rates.

Effect on the QTc interval

A Phase 1, four-way crossover, placebo and positive (moxifloxacin) controlled QTc study to evaivate
QT/QTc interval prolongation and proarrhythmic potential for boceprevir at a clinically therzpeutic dose
(800 mg TID) and at a supratherapeutic dose (1200 mg TID) was conducted in healthy.adult/subjects.
Neither the therapeutic nor supratheraputic doses of boceprevir were associated with clinically relevant
effects upon cardiac conduction. Nevertheless a signal (see non clinical discussion)%an
electrophysiological data warrants attention of physicians in patients at risk of-Q1%rblongation
(hypokalemia, long congenital QT).

Pharmacokinetic/pharmacodynamic (PK/PD) relationship

An analysis from phase II data of the total daily dose versus th&€ maxincum viral load drop with
standard deviation was performed. In general for monotherzpy, \total daily dose was a predictor of
response.

A concentration-response analysis was performed. Tae rasults indicated that maximal HCV-RNA drop
correlated best (larger correlation coefficient valte, 1=0.653) with trough concentrations of
boceprevir; a modestly less robust relationsio was noted for Cmax (R=0.466) and AUC (R=0.511) of
boceprevir

A PK/PD quartile analysis was perferinedsio evaluate the relationships between mean boceprevir Cmin
at Week 5 (corresponding to 4 wasws.0f boceprevir treatment) for each Cmin quartile and its relation
to the effect of boceprevir+p¢glb+RBV combination therapy as measured by median log10 HCV-RNA
change at Week 5 or mediam,of,maximum logl0 HCV-RNA decline during Week 5. There was a
consistent moderateqnositivescorrelation between boceprevir Cmin and reduction in viral load.

In the Phase 3 PK/PD iinalysis, potential relationships between boceprevir and RBV PK parameter
values and Seletecrtreatment outcomes (such as SVR and viral response at week 8, 12, 24 and end of
treatment)Ywerws quantitatively explored using multivariate logistic regression. No clear associations of
viral respanee’with boceprevir PK were seen, including the primary endpoint of SVR

Pl /F0, quartile analysis was performed to evaluate the relationships between mean boceprevir Cmin at
WWeek 5 (corresponding to 4 weeks of boceprevir treatment) for each Cmin quartile and its
Zorresponding responsiveness to combination treatment as measured by median log10 HCV-RNA
change at Week 5 or median of maximum log10 HCV-RNA decline during Week 5.

There was a consistent moderate positive correlation between boceprevir Cmin and reduction in viral
load. Subjects who had a lower Cmin at Week 5 (mean Cmin=34.9 ng/mL in the lowest Cmin quartile)
had a smaller viral load reduction (median log10 HCV-RNA change from baseline of -1.46), while
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subjects who had higher Cmin at Week 5 (mean Cmin=193 ng/mL in the highest Cmin quartile) had
greater viral load reduction (median log10 HCV-RNA change from baseline of -3.84)

Pharmacokinetic interactions with other medicinal products or substances

As stated above, nonclinical data indicate that boceprevir is metabolized primarily by
aldoketoreductase (AKR) and to a lesser extent by via CYP3A4/5-mediated oxidation.

Among the CYP3A4/5 substrates, no events suggesting increased exposure to the substrates were
observed. While subjects exposed to CYP3A4/5 inhibitors such as the macrolides did experience
increase rates of gastrointestinal events compared those not receiving macrolides, so did subizcts
receiving standard of care in addition to a macrolide. There was no evidence to suggest thaatie
theoretical changes in exposure for drugs that share CYP3A4/5 metabolism manifested.2s"zlinically
important events.

Genetic differences in Pharmacodynamic response

A genetic variant near the gene encoding interferon-lambda-3 (IL28B rs12979860, a C to T change) is
a strong predictor of response to peginterferon alfa-2b/ribavirin. This (3senatypic marker was not
identified at the time of the initiation of the phase III trials and cojila“aniy be studied retrospectively in
patients that specifically gave their informed consent (see ClinifaiEicz cy section of this report).

More recently, a genetic variant leading to inosine triphospbatass (ITPA) deficiency has been
associated with risk of ribavirin-related anaemia during F2 therapy. A retrospective subgroup analysis
has been carried out and is presented in the Clinical Efficacy section of this report.

2.4.4. Discussion on clinical pharm: cology

The dose rationale for boceprevir is mainly"based upon the clinical outcome. The protein-binding
unadjusted IC50 value for the hepatitis ¢, viz4s genotype 1b in the replicon system is 200 ng/ml, and
would thus be higher than the free tacenravir trough values. However, boceprevir is distributed to the
liver, the target organ, and concenirations at the primary site of action may be higher. Applying a
higher dose is considered not,useful, taking into account the less than dose proportional increase in
exposure.

A t.i.d. dose scheme_is\to betapplied. With respect to adherence to dosing interval, subjects in all three
clinical key studies pi’Griding efficacy and safety data were instructed to dose boceprevir every 7 — 9 h.

Maximal boeszpsevir peak plasma concentrations after oral administration are observed after about 1 -
2 h. Bocaepweavi absorption increased by up to 60% at the 800 mg three times daily dose when
admiristered with a meal, relative to the fasting state. Consequently the SmPC states that the capsule
shouig e taken with food and information is provided that food increases AUC up to 60%, regardless
of “22d type and timing. Pharmacokinetics after t.i.d. dosing over the 200 - 800 mg dose range
increases dose proportionally. At higher doses (i.e. 1200 mg t.i.d.) a less than dose proportional
increase in exposure is clearly observed

In subjects with various degrees of stable chronic hepatic impairment, there was a trend toward an
increase in the mean boceprevir Cmax and AUC with decreasing liver function, particularly in the group
with severe hepatic impairment. The boceprevir ratio estimates for mild, moderate and severe hepatic
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impaired subjects, compared with healthy subjects, were 91%, 114% and 149% for AUCO-t and 100%,
107% and 161% for Cmax, respectively.

The applicant originally proposed that boceprevir be contraindicated in patients with a Child-Pugh score
> 6 i.e with moderate and severe hepatic impairment. However, this contra-indication seems based on
the need to co-administer boceprevir with pegylated IFN and ribavirin, which are contraindicated for
use in patients with moderate and severe hepatic impairment, rather than justified by the impact of
hepatic impairment on the boceprevir PK parameters. Overall, the limited impact of moderate hepatic
impairment on boceprevir PK parameters does not by itself warrant a strict contraindication of
boceprevir.

For patients with renal impairment no dose adjustment is advised, which is acceptable conszidening the
almost completely non-renal elimination of boceprevir and the lack of an effect on pharmasok.netics in
patients with end stage renal disease on haemodialysis.

No data are available for children/adolescents. The SmPC states that safety, efficagy and
pharmacokinetics of boceprevir in children < 18 years have not yet been estahiisiied. Regarding
gender, weight, race and older age, no precautions are necessary based “.bon population
pharmacokinetic analysis.

The effect of AKR inhibitors (NSAIDs diflunisal or ibuprofen) se¢ins wiocerate on boceprevir
concentrations. However, with ibuprofen, boceprevir plasma=axpasure is not altered in a significant
manner whereas with diflunisal, boceprevir plasma exposuiras tend to increase. The Applicant was
asked to discuss these conflicting results and their clinical relevance. The limitations of the
investigations were acknowledged and overall, giverithe limited use of AKR inhibitors in clinical
practice, no mention of this is made in the SmPC

The combination of boceprevir 400 mg TIP witti ritonavir 100 mg BID has been studied in comparison
with boceprevir 400 mg TID. No significant finpact is observed. On the basis of these study results the
applicant had considered that interazciionstudies with boosted PI were not required. However, in order
to clarify the net effect of ritonaxiz im.2ombination with boosted protease inhibitors on boceprevir
plasma exposure, interactiongtudics with boosted PIs were deemed necessary .tThe Applicant has
committed to perform cliniCal studies with boosted protease inhibitors, including atazanavir/ritonavir,
darunavir/ritonavir and lopiravir /ritonavir.

Ketoconazole co-adrhiriistration leads to a two-fold increase in boceprevir AUC. The Applicant was
asked to discuss the clinical relevance of such PK variations. There is no clear relationship between
Cmin and Boceprevir adverse events. However the CHMP considers that the 2-fold increase in
bocepiavic pldsma exposure measured with AUC is relevant and a warning is inserted in the SmPC
concerniryg co-administration with ketoconazole. In general, an increase in boceprevir exposure would
b¢ aaticipated with other concomitant azol antifungals. As such the warning is extended to other drugs
o4 titis class, including itraconazole, voriconazole and posaconazole.

Furthermore, since the CYP3A4 pathway is marginally involved in boceprevir metabolism, the
mechanism behind this increase needs to be further addressed, and the respective role of P-gp and
CYP3A4 inhibition should be precisely assessed. This may be of importance so as to define which
inhibitors may be of concern: CYP3A4 or P-gp inhibitors. The applicant has committed to further
substantiate the interaction profile of boceprevir with studies for methadone, simvastatin, atorvastatin,
immunosuppressive drugs used post transplantation (ciclosporin and tacrolimus) that are CYP3A
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substrates and drugs which are P-gp substrates (such as digoxin, dabigatran) or inhibitors (such as
ciclosporin).

Tenofovir was not found to have a significant effect on boceprevir concentrations, and vice versa.

Efavirenz, due to its drug-metabolizing enzyme inducing properties, decreased AUC of boceprevir by
19% and Cmin by 44%. These results, together with the lack of a complete understanding of the
elimination pathways of boceprevir, warrant alerting the attention of physicians in case of co-
administration although it is admittedthat efavirenz is a moderate rather than a potent CYP3A4 induler
as compared to rifampicin, phenobarbital or carbamazepine.

Midazolam AUC increased 5-fold after the addition of boceprevir. Therefore, the combinatien, ¢f
boceprevir with midazolam is contraindicated and caution recommended with midazaolam, 13/

The effect of boceprevir on oral contraceptive drugs is complex. Boceprevir increasad ¢rospirenone
exposure substantially. Drospirenone metabolism only involves CYP3A4 to a minonextent. Therefore,
the observed interaction with boceprevir is unexpected. Boceprevir may affect/other metabolic
pathways, however it remains unclear which ones. A study is being condt cted with boceprevir and a
combination oral contraceptive containing norethindrone and ethinylefitradiol, to identify if the effect on
drosperinone is relevant also for norethindrone. The results of thestedy will be provided to the CHMP.
Attention of physicians will be alerted on the need for alternatiyctconiri ceptives.

No significant effects on the pharmacokinetics of the pegylated.nterferons were observed with
boceprevir.

Concerning clarithromycin, the design of the stutly aves not allow drawing any conclusions on the
impact of co-administration.

2.4.5. Conclusions on clinical prvarmacology

Boceprevir is the first representativie o "protease inhibitor in the HCV treatment. Boceprevir inhibits

NS3 protease at low nanomolal . concentrations. The inhibitory concentration (IC50 and IC90) values
for boceprevir in a HCV geratjine 1b replicon assay were approximately 200 nM (n=25) and 400 nM
(n=25), respectively. In 59% human serum, the replicon IC50 value for boceprevir was 500 nM.

The applicant has Cofnmitted to further substantiate the interaction profile of boceprevir with additional
interaction stucies¥with boosted HIV protease inhibitors notably of importance in the context of HIV-
HCV co-infection

2.5.Clinical efficacy
2.5... Dose response studies

There were two phase IIb studies. The first one (September 2005) was conducted in previously
treated HCV genotype-1 patients (RESPOND-1); the second one (January 2007) was conducted in
naive HCV genotype 1 patients (SPRINT-1).

P03659/RESPOND-1 was a randomized, placebo-controlled, dose-ranging, multi-site, medical
evaluator-blind (BOC) and double-blind (REBETOL [RBV]) study of BOC in combination with PEG 1.5
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mg/kg QW SC plus RBV (800 to 1400 mg/day) or RBV placebo in adult, HCV genotype 1 (HCV-1) prior
peginterferon alfa/ribavirin nonresponders. The study design is summarized in the figure below.

HCV Undetected
BOC Placebo: 100 or 200 or 400 mg/PR

There wer t rotocol Amendments:
The fi ndment added an open label group, Arm 7 (15 of 65 were to be African-American), all of
e to receive PEG 1.5 ug/kg SC for 1 week followed by PEG/BOC 800 mg TID for 24 weeks.

second amendment
witch all continuing subjects to BOC 800 plus RBV (with PEG) as follows:

e Arms 2 to 6: For subjects in the BOC 100, 200, and 400-mg arms with significant HCV-RNA
decrease (HCV-RNA <10,000 IU/ml) at most recent visit, increase BOC dose to 800 mg TID
and add weight based RBV. Discontinue all other (non-responding) subjects

e Arm 7: Add RBV to all the subjects in the BOC 800-mg dose (mean treatment duration only 6.5

e weeks)

e Arm 1 (PEG/RBV Control): At “rollover” Week 17 (HCV Positive at Week 13), add 800 mg BOC
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e An additional 24 weeks of treatment was indicated for all eligible subjects who continued on
triple therapy (PEG + RBV + BOC 800 mg TID)
e All subjects were followed for 24 weeks after the end of treatment (EOT).

This amendment followed a review by the Data Review Advisory Board (DRAB) which identified a low
anti-HCV activity of suboptimal Boceprevir doses and the important development of resistance in the
groups without ribavirin. Thus, the decision was taken to switch all continuing subjects to tritherapy
with boceprevir 800mg TID.

A total of 357 subjects were randomized in the study: 292 were randomized in the initial six armé of
the study, and an additional 65 in Arm 7 (PEG + BOC 800 mg TID). After the implementationgoi’
Amendment No. 2 and the evaluation of eligible subjects, 143 subjects rolled over into treatmant with
PEG/RBV/BOC 800 mg TID for an additional 24 weeks.

The majority of subjects in the intent-to-treat (ITT) population were male (62%), Letvezen 18 and 65
years of age (mean = 49.5 years), and white (92%), with the exception of thessunas~t of subjects
treated with PEG/BOC 800 mg (Arm 7) in which 23% were African American.

Sixty-two percent of subjects were classified as genotype 1a, 35% were‘canotype 1b, and 3% were
considered as “other” (genotype 1 unspecified). Most of the subjedts (82-98%) had Baseline HCV-RNA
levels of >600,000 IU/mL with a mean of 2.9 x 10° IU/mL.

This phase II dose ranging study had a complex 7-arms ¢evian to meet the multiple objectives of:

e determining the most effective dose and }@avent duration of BOC (100 mg TID, 200 mg TID,
400 mg TOD or 800 mg TOD) in non respanders patients,

¢ determining whether ribavirin is mandatry to enhance the efficacy of pegIFN and BOC, and

e evaluating the safety of BO<.

The multiple amendments of th's study make its results hardly interpretable. Nevertheless lessons
were learned which informec thesdesign of the subsequent phase II study in treatment naive patients:

- ribavirin is needed o previznt viral breakthrough with resistant variants

- The antiviral actil'ity 'of boceprevir is dose-related 800 mg TID of boceprevir in combination with
PegIntron resu!leasin the most rapid time to the first HCV-RNA negative samples. Furthermore, PK
analysis suggested that increasing the dose further would not substantially increase trough
conceatratians.

& “GPRINT-1 was an open-label, randomized safety and efficacy trial in adult, treatment-naive
CHC subjects with genotype 1 infection. The study compared standard-of-care PEG2b (1.5
pg/kg) plus ribavirin (800 to 1400 mg/day) for 48 weeks to five treatment strategies
containing boceprevir with only one dose tested (800 mg TID)

The study design was as follows:
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Part 1 Study Design Diagram

HCV Not Detectable
(at TW24)
PR PR x 18-23 wks
-}
g arm 13 PR x 24 wks 1-6 wks
g HCV Detectable
O (at TW24)
BOC/PR x 24 wks

[=1}

=

|5

@ | Am 2 BOC/PR x 28 wks Follow-up x 44 wks
215
< Arm 3 PR BOC/PR x 24 wk
0 4 wks XcoWhs Follow-up x 44 wks
=
=
= Arm 4
E BOC/PR x 48 wks Follow-up x 24 w..s—‘
o AN
w W
o ams| PR Follow-up'x 24

rm 5 BOCI/PR x 44 wks OlIOW-UP'X 28 WKS
4 wks B

Part 2 Study Design Diagram

Arm 6

BOCIPR (800-1400 mg/day)
x 48 wks

| Liollow-up x 24 wks

L€

Arm T

EXPERIMENTAL ARMS
Screening

BOC/PR (400-1000 mg/cay)
x 48 wks

Follow-up x 24 wks

The primary efficacy endpoint, was\SV.x.

The study subject dispositian iz described in the figure below.
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Screened

Screened But Mot Randomized

n=765 n=187
1 n=T7 Lost to Follow-up
+ P n=3s Subject Did Not Wish to Continue
n=2 Noncompliance With Protocol
Randomized n=123 Did Not Meet Protocol Eligibility
n=598
| Fandomized But Not Treated
n=3
L
Treated
n=595
Am 1 Arm 2 Am 3 Arm 4 Arm 5 Arm § Am 7
n="104 n=107 n=103 n=103 n=103 n=16 n=59
.
*| Discontinued Treatment Phase
¥ n=200
Completed Treatment Phase =77 Adverss Event
- n=63 Protocol-Defined Chgisaigvent
n=395 +1
n=17 Lost fo Follow-up
Am 1l Arm 2 Am 3 Arm 4 Am 5 Arm 8 Am 7 n=28 Subject Did Not Wislylo ‘Dlhtinue
n=32 n=77 n=76 n=63 n=78 n=34 n=28 n=1 Investigator Decilen
n=14 Noncompanc Wit Protocol
| 71
+ = L4
. Meyer Entered Follow-up
| n=51
Entered Follow-up &
n=344
Am 1 Arm 2 Amn 3 Armn 4 Armn 5 Arm § Am 7
n=87 n=100 n=95 n=26 n=51 n=14 n=50
_ 1
Discontinued Follow-up
B n=4F
' n=29 Lost to Follow-up
- n=10 Subject Did Mot Wish to Continue
Completed Follow-up n=7 Noncompliance With Protocol
n=439§
)
Am 1 Arm 2 Am 3 Arm 4 Arm 5 | Arm § Am 7
n=584 n=84 n=85 n=21 n=849 J L w4 n=41

Baseline demographic and diseaseyCaracteristics were similar across treatment arms; 60% (355/595)
of subjects were males and &1%..(481/595) were white, with a mean age of 47.5 £ 7.7 years and a
mean weight of 81.8 £ 17.2%g+ Approximately 56% (334/595) had subtype 1a virus; 89% (531/595)
had high viral load (%600,020 IU/mL) with a 6.54 mean log;q baseline viral load; 7% (41/595) of
study subjects wera™giritaotic based on local liver histopathology, and 16% (98/595) were black.

Results

The reaules are presented in the following table:

CHMP assessment report

Rev10.10

Page 40/117



Table 4: Virologic Response (Undetectable HCV-RNA) and Relapse Rates

B = boceprevir; Cl = confidence interval; EOF = End of Follow-up; EOT = End of Treatment, FW = Foliow-
up Week; HCV-RNA = hepatitis C virus-ribonucleic acid; NA = not applicable; P = peginterferon aiia-
2b 1.5 ug/kg QW: QW = once weekly; R = ribavirin 800 to 1400 mg/day; SVR = sustained vimoldaic
response.

Arm 3 Arm 5 Arm 7°
Arm 1 Arm?2 |P/RLleadin| Amm4 |P/RLeadin| AmG& PiLow-
PR P/R/B P/IR/B P/R/B P/IR/B P/R/B | Dose R/B
48 wk 78 wk 28 wk 48 wk 48 wk 48 wk 48 wk
n=104 n=107 n=103 n=103 n=103 n=16 n=59
EOT n(%)| 53(51.0) | 84(78.5) | 79(76.7) | 76(73.8) | 81(786) | 9(56.3) | 28 (47.5)
SVR® n(%)| 39(375) | 58(54.2) | 58(56.3) | B9(67.0) | 77(74.8) | 8(50.0) | 21(35.6)

Difference

e mm - 16.7% 18.8% 29.5% 37.3% - —

95% Cl ) 3.5%, 5.5%, 16.5%, 24 7%, B i

° 30.0% 32.2% 42 5% 49 8%

P value - 0.0126 0.0048 < 0001 <0001 NA NA
Relapse®™® |[12/51(23.5)| 24/181 (29.6) | 168/76 (23.7)| 573 (6.8) | 279(25) | 1/9 (11.1) | 6/27 (22.2)
/N (%)

Difference o o oy f

s A 1 - 6.1% 0.2% 16.7% 21.0% NA NA |

SVR rates were significantly higher in all arms in which standard of ca-e/(28 or 48 weeks, with or
without lead-in) was combined with Boceprevir (54.2% to 74.8% [rersus 37.5%). Treatment for 48-
weeks and a lead-in period resulted in the numerically highest GV Tate. Results from the low dose
ribavirin arm did not support this strategy, which was therefGwa 20t used in the phase III studies

A secondary analysis was conducted according to whish thepooled 48-week boceprevir arms with and
without lead-in had significantly higher SVR rates compsred to the pooled 28-week boceprevir arms
with and without lead-in (P=0.0009). Furthermoiz, ¢¢ interest, the difference in SVR in the pooled 28-
and 48-week, lead-in arms vs the pooled 28",and 48-week, no lead-in arms was not statistically
significant (P=0.2864); however, there wiis an overall numerical advantage of 5% for the lead-in
arms. (See Table below)

Table 5: Pooled Treatment Czinparisons and P-values for SVR

Diffrence in | Lower 95% Cl | Upper 95% Cl
s~ [SVR Rates (%) (%) (%) P-Value®
Arms 2+3 (28 wk) vs Arm 1 (FiR) 177 6.3 29.2 0.0024
AIms 4+5 (48 wk) vs Ari] (P/R) 334 222 446 <0001
AMMS 4+5 (48 wk) VSADNS 243 15.6 6.5 248 0.0009
(28 wk) ~
Arms 3+5 (Lead'n) v Amns 2+4 5.1 4.2 143 0.2864
(No Lead-in)

Predict=20oility of SVR Based on early response

SVR rates by Time to First Negative HCV-RNA is shown in the following table.
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Table 6: SVR rates by Time to First Negative HCV-RNA

SVR n/N (%)
Arm 3 Arm 5
Arm 17 Arm 2 P/R Lead-in Arm 4 P/R Lead-in
PIR P/R/B P/R/B P/R/B P/R/B
Time to First 48 wk 28 wk 28 wk 48 wk 48 wk
MNegative HCV-RNA n=104 n=107 n=103 n=103 n=103
<4 wk® 8/8 (100) 32/43 (74 4) 54/66 (81.8) 32/38 (84.2) 62/66 (93.9)
>4 wK to 12 wk® 24/29 (82.8) 26/42 (61.9) 419 (21.1) 36/43 (83.7) 15/19 (78.9)
>12 wk’ 7123 (30.4) 0/3 (0.0) 01 (0.0) 1/6 (16.7) 0/1 (0.0}
Never 0/44 (0.0) 0/15 (0.0) 0/17 (0.0) 0/16 (0.0) 0/17 (0.0)
All Subjects 39/104 (37.5) | 58/107 (54.2) | 58/103 (56.3) | 69/103 (67.0) | 77/103 (74.8)

B = boceprevir; HCV-RNA = hepatitis C virus-ribonucleic acid; P = peginterferon alfa-2b 1.5 ug/kg QW;
QW = once weekly; R = ribavirin 800 to 1400 mg/day; SVR = sustained virologic response.

b exposure to weeks of P/R for arm 1 and to weeks of boceprevir treatment for arms 2 through 5.

SVR rates were high regardless of total treatment duration in patients reachingia inzgative HCV-RNA at
week 4 or earlier. However, in patients reaching there first negative HCV-RNA (after week 4, SVR rates
were clearly higher in patients receiving 48 weeks of total therapy, compcred to 28 weeks. This
informed the decision to use a response guided therapy algorithm in pbas® III. Furthermore, the fact
that almost no patient that were treated with boceprevir and becainehegative after week 12 informed
on the potential utility of a futility rule.

Rationale for 4-Week Lead-in with P/R on SVR

The theoretical rationale for the 4-week lead-in strataav is based on several factors. The 4-week lead-
in allows PEG2b and ribavirin to reach steady-state concentrations and, potentially, for the host-
dependent immune system to be primed by «£G2b. Also, the lower viral load at the time of initiation of
boceprevir therapy might decrease the ris< ofiselection of drug resistant variants and consequent viral
breakthrough.

As stated above, SVR rates werg numecrically higher in arms using the lead in, Combining across
treatment groups, the rate of vinalsoreakthrough in the boceprevir lead-in groups was 4% (9/206)
compared with 9% (19/2Yu pnirnthe boceprevir groups with no lead in (p=0- 057). Also, relapse rates
were numerically lowar in ti¥& arms using a lead in. These finding informed its use in the phase III
program.

2.5.2. Main\study(ies)

Two paoealpiase III studies, one in treatment naive (P05216/SPRINT 2) and one in pretreated
patieiits {?P05101/RESPOND 2) have been carried out. These trials were conducted in the US, Canada,
W=giern Europe and Argentina. First the study in treatment naive subjects will be described, followed
by tie study in pretreated patients. Both studies started on 5 august 2008.

Summary of main studies

The following tables summarise the efficacy results from the main studies supporting the present
application. These summaries should be read in conjunction with the discussion on clinical efficacy as
well as the benefit risk assessment (see later sections). The studies are detailed and discussed
hereafter.
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Title: A PHASE 3, SAFETY AND EFFICACY STUDY OF BOCEPREVIR IN PREVIOUSLY UNTREATED SUBJECTS
WITH CHRONIC HEPATITIS C GENOTYPE 1

Study identifier

P05216

Design This was a Phase 3, randomized, multicenter study, double-blinded for boceprevir or placebo in
combination with open-label PR, in previously untreated adult subjects with CHC (HCV genotype 1),
The study compared standard-of-care PR (PEG2b 1.5 pg/kg QW plus RBV 600 to 1400 mg/day
[WBD]) for 48 weeks to two treatment paradigms containing boceprevir 800 mg TID plus PR for a
total duration of 28 or 48 weeks, including a 4-week lead-in with PR. A response-guided therap)
(RGT) paradigm was used in Arm
2, whereby therapy was based on response at a specified time point on treatment. Thusy sthisd's
randomized to Arm 2 received a 4-week PR lead-in followed by BOC/PR for 24 weeks; taczeaith
undetectable HCV-RNA at TW 8 through TW 24 completed therapy at TW 28 and enterud foilow-up,
while those with detectable HCV-RNA at TW 8 or any subsequent assays and who(did irot
discontinue for virologic futility at TW 24 received an additional 20 weeks of plag€ho plus PR, for a
total treatment duration of 48 weeks. The switch from boceprevir to placeboveccyrred in a blinded
fashion. Arm 3 consisted of a 4-week PR lead-in followed by 44 weeks of BOC!PK. A 24-week
futility rule was followed for all arms, whereby therapy was discontinued {or subjects with detectable
HCV-RNA at TW 24.

Duration of main Approximately 22 months
phase:
Duration of Run-in not applicable
phase:
Duration of Extension | not applicable
phase:
Hypothesis Superiority

Treatments groups

Arm 1 (PR Control) PEG2b 1.5 ug/kg +hRBV (WBD) for 4 weeks followed by placebo + PEG2b
1.5 pgrkg +/R3VaVBD) for 44 weeks with 24 weeks post-treatment follow-

up.

A 2/=wenk futility rule was followed for all arms, whereby therapy was
distontihued for subjects with detectable HCV-RNA at TW 24

2875 patients were randomized.

PEG2b 1.5 pg/kg + RBV (WBD) for 4 weeks followed by boceprevir +
PEG2b 1.5 ng/kg + RBV (WBD) for 24 weeks. At the TW 28 visit, the
interactive voice response system (IVRS) was to assign subjects to one of
two groups based on their HCV-RNA results on and after TW 8.

- At the TW 28 visit, subjects whose HCV-RNA was undetectable at TW 8
and at all subsequent assays through TW 24 were to be instructed that
they had completed their assigned treatment and were to proceed to the
44-week follow-up.

- At the TW 28 visit, subjects with detectable HCV-RNA at TW 8 or at any
subsequent assays through TW 24 were to be assigned by IVRS to
continue therapy with placebo + PR for an additional 20 weeks, to
complete a total of 48 weeks on treatment with 24 weeks post-treatment
follow-up.

Arm 2 (Response-
guided therapy);

A 24-week futility rule was followed for all arms, whereby therapy was
discontinued for subjects with detectable HCV-RNA at TW 24

368 subjects randomized;
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BOC/PR48 (Arm 3);

PEG2b 1.5 pg/kg + RBV (WBD) for 4 weeks followed by boceprevir +
PEG2b

1.5 png/kg + RBV (WBD) for 44 weeks with 24 weeks post-treatment follow-
up.

A 24-week futility rule was followed for all arms, whereby therapy was
discontinued for subjects with detectable HCV-RNA at TW 24

366 subjects randomized;

Endpoints and
definitions

Primary
endpoint

The primary objective of this study was to compare the efficacy of two
therapeutic regimens of boceprevir dosed 800 mg orally (PO) three times
daily (TID) in combination with peginterferon alfa-2b (PEG2b) 1.5 (Ig/l'a
subcutaneously (SC) once weekly (QW) plus weight-based dosing{WER;
of ribavirin (600 mg/day to 1400 mg/day [RBV]) PO to therapy witt~E/52b
and RBV (PR) alone in previously untreated adult subjects with crizonic
hepatitis C (CHC) (hepatitis C virus [HCV] genotype 1). The=rirnary
endpoint is sustained virologic response (SVR), defined a.,und etectable
hepatitis C virus-ribonucleic acid (HCV-RNA) at Follci-upzVveek (FW) 24.

The study included two separate cohorts (Cohort ‘wwite subjects] and
Cohort 2 [black subjects]). The primary efficacy @ndboint was analyzed in
the Full Analysis Set (FAS), which included(allirandomized subjects who
received at least one dose of any study medi:2%on (PEG2b, RBV, or
boceprevir/placebo) in Cohort 1 plus Cthort 2. This combined analysis
was based on Health Authority receinimendations and was specified in the
Data Analysis Plan. In addition, a!l uéricucy analyses were performed by
cohort.

Key
Secondary
Endpoint

The key secondary objectiva of this study was to compare the efficacy of
two therapeutic regimens ¢f boceprevir when used in combination with PR
(WBD) with the standaréssi care (PR [WBD] alone) in the modified Intent-
to-Treat (mITT) data sev; which included all randomized subjects who
received at lealst or'= dose of experimental study drug (placebo for the
control army&naasCeprevir for the experimental arms).

Other
Secondary
Efficacy
Endpoints

In adddion, the two boceprevir regimens (Response-Guided Therapy
[RG7TT andBOC/PR48) were to be compared as overall treatment

reg:mer s, and the early (undetectable HCV-RNA at Treatment Week [TW]
8 tyrough TW 24) and late responders (detectable HCV-RNA at TW 8 or
a9y subsequent visit by TW 24) in the RGT arm were to be compared with
a matched group of early and late responders in the BOC/PR48 arm.
These latter comparisons were meant to give additional insight into the
questions of: 1) whether 28 weeks of therapy is sufficient for early
responders, and 2) whether two-drug therapy (PR) is sufficient for the last
20 weeks of therapy for late responders.

Other secondary objectives of the study were as follows:

* To evaluate the safety of boceprevir when used in combination with PR
WBD).

* To define predictors of SVR, such as epidemiologic factors, disease
characteristics, and on-treatment response.

» To develop the relationship between steady-state
pharmacokinetic parameters, obtained from a population-based
pharmacokinetic model and responses in a subset of subjects.

| Datobase lock

20 MAY 2010

Riesults and Analysis

Analysis
description

Primary Analysis

Analysis
population and
time point
description

Full analysis set
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Descriptive
statistics and
estimate
variability

Since most of the subjects in Cohort 1 were white, this group of subjects is also referred to as “white
subjects” in this report. Cohort 2 included only subjects whose self-reported race was black.

In each cohort, there was a higher proportion of male subjects. In Cohort 2, median weight and BMI
were greater and a higher proportion of subjects in each arm had HCV subtype 1a compared to
subjects in Cohort 1. Most of the subjects in both cohorts had baseline Metavir fibrosis scores of FO,
F1, or F2, and absence of to <5% steatosis. Overall, the proportion of subjects with cirrhosis and
advanced fibrosis (F3/F4) was 9%. Only 19 of the 1097 treated subjects were on statin therapy at

baseline.
Effect estimate Primary Sustained Virologic Response for Cohort 1, Cohort 2, and Cohort 1
per comparison endpoint Plus Cohort 2 (FAS)

FAS
Control Experimental ~/
Arm 1 Arm 2 ‘ A 3 o
PR48 RGT BQC/PR48
Cohort 1 n=311 n=345 ‘ n=311
EOT(Undetectable HCV-RNA), n (%) | 176 (56.6) 2350704 | 241 (77.5)
SVR n (%) 125 (40.2) 2 (65.8) 213 (68.5)
A SVR - 26.6 28.3
95% Cl for A - 19.1, 34.1 20.8, 35.8
P value - <.0001 <.0001
Relapse n/N (%) 27/162)(22.8) | 21/232 (9.1) | 18/230 (7.8)
Cohort 2 l_ n=52 n=52 n=55
EOT (Undetectable HCV-RNA) F@? 15 (28.8) 26 (50.0) 36 (65.5)
SVR n (%) 12 (23.1) 22 (42.3) 29 (52.7)
A SVR - 19.2 29.7
95% Cl for A - 1.6, 36.9 12.2,47 1
P value - 0.0440 0.0035
Relapse n/Ny%) 2/14 (14.3) | 3/25(12.0) 6/35 (17.1)
Cohor 1:u:Cohort 2 n=363 n=368 n=366
ECT (:1d-etectable HCV-RNA) n (%) | 191 (52.6) 261 (70.9) 277 (75.7)
LSVR (%) 137 (37.7) | 233(63.3) | 242 (66.1)
‘ A SVR - 25.6 28.4
95% Cl for A - 18.6, 32.6 21.4,35.3
P value - <.0001 <.0001
Relaps’ n/N (%) 39/176 (22.2) | 24/257 (9.3) | 24/265 (9.1)
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Analysis Key secondary analysis
description
Sustained Virologic Response for Cohort 1, Cohort 2, and Cohort 1 Plus Cohort 2
(mITT)
miTT
Control Experimental
Arm 1 Arm 2 Arm 3
PR48 RGT BOC/PR48
Cohort 1 n=297 n=303 n=299
EOT (Undetectable HCV-RNA), n (%) 176 (59.3) 235 (77.6) 2411(80.9)
SVR  n (%) 125 (42.1) 211 (69.6) 213 ;7_1.'4)
A SVR - 27.5 2.1
95% ClI for A - 19.935.2 21.5,36.8
P value -- <.00C4 <.0001
Relapse n/N (%) 37/162 (22.8) 21/2(32 F 17) 18/230 (7.8)
Cohort 2 n=47 n=4§ n=55
EOT (Undetectable HCV-RNA) n (%) 15 (31.9) [ "1%6 (55.3) 36 (65.5)
SVR  n (%) 12 (25.5| jl 22 (46.8) 29 (52.7)
|
A SVR 21.3 27.2
95% Cl for A - 2.3,40.2 9.0,45.3
P value -- 0.0366 0.0107
Relapse  n/N (%) 2/14 (14.3) 3/25 (12.0) 6/35 (17.1)
Cohort 1 Plus Cohort 2 N n=344 n=350 n=354
EOT (Undetectable HCV-RiNA\sn (%) 191 (55.5) 261 (74.6) 277 (78.2)
SVR  n (%) \./ 137 (39.8) 233 (66.6) 242 (68.4)
A SVR - 26.7 28.5
95% ClI for/a - 19.6, 33.9 21.4,35.6
P value -- <.0001 <.0001
Relaps> /N (%) 39/176 (22.2) 24/257 (9.3) 24/265 (9.1)
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Title: A PHASE 3 SAFETY AND EFFICACY STUDY OF BOCEPREVIR (SCH 503034) IN SUBJECTS
WITH CHRONIC HEPATITIS C GENOTYPE 1 WHO FAILED PRIOR TREATMENT WITH
PEGINTERFERON/RIBAVIRIN (Protocol No. P05101; RESPOND-2)

Study identifier

P0O5101

Design

This was a randomized, parallel-group, multi-centre study, double-blinded for
boceprevir or placebo in combination with open-label PR, in adult subjects with
chronic HCV genotype 1 who demonstrated interferon responsiveness but failed to
achieve SVR on prior treatment with peginterferon/ribavirin. Subjects were
randomized to 1 of 3 treatment arms on Day 1, as described below. At the timz ot
randomization, subjects were stratified based on response to their previous
qualifying regimen (relapser vs nonresponder) and by HCV subtype (1a va,10).. A
12-week futility rule was followed for all arms, whereby all subjects witk detactable
HCV-RNA at Treatment Week (TW) 12 discontinued therapy and entefed,tullow-up.
Treatment failures in the PR control arm (Arm 1) were offered the.apor.unity to
receive treatment with boceprevir plus PR (BOC/PR) via an acges': study (P05514)
or to proceed to the follow-up phase of this study. Subjects in"the RGT arm (Arm
2) and the BOC/PR48 arm (Arm 3) proceeded directly to the foilow-up phase of
this study. Sites and subjects remained blinded as to whethesisubjects had been
in Arm 2 or Arm 3

Duration of main phase: Approximately 24 months
Duration of Run-in phase: not applidakie

Duration of Extension phase: not af plicable

Hypothesis

Superiority

Treatments groups

Arm 1 (PR Control) PR for 4 weeks followed by placebo + PR
for 44 weeks, with 24 weeks post-
treatment follow-up.

A 12-week futility rule was followed for all
arms, whereby therapy was discontinued
for subjects with detectable HCV-RNA at
TW 12.

80 patients were randomized.
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Arm 2 (Response-guided therapy):

Subjects were assigned either a 36-week
(a, below) or 48-week (b, below) course of
therapy based on their HCV-RNA status at
TW 8.

PR for 4 weeks followed by BOC/PR for 32
weeks, then:

a. 36-week regimen: subjects with
undetectable HCV-RNA at TW 8
completed treatment and entered
36 weeks of post-treatment follpu:-
up.

b. 48-week regimen: subjestswith

detectable HCV-RNA at TW 8 wera assigned

an additional 12 weeks of placebcy+ PR

(the switch from BOC to placébo hccurred

in a blinded fashion), folloywed sy 24 weeks

of post-treatment followeun.

A 12-week futility riie was followed for all
arms, whereby thHerany was discontinued
for subjects with cabactable HCV-RNA at
TW 12.

162 suijecig’randomized;

BOC/PR48 (Arm 3):

PR fori4 viweks followed by BOC/PR for
44 wenke/with 24 weeks post-treatment
rellow-up.

A 12-week futility rule was followed for all
arms, whereby therapy was discontinued
for subjects with detectable HCV-RNA at
TW 12.

161 subjects randomized;

Endpoints and
definitions

Primary
endpoint

The primary efficacy endpoint was the
achievement of SVR, defined as
undetectable plasma HCV-RNA at Follow-up
Week (FW) 24 in subjects who received at
least one dose of study medication (FAS).
If a subject was missing data at FW 24 and
after, and had undetectable HCV-RNA level
at FW 12, the subject was considered an
SVR.

’—K;_y Secondary
[“Endpoint

The key secondary efficacy endpoint was
the achievement of SVR defined as
undetectable HCV-RNA at FW 24 in
randomized subjects who received at least
one dose of experimental study drug
(placebo for the control arm and boceprevir
for the experimental arms; mITT).

Other
Secondary
Efficacy
Endpoints

3. The proportion of subjects with an early
virologic response (eg, undetectable HCV-
RNA at TW 2, 4, 8, or 12) in subjects who
achieve SVR.

4. The proportion of subjects with
undetectable HCV-RNA at FW 12.

5. The proportion of subjects with
undetectable HCV-RNA at 72 weeks after
randomization

Database lock

15 APR 2010
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Results and Analysis

Analysis description

Primary Analysis

Analysis population

and time point
description

Full analysis set

Descriptive statistics

and estimate
variability

In this study, 67% (269/404) of the randomized subjects were male, and 88%
(355/404) were non-black. The mean age was 52.7 years (range, 26-74 years)
and the mean weight was 85 kg. All subjects had genotype 1 (47% [189/4032
subtype 1la, 44% [178/403] subtype 1b by TRUGENE™ assay), and 88%
(353/403) had high viral load (>800,000 IU/mL), with a 6.63 mean logyg

baseline viral load.

Effect estimate per
comparison

Primary
endpoint

Sustained Virologic Response, End of Treatment Response and
Relapse Rates (FAS)

Relapse, n/N (%)

FAS
Control Experimental
Arm 1 Alm 2 Arm 3
PR48 RGT BOC/PR48
n=80 n=162 n=161
EOT (Undetectable '

HCV-RNA), n (%) 25 (31.7) \. 114 (70.4) 124 (77.0)
SVR, n (%) 17 @13 </ 95 (58.6) 107 (66.5)
ASVR’ - 37.4 45.2
95% CI for A -- (25.7, 49.1) (33.7, 56.8)

P value -- <0.0001 <0.0001

8/25 (32.0)

17/111 (15.3)

14/121 (11.6)

Analysis description

Key secondary analyuis

Sustained Virologig r:ponse, End of Treatment Response and Relapse Rates

mITT) B
mITT
Control Experimental
Arm 1 Arm 2 Arm 3
PR48 RGT BOC/PR48
n=78 n=156 n=160
|-EOT (Undetectable HCV-

RNA), n (%) 25 (32.1) 114 (73.1) 124 (77.5)
SVR, n (%) 17 (21.8) 95 (60.9) 107 (66.9)
ASVR -- 39.1 45.1
95% CI for A -- (27.2, 51.0) (33.4, 56.8)

P value -- <0.0001 <0.0001
Relapse, n/N (%) 8/25 (32.0) 17/111 (15.3) | 14/121 (11.6)
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A Phase 3, Safety and Efficacy Study of Boceprevir in Previously
Untreated Subjects With Chronic Hepatitis C Genotype 1 (Protocol No.
P05216/SPRINT 2).

Studied Period: 05 August 2008 through 19 May 2010; Multicenter: 149 centers worldwide.
Methods
Study Participants

Main inclusion criteria

Adult subjects with CHC (HCV genotype 1) and with no previous treatment for CHC and HCM-RNA
>10,000 IU/mL prior to treatment, and liver biopsy consistent with CHC were eligible for the study. Of
note, the study included two separate cohorts (Cohort 1 comprised of white patients,aad Cohort 2 of
black patients. Due to the poor responsiveness of black subjects to interferon and theis
underrepresentation in many trials, a second cohort (Cohort 2) of black subjects was enrolled so that a
minimum number of black subjects (at least 150) could be evaluated separately. Cohort 2 data also
were analyzed separately using similar data sets as for Cohort 1. In addit'on, a combined Cohort 1 plus
Cohort 2 analysis was performed.

Main exclusion criteria
Subjects who were co-infected with human immunodeficienaysvicus (HIV) or hepatitis B virus (HbsAg
positive), as well as patients with decompensated liver aisease, were excluded from the study.

Treatments

Control

e Arm 1 (PR48): PR= standard of care tKerapy” consisting of Peginterferon alfa-2b PEG2b (1.5 pg/kg
sc once weekly) plus ribavirin (RBV weigat-dsed dose, 600 to 1400 mg PO daily) for 4 weeks followed
by placebo (matched to boceprevir £20&), + PR for 44 weeks, with 24 weeks post-treatment follow-

up.

Experimental therapy:
e Arm 2 Response-GuidewTterapy (RGT): Subjects were assigned either a 28-week or 48-week
course of therapy based on tieir HCV-RNA status at TW 8 and thereafter.

PR for 4 weeks follewed by BOC/PR for 24 weeks, then:

e 4, At tha'TW 28 visit, subjects whose HCV-RNA was undetectable at TW 8 and at all subsequent
ansays completed their assigned treatment.
At the TW 28 visit, subjects with detectable HCV-RNA at TW 8 or at any subsequent assays
were to continue therapy with placebo + PEG2b 1.5 pg/kg + RBV (weight-based dose, 600 to
1400 mg PO daily) for an additional 20 weeks, to complete a total of 48 weeks on treatment .
The switch from boceprevir to placebo was to occur in a blinded fashion.

e Arm 3 (BOC/PR48): PR for 4 weeks followed by boceprevir + PEG2b 1.5 pug/kg + RBV (weight-based
dose, 600 to 1400 mg PO daily) for 44 weeks with 24 weeks posttreatment follow-up.

Boceprevir, supplied as 200-mg capsules, was administered at a dosage of 800 mg PO TID.
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Weight-based RBV therapy was developed to deliver approximately 13 mg of RBV per kg of body
weight. Recent evaluation of anaemia in PR therapy has shown that there is an increased anaemia risk
in subjects weighing less than 50 kg, whose actual RBV dose at 800 mg is >16 mg/kg. For this reason,
and based on results of a previous trial, the RBV dosing regimen in the current study was extended to
include a lower dose (600 mg/day) for those weighing <50 kg.

A 24-week futility rule was followed for all arms, whereby therapy was discontinued for subjects with
detectable HCV-RNA at TW 24.

The figure below outlines the structure of the trial:

Weeks 12 2430 Jga 48 72

Arm 1 L Y v +

PEG 15+
RBV
4wk

Placebo + PEG 1.5 ug'kg weekly + RBV Fohow-uy
44 wk 24 Wk

T T T T P T P

{ TW 8 Undetectables

Armm 2 .
Follow-up
PEE;\;E * BOC+ PEG 1.5 ug/kg + RBV 6o 4wk
4wk 24 wk TW 8 Detectable/TW 24 Undetectablee
Placebo 5 ugikg + RBV Follow-up
: 24 wk
Arm 3 : -
PEG 15+ i
RBV Boceprevir + PEE 1.7 ug/kg + RBV Follow-up
4wk ek 24wk

—

Management of adverse eveits
This study permitted ribaviritt.dos€ reduction and/or erythropoietin use for subjects who developed
anaemia. In the protocol«iuicelines for use of erythropoietin were provided.

Objectives and efiopoints

The primary &bjuctive of this study was to compare the efficacy of two therapeutic regimens of
boceprevir doged 800 mg orally (PO) three times daily (TID) in combination with PEG2b 1.5 pg/kg
subcutonenusly (SC) once weekly (QW) plus weight-based dosing (WBD) of ribavirin (600 mg/day to
1400 “xno’day) PO to therapy with PR alone in previously untreated adult subjects with CHC (HCV
qeriot/pe 1) in Cohort 1 (the cohort of non-black/white subjects). The primary objective corresponds
tovroviding treatment-specific estimates of SVR, defined as undetectable HCV-RNA at Follow-up Week
(FW) 24.The primary efficacy endpoint was analyzed in the Full Analysis Set (FAS), which included all
randomized subjects who received at least one dose of any study medication (PEG2b, RBV, or
boceprevir/placebo).

The key secondary objective of this study, based on a protocol amendment as of December 2009, was
to compare the efficacy of two therapeutic regimens of boceprevir when used in combination with PR
(WBD) with the standard of care (PR [WBD] alone) in the Modified Intent-to-Treat (mITT) data set,
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which included all randomized subjects who received at least one dose of experimental study drug
(placebo for the control arm and boceprevir for the experimental arms).

In addition, the two boceprevir regimens (RGT and BOC/PR48) were to be compared as overall
treatment regimens, and the early (undetectable HCV-RNA at TW 8) and late responders (detectable
HCV-RNA at TW 8) in the RGT arm were to be compared with a matched group of early and late
responders in the BOC/PR48 arm. These latter comparisons were meant to give additional insight into
the questions of: 1) whether 28 weeks of therapy is sufficient for early responders, and 2) whether
two-drug therapy (PR) is sufficient for the last 20 weeks of therapy for late responders.

Other secondary efficacy endpoints were:
e The proportion of subjects with early virologic response (eg, undetectable HCVRNA at TW=2."¢, 8, or
12) who achieved SVR.

HCV-RNA in plasma was measured with the Roche COBAS TagMan assay, which has avimit of
quantitation of 25 IU/ml and a limit of detection of 9.3 IU/ml.

Sample size

This study was projected to enrol a total of 930 non-black/African Aniarican subjects (310:310:310) in
Arms 1, 2, and 3, respectively. With 310 subjects per arm, the/stvay“niid 90% power to detect a
combined 13% improvement in the SVR rate, assuming a cewtrél SVR rate of 45% (ie, 58% vs 45%).

Randomisation

Randomization occurred separately for Cohort 14:nd*Cohort 2 and was based on a computer generated
random code provided by the sponsor’s biosiatistics department to the interactive voice response
system (IVRS). Within Cohort 1 and Coho(t 24 randomized treatment assignment was stratified by
baseline viral load (high viral load >400,800"1U/mL) vs low viral load (< 400,000 IU/mL) and HCV
genotype (1la vs 1b, based on the ZRUGENE™ assay). Subjects with genotype 1 who could not be
classified as 1a or 1b were to be=mandamly assigned to a treatment arm within their HCV-RNA strata.

Blinding (masking)

This was a double-btindystudy in which the sponsor, investigator, study personnel, and study
participants were tofp¢."blinded with respect to boceprevir treatment. The randomization schedule for
blinding of tirea:ments was maintained by the sponsor, provided to the IVRS, and disclosed only after
study comgieticn and database closure.

Resu'ts

Farucipant flow

) total of 1472 subjects were screened of these a total of 1099 subjects were randomized; 1097
received at least one dose of PR (FAS), and 1048 received at least one dose of boceprevir or placebo
(mITT). Forty-nine (4%) subjects discontinued treatment during the PR lead-in and never received
boceprevir/placebo. The main reason for discontinuation during the lead-in included PR-related AEs
such as fatigue, chills, and pyrexia. A total of 603 (55%) subjects completed treatment. The main
reasons for treatment discontinuation after the lead-in were treatment failure and discontinuation due
to AEs. Approximately the same proportion of subjects discontinued due to AEs across all
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arms (12%, 10% and 14%). The proportions of subjects who discontinued study drugs due to
nonmedical reasons were similar across the three arms (8%, 9%, 12%).

Of the 373 subjects who failed screening, 277 (224 white/other and 53 black subjects) were not
randomized because they did not meet protocol eligibility criteria. Additionally, 29 subjects failed
screening because of administrative reasons, and 44 subjects withdrew consent.

Screened
=i Cohort 1 Cohort 2 Cohort 1 + Cohort 2
Sereened But o -
e e | | m | o | ] W | e
Randomized But REESDESSEC‘ :"I n=312 | n=316 | n=312 | | n=52 n=52 | =55 | | n=364 | n=288 | =;3?_ |
Not Treated
= e
Ao mrras - (Mmoot | nate | e | [ R EW N
Discontinued n=1087 ) 8
Curing Lead-in
=20 N
e ratormne | W m2w] weotz | e | [t 7 | e | 2\ re2m0 =354
Discontinusd imITT) n=1042 L A
After BOCT +
Flaceho .l:
n=445 .
J{ mﬁmﬁmﬁ“ onets | 205 [ et | [ e 24| _L\_j EEREEEEE
n=503 J
_Mever |
Folowup = __N
=54 S [ nezre | n2s5 [ neomt | [ o2 R [ [ [ =m0 | oo |
n=1002 B L
Eim-:-ue\g Com&ﬁr;cy?:[—_ueet [Twost | n2sr | w2 | [ ot e | e | [z | e | e
Folow-up =248 =
r=18d H
ooy [ w207 | nem2 ] n=3;'_J [ooa [ nas | ot | [e28 ] o [ oo ]
=235 J
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Baseline data

Table 7: Demographics and baseline characteristics

Screened Subjects Screen Failures Randomized Subjecis
White Black Total White Black Tatal White Black Total
n=1246 n=228 n=1472 n=308 n=&7 n=373 n=540 n=159 n=109%
Sex, n (%)
Female 496 (40) 89 (35) 585 (40) 116 (38) 27 (40) 1432 (23) 230 (40) 82 (29) 442 (40)
Male 750 (60) | 13781y | 38780} | 190(82) | 40 (EO) 230(62) | se0isD) | o7 (B1) B57 (BD)
Race, n (%)
White 1183 (95) - 1183 (30) | 288 (33) - 286 (77) | 897 (95) - 397 (82)
American Indian or Alaskan Mative 9(1) - 8(1) 31 - 3(1) G61{1} - 5(1)
Asian 28 (2) - 26 (2) 5{2) - 5 (1) 21{2) - PN |
Black - 226 {100) | 226 (15) - 67 (100) 7 (18) - 159 (100) L 150(14)
Multiracia 25 (2) —~ 25(2) 1 (4) - 11(2) 14(1) - | 1 (1)
Mative Hawaiian or Other Pacific 3= - 3 (=1 1{=<1) - 1{=1) 2(=1) - | 2i=1)
Islander
Age (y) QU
Mean {3D) 486 (10.0) | 51.8(75) | 491 (9.7) | 48.1{11.0) | 52.5(6.5) | 49.1 (10.5) | 4B.7 (9.0 ‘ 503 (7.8) | 49.1 (9.4}
Median 20.0 22.0 200 49.0 330 20.0 04 520 0.0
Range 18-76 22-72 18-76 18-73 40-69 18-73 18509 22-7T3 18-76
Age, n{%) \
<40y 207 {17) 13 (8) 220 {15) 62 {20} 0 5217 145 {15) 13 {8) 158 (14}
=40 to B4 y 992 (80) | 207(s2) | 1199¢81) | 228 (75) B4 (98) son ity | 7meaety | 143¢90) | 907 (B3
=65y 47 (4) 51{3) 53 (4) 18 (5) 3 ey [N () 3143) 3(2) 34 (3)
EMI |
Mean (50) 27.6(50) | 29.9(5.5) | 27.9(2.1) | 284 (50 (VR85 (1.9) | 28.6(54) | 27.3149) | 29.9(52.3) | 27.7 (5.0)
Median 27.0 290 270 270 295 280 270 250 270
Range 17-30 17-52 17-52 To-a 17-44 17-47 17-50 20-32 17-52
Migsing 152 1 16 15 1 16 0 0 0
BMI, n (%) T
<30 916 (74) | 123(54) | 1098 ¢71) | 200 (85) 34 (51) 234 (63) | 716 (TE) B9 (56) 805 (73)
=30 315(25) 102 (45) Al 91 (30) 32 (48) 123(33) 224 (24) 70 (44) 294 (27)
Baseline Platelet Count t109.l’L): n (%) |_
<150 145 (12) BT VB3 1) 56 (18) 9 (13) 5 (17) 89 (9) g () a8 (9)
=150 1078 (87) | (2D289) | 12804¢87) | 227 (74) 52 (78) 279(75) | BS1(91) | 150¢94) | 1001 (91)
Baseline &LT, n {%)
Momal 2674210 36 (29) 333 (23) 60 (20} 18 (27) 7a (21 207 (22) | 48(30) 255 (23)
Elevated 25457 155 (89) 1119 (78} 231 (73) 44 (B6) 275(74) 733 (78) 111 (70} 344 (77)
Missing 1541} 5(2) 20(1) 15 (5) 5(T) 20 (5) 0 0 0
Wiral Load {IU/mL) L
<400,000 125 (10) 10 (4) 135 () 47 (15) 5(7) 52 (14) 78 (8) 5(3) &3 (8)
=400,000 1103 (83) | 211(83) | 1314(39) | 241 (79) 57 (85) 298 (80) | 862 (%2) | 154(97) | 1016(92)
Missing 18(1) 2(2) 2342) 18 (6) 57 23(8) 0 1] 0
Geometric Mean 2,750,801 | 4,004,959 | 2912828 | 1,588,420 | 3,208,410 | 1,808,852 | 3,254 530 | 4,314,800 | 3,350,058
Logia of Gegme ric M an® G.44 §.60 G.46 6.20 §.52 6.26 §.51 6.83 B6.53
HCV SL".LT%L'_'\ (%)
1 177 (14) 22(10) 158 (14) (10 7(10) 330 148 (16) 15(2) 1681 (13)
3 560 {45) | 135(80) | 895 (47) | 117 (28) 33 (49) 150 (40) | 443 (47) | 102 (G4) | 545 (50)
16 459 (37) B3 (28) 522(35) | 108(38) | 21(31) 120(35) | 38130 | 4228 333 (36)
A Nen-1° 18 (1) - 18 (1) 18 (8) - 18 (5) 0 - i}
[ Migsing 32(3) {3} 38 (3) 32 (10) 6 (9) 33 (10) 0 0 o

a Baseline is geometric mean of all virology collections on or before the randomization date.
b HCV subtype as determined by TRUGENE HCV 5NC assay was used for subject stratification.
¢ HCV Subtype (TRUGENE assay): Non-1 includes 2a, 2b, 3a, 3d, 4a, 4c, Mixed Genotype.
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Table 8: Demographic and Baseline Disease Characteristics for Cohort 1 Plus Cohort 2

Number (%) of Subjects, FAS®

Control Experimantal
Arm 1 Arm 2 Arm 3
PR48" RGT® BOC/PR48"
n=363 n=368 n=366
Years Since HCV Exposure
Mean (SD) 23.0 (12.1) 237 (12.0) 254 (11.7)
Median 253 253 28.3
Range (min, max) 01-483 01-594 02-5273 |
Missing 68 57 45
METAVIR Fibrosis Score, n (%) —
FO 17 (5) 20 (9) 10 (3)
F1 246 (68) 238 (65) 246 (B7)
F2 65 (18) 61 (U7 57 (16)
F3 11 (3) 18 (5) 18 (5)
F4 13 (4) 18 (4) 24 (7)
FO/1/2 328 (90) 3N (87) 313 (86)
F3/4 24 (7) o (9) 42 (11)
Missing 11 (3 15 (4) 11 (3)
Baseline Steatosis, n (%) \
0 (0%) 128 (35) 107 (29) 108 (30)
1 (=0% and =5%) 1] (47) 187 (51) 190 (52)
2 (5% and =32%) { NS0 (14) 53 (14) 54 (15)
3 (>32% and <66%) 4 (1) 6 (2) 3 (1)
Missing 11 (3) 15 (4) 11 (3)
Opioid Substitution Therapy
Yes 1 (=1) 3 (1) 8 (2)
No 362 (100} 365 (99) 358 (98) ‘

The study populatigiimainly consisted of male (657/1099, 60%), white (940/1099, 82%) patients with
mean age of 49sy2d:s/old (range 18-76 years) and a mean BMI of 28. A large majority of patients had
high viral load 400 000 UI/ml (92%) with a mean value of 6.53 log10 UI/ml; 50% were classified as

Gla and 35% @as G1b with TRUGENE method.

Overaln,irntrie BOC arms only 40 patients had cirrhosis.

Iri.#/ac¢h cohort, there was a higher proportion of male subjects Most of the subjects in both cohorts had
baseline Metavir fibrosis scores of FO, F1, or F2, and absence of to <5% steatosis. Overall, the

proportion of subjects with cirrhosis and
advanced fibrosis (F3/F4) was 9%.
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Outcomes and estimation

Efficacy

Table 9: The main efficacy results are shown in the table below

COHORT 1 : White COHORT 2: Black
Groups PR48 RGT BOC/PR48 PR48 RGT BOC/PR48
FAS N=311 % N=316 % N=311 % N=52 % N=52 % N=55 (7
SVR? 125 40.2 211 66.8 213 685 12 231 22 423 20795 07
-ASVR 26,6 28,3 19,2 2207
- P value <0.0001 <0.0001 0.0440 AWK
RR® 37 228 21 9.1 18 7.8 2 143 3 120 6 17.1
EOT® 176 56.6 235 744 241 7715 15 29 26 50 36 66
COHORT 1+2 |
Groups PR48 RGT BOC/RPR42
FAS N=363 % N=368 % N=36u /4 1%
SVR? 137 37.7 233 63.3 242 66.1
-ASVR 25,6 28,4
- P value <0.0001 <0.0001
RR°® 39 222 24 93 24 9.1
EOT" 191 526 2610 109 277 75.7

a SVR: The last available value in the period at or after Follow-up (FW) 24wf (here is no such value, the FW 12 value is carried
forward. SVR24 rates (SVRwith “"missing=failure” approach) were nearlyide atica;, Subjects who were missing FW 24 results and had
undetectable HCV-RNA at FW 12 included 3, 4, and 3 subjects in the PR4c\cont0l, RGT, and BOC/PR48 arms, respectively, in Cohort
1 and 1, 0, and 1 subject, respectively, in Cohort 2. Using the Cochran“Mantel Haenszel Chi-square test adjusted for baseline
stratification factors: viral load (>400,000 vs. <400,000 IU/mL) arlad Cgnotype (1a vs 1b). In addition, cohort (race: Black vs. Non-
Black) was also adjusted in the test for combined cohorts.
b Undetectable HCV-RNA at End of Treatment (EOT) regardless oitreaument duration.
c Relapse rate was the proportion of subjects with undetectableyHCV-RNA at End of Treatment (EOT) and detectable HCV-RNA at
End of Follow-up (EOF) among subjects who were undetodtable ac EOT and not missing EOF data.

For cohort 1 plus 2, the addition of boceprewit to PR therapy provided a significant 25-30% gain in SVR

on top of the PR in naive patients.

Relapse rates in Cohort 2 werz'similar in the boceprevir arms and control; however, the total number
of subjects who relapsed was wery small (2, 3, and 6 subjects respectively, per arm). The relapse rate
(14%) in the control.arma Cohort 2 was lower than the 26% observed in a previous large PR study

(IDEAL) in black patients

As regards thes-orinarison between RGT and no RGT arms, efficacy results are close for the cohort 1
plus 2, rega=ding cohort 2 the fixed treatment duration is associated with an approx 10% increased

SVR as caranzed to RGT.

Ther: were no significant differences in outcomes between the FAS and the mITT population.

Sustained Virologic Response by Lead-in Response (Viral Load Reduction) by Cohort

SVR by lead-in response

The following table shows sustained virologic response in each arm by Lead in response (summary

data for cohort 1+2)
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Table 10: Sustained virologic response in each arm by Lead in response (summary data for
cohort 1+2)

SVR niM (%].Fﬁ.Sa
Control Experimental
Arm 1 arm 2 Arm 3
PR48" RGT BOC/PR4a"
TW 4 HOV-RMA® n=363 n=368 n=368
<1.0-Logig Dec ine" 383 (36) 27197 (27.8) 3695 (379
<0.5 0/25{0.0) 1347 (27.7) 1137 (28.7)
0.5-=1 A58 1(5.2) 1450 (28.0) 25/58 (43.1) |
z1.0-Logio Decl ne® 1325280 (51.2) 2037252 (80.6) 2000254 57800
1-=1.5 1258 (21.4) 3347 (T0.2) 29048, (00 4,
1.5=2 13/40 (32.5) 20/31 (B4.5) BI25 (T2.0)
23 25/56 (44 .8) 44/55 (B0.0) \HoT(TAT)
3-=4 21038 (58.3) 47133 (B8.7) [ 4554 (88.9)
==4 33/42 (T8.8) 42147 (89 .4) 45/50 (90.0)
Undetectable 29530 (96.7) 17 iER5) 18020 {30.0)
Miszing 1/20 (5.0) & N5.8) BT (35.3)

a Full Analysis Set (FAS)=all randomized subjects who received at least one,dose cthany study medication (PEG2b, RBV, or
boceprevir).

b Reduction from Baseline after 4 weeks of PR for Arm 1 and after 4 weeks of.PR"zad-in prior to Boceprevir for Arms 2 and 3.

c Arm 1 (PR48) = PEG2b + RBV for 48 weeks. Arm 2 (RGT) = PR lead-ir{ fort weeks, then BOC/PR for 24 weeks (subjects with
undetectable HCV-RNA at Treatment Week [TW] 8 and all subsequent assayvanthrough TW 24) or BOC/PR for 24 weeks followed

by placebo/PR for 20 weeks (subjects with detectable HCV-RNA at TW 8 or'any subsequent assay up to TW 24). Arm 3 (BOC/PR48)
= PR lead-in for 4 weeks, then BOC/PR for 44 weeks.

d <1.0-log10 decline in HCV-RNA at TW 4 from baseline.

e 21.0-log10 decline in HCV-RNA at TW 4 from baseline. Subjefisywid¥undetectable HCV-RNA at TW 4 are also included

Subjects with some interferon responsiveness (=1.0-logl0 decline in viral load at TW 4) attained
higher SVR rates in both boceprevir-contiriing arms, as well as in the PR48 control arm, compared to
those who had a <1.0-log10 declipctn*wiral load at TW 4. Notably, addition of boceprevir to standard
of care demonstrated improvemeat’in SVR rates in subjects with poor interferon responsiveness
(<1.0-log10 decline) when cdimipar.ng to the RGT arms and the PR48 control arm (39% to 29% vs 5%
in Cohort 1, and 31% to 259 s 0% in Cohort 2).

Sustained Virolooiz Rasponse Based on Demographic and Baseline Disease Characteristics

The following,tcblevepresents SVR rates as per demographic and baseline characteristics
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Table 11: SVR rates as per demographic and baseline characteristics
Cohort 1 Plus Cohort 2

SVR, % (/M) of Subjects, FAS?

Contrel Experimenta
Arm 1 Arm 2 Arm 3
PR48" RGT® BOC/PR4E"
Subgmup Categc-rg.-' n=353 n=368 n=356
All Subjects &1l Subjects 377(137 363 | | B2.3(233/363) | B6.1(242 (366
Race Group Mon-Blacks (Cohort 1)| 40.2(125/311) | BB.&(211/318) | B3.5(213/311)
Blacks (Cohort 2) 23.1(12/52) 42.3(22 152 ) 52.7(25 /55 )
Ethnicity HispaniciLating 24.0(6 125 ) £9.0(20 /23 ) 66.7(26 /39 )
African American 17.8(8 145 ) 43.5(20 145 ) 56.5(26 /46 )
Others 420{123/293) | B5.9(193/293) | ET.6(190/281)
Baseline Viral Load ==800,000 B3.6(35 /55 ) 75.9(41 154 ) 84.9(45 /53 )
(UimL) >300,000 33.9(102/308 ) | B1.1(192/314) | B2.901aNG19N
==400,000 80.8(21 /26 ) 78.1(25 132 ) 88.00¢ 2%
=400,000 344(116/337) | 61820873387 | s4.5(2m00m0)
Sex Male 35.0(72 1208 ) B5.1(148 /229 ) | _£5.061417221 )
Female 41.4(85 1157 ) 60.4(34 1139 LENR(OT 1145 )
Age a0y 52.6(30 /57 ) 72.9(35 148 ) olia(3753)
4D-84 y 354(102/281) | 627(133223 N | B5.7(201 1306 )
=85y 26.7(4 115 ) 4175 4d) TRILNS
Baseline Weight <75 kg 45.9(67 1146 ) sz fleNITT ) 3.4(83 /131
==75 kg 32.3(70 1217 ) sagNss a7y | 6771159 1235 )
BMI <=25 46.5(80 /129 ) | \52.4159 1101 B7.5(83/123 )
2530 33.1(49 /1148 ) 7LE(128 1173 ) §5.2(90 /138 )
=30 32 6(28 /86 Y 47 9{45 194 ) B5.7(65 105 )
Platelets ==150,000 Ut 28 6(807 ) 54.5(18 /33 ) 52.6(20 /38 )
=150,000 IUimL as4(lrare) | sazzisrEas) | e77(2z2Ez8)
Fibrosis® 0 ATNETIT) 85.0(17 /20 ) BO.0(6 /10 )
1 IN(96 /246 ) B6.5(158 /238 ) | E7.5(166 /246 )
2 29.2(19 /85 ) 50.7(37 /61) 8.4(39 /5T )
3 27.3(3 111 ) 50.0{9 /18 ) §6.7(12 118 )
4 46.2(6/13) 31.3(5 116 ) 41.7(10 124 )
Mysifly 45.5(5/11) 40.0(6 15 ) B1.8(9111)
Fibrosis® 07113 375(123/328 ) | BEA(213/318) | B7.4(211/313)
55 37.5(9/24) 41214 34 ) 52.4(22 142 )
Plissing 45.5(5 111 ) 40.0(6 15 B1.8(3111)
Steatosis® 0 44 557 1128 ) 70.1(75 107 | B4.8(70 /108 )
1 34.7(59 1170 B5.8(123 /187 ) | B5.8(125/130)
2 30.0(15 /50 ) 49.1{26 153 ) B8.5(37 /54 )
3 25.0(1 44 ) S0.0(2/6 ) 33.3(1/3 )
Missing 455(5/11) 40.0(6 15 ) B1.8(3111)
L JdWERVIR® 0 50.0(3 /8 ) B33(516 ) 75.0(3 /4 |
LN vity Score 1 40.2(47 M117) 71.7(71 /83 ) §2.0(43 /73 )
2 34.2(39 1114 ) B4.1(75 117 ) B2.6(82 /131 )
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3 37.4(43/115) 58.0(76 /1131) 70.2(99 /141)
Missing 45 5(5/11) 40.0(6 15) B1.8(9/11)
G-enotyped 1 (subtype unknown) 40.0(24 /60 ) B69.1(38 /55 ) 67.4(31/46 )
(TRUGENE) 1A 35.0(62/177) 59.2(106 /179) £3.1(118 /187)
1B 40.5(51/126 ) 66.4(89 /1134 ) 59.9(93 /1133 )
Genotype® Other (Non 1) 100(2 /2) 100(1 /1) 100(1 /1)
(NS5B) 1A 34.4(78/227) 59.4(1239 /234 ) £2.0(147 1237)
1B 30.7(48 /121) 71.0(88 1124 ) 72.6(85 117 )
Missing 63.2(9/13) E56(5/9) B1.8(9/11)
Opioid Substitution YES 0.0(0 /1) 86.7(2/3) 37.5(3/8)
Therapy NO 37.8(137 /362 ) 63.3(231 /365 ) 66.8(230 /358 )
ALT Elevated 35.9(93 /259 ) 63.3(179 /283 ) 68.3(190/278)
Normal 42.3(44 /104 ) 63.5(54 /85 ) 53.1(52 /88 )
Statin Use YES 100(3 /3 ) 66.7(6/9) 85.7(6 /7))
NO 37.2(134 /360) 63.2(227 /359 ) 65.7(236 /359 ) 7

c Liver histology based on the central pathologist’s reading.

d HCV subtype as determined by TRUGENE HCV 5NC assay was used for subject stratification.

e HCV subtype as determined by Virco assay based on sequencing of domain p329bp in the NS5B polymercie gane; all samples
unavailable for retesting were classified as missing.

The analysis of SVR in the overall population by baseline characteristics shows5 rig aiscernible
association between SVR and sex. SVR rates were higher in subjects withsa lovw=baseline viral load and
less fibrosis (FO-2 vs F3/4), as well as non-black race. HCV genotype 154350 resulted in higher SVR
rates, particularly in the boceprevir arms. This is expected, as the aariftic barrier to resistance is
higher for subtype 1b compared to -1a

Of note, as stated above, only 5% (53/1097) of the treated sunhjects were cirrhotic.
Comparison of outcomes in early and late respenders in the RGT and BOC/PR48 arms

The following graph demonstrates the disposition"af Subjects in the RGT Arm, Based on TW 8 and TW
24 Response (Cohort 1 Plus Cohort 2):

'8 D

RGT
N=368

| 1 1

TVW & Undetectable, TW & Detectable TW & Missing
n=208 n=129 n=31
1 vy LS p.
1 1 - 1 - - -
W 24 Undeteciabl W 24 Detectable : ( T 24 Missing W24 Undeteci:lbel L_TW 24 Undetectabl
n=182 SVR 25%¢174)° LQ\ A 3B% (8122 n=64 | SVR 75% (2474
—

RGT-48
SVR B6%
(42/66)

| TV 24 Detectable

R GT7Y
SVR 97% SVR 0% (0/2)

[ (1540150

[ Dfcontinngd=
ABel veen TW 24-28
N SRR (7/9)

)

l" RGT-48

= SVR 100%
(14/14)"

—_—
RGT-28 l

4

Discontinued?®
Between TW 24-28
SYR 100% (¥3) _

L TW 24 Missing®
SVR 0% (0/25)
—

TW 24 Detectable |
SVR 0% (0/34)8

TW 24 Mis=ing®
SWVR 0% (0/27) J
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1 Fourteen subjects had a low positive HCV-RNA result(s) between TW 8 and TW 24 and per protocol were given 48 weeks of
therapy. All of these subjects had two additional back-up samples from the same timepoint retested that showed undetectable HCV-
RNA. Since HCV-RNA was not detected in 2 out of 3 samples, the positive result was considered to be a false positive. However, the
retests were not completed prior to assignment of treatment duration, and the initial result with detectable HCV-RNA was used by
the IVRS for treatment duration assignment.

2 Subjects discontinued therapy between TW 24 and TW 28 and were not assigned any treatment duration by the IVRS system.

3 Two subjects with viral breakthrough (0% SVR) discontinued treatment between TW 24 and TW 28, and two subjects with low
positive results (<1000 IU/mL) were assigned to RGT-48 (subjects attained SVR) and RGT-28 (subjects relapsed) upon
demonstrating undetectable HCV-RNA on retest.

4 Two subjects with undetectable HCV-RNA results beyond the defined visit window were assigned to RGT-28, and both of them
attained SVR. One subject was assigned to RGT-48 and attained SVR, and one subject discontinued prior to TW 28.

5 Subjects discontinued prior to TW 24 and were not assigned any treatment duration.

6 One subject was assigned to RGT-48 and did not achieve SVR.

Below is represented outcomes in early and late responders in Arm 2 (RGT) and the Matched Subsetin
Arm 3 (BOC/PR48)

‘ SVR n/N (%) |

Response From TW & Total Treatment Duration . P
Through TW 24 ‘ Cohort 1 Cohort2 (Colmnsfiohort 2

Arm 23 | 4wk PR+ \ -'l
Undetectable RGT 24 wk BOC/IPR ‘ LA AT ‘ | el ] | +36/162 (36) ‘

HCV-RNA
at All Assays From -

TW 8 Through TW 24 Arm 3 4wk PR + A
soCiPR4 44 wk BOCIPR 1371142 (96) Fsr 9 145) 1551161 (96)
|

amz || 4wkPR+ 20 wk N
Detectable || ret S B 5270 (74) || | n28) ||| som2(r2) |
HCV-RNA

at Any Assay From [ -

TW Bupto TW 24 Arm 3 4wk PR+ .

b BoCiPRas [ A :D HZEREEINESEN

In the full analysis ITT dataset, both the RGT arni and the BOC/PR48 provided similar SVR rates. In the
subgroup of early responders, there was no'differeice in outcome depending on whether patients were
treated for a total of 28 or 48 weeks (see /Zablevselow)

Table 12: Sustained Virologic Retounse in Early Responders (IVRS), P05216

A RGT BOC/PR48
All Subjeciay,
SVR, % (iN) 96.3 (156 /162 ) | 96.3 (155 /161 ) | 0.6 [-3.8, 5.2]
EQT 100.0 (162/162) | 98.8 (159/161) -
Repse 3.1 (5/161) 1.3 (2/157) -

Further looking at subgroup analyses of patients with F3/F4 fibrosis and black patients that were early
responderg, nuinabers are too small for any formal conclusions of equivalence (see table 13)

Table 15

TREAYMENT NAIVE N=323
{PS5216/SPRINT 2)

Response Guided Therapy 4W LI + 24W BPR = 28 W n=161

(RGT)/Early responders

FIXED TREATMENT DURATION 4 W LI+ 44W BPR = 48W n=162
WITH 44W TRITHERAPY

Looking into late responders in the respective treatment arms, the data presented above on outcomes
as per treatment assignation has very similar point estimates for late responders in the RGT arm and
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the BOC/PR48 arm - 72% (59/82) versus 75% (55/73). However, it is notable that 15 patients in the
RGT arm with undetectable HCV-RNA levels at TW 8 had positive HCV-RNA results between TW 8 and
TW 24 and per protocol were assigned to 48-weeks of therapy. One of these 15 patients had positive
HCV-RNA levels at multiple time points; the other 14 patients had a single low positive HCV-RNA result
and retesting of two additional back-up samples from the same time point (after the assignment of
treatment duration) showed undetectable HCV-RNA results. Thus, 14 patients that were probably
“real” early responders in the RGT arm were assigned to continue therapy with P/R for another 20
weeks. Importantly, among these 14 patients, who were misclassified and therefore should be
discounted in the strict per protocol approach required when assessing what is essentially a non-
inferiority claim (based on an underpowered study), 14/14 (100%) experienced SVR. Discounting
these patients, outcomes among late responders in the respective treatment arms look as followis,a«ith
the point estimate favoring the BOC/PR arm by almost 10%. Of note, the only difference ip=seczived
therapy between these arms is the duration of boceprevir therapy - 24 or 44 weeks.

Table 14: Sustained Virologic Response in Late Responders (IVRS), P0521(

RGT BOC/PR48 [
All Subjects 1
SVR, % (n/N) *66% (45/68) 75.3 (55 /73 } | -9.2[-24.4, 6.3]
EOT 76% (52/68 ) 90% (66/43 )
Relapse 13% (7/52) 14%49/¢4)

*14 patients with a “false positive” HCV RNA result between W8 and W24 ars"&yciaded from the analysis

Furthermore, this difference appears to be largely due to viwologic breakthrough when the patients on
RGT were on PR alone (Figure below).

Table 15: Percentage of Treatment-naiv Patients with undetectable HCV RNA at Different
Treatment Time Points for) or Late Respornders ; SPRINT-2
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This analysis suggests that treatment-naive patients with detectable HCV RNA at TW8 but undetectable
at TW24 (late responders) may benefit from receiving a longer duration of boceprevir plus PR.
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A Phase 3 Safety and Efficacy Study of Boceprevir (SCH 503034) in
Subjects With Chronic Hepatitis C Genotype 1 Who Failed Prior
Treatment With Peginterferon/Ribavirin (Protocol No. P05101;
RESPOND-2)

Methods

Study Participants

Main inclusion criteria

Adult subjects with CHC HCV genotype 1 who failed to achieve SVR after at least 12 weeks ofgpiavicus
treatment with PEG/RBV, who were partial responders (a = 2 log;o reduction in HCV-RNA ks Wwiaek 12
or who relapsed after an end-of treatment response ) were eligible for the study.

Main exclusion criteria

Subjects who were co-infected with human immunodeficiency virus (HIV) or hepctitis'B virus (HbsAg
positive) were excluded from the study, as well as patients with decompensated jiver disease. Other
important exclusion criteria were subjects who had required discontinuatihyn of previous interferon or
Ribavirin regimen for an AE considered by the investigator to be possibly’oivprobably related to
ribavirin and/or interferon.

¢ Treatments

Subjects were randomized to 1 of the 3 treatment arms (1:2:2 ratio)

Control

Arm 1 (PR48): PR= standard of care therapy, consisting of Peginterferon alfa-2b PEG2b (1.5 ug/kg sc
once weekly) plus ribavirin (weight-based 29s4,,600 to 1400 mg) po daily) for 4 weeks followed by
placebo (matched to boceprevir) + PR far 4. nveeks with 24 weeks post-treatment follow-up.

Experimental therapy:
Arm 2: Response-Guided Thergpy YKGT): Subjects were assigned either a 36-week (a, below) or 48-
week (b, below) course of thtrapy’based on their HCV-RNA status at TW 8.

PR for 4 weeks followad by (:*OC/PR for 32 weeks, then:

a. 36-week regimefi: supjects with undetectable HCV-RNA at TW 8 completed treatment.

b. 48-week regjfznusubjects with detectable HCV-RNA at TW 8 were assigned an additional 12 weeks
of placebo + ®@R%the switch from BOC to placebo occurred in a blinded fashion),

Arm 3.8CC/PR48): PR for 4 weeks followed by boceprevir (BOC)/PR for 44 weeks, with 24 weeks
post-tsea:ment follow up.

Scrzeprevir, supplied as 200-mg capsules, was administered at a dosage of 800 mg PO TID.
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Weeks 122 24 36 43 72

Arm1

CONTROL

Placebo + PIR Follow-up
44 wk 24 wk

TW 8 HCV-RNA Undetectable

. Followi-up
36 wk

BOC/PR TW 8 HCV-RNA Detectable

32wk
Placebo + PIR Follow-up
12 wk 24 wk
BOC/PR vl wenp
44 wk 24wk

There was a 12-week futility rule for all arms, wherein therapy wa: to Ye discontinued for all subjects
with detectable HCV-RNA at TW 12.

Management of adverse events
This study permitted ribavirin dose reduction and/or &=thropoietin use for subjects who developed
anaemia. In the protocol guidelines for use of erythrano’etin were provided.

Objectives and endpoints

The primary objective was to compare the efficacy of two therapeutic regimens (i.e. 32 weeks and 44
weeks) of boceprevir 800 mg dosed oraliy, (FO) TID in combination with PEG2b 1.5 pg/kg
subcutaneously (SC) once weekly (&% )%ius weight-based dosing (WBD) of ribavirin (600 mg/day to
1400 mg/day) PO to therapy with,F2 zlone in adult subjects with chronic hepatitis C HCV genotype 1
who failed previous treatmen® viith’a qualifying regimen of PEG/RBV. The primary efficacy endpoint
was the achievement of S¥R, ¢efined as undetectable plasma HCV-RNA at Follow-up Week (FW) 24.
The primary efficacysendpuini was analyzed using the Full Analysis Set (FAS), which included all
subjects who receivad at least one dose of any study drug (PEG2b, RBV, or boceprevir/placebo).

The key secontaryobjective of this study is to compare the efficacy of two therapeutic regimens of
boceprevirgwhen used in combination with PR (WBD) with standard of care (PR [WBD] alone) in the
ModifiadTnearnc to Treat (mITT) data set, which included all randomized subjects who received at least
one coset experimental study drug (placebo for the control arm and boceprevir for the

e perimental arms).

Y!CV-RNA in plasma was measured with a Roche COBAS TagMan assay with a limit of quantitation of
25 IU/ml and a limit of detection of 9.3 IU/ml.

Other secondary efficacy endpoints were:
The proportion of subjects with early virologic response (eg, undetectable HCVRNA at TW 2, 4, 8, or
12) who achieved SVR.
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Sample size

This study was projected to enrol a total of 375 subjects (1:2:2) in Arms 1, 2, and 3, respectively.
With 150 subjects in each treatment arm and 75 subjects in the control arm, the study will has 90%
power to detect a 21.4% improvement in SVR rate over the control arm (assuming a control response
rate of 22% and the treated response rate of 43.4%). Of note, the sample size was not calculated to
demonstrate the non-inferiority of a shortened treatment duration in patients designated as early
responders, or of discontinuing boceprevir compared to its continuation in patients designated as late
responders.

Randomisation
The study was randomised. Subject were stratified by prior response category (partial respondarsvs
relapsers) and by viral genotype 1a versus -1b.

Blinding (masking)
This was a double-blind study in which the sponsor, investigator, study personnel, aind study
participants were to be blinded with respect to boceprevir treatment.

Statistical methods

The primary efficacy endpoint, the achievement of SVR, was summarizcd 1ar each treatment arm using
descriptive statistics (n, %). SVR rates were based on the last obse#vction carried forward (LOCF)
approach, in which the FW 12 HCV-RNA result was carried forwara\for subjects with missing HCV-RNA
value at and after FW 24.

Results

Participants flow is presented in the figure below
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Table 16: Demographics and baseline characteristics

Mumber (%) of Subjects, FAS®
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Control Experimental
Arm 1 Arm 2 Arm 3
PR48" RGT" BOC/PR48" Total
n=80 n=1g62 n=161 n=403
Sex (n,%)
Male 58 (73) 22 (50) 112 (70) 268 (67)
Female 22 (28) 64 (40) 49 (30) 135 (33)
Race (n,%)
Mon-Black 63 (85) 144 (89) 142 (88) 354 (88)
White 67 (84) 142 (88) 135 (84) 344 /85)
Asian 0 1{1) 5(3) | -,
Multiracial 0 1(1) 1(1) [\=1)
Mative Hawaiian or Other Pacific Islander 11} i} 1{1} | 2 (=1)
Black 12({15) 12 (11) 194710 45 (12)
Age ()
Mean (SD) F2.0(8.1) 52974l a3 7T | 527
Median 5345 3.0 | 53.0 530
Range 28-70 20%- 74 26-74 26-74
Age (n,%) \
=40y 4(5) 5 (3) 7(4) 16 (4)
40-=65 y 70 (88, 146 (90) 146 (91) 362 (90)
=55 o) 1 (7} a(5) 25 (8)
Weight (kg) \/
Meaan (3D) | 856 {16.2) 852 (15.4) 842(15.2) | 849 (15.5)
Meadian 835 3.5 g84.0 34.0
Range 48 - 124 F1-125 A1-123 43 — 125
Weight, n (%) »
=75 kg 17 (21) 42 (26) 44 (27) 103 (28)
=75 kg 63 (79) 120 (74) 117 (73) 300(74)
Heignt (cm) D
Meaan (3D) 174.0(10.5) [ 1721 (101) | 1727 (9.2) | 172.7(9.8)
Median 175.0 173.0 175.0 174.0
Range 143 - 198 148 - 195 147 - 198 143 - 198
BMI
=23 s0D) 28.2(4.4) 28.8 (4.6) 28.3 (4.6) 28.4 (4.6)
M edian 27T A 280 280 280
| Range 22-43 19— 44 17 -42 17 — 44
rEEaseIine Flatelet Count |:1OE."L], n (%)
=150,000 10 {13) 21(13) 19 (12) RO (12)
=150,000 70 (38) 141 (87) 142 (88) 353 (88)
Baseline ALT, n (%)
Normal 25 (31) 53 (33) 46 (29) 124 (31)
Elevated 55 (69) 109 (67) 115 (71) 279 (69)
Yiral Load (IU/mL)
<200,000 2(3) 201 3(2) 712}

Page 66/117



=200,000-400,000 41(3) 5(3) 4(2) 13(3)
=400,000-800,000 a(11) 8(5) 13 (8) 30(7)
=800,000 65 (81) 147 (91) 141 (88) 353 (88)
Geometric Mean® 3303210 | 4,280637 | 4007196 | 4207628
Logqg of Geometric Mean 6.52 G.53 G.59 G.63
Peginterferon-alfa Use in Qualifying Regimen
PEG2a 42 (53) 79 (49) 68 (42) 180 (47)
PEGZb 38 (48) 83 (51) 93 (58) 214 (53)
Years Since Probahle HCY Exposure
Subjects with Known Years G5 136 132 333
Mean (SD) 20.0(9.3) | 27.7(108) | 27.4(11.0) | 27.8 {10.6)(]
Madian 30.3 290 287 292
Range 41-483 | 13-483 | 21-543 | 129,503
Subjects Missing Years Since Exposure" 15 26 29 70
HCV Subtype (TRUGENE)® n (%) 3
1 (subtype unknown) 6(8) 13 (8) 1740000 I 36 (D)
1a 38 (48) T4 (46) TT (e 180 (47)
1b 36 (45) 75 (46) [N\ 67 (42) 175 (44)
HCV Subtype (NS58)' n (%) N
1a 46 (58) 94{(58) 96 (60) 236 (50)
1b 34 (43) G412 61 (38) 161 (40)
non-1% 0 ] 1(1) 1i=1)
Missing" 0 2{1) 3(2) 511)
Response to Previous Qualifying Regimen
Nonresponder 29,046) 57 (35) 58 (36) 144 (36)
Relapser %1 (64) 105 (65) 103 (64) | 259 (64)
Interferon Use in Pravious Qualifying Regimm;""f
Response to Previous Qualifying Regimeand niM J52)
PEG2a Nonresponder Q42 (21) 25179 (49) 22168 (32) -
FPEG2a Relapser 3342 (79) 54479 (GB) 46/68 (68) -
FPEG2h Nonresponder 20/38(53) 32/83 (39) 36/93 (39) -
FPEG2h Relapser 18/38 (47) 51/83 (61) 5793 (81) -
Statin Use
Yes 4(5) 85 21(1) 14 (3)
No 76 (95) 154 (95) 159 (99) 389 (97)
Opioid Roﬁlar_er;*ent Therapy
¥es 0 1(1) 4(2) 5N
No 20 (100} 161 (93) 157 (98) 398 (99)
Fiv:—!istalngyj
| Cirrhosis 10 (13) 17 (10) 22 {14) 49 {12)
MNon-Cirrhosis 66 (83) 132 (81) 128 (80) 326 (81)
Inadequate Fortal Tracts 4 (5) 25 10 (6) 22(5)
Missing 0 5(3) 1(1) 61
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METAVIR Fibrosis Score, n (%)
FO 51(6) a(s) 51(3) 16 (4)
F1 43 (54) 79 (49) Ta(48) 200 (50}
F2 13 (16) 30(19) 36 (22) 79 (20)
F3 51(6) 15 (9) 9 (B) 20(7)
F4 10 (13) 17 (10) 22 (14) 49 (12)
Missing 4 (5) 13 (8) 11(7) 28(M)

Baseline Steatosis, n (%)
] 23 (29) 36 (22) 45 (28) 104 (28)
1 39 (49) 81 (50) 74 (46) 104 (48)
2 12(15) 25 (15) 30(19) 67 (17)
3 1{1) T4 1{1) {2
4 1(1) 0 0 (=4
Missing 4{5) 13(8) 1 (7 28 ()

The study population mainly consisted of male (268/403, 67%), white (344/403,835%) patients with
mean age of 53 years old (range 26-74 years) and a mean BMI of 28. Twizlve percent of the study
population was of Black race and patients with cirrhosis accounted fon(1.2.2% “of the overall study
population. The number of patients with cirrhosis is limited (n=49 #52 ¢®whom being exposed to BOC).
A large majority of patients had high viral load >800 000 UI/m!«8c2%) with a mean value of 6.63
log10 UI/ml; 47% were classified as Gla and 44% as G1b withiTRUGENE method.

Baseline demographics and disease characteristics were wei! balanced among treatment arms (with the
exception a slightly lower proportion of patients having iICV RNA > 800 000 IU/ml in the control arm
as compared to BOC arms (81 vs 88-91%) and & higher rate of female patents in the RGT arm (40 vs
28-30% in other arms).

Numbers analysed

A total of 404 subjects were randoiaize:d and 403 received at least one dose of any study medicine
(FAS) and were included in the'=ffitacy analysis; of these 394 received at least one dose of boceprevir
or placebo (mITT). The relztion between lead in response and historical response to P/R was as follows
(non-responder = partial rasronders with > 2 log10 decline at week 12 in the previous treatment
attempt):

Table 17:
Previous Treatment Responsze
Mumber (%) of Subjects, FAS"
I Lead-in Response” Monresponder Relapzer
’_ (Jiral Load Reduction at TW 4) (n=144) (n=259)
| <1 log 56 (38.9) 46 (17.8)
1-<2 log 46 (31.9) 66 (25.5)
=2 log 38 (26.4) 141 (54.4)
or undetectable HCWV-RMNA
Missing 4(2.8) 6(2.3)

Notably, 18% of historical relapsers and 39% of historical partial responders had<1 log decline in viral
load after 4 weeks of peginterferon alfa-2b and ribavirin.
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Outcomes and estimations

Efficacy

The primary efficacy analysis in the FAS population was as follows:

Table 18:
Groups PR48 RGT BOC/PR48
FAS N=80 % |N=162 % |N=161 %
SVR? 17 21.3 95 58.6 107 66.5
- A SVR 37.4 45.2

- P value <0.0001 <0.0001

- Previous partial-
responder 2 6.9 23 40.4 30 51.7
- Previous Responder 15 29.4 72 68.6 77 74.5
EOT° 25 31.3 114 70.4 124477.2

- Previous partial-
responder 3 10.3 31 54.4 35./60.3
- Previous Responder 22 43.1 83 79.0 89 86.4

|
SVR by TW4 response |

-<1.0 log decline * 0o - 15 2. 15 34.1
-21.0 log decline 9 17 25.4 80 N727 90 78.9
SVR by TWS8 response
- Undetectable RNA 7 100 64 86.5 74 88.1
- Detectable RNA 8 2.5 29 40.3 30 42.9
RR¢ 8%32.0 17 15.3 14 11.6
- Previous partial-
responder | 1 33.3 5 17.9 5 14.3
- Previous Respondery, | 7 31.8 12 14.5 9 10.5
VB“ 0o - 2 1.2 3 1.9
IVR ¢ 1 1.3 7 4.3 4 2.5

a SVR: The last available “alue in e period at or after FW 24. If there is no such value, the FW 12 value was carried forward. P
values were calculated using the two-sided Cochran-Mantel Haenszel (CMH) Chi-square test adjusted for the baseline stratification
factors: previous treatm2n! \-esponse (nonresponder vs relapser) and genotype (1a vs 1b).

b Undetectable HCV-PNA (it /:nd of Treatment (EOT) regardless of treatment duration.

c Relapse rate Relaiise \ate was the proportion of subjects with undetectable HCV-RNA at End of Treatment (EOT) and detectable
HCV-RNA at End%f riallow-up (EOF) among subjects with undetectable HCV-RNA at EOT and not missing EOF data.

d Viral breaktkidug, (BT): Any subject who achieved undetectable HCV-RNA and subsequently had HCV-RNA >1,000 IU/mL.

e Incompiete Viroirgic Response (IVR): Any subject who had a =1.0 log10 increase in HCV-RNA from their lowest result (or a 22.0
log10 indrecse Wihe time interval from PEG2b injection to HCV-RNA sampling was different for the two samples) with an HCVRNA
>1,00C 11U,/ L.

f Poarlyiinte 'reron responsive: <1.0 log10 decline in HCV-RNA at TW 4 from baseline.

g Iate.feron responsive: 21.0 log10 decline in HCV-RNA at TW 4 from baseline. Subjects with undetectable HCV-RNA at TW 4 are
a/sing uded.

Addition of BOC to SOC allow for a significant improvement of SVR in both the prior relapser patients
(A=40-46%) and the prior partial responders patients (A=33-45%). Such results translate into a SVR
reaching 75% in relapser patients and a SVR reaching 52% in prior partial responders.
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Sustained Virologic Response Based on Demographic and Baseline Disease Characteristics

The following table shows SVR based on Demographic and Baseline Disease Characteristics. Previous
treatment response, baseline viral load and cirrhosis were associated with response rates.

Table 19: Sustained Virologic Response by Baseline Characteristics

SVR /N (%), FAS®

CHMP assessment report

Rev10.10

Control Experimental
Arm 1 Arm 2 Arm 3
PR48" RGT® BOC/PR48"
n=80 n=162 n=161 |
Sex
Male 13/58 (22 4) £9/98 (60.2) 751128687 0)
Female 4/22 (18.2) 36/64 (56.3) 3249 (06.3)
Race
White 16/68 (23.5) 84/144 (58 .35 270142 (68.3)
Black 112 (8.3) 11118 (61.1) 10/19 (52 6)
Ethnicity
Hispanic/Latino 1/2 (50.0) G (20.0) 6/9 (66.7)
African American 1/11{9.1) TT (58.8) 917 (52.9)
Other 15/67 (22 4) 82440 (59.3) 92/135 (68.1)
Age
<40y 0/4 (0°3 375 (60.0) BT (714)
40-64y 16/70,(22.9) 84/146 (57.5) 95/146 (65.1)
=65y 16 (16.7) 8M1 (72.7) 78 (87 .5)
=53 y (median age) 8/40 (20.0) 53/89 (59.8) 52/82 (83.4)
=53 y (median age) 9/40 (22.5) 42/73 (57 .5) 55IT9 (69 .6)
Weight
<75 kg 417 (23.5) 20/42 (47 B) 34144 (T7.3)
=75 kg 13/63 (20.6) 75120 (62 5) T3M17 (62 4)
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BMI
=25 4/20 (20.0) 21/35 (60.0) 30/44 (68.2)
=25-30 11/42 (26.2) 41/68 (60.3) 44/66 (66.7)
=30 218 (11.1) 33/59 (565.9) 33/51 (B4.7)
Baseline Platelet Count (10%/L), n (%)
<150,000/pL 2/10(20.0) 8/21(38.1) 13/19 (68.4)
=150,000/pL 15/70 (21.4) 871141 (61.7) 94/142 (66.2)
Baseline ALT
Normal 8/25(32.0) 37/53 (69.8) 30/46 (685.2)
Elevated 9/55 (16.4) 58/109 (53.2) 775 (87014
Statin Use \
Yes 1/4 (25.0) 78 (87.5) 2/2 (190)
No 16/76 (21.1) 88/154 (57.1) 105,459756.0)
Baseline Viral Load (IlU/mL)
800,000 6/15 (40.0) 1215 (80.027, | 16/20 (80.0)
>800,000 11/65 (16.9) 83147 (56.5] 91/141 (64.5)
=400,000 3/6 (50.0) 77 (200) BT (71.4)
=400,000 14/74 (18.9) AE4551(56.8) 102/154 (66.2)

- i ’ | it N i ] i )

Baseline Viral Load (IUfmL)

800,000 6/15 (4027 12115 (80.0) 16/20 (80.0)
>800,000 11/65 a3 83147 (56.5) 91/141 (64.5)
400,000 28 (50.0) /7 (100) BT (71.4)
=400,000 T474018.9) 88/155 (56.8) 102154 (66.2)
Peginterferon-alfa Use in Qualifying Regimen L\
PEG2a 10/42 (23.8) 4479 (55.7) 42/68 (61.8)
PEG2b 7/38(18.4) 51/83 (61.4) £5/93 (69.9)
Response to Qualifying Regimen \"*
NR 2/29 (6.9) 23/57 (40.4) 30/58 (51.7)
Relapse 15/51 (29.4) 72/105 (68.6) 77/103 (74.8)
HCV Subtype (TRUGENE \/
1 (subtype unkngwn) 0/6 (0.0) 913 (69.2) 1117 (64.7)
1a 9/38 (23.7) 37774 (50.0) 47177 (681.0)
1b 8/36 (22.2) 49/75 (65.3) 49/67 (73.1)
HCV Su',L,ﬁe_f"—’d5B}‘3
" 11/46 (23.9) 50/94 (53.2) £1/96 (683.5)
i 6/34 (17.6) 44/66 (66.7) 43/61 (70.5)
| Qther (non-1a or 1b) 0 0 111 (100.0)
Missing 0 1/2 (50.0) 213 (66.7)
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Erythropoietin Use
Yes 6/17 (35.3) 53/66 (80.3) 51/74 (68.9)
No 11/683 (17.5) 42/96 (43.8) 56/8T (64 .4)
Opioid Substitution Therapy
Yes 0 1/1(100) 4/4 (100)
No 17/80 (21.3) 94/161 (58.4) 103/157 (65.6)
Liver Histology
METAVIR Fibrosis Score
FO 3/5 (60.0) 6/8 (75.0) 3/5 (60.0)
F1 9/43 (20.9) 52/79 (65.8) B5/78 (70.5)
F2 2113 (15.4) 19/30 (63.3) 23/36 (83.9)
F3 2/5 (40.0) 8/15(53.3) 4/9 (44 .74)
F4 0/10 (0.0) 817 (35.3) TR0 8
Missing 1/4 (25.0) 413 (30.8) JU1545.5)
METAVIR Fibrosis Score \
02 14/61 (23.0) 77117 (65.8) 0119 (68.1)
3/4 2115 (13.3) 14/32 (43.8) | 21/31 (B87.7)
Missing 1/4 (25.0) 412.030,8) 511 (45.5)
Baseline Steatosis 4
0 (0%) 523 (21.7) 2425 (66.7) 31/45 (68.9)
1 (>0% and <5%) 10/39 (25.8) 48:31 (59.3) 5474 (73.0)
2 (»5% and <£32%) 1M12,(8.7) 17/25 (68.0) 16/30 (53.3)
3 (>32% and <66%) 0/ (0@ 27 (28.6) 141 (100)

The subject disposition and SVR rates withia.Lne RGT arm is as follows:

A comparison of outcomes in the RGT and the:BOC/PR48 arm, by early and late response

RGT
MN=152
-
s -y s ! !
TG HOR-RMA TW & HCV-RMNA TW & HCW-RiNA
Unoyteiable Detectable Misslng
MeTd =72 H=1&
- . .

i W4 A A A
TW 12 HOWV-GMNS I TW 12 HOW-RMNA TW 12 HOV-RMNA] [ TW 12 HCW-RMNA

Cingel ctable
SVR G WAT1)
by #

Detectane
SVR 0% ([or2)!
b -

Kissing Undeteciable

SWR D%l SWVR TE % |'29.'353
b _ A _

-
RGT-3&
BVR 31% B1/ET
-

il [pricr 1o TW 34
SR T5% (304)

o

RGT-48
SWR 82% (27/33)
b

/T prior to TW
SVIR 33% (1/3)

i ™
TW 12 HCW-RMNA)
Deteciabis
SVR D% (D3P

A ]

RGT-36°
SR 50% (1/2)

-

-

i \
TW 12 HOW-RMNA
= Lindetecianie
BVWR 100% (2727
L A

i Ny
TW 12 HOV-RMA

—  Deteciabie
SR 0% (0i2)

0
TW 12 HOV-RMA
—  Missing
VR 0% (0A2)
(0i12) |

1 Subjects did not meet criteria for viral breakthrough (HCV-RNA <1000 IU/mL at TW 12). One subject was assigned to RGT-36,
based on undetectable HCVRNA upon retest, and 1 subject discontinued prior to treatment duration assignment at TW 36.

2 Two subjects had TW 8 HCV-RNA results outside the visit window,; one was assigned to RGT-36 and one was assigned to RGT-48.
3 Two subjects had undetectable TW 8 HCV-RNA outside the visit window and were assigned to RGT-36 by IVRS. The detectable
HCVRNA results that were included in the analysis for these 2 subjects represent an earlier nominal study visit.
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4 Includes 1 subject with missing HCV-RNA at TW 12 and one subject who was assigned to RGT-48.

The table below represents the proportion of patients achieving SVR, EOT response and relapsing, by
TW 8 response.

Table: 20: proportion of patients achieving SVR, EOT response and relapsing, by TW 8
response.

Undetectable HCV-RNA at TW 8 Detectable HCV-RNA at TW 8 ‘

Arm 2 Arm 3 Arm 2 Arm3 _|
RGT® BOC/PR48® RGT® BOC/IPR482

SVR®, niN (%) 64/74 (86.5) 74/84 (88.1) 29/72 (40.3) 3077 (429) N
EOT, n/N (%) T2/74 (97.3) 81/84 (96.4) 40/72 (55.6) ‘ 0.*TL_{5?.1]
Relapse®, n/N (%) 8/71(11.3) 6/80 (7.5) 9/38 (23.7) _]___ ;'38 (21.1)

a Arm 1 (PR48) = PEG2b + RBV for 48 weeks.

Arm 2 (RGT) = PR lead-in for 4 weeks, then BOC/PR for 32 weeks (if undetectable HCV-RNA at TW 8) 6aBOC PR for 32 weeks
followed by placebo/PR for 12 weeks (if detectable HCV-RNA at TW 8).

Arm 3 (BOC/PR48) = PR lead-in for 4 weeks, then BOC/PR for 44 weeks.

b The last available value in the period at and after FW 24. If there was no such value, the FWg412 vaia< was carried forward.

c Relapse rate was the proportion of subjects with undetectable HCV-RNA at End of Treatmenc¢ {EOT) and detectable HCV-RNA at
End of Follow-up (EOF) among subjects with undetectable HCV-RNA at EOT and not missiry OF\data.

Viewing these outcomes, there is no apparent difference betwegern3o wezeks of total therapy in the RGT
arm and 48 weeks of total therapy in the BOC/PR48 arms, fGinearly responders, nor is there any
apparent advantage of of 44 weeks of boceprevir therapyhirintbe BOC/PR48 arm, compared to a total of
32 weeks of boceprevir therapy against a background=af 48 weeks of total therapy, in late responders
in the RGT arm.

The table above represents all patients that <zached treatment week 8. However, for all patients,
treatment was similar up to week 36, regirdlgss of treatment arm and early viral response. Thus, no
events prior to week 36 could possibly. beycausally related to different treatment strategies within the
respective arm. Therefore, the dataset c&mprising only patients reaching week 36 is considered more
sensitive for detecting putative gitéeraiices in terms of the effect of the different treatment strategies -
discontinuing therapy at weell 55./ersus continuing for another 12 weeks in early responders, and
discontinuing versus contifiuingrboceprevir for another 12 weeks in late responders. Apart from being
more sensitive to detact diifgrences, this dataset is also representative of the probabilities needed to
take into account femclinical decision-making at the time when a choice between strategies is
necessary. The tabl¢ below shows outcomes in the subset of patients that completed 36 weeks of
therapy.

CHMP assessment report

Page 73/117
Rev10.10



Table 21: Sustained Virologic Response, END of Treatment Response, and Relapse Rates in

the Experimental Arms Based on Per Protocol IVRS Assignment

Protocol No. PO5101

Undetectable HCV-RNA at TW 8 Detectable HCV-RNA at TW 8

Arm 2 RGT® | Arm 3 BOC/PR48*® | Arm 2 RGT* | Arm 3 BOC/PR48%"
SVRE, n/N (%) 63/71(88.7) TUT3(97.3) 28/35(80.0) 29/40 (72.5)
EOT, n/N (%) 70/71 (98.6) 7273 (98.6) 34/35(97.1) 37/40 (92.5)
Relapsed, n/N (%) 7/69(10.1) 0771 (0.0) 6/34 (17.6) 7136 (19.4)

BOC = boceprevir 800 mg TID; Cl = confidence interval; FW = Follow-up Week; HCV-RNA = hepatitis C virus-
ribonucleic acid; IVRS = interactive voice response system; P = peginterferon alfa-2b 1.5 pg/kg QW; QW
= once weekly; R = ribavirin 600 to 1400 mg/day; RGT = response-guided therapy; SVR = sustained
virologic response; TID = three times daily; TW = Treatment Week.

®  Arm 1 (PR48) = PEG2b + RBV for 48 weeks.

Am 2 (RGT) = PR lead-in for 4 weeks, then BOC/PR for 32 weeks (if undetectable HCV-RNA atlW & or

BOC/PR for 32 weeks followed by placebo/PR for 12 weeks (if detectable HCWV-RNA at TW 8).
Arm 3 (BOC/PR48) = PR lead-in for 4 weeks, then BOC/PR for 44 weeks.

Subjects who had =36 weeks of therapy.

The last available value in the period at and after FW 24 If there was no such value, the F'V 12 value
was carried forward. SVRp4 rates (SVR with “missing=failure” approach) arg provided in ISE
Section 6.2.6.12.

Relapse rate was the proportion of subjects with undetectable HCV-RNA afEiilof Treatment (EOT) and
detectable HCV-RNA at End of Follow-up (EOF) among subjects who we e ul detectable at EOT and not
missing EOF data.

Among early responders, the point estimate favoured a Icager‘treatment duration by a statistically
significant 8.5% (95% CI 0.3-17%). This was, reciprzeally, reflected in a significant 10.1% difference
in relapse rates (95% CI 3-17%), indicating that fdiscaniinuing therapy at 36 weeks in treatment
experienced early responders was associated witia riigher risk of relapse, compared to continuing for
another 12 weeks. On further analysis of patiants categories as per prior response, race and degree of
fibrosis, it is seen that, as expected, most earfy responders were prior relapsers rather than prior
partial responders, and that there ig no inflication that the higher relapse rates seen with shorter
therapy would be driven by prior partial responders. Furthermore, the majority of relapses were seen
in non-black subjects with F1/FZ ih1'esis, as seen in the table below, representing relapse rates in early

responders by previous respsnsésface and fibrosis category.

Subgroun Category Relapse, % (n/N)

RGT BOC/PR48

All Supiects All Subjects 10.1 (7/69) 0 (0/71)
.- P_.'e»_faus Response Partial-Responder 6.7 (1 /15) 0 (0/20)
! Relapser 11.1 (6 /54) 0 (0/51)

Race Blacks 0 (0/3) 0 (0/5)
Non-Blacks 10.6 (7/66) 0 (0/66)

Fibrosis FO/1/2 8.8 (5/57) 0 (0/48)
F3/4 14.3 (1/7) 0 (0/18)

Missing 20.0 (1/5) ) 0 (0/5)
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In the subgroup of patients that were late responders and reached 36 weeks fo therapy, the point
estimate for SVR was higher in the RGT arm, where patients discontinued boceprevir at week 36,
continuing with only P/R (80% versus 72.5% in the BOC/PR48 arm). While the dataset is very small
(n=35 and 40 respectively), there was no indication of a higher rate of viral breakthrough or relapse in
patients discontinuing boceprevir at week 36, and thus no positive signal of an advantage of a further
12 weeks of boceprevir therapy.

Analysis performed across trials (pooled analyses and meta-analysis)

Pharmacogenomic Analysis of IL28B in Phase III Studies of Boceprevir (SCH 503034)

Recently the association of a Interleukin (IL)-28B genetic polymorphism and sustained virdlocic
response in HCV genotype 1 infected subjects was described® 2. IL-28B can be genotybed,as CC, CT,
or TT at the polymorphic site rs12979860. Although the prevalence varies among racial groups, the CC
genotype provided a stronger baseline predictor of SVR within each racial group®harviral load, HCV
genotype, cirrhosis or any other known predictor of responsiveness to interfeo/iyhased therapy.

The phase III studies evaluating BOC/PR versus PR were initiated prior togthe identification of the
association of IL28B with response to PR therapy. However, a retrospzesivig analysis has been
conducted with the object of determining the distribution of IL28B aaatts relationship to SVR. The
analyses were performed using all randomized subjects who gave “nfciimed consent for
pharmacogenomics (PGx) sampling and analysis, had non-misting PGx data, and received at least one
dose of boceprevir (experimental arms) or placebo (consrol arry).

Results of testing for IL28B were available for 62% #nav6% of subjects who received at least one
dose of boceprevir or placebo in studies P05216_#n¥, F35101. The prevalence of the three genotypes in
the subpopulation with IL28B samples was 28.4%"CC, with 17.8% TT, and 53.8% CT. The CC
genotype was slightly less common amongsprevious treatment failures (24.3%, study P05101)
compared with the population of previousl,uzitreated subjects (30.0%, P05216). See table 22 below.

Table 22: Distribution of IL28B!Geiotypes in Pharmacogenomics Subpopulations

Number (%) of Subjects
cc® CT TT
Pooled P05101 + PO5216 N
Arm 1: PR 48/n7 255 77(28.6) 145 (53.9) A7 (17.5)
Armm 2,RET, sa23 105 (32.5) 165 (51.1) 53 (16.4)
Arm 27BOGIPR 48, n=320 T7(24.1) 181 (56.8) G2 (19.4)
Sormbived Arms, n=912 259 (28.4) 491 (53.8) 162 (17.8)

Instudy P05216 the PR treatment arm (arm 1) had a significantly higher SVR in subjects with the CC
genotype (78%) compared to those with the CT (28%) or TT (27%) genotypes. In both boceprevir
treatment arms there was a smaller numeric advantage to treatment in the CC genotypes compared to
CT or TT subjects. In the small P05101 study, it is difficult to interpret responses to placebo according

! Ge D, et al. Genetic variation in IL28B predicts hepatitis C treatment-induced viral clearance. Nature. 2009;461:399-401.

2 Thompson AJ et al. Interleukin-28B polymorphism improves viral kinetics and is the strongest pretreatment predictor of sustained
virologic response in genotype 1 hepatitis C virus. Gastroenterology. 2010 Jul;139:120-9.
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to genotype because of the limited numbers of subjects. Furthermore, the interpretation of, e.g., a C/C

genotype in a patient that has failed on interferon based therapy is not straightforward, as the
phenotype (non-response) is not that which is characteristic of the genotype.

Table 23: SVR by IL28B type

% (Mumber) of Subjects
cc? cT TT

Pooled P05101 + P05216

Arm 1: PR 45 T2.73(56/TT) 26.271 (38/145) 31.91 (1547)

Arm 2: RGT 80.95 (85/105) 53.64 (105/165) 5472 (28153

Arm 3: BOC/PR 48 T79.22 (6177 71.82(130081) B2.90 [ 29:32)
P05216 -~

Arm 1: PR 45 T78.13 (50/64) 28.45 (33/M18) 23003 (10437)

Arm 2: RGT 81.82 (6377) 65.05 (67/103) 54.76 (23/42)

Arm 3: BOC/PR 48 50.00 (44/55) 71.30 (82M115) 59.09 (26/44)
P0O5101

Arm 1: PR 45 45.15 (6/13) 17840529 50.00 (5/10)

Arm 2: RGT TB.ET (22/28) SN0 8/62) 5455 (5/11)

Arm 3: BOC/PR 48 TT.27 (17122) 7273 (48/66) 72.22(1318)

BOC=boceprevir 800 mg TID; PR=pegylated interferon 1.5 pgitgiarice weekly + ribavirin 600 to 1400 mg/day;
RGT=response-guided therapy.

The results of this retrospective subgroup analysissshould be viewed with caution because of potential
differences of the sub-study population relztive to the overall trial population. In fact, for all categories
of patients, those participating in the pharimasogenetics substudy had higher SVR rates than the
corresponding groups of non-participaints. Thus the sensitivity of this analysis for detecting an added
value of boceprevir in C/C patients.ma be compromised by participant selection.

Whether IL28B genotype cou:d reiiably identify patients who are unlikely to significantly benefit form
the addition of boceprevii (hijjher SVR rates or short course treatment duration) to P/R bitherapy will
be the subject of a planned “study to be performed by the applicant. A protocol is to be submitted by
the applicant for viilizgtion by the CHMP before the study starts.

The SmPC warranes the attention of physicians on the current uncertainty on the degree of added
value of Victreliston top of the bitherapy in C/C patients.

Suppaitive studies
Tilte Oof Study: Long-Term Follow-Up of Subjects in a Phase 1, 2, or 3 Clinical Trial in Which
3oceprevir or Narlaprevir was Administered for the Treatment of Chronic Hepatitis C (Protocol No.

P05063)

Studied Period: 05 March 2007 to 04 March 2010 (Ongoing study); Multicenter: 49 sites in the USA
and 24 international sites

This ongoing study is being conducted in two parts as described below:
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Part 1 includes subjects who participated in a Phase 1, 2, or 3 clinical study in which boceprevir was
administered.

Part 2 includes subjects who participated in a Phase 1, 2, or 3 clinical study in which narlaprevir
(another experimental NS3/4A inhibitor) was administered.

Subjects are followed for 3.5 years after the End of Treatment (EOT) in the previous boceprevir or
narlaprevir study. No medication is administered in this study.

The primary objectives are to:

e confirm the durability of the virologic response in subjects with SVR in previous study.

e characterize the long-term safety.

e characterize the natural history of HCV sequence variants in subjects who receiveidsas least one dose
of study medication

Of the 979 subjects who received boceprevir in a previous phase I or phase 11 tiidy 604 were enrolled
is this follow-up study (290 sustained virologic responders and 314 treatient failures). Median follow
up was 2 years. The majority were male (62%) and white (86%), witl 2 median age of 52.0 years
(range: 21-66 years).

SVR

None of the 290 sustained virologic responders had HCV-RIVA Yirology results that met the criteria for
a definite relapse (i.e. became serum HCV-RNA positiye witii no subsequent negative results during
long-term follow-up.). One subject had reinfection cunfirmed by genotype subtype retesting. Three
subjects who achieved SVR in the previous treattaent study had isolated detectable HCV-RNA results
during the long-term follow-up, and subsequéntly hiad undetectable HCV-RNA results on multiple
occasions. These subjects were considere( sustained virologic responders.

The majority of sustained virologicgcsperiders (93%) with normal ALT levels at FW 24 maintained
normal ALT levels at their last axailable visit. Nineteen (7%) subjects with normal ALT at FW 24 in the
previous treatment study had’eiavited ALT at the last available visit. Most abnormal ALT values were
<1.5 x upper limit of normiah(¢LN).

HCV sequence ana'vsis in patients with treatment failure.

Of the patienfs experiencing treatment failure, the putative return to wild type was explored in 183
subjects w/10 had on-treatment resistance-associated amino acid variants (RAVs) compared to the
baseline samgie (wild type). At baseline 6% of all subjects had RAVs. In subjects without SVRpost-
baseline ®AVS were found in 79%.

Kapian-Meier analysis shows that individual RAVs returned to wild type at different rates, T54A
raturned the fastest (median time 0.24 years), followed by V36M (median time 0.78 years); T54S and
R155K returned at similar rates (median times 1.43 and 1.28 years, respectively). With regard to the
treatment failures with RAVs, after 2 years after end of treatment approximately 60% of the RAVs
returned to wild type. This means that resistant types are still present after two years this might have
implications for future treatment of these patients.
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Figure: Kaplan-Meier for the Rate of Return to Wild Type

P05685: A Phase 3 Efficacy and Safety Study of Boceprevir in Combination With PEG-a2a
and Ribavirin in Subjects with Chroiic\Hz. patitis C Genotype 1 Who Failed Prior Treatment
With Peginterferon/Ribavirin.

P05685 was conducted to confiim the efficacy benefits of boceprevir when administered in combination
with the other marketed peay'ated interferon product, peginterferon alfa-2a (Pegasys) and ribavirin
(PEG2a/R).

Protocol P05685 wias/camulti-center, double-blind, randomized (in a 1:2 ratio), placebo-controlled
Phase 3 study i aduit patients (=18 years of age) with CHC genotype 1 infection who had failed
previous PR.traavment. Eligibility criteria were similar to RESPOND-2 (P05101). Randomized treatment
assignmen; wi's stratified based on the patient's previous response to therapy (partial responder or
relapgerjand on HCV genotype (1a or 1b infection) as determined by the TRUGENE assay.
Patienwe-randomized to PEG2a/R received 48 weeks of peginterferon alfa-2a 180 mcg administered
suwncwcaneously weekly (labeled dosage of Pegasys) and oral ribavirin using weight-based dosing from
1000 to 1200 mg/day divided BID, plus placebo TID starting at TW 5. The dosing regimen for
peginterferon alfa-2a/ribavirin is the regimen listed in the relevant product circulars.

Patients randomized to BOC/PEG2a/R received peginterferon and ribavirin for a 4-week lead-in period,
followed by the addition of oral boceprevir 800 mg TID for 44 weeks.
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Treatment duration in this study was the same as in the BOC/PR48 arm of RESPOND-2. This regimen
was chosen to obtain the maximum duration of therapy for the assessment of safety. HCV-RNA levels
were tested using the same assay as in the RESPOND-2 study: the TagMan 2.0 assay (Roche
Diagnostics) with a lower limit of detection of 9.3 IU/mL and limit of quantitation of 25 IU/mL. In both
treatment arms, patients with detectable HCV-RNA at TW 12 were discontinued for futility. These
patients were considered failures in the efficacy analysis. The primary efficacy endpoint was SVR,
defined as undetectable HCV-RNA at follow-up week 24, in all randomized patients receiving at least
one dose of study medication (FAS).

Efficacy

Sixty-seven patients were randomized to the PEG2a/R arm and 134 to the BOC/PEG2a/R 2=n."SVR
rates were 21% in the PEG2a/R arm and 64% BOC/PEG2a/R arm . SVR rates were nearlv zimilar to the
SVR rates observed in the PR48 control and BOC/PR48 arms of RESPOND-2 (21% &2056%¢,
respectively).

Table 24: Sustained Virologic Responses (SVR) with Boceprevir Added/cc Peginterferon Alfa-
2a Plus Ribavirin, P05685

Protocol No. P05685

FAS \ 7mITF
PEG2a/R BOC/PEG2a/R 2EG2a/R BOC/PEG2a/R
n=67 n=134 n=67 n=130

SVR, n (%) 14 (20.9) 86 (64.2) N\ 14 (20.9) 86 (66.2)

A SVR (%) - 43.3 7 - 45.3

95% CI for A - 306, 5,0 \ - 326,579

P-value - 10001 - <0.0001
EOT {Undetectable 28 (41.8) 93(?3.9} 28 (41.8) 99 (76.2)
HCV-RNA). n (%)
Relapse, n/N (%) 721 (33.3) NN 98 (11.6) 7121 (33.3) 11/95 (11.6)

Cross-Study Comparison of.Sustained Virologic Response and Relapse Rates:

Table 25: P0O5101YRESROND-2) and P05685

| 05685 P05101
N Arm 1| Arm 2 | Arm 1| Arm 3
PEG-a2a/R48? BOC/PEG-a2a/R48? PR48® BOC/PR48
n=67 n=134 n=380 n=161
[ SvRr (%) 14 (20.9) 86 (64.2) 17 (21.3) 107 (66.5)
 xemd (11, 31) (56, 72) (12, 30) (59, 74)
#value? -- <0.0001 -- <0.0001
Relapse®, n/N (%) | 7/21 (33.3) 11/95 (11.6) 8/25 (32.0) 14/121 (11.6)
95% CI (13, 54) (5, 18) (14, 50) (6, 17)
P value' -- 0.013 -- 0.009

Arm 1 (PEG-a2a/R48) = PEG-a2a + RBV for 48 weeks.

Arm 2 (BOC/PEG-a2a/R48) = PEG-a2a/R lead-in for 4 weeks, then BOC/PEG2a/R for 32 weeks.

Arm 1 (PR48) = PEG-a2b + RBV for 48 weeks.

Arm 3 (BOC/PR48) = PR lead-in for 4 weeks, then BOC/PR for 44 weeks.

SVR (Sustained Virologic Response): The last available value in the period at or after FW 24. If there is no such value,
the FW 12 value was carried forward. SVR,4 rates (SVR with “missing=failure” approach) were nearly identical (P05685:
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11/67 [16.4%] Control, 84/134 [62.7%] BOC/PEG2a/R; P05101: 17/80 [21.3%] PR Control, 106/161 [65.8%]
BOC/PR48.)
Versus PR control arm. P values were calculated using the two-sided Cochran-Mantel Haenszel (CMH) Chi-square test
adjusted for the baseline stratification factors: previous treatment response (nonresponder vs relapser) and genotype
(la vs 1b).

Relapse rate was the proportion of patients with undetectable HCV-RNA at End of Treatment (EOT) and detectable HCV-
RNA at End of Follow-up (EOF) among patients with undetectable HCV-RNA at EOT and not missing EOF data.

Versus PR control arm. P values were calculated using the two-sided Chi-square test.

5.1.1. Discussion on clinical efficacy

The applicant conducted two pivotal phase III studies in one naive (P05216) and one in pretreateu
patients (P05101).

Design and conduct of clinical studies

Both phase III studies were double blind, multi-centers studies with centers from US)E, Canada and
South America. In both phase III studies (as well as in phase II studies) pegylatad interferon alfa 2b
was used.

The Lead in phase (4 weeks with the bitherapy Pegylated IFN+ribavirim=heiare the addition of the
boceprevir) brings the theoretical advantage of allowing the introdusticin 4f the antiviral agent once the
steady state of ribavirin has been reached, i.e. under the optimal concition for the DAA (to best protect
the DAA against functional monotherapy).

Whether or not the lead in phase increased the efficacy of this DAA, was specifically assessed in the
phase II study in naive patients (P03523), with comparative arms with or without lead in phase. This
phase II study supported the lead in phase for th& iitare development of this DAA in phase III.

The use of a lead in phase was associated with a wend for higher SVR, lower relapses as well as lower
viral breakthrough. However, the differencaswas, not statistically significant, and the virological merit of
the lead-in phase has not been formallyademenstrated.

A disputable non conservative 24 vieek's futility rule was predefined in the phase III study in naive
patients whereas it was set at 12 weeks (as for the SOC) for treatment failure patients.

Regarding the target poptiation the study population excluded subjects who were co-infected with HIV
or HBV, subjects withideconiwpensated liver disease, as well as null responders (as defined by a <2log
decrease in HCV RIA ot ‘Week 12 during prior treatment with peg/rbv).

A study is on-gomg in the co-infected population (P05411). There is a particular medical need in this
populationiis dharacterized by a more pejorative evolution (in terms of natural course and response to
the S@C).

Cclcerning null responders it is noteworthy that this challenging population was excluded from the
phase III study. However, the applicant considers patients with a < 1log decrease at the end of the 4-
week lead in phase to be representative of those with a prior null response, and thus to have actually
studied this population. On this basis, the applicant proposes to extend the indication to the null
responder population

In clinical practice, however, categorization of patients relies on their historical response to the
bitherapy at week 12.
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Concerning Black patients, these are known as being poor responders to the SOC and as such
represent a difficult to treat population. Of interest, the applicant specifically addressed the question of
the added benefit of boceprevir to the SOC in this population through a specific cohort (cohort 2) in the
Phase III study in naive patients.

In both phase III studies the primary endpoint is the Sustained Virological Response (SVR) defined as
undetectable HCV RNA 24 weeks after completion of therapy (SVR24). This primary efficacy criterion is
in line with the EU guidelines. This SVR is correlated with cure.

In the studies, HCV-RNA viral load were determined using the Roche COBAS TagMan HCV/HPS T¢st
v2.0. The assay has a limit of quantitation of 25 IU/mL and of detection of 9.3 IU/mL. Threshplds of
95% sensitivity can vary for a given technology which evaluated the sensitivity thus, the thwasihold
used in the trials are acceptable.

Both phase III studies were superiority studies, with the aim of detecting an appro,,1&% (in naive,
response rate in SOC estimated to approx 45%) to 20% (in treatment failure matiants, response rate in
SOC estimated to approx 20%)improvement in SVR rate over the SOC.

The statistical test and the approach (hierarchical order for testing null Kynotheses of the 2 therapeutic
regimens with BOC as compared to SOC) are in line with the CHMFI guiaeline on multiplicity and is
acceptable.

It was recently identified that a genetic polymorphism neartthe IL28B gene, encoding interferon-A-3,
was strongly associated with the likelihood of response to SOC. Recent US and EU guidelines
recommend stratification according to IL28B genotyj.e, Dut the phase III study was initiated before the
release of these recommendations. More recently.. a‘genetic variant leading to inosine triphosphatase
(ITPA) deficiency has been associated with ri¢k of ribavirin-related anaemia during PR therapy. The
applicant added a specific site amendmen/ in &hie 2 phase III studies to perform IL28 genotype assay
and ITPA. Results are provided for 60% ¢£ tite whole population from both phase III.

Efficacy data and additional anclyses

Regarding the Phase III trial SPRINT, overall (for cohort1+2), the addition of boceprevir to PR therapy
provides a significant 25-20% gain in SVR on top of the PR in naive patients.

The high level of stalistical significance [P<0.0001, for each boceprevir arm vs control] confers
robustness in the damonstration.

Additian©t'8CC to SOC confered a significant improvement of SVR in both the prior relapser patients
(A=40-43%) and the prior partial responders patients (A=33-45%) as demonstrated in the RESPOND -
2 /nii,"Such results translate into a SVR reaching 75% in relapser patients and a SVR reaching 52% in
pricedpartial responders. The high level of statistical significance (p<0.0001) provides robustness in the
afficacy demonstration.

Regarding IL28b, data from a retrospective analysis suggest that for naive subjects with CC genotype
the addition of boceprevir to PegIFN and ribavirin does not substantially improve response rates and as
such the added value of boceprevir in patients with good prognostic factors of response to PR may be
guestioned. However it is important to highlight that more patients in the treatment arm benefited
from a shorter treatment duration than patients treated with bitherapy alone. For naive subjects with
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CT or TT genotype, the addition of boceprevir to PegIFN and ribavirin seems to improve response rates
(below 30% versus 55% to 71%). For pretreated subjects addition of boceprevir seems to improve
response rates for all genotypes. However, as the numbers of pretreated patients is small and the
pharmacogenomic analysis was done in a subset of patients and baseline characteristics between the
subset included in the pharmacogenomic analysis was not completely balanced with that of the not
included subset, all these findings are uncertain. The CHMP requested the applicant to further address
this issue. The applicant highlighted the limitations of the exploratory analysis and that the on
treatment early viral response could be a stronger predictor of SVR. Furthermore it was highlighted
that there are uncertainties on the clinical utility of IL28B genotyping in clinical practice.

It was agreed that only a prospective study will help to draw formal conclusion on the clinical giclity=of
IL28B genotyping. As such the applicant as committed to carry out a prospective study in #isis segard.
The protocol will be provided in July 2011 and final results are expected by May 2014. The\SniPC
reflects the currently available level of information.

Appropriate treatment durations for different patient categories

Based on phase II data, the concept of a treatment duration tailored to ti'e early kinetics of virologic
response has emerged (i.e. the Response Guided Therapy/RGT). This(cengcept was then formally tested
in the two phase III studies.

Treatment naive early responders received either 28 weeks eh total therapy (4 weeks lead in + 24
weeks of triple therapy) or 48 weeks of total therapy (4 weuks/iead in + 44 weeks of total therapy).
Treatment naive late responders received either (a) 4.wveeks of lead in, followed by 24 weeks of triple
therapy, and then another 20 weeks of P/R, or (b) 4 weiks of lead in followed by 44 weeks of triple
therapy. Treatment experienced early respondeit: reesived either 4 weeks of lead in followed by 32
weeks of triple therapy, or 4 weeks of lead I1¢ followed by 44 weeks of triple therapy. Treatment
experienced late responders received eithfsr (3)"4 weeks of lead in, followed by 32 weeks of triple
therapy, and then another 12 weeks of F/R,"or (b) 4 weeks of lead in, followed by 44 weeks of triple
therapy.

SVR rates for treatment naive early’ responders in P05216 that were treated for a total of 28 weeks,
comprising about 45% of Zitg, studied treatment naive populations, were very high, and similar to what
was seen with 48 wesks oitrecatment. Relapse rates were low in both arms, with no indication of
different relapse ratas."Qn this basis, a relatively solid inference about the appropriateness of response
guided therapy in tnzaiment naive patients can be drawn, with early responders receiving 4 weeks lead
in + 24 weeks\f triple therapy.

Concémning e=tatment naive late responders, results from the P05216 study summarized above
indicéte that 24 weeks is too short in this subset, as discontinuing therapy at this time is associated by
arl epnarent increase in viral breakthrough rates, as described above. However, data do not indicate
what would be the optimal duration - that is, whether 20 weeks of further exposure to boceprevir is
recessary, or if boceprevir treatment can be discontinued earlier, for instance at week 32. This has not
been studied in treatment naive patients, but it has been investigated in the treatment experienced
population comprising of prior relapsers and prior partial responders. As stated above, approximately
45% of boceprevir treated patients qualified as early responders and were treated for 28 weeks. This
roughly corresponds to the SVR rate in treatment naive patients exposed to P/R. Thus, the late
responder population would likely primarily consist of a mixture of would-be P/R relapsers, partial
responders and null responders. This implies a rationale for looking at the outcomes of the P05101
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study, were the virological efficacy of 32 weeks total boceprevir therapy (late responders, RGT arm)
and 44 weeks total boceprevir therapy (late responders, BOC/PR48 arm) was directly compared. This
small dataset failed to indicate any efficacy difference between 32 and 44 weeks of boceprevir
exposure in prior relapsers and prior non-responders that are late responders to boceprevir based
therapy. The point estimate in fact favors 32 weeks of boceprevir therapy, and the relapse rate is
similar. What can further be inferred from the EOT response, which is higher in the RGT arm (32 weeks
of boceprevir), is that, as opposed to the case with 24 weeks of boceprevir therapy in treatment naive
late responsers, there was no excess of viral breakthroughs when boceprevir was dosed for 32 weeks,
in comparison to 44 weeks.

Now, it may be argued that this was demonstrated in a different population, but as stated abeve, the
baseline interferon responsiveness in the subpopulation of treatment experienced late respendars is
likely to largely overlap with that of treatment naive late responders. Therefore, a reasenchle 'guess on
available evidence is that 32 weeks would be sufficient for maximizing SVR rates insmcst iriterferon
responder strata. In light of the safety profile of boceprevir, risk/benefit is considerad @ likely be more
positive with 32 than with 48 weeks of therapy, though the uncertainties of thig,iriference are
acknowledged. On this basis it is proposed that the boceprevir regimen for tregtnient naive late
responders is 4 weeks of lead in + 32 weeks of triple therapy, followed by, 12 weeks of P/R.

In treatment experienced early responders that were randomized /0 the RGT arm, and thus received 4
weeks of lead in followed by 32 weeks of triple therapy, SVR rates were lower than in corresponding
patients randomized to 44 weeks of triple therapy. When losieing, at the dataset consisting of patients
that actually received 36 weeks of similar therapy, a roughiy, 1% difference in SVR in favor of the
longer duration is entirely explained by higher relapse.rates’in patients receiving a shorter duration of
therapy. The 95% confidence limits of this difference,aré¢’ compatible with a 17% higher relapse rate in
case of discontinuation of therapy at week 36.

It is recognized that this dataset is small, (and,tiiat the difference is driven by less than 10 events. The
uncertainty of the inference, due to the limited size of the dataset, is clear. Nonetheless, the likely
equivalence of a 36 and a 48 weekcctamauration of therapy in treatment experienced patients is not
considered sufficiently demonstrated.isi the light of these outcomes, with all recorded relapses taking
place in the shorter treatment curzcon arm. Therefore, treatment experienced early responders should
continue therapy after wegra3¢, As already stated above, there is no indication that extending
boceprevir therapy beyoncy3Z weeks is of any value in treatment experienced late responders. By
inference, no benefityist'expected in treatment experienced early responders either. Therefore, the
difference seen in thle zarly responder subset is attributed to the effect of continued P/R medication,
and the recémiaenced regimen for treatment experienced early responders is 4 weeks lead in, 32
weeks of triple therapy, followed by 12 weeks of P/R consolidation.

The rixcoinmended treatment regimen for treatment experienced late responders is 4 weeks lead in
followad by 32 weeks of triple therapy, followed by 12 weeks of P/R. The rationale for a total of 32
ratrier than 44 weeks of therapy has been described above. There is no evidence for an added benefit
of boceprevir use beyond week 36.

Cirrhotics represent a special case. Very few patients with the most advanced degree of liver
histopathology were included in the boceprevir trials. No conclusion can be made on the optimal
treatment duration in cirrhotics from these data. An important consideration in cirrhotics is that this
subgroup contains the patients in whom achieving an SVR may be expected to have the most
immediate clinical consequences. Thus, a particularly conservative approach to optimizing the
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likelihood of response can be motivated in this group. On the other hand, they may be the most
sensitive to some boceprevir side effects, particularly thrombocytopenia and neutropenia. Therefore
the primary recommendation 4 weeks lead in + 44 weeks of triple therapy. However, the SmPC should
clearly state that adequate monitoring of side effects is tantamount, and that boceprevir should be
discontinued if the side effect profile of the patients indicate that the risks may outweigh the benefits.
Also for prior null responders, for whom the evidence of efficacy of boceprevir is altogether indirect,
treatment durations of 4+44 weeks are primarily recommended.

Stopping rules

In the phase III studies the stopping rules were different for naive and treatment experienced»patiefits.
A disputable non conservative 24 weeks futility rule was predefined in the phase III study /manaive
patients whereas it was set at 12 weeks (as for the SOC) for treatment experienced paficiits./The
applicant was asked to justify why conservative measures are not equally proposecyfoi,both naive and
treatment experienced patients.

The question is, should physician do something between week 12 and week 24/ t5 avoid unduly
keeping a treatment naive patient under unchanged treatment whereas o benefit can be anticipated
(and only risk).

The applicant was asked to further discuss this issue and has pfupos€d, the following futility rule that
would be applicable for both treatment naive and prior treatmaiit failure patients: discontinue all 3
drugs if HCV RNA is 2100 IU/mL at Treatment Week 12;%diacozitinue all 3 drugs if HCV RNA is
detectable at Treatment Week 24.

These stopping rules simplifies the posology of Victrelis because the same futility rule is used for both
treatment naive and previous treatment faili:i‘e patients, and because the Treatment Week (TW) 12
and 24 time points are already part of the stanuard of care for monitoring HCV RNA testing during
therapy with peginterferon and ribavitin.

The futility rule is based on the sasaenvations in the Phase 3 program that patients with HCV RNA levels
=100 IU/mL at TW 12 are uniikzlv,/co achieve SVR; and patients with low levels of detectable HCV RNA
at TW12 still had a substasitiaipossibility of achieving SVR.

The implementatiop=af g, stopping rule at TW12 (HCV RNA =100 IU/mL) means that only patients with
very low (or undetecdtevle) HCV RNA levels will remain on treatment after TW12, and therefore it is
not considef'ed aecessary that additional HCV RNA testing occurs between TW12 and TW24.

Null respand'ar’s

Prior null response to P/R therapy was an exclusion criteria from the pivotal study RESPOND 2/P05101
I ticatment experienced. Despite this exclusion criteria, the applicant claimed that clinical experience
wras gained in “null responders” by using the lead in phase to re-qualify patients (<1 log copies/ml at
week 4).

The applicant highlights that there is a close correlation between the historical week 12 response to
prior treatment (<2 log copies/ml) and the week 4 on treatment (<1 log copies/ml). Furthermore
when applying the week 4 definition of null responders, a significant benefit of the tritherapy is shown
in RESPOND 2/P05101 over the PR in this challenging population (RGT 33%, no RGT 34%, PR 0%).
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While a lead in response of <1 log10 is not considered a sufficiently sensitive substitute for null
response (defined as <2log10 decline at week 12, it is recognised that the findings in this category are
supported by outcomes in the still more strictly defined subgroup of patients with <0.5 log10 decline
during the lead in. Among such patients 0% reached SVR in the control arm, whereas 28-30% reached
SVR in the boceprevir arms (pooled cohort 1 +2).

The total sample size underlying this point estimate is 84 patients (versus 25 patients in the P/R arm).
Thus, there is hardly any doubt that boceprevir increases SVR rates in null responders, though an
exact estimate of the magnitude of this effect is not available.

Overall, given the medical need in this population and waiting for further option, it is recognised\that
access to the drug should not be hampered by exclusion from the indication, however a statarment is
refected in section 4.4 (the section 4.1 will cross-refer to this statement) to reflect the limitations of
the data set and that the optimal management of null responders remains to be esi=biished.

Co-administration with pegylated interferon alfa 2a

Both Phase III SPRINT 2 and RESPOND 2 studies were conducted with P€1IFN alpha 2b

The applicant provided results from a newly submitted double blind mul% center study (P05685) with
boceprevir combined with Peg-IFN alfa 2a+ribavirin vs Peg-IFN alfa 2a+ribavirin in subjects with HCV
genotype 1 who failed prior treatment with PEG/RBV (overall agpiox=200 patients were included with a
ratio 2:1).

Overall the efficacy results are consistent with the clinical ddata derived from the study P05101 and
adequately substantiate that boceprevir could be usud e ther with Peg-IFN alfa 2b (main data) or Peg-
IFN 2a. Moreover, in theory, given the respectivi, pharmacokinetics of alfa 2a and 2b, the extrapolation
from the clinical data with alfa 2b to alfa 2a & more conservative than the contrary. (see also safety
part as regards the combination with alfa2 a@s compared to alfa 2b).

Assessment of paediatric data o} ciinical efficacy
No clinical studies in paediatricinati2nts have been carried out.

5.1.2. Conclusions on the clinical efficacy

Boceprevir provides Faaher rates of SVR as compared to the current standard of care with
Peginterferon afra¥:Kiavirin (PR). The gain of SVR in the Phase III/SPRINT 2-P05216) in treatment
naive patients\was of the magnitude of approximately 30%. In the Phase III/RESPOND 2-P05101 in
treatmént ‘axpierienced the gain was approximately 40%. For both studies, superiority over placebo+
P/R waswessablished with p<0.0001.

Refrarding IL28b, data from a retrospective analysis question the added benefit of boceprevir in
padients with good prognostic factors of response to PR. The limitation of the retrospective analysis are
recognized and leave a level of uncertainty concerning the predictive value of IL28B that requires
addressing by means of a prospective trial. The applicant has committed to carry out a prospective
study to help draw formal conclusion on the clinical utility of IL28B genotyping.

Concerning the RGT, for treatment naive patients, a shorter treatment duration of 4 plus 24 weeks
tritherapy is accepted for early responders. For treatment naive late responders and treatment
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experienced early and late responders the 4W PR+32W BPR+12 W PR appears an adequate balance
between maximising SVR and the risks of prolonged exposure of tritherapy, notably anaemia.

Regarding patients with cirrhosis, the number of cirrhotic patients is overall very limited and mandates
particular caution in terms of treatment recommendations. In these patients, a recommendation to
maximise the tritherapy period until 48 weeks is given. However, taking into account that these
patients are particularly challenging to manage in clinical practice due their hematological
abnormalities, the feasibility of pursuing the tritherapy with the incremental risk of anaemia is
uncertain. Therefore, this decision should be adapted according to the patients tolerance to treatmerit
beyond 32 weeks. The same recommendation should apply for the challenging null responders
patients.

Null responders where excluded for the Phase III trials, however given the medical need,iinth's
population and waiting for further options, it has been admitted that access to the &rug, shuuld not be
hampered by exclusion from the indication. Furthermore it can be acknowledged that ttie addition of
boceprevir might increase the likelihood of achieving SVR in null responders waitinasor optimal
therapeutic management that might require in the future combination of antiviia ‘agents.

The CHMP questioned the co-administration of boceprevir with pegylales interferon alfa 2a given that
the pivotal phase III trials used instead peginterferon alfa 2b. Thefapplicant provided further data and
adequately demonstrated that efficacy results are consistent w/ica woce previr is used in combination
with Peg-IFN 2a . Overall the indication allows for use in is semuined with both peginterferons, alfa 2b
and alfa 2a (see also safety part as regards the combinacdionwich alfa 2 a as compared to alfa 2b)

5.2. Clinical safety

Patient exposure

During the course of clinical developmeri c&%oceprevir, approximately 2827 subjects were exposed to
any dose of boceprevir in 28 clinical*trials/ Including 20 Phase I studies, three Phase II studies, and five
Phase III studies as of the clinical ¢ateavase cut-off dates.

Phase I: 377 healthy volupteess, 18 subjects with hepatic impairment and 8 subjects with renal
impairment and 176_subjectsiwith chronic hepatitis C.

Phase II/III: 2098(sKbjacts in study P03523, P05216, P0O5101, P03659, P05514 and P06086 (Note:
study P060&6 #nd 205514 were included because, though they are ongoing, they are open-label).

In these studies the total daily dose of boceprevir ranged from 300 mg up to 2400 mg. Most
(190042092, S1%) of the subjects received 2400 mg boceprevir daily as 800 mg TID, the dose being
pursuzaoi*registration. The duration of boceprevir treatment in the Phase 2 and 3 studies ranged
freimpl“gay up to 396 days. Sixty-six percent (66%) of subjects who received boceprevir 800 mg TID
wesadreated for >24 weeks.

See table 26 below.

Table 26: Distribution of Treatment Duration By Dose of Boceprevir in the Phase 2 Through 3
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Number (%) Subjects
Boceprevir Daily Dose® (mg)
2400 mg as
300 mg 600 mg 1200 mg 800 mg TID
Treatment Duration® n=44 n=39 n=115 n=1900
Received Any Treatment | 44  (100) | 39 (100) | 115  (100) | 1900  (100)
<24 Weeks 44  (00) | 39 (100) | 115  (100) | 1900  (100)
»24 Weeks 24 (55) 20 (51) 69 60) | 1251  (66)
Statistics (Days)*
Mean 153.7 147.1 151.9 184.7
sD 39.9 525 37 98.6
Median 162 155 159 169 |
Minimum 74 3 20 TN\
Maximum 206 215 207 W\’ |

Key Studies Integrated for Safety Assessment (P03523, P05216. and P05101)

A total of 547 subjects in the PR arms and 1548 subjects in the BQ.C/HR arms of the key studies
received at least one dose of any study medication.

Table 27: Distribution of Treatment Duration in the i‘ey~Studies:

NUmGENN6) of Subjects
Treatment Naive F El_\'l[':eatment Failure
P03523/P05216 POS101 All Subjects
PR BOC/PR, PR BOC/PR PR BOC/PR
Treatment Duration® n=467 n=12f5 n=80 n=323 n=547 n=1548
Received Any Treatment | 467 (100) 41225 \400) | 80 (100) | 323 (100) | 547 (100) | 1548 (100)
| Twee | 449 (96) | 1Tes (97) | 79 (99) [318 (98) |58 97) | 1507 a7) |
| Two24 | 399 55)_‘[ T4 80) | 25 (31) |238 (74) 424 (78) | 1212 (78) |
] TW 48 ‘21_‘45)\ 467 (38) | 23 (29) | 140 (43) | 237 43) | e07 (39) |

The key studies for sa‘aety amalysis are the two phase III studies: P05216 in naive patients and P05101
in pretreated patiehts and the phase II study in naive patients P03523. In these three studies 800 mg
PO TID boceprevinwdas given, thus daily 2400 mg boceprevir i.e. the proposed dose. The phase II

study in pretréated patients is appropriately not integrated because subjects were treated with
different,dusades of boceprevir.

Insetalt548 subjects received boceprevir 800 mg TID of which 78% (1212) received boceprevir for at
‘a5t 24 weeks; and 39% for 48 weeks.

Adverse events

Almost all patients experienced treatment related AEs (see table 27). With regard to dose modification
due to AEs there is a substantially higher percentage in the experimental group compared to the
control (39% versus 24%). Overall there is no difference in discontinuation due to AEs. However, for
the pretreated study the percentage discontinuation due to AEs is substantially higher in the
experimental arm 10% versus control 3%.
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Table 28: Overview of Adverse Events, Deaths, and Study Drug Discontinuation and Dose
Modifications Due to Adverse Events in the Key Studies

Treatment-naive PEGIR Treatment Failure
PO3523/POR216 PO5101 All Subjects
PR® BOC/PR PR BOC/PR PR® BOC/PR
n=467 n=1225 n=80 n=323 n=547 n=1548
Median Treatment
Duration (Days) 218 197 104 253 198 201 _i
n (%) n (%) n (%) n (%) n (%) n (o
Treatment-Emergent AE 460 (99} | 1217 (99) 77 (96) 321 (99) 537 (98) | 1528 129)
Treatment-Related |
Treatment-Emergent AE | 456 (98) | 1212 (99) 77 (98) 320 (99) 533 (7) N.532 (99)
Serious AE 39 (/) 125 (10) 4 (5) 39 (12) 433 164 (11)
Death® 4 (1) 3 (<1) 0 1 {<1) Lin 4 (<1)
Life-Threatening 7 (1) 13 (1) 0 9 (3) f (1) 22 (1
Study Drug
Discontinuation Due to
AE B5 (14) 172 (14) 2 (3) 23 ) 67 (12) 205 (13)
Doge Modification Due to |
AE" 121 (26) 505 (471) 11 (14} \ YU (31) 132 (24) 605 (39)

AE=adverse event; BOC=boceprevir 800 mg PO TID; P=peginterferon alfa'2b,"#"EG=peginterferon alfa; PO=orally;
PR=peginterferon alfa-2b+ribavirin; R=ribavirin; TID=three times daily.

Treatment-emergent AEs were similar across the treatment arms and were consistent with those
reported with standard of care. Anaemia anc¢d¢dysgeusia are the only two events that were reported
with a 210% difference in the BOC/PR arris cowipared with the pooled PR control arms of the key
studies.

Anaemia, neutropenia, and thrombacviopenia occurred in 4% versus 1 % in the control arm. Nausea
and vomiting, and depressionsviere ‘also more commonly reported in subjects receiving PR control or
BOC/PR in the treatment-meive,subjects (P03523/P05216) compared with previous treatment failures
(P05101).

The profile of treativert-related AEs (considered possibly or probably related to study drug, by
investigatory wis similar to that of the treatment-emergent AEs. The most frequently reported
treatment g<iavaa AEs (considered possibly or probably related to study drug, by investigator) were:
fatigu®. @naariia, nausea, headache, and dysgeusia. No novel treatment related AEs were reported.
The rhosuicommonly reported treatment-related, treatment-emergent AEs (=10% incidence) in the key
stlidies are summarized in the table below.
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Table 29: Treatment-Related, Treatment-Emergent Adverse Events in the Key Studies
(Incidence Greater Than or Equal to 10%)
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Treatment-naive PEGI/R Treatment Failure
PO3&23/POS216 POS101 All Subjects
PR® BOC/PR PR BOC/IPR PR? BOC/IPR
n=467 n=1225 n=80 n=323 n=547 n=1548
Median Treatment
Duration (Days) 216 197 104 253 198 201
System Organ Class :
Preferred Term n (%) n (%) n (%) n (%) n (%) n )
Subjects Reporting Any
Adverse Event 456 (98) | 1212 (99) 77 (96) 320 (99) 533 (97) | ABIA99)
Blood and Lymphatic
System Disorders
Anaemia 142 (30) 611 (50) 16 (20) 144 (45) 158 2Y; 755 (49)
Meutropenia &8 (19) 304 (25) 8 (10) 46 (14) 165718) 350 (23)
Gastrointestinal
Disorders
Diarrhoea &8 (19) 279 (23) 12 (15) P ek 100 (18) 353 (23)
Dry Mouth 44 (9) 128 (10} 7 (9) 467 W) 5 (9 174 (11)
Dysgeusia 73 (16) 427 (35) 9 (14 141 (44) 82 (15) 568 (3T)
MNausea 187 (40} ba6 (45) 0NGR! 134 (41) 217 (40) 690 (45)
Wamiting 54 {12) 228 (19) S (8) 43 (13) 60 (11) 271 (18)
General Disorders and
Administration Site
Conditions
Asthenia &84 (18) 109 {115) 13 (16) 68 (21) a7 (18) 247 (18)
Chills 137 (25 479 (33) 24 (30) 105 (33) 161 (29) 515 (33)
Fatigue 272 (560 710 (58) 40 (50) 179 (55) 312 (57) 889 (57)
Influenza Like lliness 1150,(28) 264 (22) 20 (25) 75 (23) 135 (25) 339 (22)
Injection Site Erythema Loy i13) 131 (11) 7 (9) 36 (11) 66 (12) 167 (11)
Injection Site Reaciian 22 (11) 141 (12) 5 (B) 25 (8) A7 (10) 166 (11)
Irritability 108 (23) 266 (22) 10 (13) 67 (21) 118 (22) 333 (22)
Pain 39 (8) 124 (10} 3 (4 24 (T 42 (8) 148 (10}
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Pyrexia 151 {32) 394 (32) 17 (21) 91 (28) 168 (31) 485 (31)
Investigations
Weight Decreased E5 (12) 134 (11) 7 (9 36 (11) 62 (11) 170 {11)
Metabolism and Nutrition
Disorders
Decreased Appetite 112 {24) nd (25) 13 (16) 82 (25) 125 (23) 386 (25)
Musculoskeletal and
Connective Tissue I
Disorders |
Arthralgia 79 (17 216 (18) 11 (14) 66 (20) 90 (16) 282,14}
Myalgia 110 (24) 275 (22) 19 (24) 79 (24) 129 (24) 255, [43)
Mervous System o
Disorders
Dizzinass 67 (14) 219 (18) 8 (10 B0 (15) 75NN 269 (17)
Headache 196 (42) bh4 (45) 38 (48) 129 (40) 2344 3) 683 (44)
Psychiatric Disorders o/
Anxiety 55 (12) 151 (12) 5 (6) 39702) 50 (11) 190 {12)
Depression 96 (21) 255 (21} 12 {15) AR 108 (20) 302 20}
Insomnia 154 (33) 403 (33) 16 (20) | 53 ,29) 170 (31) 498 (32)
Respiratery, Thoracic
and Mediastinal
Disorders
Cough a8 (19 194 (16) 12 (15) 63 (20) 100 (18) 257 (17)
Dyspnoea 73 (16) 227 (19, | 13 (18} B9 (21) 86 (16) 296 (19)
Dyspnoea Exertional 36 (8) 100°58) 4 (&) 36 (11) 40 {7) 136 (9)
3Skin and Subcutansous
Tissue Disorders |
Alopecia 126 (200 v 333 (27) 13 (18) 71 (22) 139 (25) 404 (26)
Dry Skin 22 (14 ‘ 214 (17) 6 (8) 70 (22) 88 (16) 284 (18)
Pruritus '_1_1 24) 265 (22) 14 (18) 61 (19) 125 (23) 326 (21)
Rash ar (19) 200 (18) 4 (5) 43 (15) 91 (17) 249 (18)

The treatn entirelated AEs reported after the PR lead-in (i.e., newly occurring or worsened in severity)
include®, tie well-known AEs associated with PR: Depression, irritability and weight loss are long-term
effects,of PEG therapy. Anaemia occurs with PEG/RBV therapy, and typically follows a pattern of
deziin’2 for the first 12 weeks of treatment. Addition of boceprevir to PR therapy is associated with an
acditional decrement in Hgb and neutrophil count. Dizziness (13%) and dyspnea (14%) were reported
more frequently in the BOC/PR arm after the lead-in compared to during lead-in (6% and 7%,
respectively). Rash was reported more often in both the PR control arm (13%) and BOC/PR arm (16%)
after lead-in than during lead-in (5%). Constitutional symptoms such as fever, chills, and myalgia were
reported more often in the lead-in period compared with after lead-in in_both the PR control and
BOC/PR arms.

Adverse events during follow up.
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The most common (=10% incidence) treatment related AEs that were ongoing at the time of a
subject’s 30-day post-treatment follow-up visit and were still ongoing at the time of the subject’s

Follow-up Week 24 visit are listed in the table below

Table 30: Treatment-Related Adverse Events Ongoing After 6 Months of Follow-up (in

Subjects Who Were Followed At Least 6 Months) in the Key Studies (Incidence Greater Than

or Equal to 10%)

Number (%) of Subjects
Treatment Naive PEG/R Treatment Failure
PO3523/POS216 PO5101 Total
System Organ Class PR® BOC/PR PR BOC/IPR PR? EOCRR
Preferred Term n=373 n=1095 n=75 n=297 n=443 n=0392
Subjects Reporting Any !
Adverse Event 188 (50) 546 (50) 35 (47) 174 (59) 223 A0 720 (52)
General Disorders and
Administration Site
Conditions B3 (17) 168 (15) 19 (25) 67 (23) t2 (18) 235 (17)
Fatigue 40 (11) 102 (9) 15 (20) 44 (15 55 (12) 146 (10)
Psychiatric Disorders 64 (17) 186 (17) 10 (13) 5504200 74 (17) 247 (18)
Insomnia 32 (9 98 (9) 3 (4) 34N11) 35 (8) 132 (9)

Dose finding Study

Overall, a similar incidence of AEs was observed amiing all dosage groups, with at least 93% of
subjects reporting AEs. For anaemia, see further{labyratory findings).

Except for dysgeusia, events reported during fii€ trial were well recognized as side effects associated
with PR therapy. A dose-dependent increasesin dysgeusia was reported when boceprevir was part of
the therapy. At the lower doses of 120 g and 200 mg, only 6% (3/48) and 4% (2/49) of subjects,
respectively, experienced dysgeusia, The number increased in the group treated with 400 mg TID to
25% (36/146) of subjects. Thethigliest incidence of dysgeusia was observed in the group treated with
boceprevir at 800 mg TID ity 48% (31/65) reporting dysgeusia. Overall a percentage of 37% was
found in the key safety analviis.

Response guidead tni:rapy in the phase III Studies P05216 and P05101

In order tosCapiure the safety experience for all treated subjects, safety comparisons of RGT are
preseited iisst by a comparison of treatment in Arm 2 RGT (regardless of assignment) with the 48-
week(BO®/PR arms and the 48- week PR control arms in each of the two studies. If a safety advantage
offArim 2z RGT over BOC/PR48 was observed, then a secondary comparison of safety was made
Latween the shorter RGT arm (in early virologic responders) and the longer RGT arm within Arm 2 of
sach study.

There were similar proportions of subjects with treatment-related AEs, and dose modifications due to
AE in the RGT arms compared with the BOC/PR 48-week arms in both studies.

When the shorter RGT treatment arms are compared with the longer RGT arms, there are fewer SAEs
and study drug discontinuations in the early virologic responders who qualified for shorter treatment in
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both the treatment-naive and previous treatment failure study populations. There were similar
proportions of subjects with treatment-related AEs, and d, in ose modifications due to AE in the short
and long RGT arms.

The safety differences between the shorter vs longer duration of therapy in Arm 2 are confounded by
differences in the demographic characteristics of both groups. In Study P05216, subjects who qualified
for shorter duration of treatment compared to long treatment were more likely to be white (88% vs
79%) and have a lower mean BMI (27.7 vs 28.5 kg/m2). In Study P05101, subjects in the short RGT
arm were more likely to be female (44% vs 20%), white (94% vs 80%), and younger (mean age 52.7
vs 54.0 years).

The pattern with respect to timing of onset of events appeared similar when comparing the=RKsand
BOC/PR arms. Most (98-99%) subjects reported at least one AE early, within the first 28 vieexs of
treatment. After TW 28, however, 67% of PR-treated subjects and 70% of BOC/PR\treatew subjects
had the new onset of at least one AE. Hematologic events and fatigue were reported with new onset
after TW 28 by >5% of subjects in both PR- and BOC/PRtreated subjects.

Serious adverse event/deaths/other significant events

Deaths

Eight subjects died in the key studies: one in study P03523, bocepreviinarm (drug cocaine toxicity)
unlikely related; six in study P05216: four in control arm: one“:arcdio=respiratory arrest, unlikely
related; one suicide, possible related; one death by accidei’t, unlikely related; one death unknown
cause, unlikely related. Two in boceprevir arms, one suicida possible related and one cardiac arrest,
unlikely related. One death in study P0O5101: one syicices (SVR was attained, there were no significant
AEs, the patient committed suicide during follow apyoivase), the death was unlikely related.

Other studies

There were no deaths in the phase iand cuse-finding studies. In the ongoing study P05685 two
subjects died: one multi organ failtire//»neumonia staphylococcal, possibly related and one cardiac
failure, unlikely related, treatmznt's still blinded. One subject in the screening phase for ongoing study
P06086 died suddenly, consicarea unlikely related. And in the ongoing follow-up study PO5053 where
no medication is administared, three subjects died: one progression of hepatic cirrhosis, one hepatic
neoplasm malignant aad ong,pancreatic carcinoma all three were unlikely related. Thus in total an
additional six subjdchsydied.

In study PO56@5 ) there were more infections reported on boceprevir (22%) than control (12%). Of
note in“a cioss study comparison of safety there was a marked increase in the risk of neutropenia
(incluginng ‘grade 34) when boceprevir is combined to alfa 2a than when combined with alfa 2b. There is
alsewainiricreased risk of grade 4 neutropenia. See table 29 below.
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Table 31: Cross-Study Comparison of safety: P05685 and P05101 (Both Studies Evaluated
Patients Who Previously Failed Therapy with PR).

Study P05685 Study P05101
PegIFN PegIFN alfa PegIFN PegIFN
alfa2a/RBV | 2a/RBV/BOC | alfa2b/RBV | alfa2b/RBV/BOC
N=67 N=334 N= 80 N= 161
Treatment duration (mean) 105 days 334 days 104 days 336 days
AE 100% 100% 96% 100%
SAE 10% 13% 5% 14%
Death 0 2 (1%) 0 0
Drug discontinuation 4% 17% 3% 12%
Dose modification 22% 43% 14% 33% ::
Anaemia as AE 33% 50% 20% 47%,.
Hb<10g/dI 22% 37% 24% 35%
Hb<8.5g/dl 4% 13% 1% 1%
Use of EPO 30% 47% 21% 6%
Dysgueusia 25% 39% 11% 45%
Neutropenia as AE 18% 31% 10% 14%
Neutrophils<750/mm3 18% 28% 9% 20%
Grade3-4 1Vd
Neutrophils<500/mm3 3% 14%% 196 7%
Grade4 A YA
. .
Thrombocytopenia as AE 6% 7%, | - 0% 6%
Platelets < 50 (Grade3) 7% 10% . 0 5%
Platelets <25 (Grade 4) 0 1% | 0 0

Other Serious Adverse Events

SAEs were reported in 8% of subjects intinve FR control arm and 11% of subjects in the BOC/PR arms
Most of the SAEs were reported by“aniy one subject; SAEs reported by more than one subject were the
types of events often associated with Inng-term PR therapy and were reported with somewhat higher
frequency in the boceprevir-cor'taining arms (hematologic: 19/1548 [1%] vs 2/547 [<1%];
gastrointestinal: 29/1548 [2Y4] VS 6/547 [1%]; and psychiatric AEs: 24/1548 [2%] vs 5/547 [1%]).

See table below:
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Table 32: Serious Adverse Events (Incidence Greater Than or Equal to 1%) in the Key

Studies

Number (%) of Subjects

Treatment-naive

PEG/R Treatment Failure

P03523/P05216 P05101 All Subjects
PR? BOC/PR PR BOC/PR PR? BOC/PR
n=467 n=1225 n=80 n=323 n=547 n=1548
Median Treatment Duration
(Days) 216 197 104 253 198 201
System Organ Class
Preferred Term
Subjects Reporting Any
SAE 39 (8) | 125 (10)| 4 (5 |39 (12)| 43 (8 | 164 (1 1L|
Blood and Lymphatic
System Disorders 2 (<) 14 M| o0 5 @ | 2 (=] @)
Anaemia 1 (<] 9 M| o 5 @ | 1 =) NN
Neutropenia 0 7 M| o D D [Nz (<1
Gastrointestinal Disorders 6 (1) |20 @] o 9 @ | &6 _ (1 /%29 (2)
Abdominal Pain 1 (<) 3 | o 2 M| AN (=) ]| 5 (<1
General Disorders and
Administration Site
Conditions 4 M l19 @] 1 M| 5 ALY 1|24 @
Chest Pain 0 =] 1 M| 2N (<1) (1
Hepatobiliary Disorders 3 M1 =1 NS = 4 m (<1)
Cholelithiasis 2 (<1)| 0 11 [ 3 m
Infections and Infestations 8 (2|30 @] 1\ 6 @9 @3 (@
Appendicitis 1 (<1) 0 3 M| 1 (=1 (<1)
Gastroenteritis 0 (<] 1 M| o 1 (=1 (<1)
Median Treatment Duration
(Days) 216 N\ 19¥ 104 253 198 201
Musculoskeletal and T
Connective Tissue
Disorders 10| 5 1| 0 3 M| 1 =] 8 (M
Intervertebral Disc
Protrusion 0 2 (<1)] O 2 (M| o 4 (<1)
Neoplasms Benign,
Malignant and UnspeCificd
(Incl Cysts and Pgiyns| 6 ()| 8 (1| o0 1 (<] 6 M9
Nervous System®isorders | 3 (1) | 13 (M| 1 M| 3 (M| 4 M| 16 (1)
Parkinsolism 0 0 1 M| o 1 (<1)| 0
Psychiiric\Disorders 5 ()| 16 (1) o 8 @ |5 M| @
Beprassion 1 (<) 4 (| o 4 M| 1 =] 8 m
Sonicidal Ideation 0 2 (<1)] O 2 (M| o 4 (<1)
| Nsuicidal Ideation 2 (<) Mmil o 5 @ 2 (|12 m
Respiratory, Thoracic and
Mediastinal Disorders 1 (<1 8 M| o (M | 1 =] 11 (1)
Dyspnea 0 2 (<1) 2 (M| o 4 (<1)

The incidence of SAEs adjusted for exposure is presented the following table (Table 30).
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PR N=547 BOC/PR N=1548

% rate % rate
Anaemia <1 0.2 1 0.7
Neutropenia 0 0.0 <1 0.4

Rate is the incidence rate per 100 person years.

When incidence is adjusted for exposure the incidence of severe anaemia appears somewhat hiaticr/n
experiment arms rate 0.7 versus 0.2.The same is true for neutropenia. The lower exposure rate iiv the
PR arms is due to the higher treatment failures (futility rule).

The cases of thyroid neoplasm were classified as mild.

Other studies

Overall, the types of SAEs reported in the ongoing studies were compainbiz to those reported in the
key safety studies.

Laboratory findings

Anaemia

Subjects with Hgb values of <10 g/dL were considerzd ¢naemic whether or not the investigator
assigned an AE of anaemia. The proportion of sulyjjests reporting anaemia /hemolytic anaemia was
higher in the boceprevir arms (49%) comparaed with the control arms (29%). Dose modifications due
to anaemia/hemolytic anaemia occurred tyite 25 often in the BOC/PR arms (26%) compared with PR
control arms (13%).

Table 33: Hemoglobin distribution

| _ Mumber (%) of Subjects
\ Treatment-naive PEG/R Treatment Failure
! PO3R23/POS216 PO5101 All Subjects
W40 PR® BOC/FR PR BOC/PR PR® BOC/PPR
(irade n=467 n=1225 n=a0 n=323 n=547 n=1548
MNumber of
Subjects ATtluted® n=461 n=1215 n=80 n=322 n=541 n=1537
Hemuaglobinig/dL)
25 s 0° MNA 119 (26) 522 (43) 19 (24) 127 (39) 138 (26) 649 (42)
L&T.;'.rd MA 15 (3) 69 (6) T (1) 31 (10 16 (3) 100 (7

With PR, the typical pattern is one of an early fall in Hgb concentration by TW 4, followed by
stabilization and a plateau maintained to the end of treatment, with a return to baseline levels after
discontinuation of therapy. With the addition of boceprevir at TW 4 (most study arms in the key studies
had 4-week PR lead-in), Hgb concentrations continued to decline up to TW 6 to TW 8. In these studies,
the change in Hgb over time beyond TW 8 was confounded by the use of EPO in approximately 43% of
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subjects in the BOC/PR arms (compared to 24% in the PR control arms) ). The pattern of mean Hgb
concentration over time was similar in the BOC/PR arms and the PR control arms (Figure below). An
additional ~1 g/dL decrement in Hgb concentrations was observed in the boceprevir-containing arms.
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Mean Hemoglobin Concentration Over Time Yy ‘reatment Arm in the Key Studies

Multivariate logistic regression analysis wi's perrormed to identify baseline and disease characteristics
associated with anaemia. In the treatmeris-naive populations of studies P03523 and P05216 and using
the full model, treatment with bocepiaviv, low baseline Hgb, female sex and age >40 were significant
factors for developing anaemia {treatmient [BOC/PR vs Control, OR 2.9, p<0.0001], baseline Hgb [OR
0.6, p<0.0001], sex [femalefvs'maie, OR 1.9, p<0.003], and age [£40 vs >40 years, OR 0.4,

p<0.00017).

Multivariate logistigsmagnassion analysis was also performed to identify baseline and disease
characteristics assodiated with anaemia in the previous treatment-failure population in Study P05101.
Similar risk racuars Vor anaemia were seen compared to the treatment-naive population, with the
addition of'race» non-black being associated with an increased risk.

AE te:ms potentially representing clinical symptoms of anaemia were selected. AEs that are
charagteristic of anaemia were reported with similar frequency in the PR (76%) and BOC/PR arms
(&0%). The most common (=10%) events in each arm were fatigue (57% PR, 57% BOC/PR), asthenia
118% PR, 16% BOC/PR), dyspnea (16% PR, 19% BOC/PR), and dizziness (14% PR, 17% BOC/PR).
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Table 34:

All Subjects
PR® BOC/FR
n=547 n=1548
Hgb Hgb Hgb Hgb
<10 gfdL | 210 g/dL | <10 g/dL | 210 g/dL !
n=154 | n=387 | n=749 | n=78& |
Subjects Reporting Any 1
Adverse Event 132 (86) | 286 (74) | 639 (85) | 589 (75)
General Disorders and
Administration Site
Conditions 128 (83) | 264 (68) | 565 (75) | 524NAER)
. |
Asthenia 31 (200 | B6 (17) | 107 (1470 129 {18)
Chest Pain & (h) 6 (2) NN | 13 (2)
Fatigue 101 (66) | 211 (55) | 476(h4) | 412 (52)
Dizziness 30 (19) | 45 (12)151(20) | 118 (15)
Respiratory, Thoracic, and '
Mediastinal Disorders B2 (34) | FENGZY| 243 (32) | 17T (22)
Dyspnoea 37 (24) N\E13) | 165 (22) | 130 (16)

The overall the incidence of AEs characteristic of anaemia (vatigue, dizziness and dyspnoea) were
reported in similar frequencies. When the AEs are d2scr bed for subjects with Hgb < 10g/dl compared
to = 10 g/dl, subjects with Hgb < 10g/dl experiehced more fatigue, dizziness and dyspnoea, regardless
of the treatment group.

Management of anaemia

The use of EPO and/or RBV dose-reduction was recommended if the Hgb concentration decreased to
<10 g/dL; it was recommendec,thit RBV be interrupted or discontinued if the Hgb concentration
decreased to <8.5 g/dL.

The anaemia was managed by RBV dose reduction alone in 10% and 7% of PR-treated and BOC/PR-
treated subjects, regpectively; with erythropoietin use alone in 37% and 33% of subjects, respectively,
and with both ¥ BVdose reduction and erythropoietin use in 32% and 46% of subjects, respectively. in
21% of PRgtreated subjects and 14% of BOC/PR-treated subjects with hemoglobin <10 g/dL, neither of
these‘métheds were retorted to.

Inteal EPO was used in 131/547 (24%) patients in PR arms and 667/1548 (43%) in BOC/PR arms.

edically important AEs potentially attributable to the use of erythropoietin, such as cardiovascular
events, thrombotic or thromboembolic events were evaluated. These events occurred with similar
frequency in subjects who received EPO and those who did not (4% and 6%, respectively).

One case of arterial thrombosis resulting in below-the-knee amputation in a 56-year old black female
with stable hypertension was observed in study P05216 arm3 (BOC/PR48). The investigator assessed
the event as possibly related to EPO.
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There was one case diagnosed as Pure Red blood Cell Aplasia (PRCA) reported in the follow-up period
of Study P05216 in a 56-year old white female with no significant past medical history and normal
baseline Hgb, randomized to BOC/PR48. While on long acting EPO in follow up phase her Hgb
decreased to 6.6 g/dl. Bone marrow biopsy revealed PRCA considered probably related to EPO use.
Also the presence of anti-EPO antibodies was found.

Overall in the 798 patients who used EPO, 1 case of PRCA was observed.

The mean reticulocyte counts for subjects by EPO use (with or without EPO initiation) are shown
graphically for the key studies in the figure below.
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The toral #eticulocyte count is lower in BOC arms compared to PR arms regardless of the use of EPO.

Jramsfusions

Of the 2095 treated subjects in the key studies, 41 (2%) received a transfusion for the management of
anaemia; two (<1%) subjects in the pooled PR control arms and 39 (3%) subjects in the BOC/PR
arms.

Neutropenia
Neutropenia is a side effect of PEG and was reported by 18% of all subjects PR arm and 23% of
subjects in the BOC/PR arms of the key studies. After PR treatment initiation in the key studies, there
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was a rapid decline and then a plateau in the mean neutrophil counts after 8 weeks to 12 weeks that
was maintained to the end of treatment, with counts returning to baseline levels at the end of Follow-
up. This is the typical pattern seen with interferon-based therapies. The change from baseline to lowest
postbaseline value was slightly greater in the BOC/PR arms than in the PR control arms; but did not
lead to an increase in the overall incidence of infections. Three subjects (all in BOC/PR arms)
experienced severe infections that occurred within the 2 weeks surrounding the occurrence of Grades 3
and 4 neutropenia. In addition, two cases of life-threatening neutropenia/decreased neutrophil count
were reported, both in subjects treated with BOC/PR.

The use of G-CSF in the BOC/PR arms vs the PR arms was also somewhat higher (9% vs 6%,
respectively). G-CSF use was somewhat more common in BOC/PR-treated vs PR-treated treatmiant
naive subjects (10% vs 6%) than BOC/PR-treated treatment-failure subjects (7% vs 6% ¢&Rkycontrol
subjects). The proportion of subjects that met the dose reduction criterion (Grade 3 neutranehia) was
higher in the BOC/PR arms than in the PR control arms (22% and 13%); the propottica ot'subjects
that met the discontinuation criterion (Grade 4 neutropenia) was also greater in the,B&C/PR arms than
in the PR arms (7% vs 4%) see table 35 below

Table 35:
Mumber (%) of Subietz
Treatment Maive FEG/R Treatment Saill e
PO3523/P05216 POS101 All Subjects
PR? BOC/FR FR BOCIPR PR® BOCI/PR
n=467 n=1225 n==8u n=323 n=547 n=1543
Mumber of Subjects
Included"® n=461 n=1215 =41 n=322 n=541 n=16537
Neutrophil Count (10°/L)
0.5to<0.75" G5 {14) 279 735 7@ 62 (19) T2 (13) 341 (22)
= 5" 18 {4) QANE] 3 21 (7) 2204 115 (T}

Co-administration with alfa (2a /s alfa 2b (historical comparison PO5685 vs P05101)

It has to be underlined,«hat the risk of neutropenia (including grade 4) is markedly increased when
boceprevir is combined to aifa 2a. This was associated with a higher risk of infection.

Table 36: = ('
Study P05685 Study P05101
PegIFN PegIFN alfa PegIFN PegIFN
A alfa2a/RBV | 2a/RBV/BOC | alfa2b/RBV | alfa2b/RBV/BOC
a N=67 N=334 N= 80 N= 161
| Treatrnent duration (mean) 105 days 334 days 104 days 336 days
VAL 100% 100% 96% 100%
[\SAE 10% 13% 5% 14%
[“Death 0 2 (1%) 0 0
Drug discontinuation 4% 17% 3% 12%
Dose modification 22% 43% 14% 33%
Anaemia as AE 33% 50% 20% 47%
Hb<10g/dI 22% 37% 24% 35%
Hb<8.5g/dl 4% 13% 1% 14%
Use of EPO 30% 47% 21% 46%
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Dysgueusia 25% 39% 11% 45%
Neutropenia as AE 18% 31% 10% 14%
Neutrophils<750/mm3 18% 28% 9% 20%
Grade3-4

Neutrophils<500/mm3 3% 14% 4% 7%
Grade4

Thrombocytopenia as AE 6% 7% 0% 6%
Platelets < 50 (Grade3) 7% 10% 0 5%
Platelets <25 (Grade 4) 0 1% 0 0

Platelet counts

Decreases in platelet counts are known to occur with interferon treatment. Mean platelet fouits
decreased from baseline during treatment, reaching a plateau from TW 12 to TW 48%/idsecarning to
near baseline levels by FW 24. More subjects in the BOC/PR arms (3%) met the placalencount dose-
reduction criterion (Grade 3 thrombocytopenia) than did subjects in the PR contial arms (1%); three
treatment-naive subjects in the BOC/PR arms (3/1536 [<1%]) met the disco/iti:\ation criterion,
compared with 0% of subjects in the PR control arms (see table below). Subjeuts with lower baseline
platelet counts were more likely to meet the criteria for dose modification ar study drug
discontinuation.

Table 37: Distribution of Platelet Counts During the Trea'munt-~hase,

Jurr er (%) of Subjects
Treatment-naive —rF‘iEG."R Treatment Failure
PO3523/P051 16 PO5101 All Subjects
PR BLJ(EJR PR BOC/PR PR® | BOCIPR
n=4£7 n=1225 n=80 n=323 n=547 | n=1548
Mumber of Subjects Included® n=458 n=1214 n=80 n=322 n=538 | n=1536
Platelet Count (10%/L) S
25 to <B0° |_ _:r (1) 35 (3) 0 12 (4} 1) | 47 (3)
<251 ()] 0 3 (<) 0 0 0 3 (=1)

Safety in special papulaticas

Fertility, pregnancy fina lactation
There were ho“regnant women exposed to boceprevir during clinical trial.

Inhibity, Bawasscested as a surrogate for Sertoli cell function in the testes and was evaluated in 571
male (subiects. In addition, semen analysis was conducted in 19 males. These results showed no
eVid<nce of altered testicular function.

Yoceprovir showed no antagonistic activity on the human estrogen receptor a or on the human
androgen receptor.

Safety in subjects with advanced fibrosis and cirrhosis

A total of 143 subjects with cirrhosis participated in the key safety studies (112 in the BOC/PR
treatment rams and 31 in the PR control arm). The median treatment duration in cirrhotic subjects was
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175 days in the PR control arms and 239 days in the BOC/PR arms of the key studies, compared to
198 days and 201 days, respectively, in the overall study population.

The main results are presented in the table 34 below:

Table 38: Overview of Adverse Events, Deaths, and Study Drug Discontinuations and Dose

Modifications Due to EAs in the Key Studies, by Presence of Cirrhosis

Pratocel Nos. PO3523, PO5218, and POS101

Number (%) of Subjects |
Treatment Naive PEGIR Treatment Failure l
PO3523/P05216 PO510 All Subjects |
PR? BOC/PR PR BOC/PR PR? BO-C.-"'R_ y
Median Treatment Duration (Days) 216 197 104 253 198 207 U
Cirrhosis n=21 n=73 n=10 n=39 n=31 r1_=1‘|T a
Treatment-Emergent AE 21 (100) T3 (100) 10 (100) 35 (100) 31 (100) _1 ':—11 Qo)
Treatment-Related, Treatmeant- 21 (100) T3 (100) 10 (100) 38 (97) 31 (100} 111 (99)
Emergent AE
Serious AE 3(14) 11 {15) 0 7 {18) 3G0) 18 (18)
Death 0 0 0 0 ¥ 0
I;iie—Threatening Treatment-Related 1(5) 0 0 2(5) 1 (3) 2(2)
i:_ud-j Drug Discontinuation Due fo 2(10) 10 {14) 1(10) 6 {15 3(10) 16 (14)
Dose Modification Due to AE" 10 (48) 31 (42) 3 (30) 13 (35 13 (42) 44 (39)
No Cirrhosis n=435 n=1126 n=66 n= E n=501 n=1386
Treatment-Emergent AE 429 (99) 1118 (29) B3 (25 250009) of 492 (98) 1376 (99)
Treatment-Related, Treatment- 426 (98) 1113 (99) 63 (95) 258 (99) 289 (98) 1371 (99)
Emergent AE
Serious AE 36 (8) 110 (10) 4 () 30 (12) 40 (3) 140 (10)
Death® 4(1) 3(=1) o 1(=1) 41 4 (=1)
Life-Thraatening 6 (1) 1311 0 51(2) 6 (1) 18 (1)
Treatment-Related AE
it_ud-,t Drug Discontinuation Due to 62 (14) 159 (14 _'I (2) 25 (10) 63 (13) 184 (13)
Dose Modification Due to AE" 107 (25) 461450 ) G (9) 83 (32) 113 (23) 544 (39)

AEs=adverse events; BOC=hoceprevir 800 mg PO TID; P=peqginter.sron / (fa-2b; PEG=peginterferon alfa; PO=orally; PR=peginterferon alfa-2b+ribavirin;
R=ribavirin; TID=three fimes daily.

a:  Excludes events for 36 subjects in Study PO3523 afte vthe yorosed over from Arm 1 (FR) to BOC/PR (see the PO3523 CSR for events in these subjects).
b:  Excludes subjects who discontinued due o advers . ever 5.

¢ Deaths are included in serious AE count.

In the key studies, the safety) profile of boceprevir has been evaluated in only 73 naive patients and 39
pre-treated patients® No austh has been reported in cirrhotic subjects. In boceprevir-containing arms,
more patients with/liyrfiasis experienced serious adverse reactions and AE leading to treatment
discontinuation sThe sufety profile of boceprevir appears to be globally similar in these patients
compared with patients without cirrhosis. Similar results are retrieved for patients with advanced liver
fibrosisy(scoregk3/F4). The number of patients with cirrhosis and advanced liver fibrosis is limited.

Safeiv i1 HCV-HIV co-infected subjects

1he safety of boceprevir is currently being investigated in a Phase 2 study. Study P05411 is a double-
2lind, placebo-controlled aimed at evaluating the efficacy and the safety of boceprevir in combination
with standard of care in treatment-naive co-infected patients with HIV and HCV genotype 1. Patients

received Boceprevir or placebo + pegylated interferon alfa2b and ribavirin 600 to 1400mg/day during
48 weeks.

The study is currently ongoing. A three month safety update is available from this study with the cut
off date of 01 December 2010. Data remain blinded at the time this summary.
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The cumulative data from this study up to 01 December 2010 are summarized below:

As of 1 December 2010, 93 subjects had been enrolled and had received at least one dose of PR and
88 subjects had reached TW 4 and received at least one dose of boceprevir or placebo. Median
treatment duration was 141 days.

As of the safety update report, the treatment phase was ongoing for 75 (81%) of the 93 treated
subjects and the follow-up phase was ongoing for 13 of the 16 subjects who had entered follow-up 13
(19% had discontinued treatment and 8 (9%) discontinued treatment due to AEs.

No deaths were reported during this study as the cut off date of 01 December 2010. 10 suiiests (11%)
experienced SAEs including two subjects who had a SAE of anaemia.

The other SAEs concerned gastrointestinal disorders, fatigue and influenza like illness,»> neurotoxicity
and 1 agitation. There was also a SAE of ventricular fibrillation.

Regarding anaemia, the protocol provided guideline for the use of EPO. Kawever, the decision whether
to use EPO or reduce the ribavirin dose was made at the discretion of(thesnvestigator.

As of 01 December 2010, 23% (21/93) of the subjects had initiatea*€rythropoietin use and 4 of the 93
treated subjects (4%) required a transfusion.

Hematologic laboratory values during the treatment phase are summarized in the table 35 below:
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Table 39: Lowest Hematologic Laboratory Values During the Treatment Pase, by Modified
WHO Category.

Protocal Mo, PO2411

Humiber (%) of Subjects
SUR Period™ Cumulative Period
WHO Grade n=93 n=43

Hemoglobin (g/dL)

Mumber of Subjects ® 52 92

§5-<11.0 1 28 (30} 29 (32)

80-<05 2 14 {15) 15 (16)

B.5-=8.0 3 2 2 2 2

85- <1lF MNA 23 {25) 23 (25)

<85 MNA 4 (4 5 {5
Neutrophils (107L)

Mumber of Subjects® 92 92

10 -15 1 26 (28) 28 (30)

0.75 - =1.0 2 24 (26) 28 (30)

05 -<075° 3 10 (11) 10 (11)

<0.5° 4 3 (3 3 3
Platelets {10°/L)

Mumber of Subjects ® 52 g2

70 - 100 1 18 (17} 17 (18)

50 - <70 2 2 2 2 2)

25.=50° 3 4 i4) 4 [N
WEBC (10°/L) |

Mumber of Subjects ® 52 92

20-29 1 7 (40} 3¢ (42)

15-=20 2 16 (17) 0 (18)

10- <15 3 3 )] 3 )]

<1.0° 4 2 ied] 2 2

Mote: The table summarizes the worst category observed within the pencd per subject per laboratory test (ie,
the lowest value for the hematologic parameters). Values represost centrariaboratory results.

SUR=safety update report; WBC=white blood cells; WHO=Wora Heoth Organization.

*  SUR column includes subjects with worsening grade wWheihson pared fo Original Application cutoff data

and includes new subjects.
Only subjects with at least one treatment valusdor s oivdn laboratory test are included.
Criterion for dose reduction.

Criterion for discontinuation or interruption of i atment.

Overall, as of the cut off fateyor 01 December 2010, 30% of patients experienced decrease Hb <
10g/dl including 5% %who eperienced Grade 4 decreased Hb< 8.5g/dl (that correspond with criteria
for discontinuationfominearruption of treatment). There were also 14% of patients who experienced
decrease neutrgpiiltus 750/mm3 including 3% who had Grade 4 decreased neutrophils < 500/mm?3.
There were n® gsade 4 decreased platelets during the study. However, 4% of patients experienced
decreased(plateiets < 50/mm3.

Safely irvpatients in hepatically and renally impaired subjects (studies P03747 and P05579)

I'he safety of boceprevir was evaluated in 18 hepatic-impaired subjects matched to healthy control
“ubjects. Subjects received a single 400mg dose of boceprevir. In this study (P03747), on (4%)
subject, in the severe impairment group, reported one AE of vomiting during the study which was mild
in intensity and possibly related to treatment. There were no death, no SAE and no subject who
discontinued because of an AE.

The safety of boceprevir was also evaluated in renally-impaired subjects (6 healthy subjects and 8
subjects with end stage renal disease (ESRD). In this study, healthy subjects received one 800mg
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single dose of boceprevir. Renally impaired subjects received a second 800mg single dose to determine
the effect of dialysis.

A total of 2 subjects (14%) (both in the ESRD group) reported 3 AEs (ventricular extrasystoles and
flatulence in one subject and catether thrombosis in another subject) of moderate severity and which
were considered unlikely related to treatment. There were no death, no SAE and no subject who
discontinued because of an AE.

Safety related to drug-drug interactions and other interactions

A total of five clinical drug-interactions studies in healthy subjects were conducted in the boceprevir
clinical pharmacology program. Boceprevir interactions with the AKR inhibitors ibuprofen and diturisal;
the CYP 3A4/5 inhibitors clarithromycin, ketoconazole, and ritonavir; the CYP3A4/5 inducerafcyirenz,
the CYP3A4/5 substrate midazolam, the nucleotide reverse transcriptase inhibitor tenofavis.ar.d an oral
contraceptive have been studied.

Overall, no important safety concern was raised from these drug-drug interackiana.studies.

In the key studies, the following CYP3A4/5 substrates, inhibitors and indtcers were also examined as
concomitant medications:

e Substrates: HMG- CoA reductase inhibitors, phosphodiestarase: 5 inhibitors, benzodiazepines,
calcium channel blockers, methadone, oral contracegtivas

e Substrate/Inhibitor: macrolides antibiotics

e Inhibitor: azole antifungals

e Inducer: St John’s Wort

e Substrate/Inducer; Pioglitazone, Steroid

e Other: Antidepressants

In general, subjects using these drugs (swatiis, calcium channel blockers, macrolides antibiotics, oral
contraceptives and methadone) in g BESC/PR or in the PR-treatment arms had a similar safety profile
than those that did not use theplaeie were no clinically relevant adverse events reported with
significant different frequency*in,bgth treatment groups. However, the number of subjects using these
drugs concomitantly was lifivited.

Discontinuation dz2 o adverse events
Discontinuatiordue»to AEs

Overal, thena’was no difference between the PR control (12%) and BOC/PR (13%) arms in percentage
of sulijec’s that experienced AEs that resulted in study discontinuation. In the study in pretreated
pdtiznts (P05101), there were fewer discontinuations due to AEs in the PR control arm (3%)

canipared to the BOC/PR arms (10%); while in the studies in naive patients this was comparable 14%
tor control as well as experimental arms. Events resulting in discontinuation were anaemia, asthenia,
fatigue, nausea, depression, and suicidal ideation.

Although overall discontinuation is comparable between control and experimental treatment, when
incidence is corrected for exposure the incidence of anaemia and neutropenia leading to
discontinuation appear to be higher in the experimental arms compared to control. The lower exposure
rate in the PR arms is due to the higher treatment failures (futility rule).

CHMP assessment report

Page 104/117
Rev10.10



The incidence of discontinuation due to AEs adjusted for exposure is presented the following table.

Table 40:
PR N=547 BOC/PR N=1548
% rate % rate
Anaemia 1 1.2 1 2.4
Neutropenia 0 0.0 <1 1.1

Rate is the incidence rate per 100 person years.
Dose modification

AEs led to dose modifications in 39% of subjects in the BOC/PR arms and in 24, ¢subjects in the PR
control arms of the key studies. Dose modification of only boceprevir or placeth. not for PEG2b and
RBV) occurred in 1% of subjects.

The proportion of subjects with PEG2b dose modifications was similariin the PR arms and BOC/PR arms;
however, the boceprevir-containing arms had a greater proporiionor.sibjects with RBV dose reduction
(29%) than did the PR control arm (16%). In subjects with/aiiaemia (Hgb <10 g/dL), the anaemia was
managed by RBV dose reduction alone in 10% and 7% oi'\Prwtieated and BOC/PR-treated subjects,
respectively; with EPO use alone in 37% and 33% ofssubjects, respectively, and with both RBV dose
reduction and EPO use in 32% and 46% of subjects, zespectively. None of these methods was used for
the management of Hgb <10 g/dL in 21% of PR-ureated subjects and 14% of BOC/PR-treated subjects

Main AEs leading to dose modification wer2 ailaemia (24% versus 12% for experimental versus
control), neutropenia (12% versus 7% foexperimental versus control)

The incidence of dose modificatiGinuué to AEs adjusted for exposure is presented the following table.

Table 41: a
| PR N=547 BOC/PR N=1548
N % rate % rate
Anaemia N 12 18.6 24 37.7
Nentiapcnia 7 11.9 12 19.0

maweris the incidence rate per 100 person years.

The other studies did not reveal other additional information.

Post marketing experience

No post-marketing data are available.
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5.2.1. Discussion on clinical safety

The safety profile of Boceprevir was investigated in over 2800 subjects. At the proposed dose for
marketing, 800 mg three times daily, 1900 subjects have been exposed in Boceprevir including 66% of
them for at least 24 weeks.

The Key Studies Integrated for Safety Assessment included one Phase 2 study performed in naive
population (SPRINT1) and two Phase 3 studies, respectively conducted in naive patients (SPRINT-2)
and in patients who had failed previous therapy (RESPOND 2).

Safety data from these three studies were presented pooled and separated according to the anglysexu
population (naive and pretreated). Overall, 1548 subjects were exposed to boceprevir in thesy, studies.

Globally, the addition of boceprevir to standard of care led to an increase in the rate ¢ sevious adverse
events and the rate of adverse events leading to study drug discontinuation or dose 1hodification
compared with the control arm. The difference was more marked in pre-treated pati¢:nts than in naive
patients.

The most frequently reported adverse reactions in boceprevir treatmesit arins were comparable to
those reported in the control arm, i.e flu-like syndrome (fatigue, ckiils,“a¢adache), hematologic
disorders and (anaemia) and gastrointestinal disorders. Howeves, varipared with the control arm, the
addition of boceprevir increased significantly the risk of developing‘anaemia, neutropenia and
gastrointestinal disorders such as diarrhoea, nausea buthalto i a higher extent dysgueusia.

There was by contrast no apparent increase of the risk ¢f having other IFN -related adverse reactions,
such as psychiatric disorders, cardiovascular disgrders or endocrine disorders.

The most significant aspect of the safety piUfilewof the drug is the high rate of anaemia and dysgueusia
that occurred in 49% and 37% of bocepiavissreated subjects respectively.

Regarding dysgueusia, this event ganerally did not lead to study drug discontinuation (only in 2
patients in the clinical developraent program) and few events were judged serious by the investigator.

More problematic is the oucuri-ence of anaemia since decrease in Hb < 10g/dl was reported twice as
often in boceprevir-treated subject compared with placebo-treated subjects (49% versus 29%
respectively). In stininpary, the addition of boceprevir to SOC was reflected by an additional decrease

of Hb of approa¥imately 1g/dl versus -2.5 to 3.5g/dl with peginterferon and ribavirin only. Consequently,
the proportientafisubjects who required dose reduction of antiviral therapy and/or the use of
erythropaqictin’was much higher in boceprevir treatment arms, whatever the studied population (naive
or pre-tivated). More boceprevir-treated patients also required transfusion.

thuemiechanism of boceprevir-induced anaemia, has not been elucidated by the applicant. However, it
i5 Important that the applicant makes further efforts to better investigate the mechanism behind the
higher rate of anaemia reported in patients treated with the tritherapy of boceprevir/peginterferon and
ribavirin. The applicant has made a commitment in this context as reflected in the RMP.

The benefit /risk ratio of EPO in the management of HCV therapy-induced anaemia requires further
substantiation even though a scientific rational is admitted to support its use in this context. Globally,
as part of the assessment of the MAA of boceprevir, it is important to ensure that the need of using
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EPO due to anaemia in more of 40% of boceprevir-treated subjects does not induce additional safety
concerns

Regarding this issue, the applicant has explored the safety data in patients who received EPO in the
clinical development program. In terms of safety, there was no apparent increased risk of developing
adverse events commonly associated with erythropoietin in EPO users versus non EPO users in the
Boceprevir development program. A slight increase of thrombo-embolic events is however observed in
boceprevir -treated subjects who receive EPO (1.2%) versus those who did not receive EPO (0.7%).
This slight increase is mainly driven by a slight higher percentage of deep vein thrombosis (0.6% vs
0.2%) and pulmonary embolism (0.3% vs 0.1%). Globally, these differences were not unexpectet due
to the known safety profile of EPO.

More problematic is the occurrence of one serious of Pure Red Cell Anaemia (PRCA) with, aati-cPO
antibodies in the boceprevir clinical development program (with an incidence of 1.5y»e;,1000 patients).
Reassuringly, the patient fully recovered and was no longer transfusion dependant, Twe occurrence of
PRCA cannot be attributed to boceprevir only, rather to tritherapy and use of ERO 1< is likely that the
immunomodulatory effect of IFN and the impact of the underlying disease itsel’ piay increase the risk
of developing PRCA in patients co-receiving EPO.

The applicant was asked to discuss to what extent the anaemia associated with boceprevir plus
peglIFN/ribavirin could be managed without resorting to the use”¢f £70) considering the need for
sufficient ribavirin exposure and, taking into account that thewiss of EPO raises safety concerns that
could impact on the benefit risk balance.

The Applicant has provided data that show rates of <ustiiined virologic response by anaemia
management in the pivotal studies. Patients maitaged with RBV dose reduction only conserved a high
sustained virologic response (78% and 83%:n studies P05216 and P05101 respectively) which remain
comparable or higher than those whom araemia was managed by erythropoietin only (74% and 80%
respectively). The data is difficult to interjpred since very few patients had only ribavirin dose reduction
in both studies P05216 and P05101«

It is important to underline thauths. efficacy and safety results with and without EPO could only have
been reliably interpreted i#ayrandomization would have been performed according to EPO.

It is also noteworthyathiat as mentioned in the recently available European Association for the Study of
Liver Disease (EASL# Ciinical Practice Guidelines on the management of hepatitis C virus infection in
clinical practice (rerzased April 2011), erythropoietin is “broadly” used worldwide to manage the
anaemia agsociated with peginterferon and ribavirin (PR) therapy in patients with chronic hepatitis C.
The apolisantsnighlighted that EPO is used in Europe but there is considerable variation in the use of
erythlopcietin within Europe.

Cyerall, it is difficult to ascertain based on the available data whether anaemia can be adequately
rnanaged with only RBV dose reduction without impacting on the efficacy results of the tritherapy. In
some situations where the anaemia is not very pronounced it may be easily manageable with low
ribavirin dose reduction. However, if high dose reduction of RBV is required for severe Hb level
decrease, one can not exclude an impact on efficacy and other measures may be considered in
practice in order to maintain RBV concentrations and achieve better response rates. Results of the
ongoing P06086 comparing RBV dose reduction and EPO use for the management of anaemia could
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help to address this issue . The results of this study are expected by April 2012 , no interim analysis is
planned.

The addition of boceprevir to standard of care was also associated to an increased risk of developing
neutropenia and Grade3/4 neutropenia and, in a lesser extent, to an increased risk of developing
thrombocytopenia.

Due to the potential increased risk of Grade3/4 neutropenia-related infections, it is important that
physicians are alerted on this concern and the need of monitoring this potential adverse reaction by/a
warning in section 4.4 of Victrelis SmPC. The risk of neutropenia was identified as being further
increased when boceprevir was combined with pegylated interferon alfa 2a as compared to alfa‘2bs
This is reflected in the SmPC .

Four cases of thyroid neoplasm were reported in the key studies, all of which represarniiad thyroid
nodules based on the literal terms provided by the investigators. Two cases occuriad % BOC/PR-
treated patients. Taking together the pre-clinical findings which cannot excluda,an affect on the
thyroid hormone levels and the thyroid gland, the 2 cases in clinical studies wkiers the contribution of
boceprevir could not be excluded and was assessed as ‘probable’ thyroidtheoplasm is included in the
SmPC as are the reported AEs goitre, hypo- and hyperthyroidisms. ThHynroid neoplasm has been
included in the RMP as potential risk.

Safety with Response Guided Therapy in the key studies PO521¢,and P05101

Two of the key safety studies included a response —gutided therapy (RGT) arm in which subjects were
assigned to either a 28- or a 48-week treatment duration (study P05216 in treatment-naive subjects)
or a 36- or 48-week treatment duration (study F)5121 in previous PEG/R treatment failures ) based
upon their on-treatment virologic response < week 8.

This offers the opportunity to shorten thestreatment duration for a proportion of patients achieving
undetectable HCV-RNA at week 8 (zaslywirologic responders).

The benefit of the RGT in termiisiof /eduction of adverse events is not striking although it may offer the
advantage to reduce the gl&yurience of such late-occurring events in patient who had undetectable HCV
RNA at week 8.

In terms of laboratofy/iindings, excluding hematology disorders, the applicant has presented an
analysis of livei furiction tests across studies that did not reveal safety concern. An analysis of other
blood chenfistryyvalues revealed that the addition of boceprevir to peginterferon/ribavirin is associated
with Fiabiertalidences of increase in uric acid, triglycerides and cholesterol total. A slight higher rate of
gout (vasobserved in boceprevir-treated subjects. Although the clinical impact of these findings was
probably low due to the limited treatment duration. The SmPC reflects these findings.

‘.egarding the impact on QT/QTc prolongation, the assessment of the thorough QT/QTc study
performed according to ICH E14 guideline was overall reassuring with negative results, however there
was some dose dependent trend toward a prolongation of the QT interval. In addition, there was some
concerns raised in relation to the preclinical studies regarding this issue. As such the applicant was
asked to make a thorough review for any signal of potential proarrhythmic effect of boceprevir. No
patient in either treatment group experienced torsades de pointes, QT prolongation, a ventricular
arrhythmia, or sudden death. Overall although it can be concurred with the applicant that the clinical
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data are reassuring so far, it remains that boceprevir has a proarrhytmic potential based on
electrophysiological findings and the trend observed toward a prolongation of the QT interval in the
dedicated ICHE14 study.

The cardiac safety profile will continue to be assessed when boceprevir will be prescribed in normal
condition of use. Close monitoring will be carried out on this area in future PSURs. This aspect is
reflected in the RMP. The SmPC reflects the pre-clinical data and alerts physicans to these findings.

The safety profile of boceprevir should be further investigated in sensitive populations, such as HIV-
HCV co-infected patients and patients with cirrhosis or advanced liver fibrosis. At this stage, althguah
the safety data appear globally comparable in these populations compared with the general pppulation,
it is important to get more information from the ongoing clinical studies to formally concluze, 0o this
issue. Long term safety in previously-treated patients with boceprevir should also contirue,to'be more
investigated.

Assessment of paediatric data on clinical safety

Victrelis has not been studied in paediatric patients.

5.2.2. Conclusions on the clinical safety

Globally, the addition of boceprevir to standard of care led to & slightsicrease in the rate of serious
adverse events and the rate of adverse events leading to sfuaj; arug discontinuation or dose
modification compared with the control arm. The differenca wds more marked in pre-treated patients
than in naive patients.

However the main safety concern associated wittinthe use of boceprevir is the marked increase of
anaemia as compared to the already significant rate of anaemia with the SOC. Although the available
data provide some degree of reassurance,.the clinical dossier so far does not allow to fully appreciate
to what extent the management of4th@ sunstantial incremental anaemia induced by boceprevir on top
of PR could per se negatively affec! thg benefit-risk balance of boceprevir, having in mind that on the
one hand ribavirin dose reductign Gouid potentially alter the benefit and on the other hand the EPO
use, through its safety profile (assOciated with risk of PRCA and thrombosis events), could alter the
risk.

It is therefore consianred compulsory that, in order to establish the most rational management of
anaemia, additizmalinvestigations be performed by the applicant to better understand the causes (and
consequently¥ncssible patient characteristics) and potential negative consequences of the management
of the high rat="of anaemia (as a result of the incremental risk with boceprevir) in patients receiving
the tritherapy with boceprevir plus ribavirin plus peginterferon. As such the applicant has committed to
invesiigaie the mechanism underlying the observed increase of anaemia, and to a lesser extent

nevird penia and thrombocytopenia in patients co-administered boceprevir with PR standard of care,
wich is suggested as being the result of an additional suppressive effect on bone marrow
riematopoietic processes.

Furthermore the potential impact on efficacy of lowering the dose of ribavirin in the management of

anaemia will be investigated. In particular the data generated should provide further insight into the

impact on the most optimal treatment regimen and duration and the characterisation of the potential
patient population for which ribavirin dose reduction might be an option to manage the anaemia. To

this effect the applicant has committed to provide results of the ongoing Study P06086.
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Finally the anaemia management in patients treated for hepatitis C in the EU in the presence of
boceprevir in clinical practice will be monitored by a drug utilization study to be put in place and an
Educational Programme to inform health care professionals about the risk of haematological disorders
(notably anaemia) associated with boceprevir.

Detailed description of the pharmacovigilance system

The CHMP considered that the Pharmacovigilance system as described by the applicant fulfils the
legislative requirements.

Risk Management Plan

The MAA submitted a risk management plan, which included a risk minimisation plas
Table Summary of the risk management plan

Table 42: Summary of the Risk Management Plan

Proposed Pharmacovigilance Prop»sed Risk Minimization
Safety Concern Activities Activities

Anemia Routine PV Routine Risk Minimization
e Routine Pharmacovigilance, Se&ction 4.4, Special warnings and
precautions for use, of the

Additional PV Evaluatitn: SmPC.
Section 4.8, Undesirable effects,

. of the SmPC.

Monitor reports of aniiemya from . ]
comparative triahor Communicated in the PIL, PPL.
erythropoietin “wersus ribavirin | Physician specific labeling-
dose reduction for anaemia Professional labeling.
manag¢menc (P06086)

Additional Risk minimization

Monitar %erorts of anaemia from | activity: _ _
>ther ongoing clinical trials e Physician educational materials
(Pg5514, and P05411). will be developed and made

i available.

Mechanistic study for anaemia

A postmarketing drug utilization
study will be conducted to
further assess boceprevir
utilization under conditions of
routine clinical use (including
management of anemia) in

Europe
| Meiltropenia Routine PV Routine Risk Minimization
Routine Pharmacovigilance. Section 4.8, Undesirable effects,
of the SmPC.
Additional PV Evaluation: Section 4.4, Special warnings and
Ongoing studies: P05411, PO6086 grn‘:g?:“t'ons for use, of the
and P05514. '

A postmarketing drug utilization Communicated in the PIL, PPI.

study will be conducted to
further assess boceprevir
utilization under conditions of

Additional Risk Minimization
Activity
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Table 42: Summary of the Risk Management Plan

Safety Concern

Proposed Pharmacovigilance
Activities

Proposed Risk Minimization
Activities

routine clinical use in Europe.

Physician educational materials
will address the safety profile of
boceprevir including neutropenia.

Thrombocytopenia

Routine PV
Routine Pharmacovigilance.

Additional PV Evaluation:

Ongoing studies: P05411, P06086
and P05514.

A postmarketing drug utilization
study will be conducted to
further assess boceprevir
utilization under conditions of
routine clinical use in Europe

Routine Risk Minimization

Section 4.8, Undesirable effects,
of the SmPC.

Communicated in the PIL, FPI:

Additional Risk Minimizavion
Activity

Physician educationdl raaterials
will address the sifeuy profile of
boceprevir incluading
thrombocytenenial

Drug-Drug interaction
(CYP3A4/5)

Resistance-associated
amino acid variants

Routine PV
Routine Pharmacovigilance.

Additional PV Evaluation:
Planned studies:

P08371, P08123, P08124,
P08335, P08383, P28431

Investigator initiated Gtucies of
omeprazole as d etravirine

Evaluation of “he potential for
inhibitior*o1"&KR 1C2 by
boceprevir

Ongming studies: P05411,
P06086/"P05514, and P05685.

R

Sechien .5, Interaction with other
=hellicinal products and other
forms of interaction, of the
SmPC.

Product Information

a. Patient product information will
inform regarding potential drug
interactions and instruct patient
to discuss with their HCP. Patient
product information will inform
regarding potential drug
interactions and instruct patient
to discuss with their HCP.

Routine PV
Routine Pharmacovigilance.

Additional PV Evaluation:

P05063 -A long-term follow-up
study allowing subjects who
participated in one Phase 1, 2, or
3 studies to be enrolled.
Subjects are followed for 3.5
years after the end of treatment
in the previous BOC treatment
study. No treatments are
administered. The study will
provide information to confirm
durability of virologic response,
characterize natural history of
HCV sequence variants, and
characterize long-term safety in
subjects who previously
participated in studies with

Routine Risk Minimization

Section 4.4, Special warnings and
precautions for use, of the SmPC.
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Table 42: Summary of the Risk Management Plan

Safety Concern

Proposed Pharmacovigilance
Activities

Proposed Risk Minimization
Activities

boceprevir.

Impact of dysgeusia on

discontinueation

quality of life or treatment

Routine PV
Routine Pharmacovigilance.

Additional PV Evaluation:

Ongoing studies: P05411, P06086
and P05514.

Section 4.8, Undesirable effects,
of the SmPC.

Medication errors

Routine PV
Routine Pharmacovigilance.

Section 4.2, Posology ap< method |
of administration, of the, SniPC.

QT interval prolongation

Routine PV
Routine Pharmacovigilance.

Section 4.4, Spedial warnings and
precautionssfarwse, of the SmPC.

Section®5.3, Freclinical safety
data=oithe SmPC.

nodule)

Thyroid neoplasm (thyroid

Routine PV
Routine Pharmacovigilance

Sec”_on_4.8, Undesirable effects,
of the SmPC.

Potential exposure during
pregnancy

Routine PV
Routine Pharmacovigilance.

Participation in the Ribavirin
Pregnancy Registrys

Routine Risk Minimization

Section 4.6, Fertility, pregnancy
and lactation, and section 5.3,
Preclinical safety data, of the
SmPC.

Exposure during lactation

Routine PY
Routine Fiamracovigilance.

Routine Risk Minimization

Section 4.6, Fertility, pregnancy
and lactation, of the SmPC.

HCV/HIV coinfection

Roudin PV
roufine Pharmacovigilance

Additional evaluations:

P05411-A Phase 2, double-blind,
placebo-controlled, study in HCV-
treatment-naive subjects
coinfected with human
immunodeficiency virus (HIV) and
chronic HCV genotype 1.

The MAH has committed to
discussions with the AIDS Clinical
Trial Group (ACTG) to explore
establishing studies in the
HIV/HCV coinfected population.

The MAH is working with the
ANRS (Agence Nationale de
Recherché sur le SIDA) who is
conducting a study in the
HIV/HCV coinfected population.

Routine Risk Minimization

Section 4.4, Special warnings and
precautions for use

HBV/HCV coinfection

Routine PV

Routine Risk Minimization
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Table 42: Summary of the Risk Management Plan

Safety Concern

Proposed Pharmacovigilance
Activities

Proposed Risk Minimization
Activities

Routine Pharmacovigilance

Section 4.4, Special warnings and
precautions for use.

HCV genotype 2/3/4

Routine PV
Routine Pharmacovigilance

Additional investigations:

For HCV genotype 2/3, results
from clinical trial P03648

Pilot studies under Merck
investigator initiated study
program are going to be
conducted.

Routine Risk Minimization
Section 4.4, Special warnings and
precautions for use.

Patients with previous
tritherapy boceprevir - PR
treatment failure.

Routine PV
Routine Pharmacovigilance

Routine Risk M_iﬁn'ﬂzation
Section 4.2470s20gy and method
of administration, of the SmPC.

Exposure in patients with
severe cirrhosis (Child-
Pugh > 6, Class B & C

Routine PV
Routine Pharmacovigilance

Exposure in organ
transplant patients

Routine PV
Routine Pharmacovigilanes

Additional PV Evaluaiion:
-National Diabete:: Dijjestive
and Kidney Dieaze /National
Institute of Hea'th, Working
Group on’tiver Transplant
has sell:cted Merck to
collabyrae€ on a pre-
transolantation study,
drogocol under development.
- ANRS has selected Merck to

collaborate on a pre-
transplantation study.

Routin ? Risk Minimization
Sectieny4.2, Posology and method
siauinistration, of the SmPC.

‘Routine Risk Minimization
Section 4.4, Special warnings and
precautions for use.

Exposure in thepéanatric
population

Routine PV
Routine Pharmacovigilance.

Additional PV evaluation

A pediatric investigation plan for
boceprevir has been developed to
study treatment in children and
adolescents from 3 years of age
to less than 18 years of age with
genotype 1 chronic HCV infection
without liver decompensation.
The pediatric study, P07614, is
deferred until after submission of
the MAA. It is scheduled to begin
in SEP 2011. The Phase 3
pediatric study, P08034, is
scheduled to begin in 2012

Routine Risk Minimization

Section 4.2, Posology and method
of administration, of the SmPC.
Section 4.5, Interaction with other
medicinal products and other
forms of interaction, of the SmPC.
Section 4.8, Undesirable effects,
of the SmPC.

Section 5.2, Pharmacokinetic
properties, of the SmPC.
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Table 42: Summary of the Risk Management Plan

Proposed Pharmacovigilance Proposed Risk Minimization
Safety Concern Activities Activities

following the determination of
dose(s) from study P07614.

Exposure in elderly Routine PV Routine Risk Minimization

patients Routine Pharmacovigilance. Section 5.2, Pharmacokinetic
properties, of the SmPC.

Additional PV Evaluation:

Ongoing clinical trials (P06086, '
P05514 and P05063).

Exposure in patients with | Refer to proposed Refer to proposed risk
hemoglobin < 13 g/dL pharmacovigilance activities for minimization activities*¥or“anemia.
(male) or < 12 g/dL anemia.
Exposure in patients with | Routine PV %ZR;S!" %‘i% ;
sychiatric disorders. i iqi ection 4.ggsylIe@sirable effects,

psy Routine Pharmacovigilance. of the SMEC/
Long term therapy Routine PV Rowvane Risk Minimization

e Routine Secion 4.2, Posology and method

Pharmacovigilance. of edministration, of the SmPC.

The CHMP, having considered the data submitted in fvg MA application is of the opinion that the
following risk minimisation activities are necessanafcs ttie safe and effective use of the medicinal
product:

The Marketing Authorisation Holder shall ¢nsure that all physicians who are expected to prescribe or
use Victrelis are provided with a healtiacaiz professional educational pack containing the following at
launch:

e The Physician Educat/onal<1aterials (PEM)
e The Summary of ['rodluct Characteristics (in full)
e The Patient Isformation Leaflet

The PEM shouldsean’:ain the following key elements:

e ,Detailecrinformation about the risk of haematological disorders (notably anaemia) associated
withVictrelis, consisting of factual description of the haematological disorders in terms of
frequency and time to onset and related clinical symptoms

Tihe results of the user consultation with target patient groups on the package leaflet submitted by the
applicant show that the package leaflet meets the criteria for readability as set out in the Guideline on
the readability of the label and package leaflet of medicinal products for human use.

5.3. Benefit-Risk Balance

Benefits

e Beneficial effects
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The results of both phase III studies show a significant improvement of SVR over standard of care
(PEG/RBV), of around 30% in treatment naive patients (P05216/SPRINT 2) and 40% in treatment
experienced patients (P0O5101/RESPOND 2).

In addition, treatment naive early responders could benefit from a significant reduction of the total
treatment duration (28 weeks as compared to 48 weeks with the current bitherapy)When considering
the burden of treatment, this benefit is worthy of being taken into consideration.

Based on these results boceprevir is regarded as representing a significant therapeutic advance hat
justifies the principle of an accelerated review as decided by the CHMP in November 2010.

Given that SVR is correlated with cure, the addition of boceprevir to the current SOC will sian/ricantly
increase the individual likelihood of being cured, avoiding progression to cirrhosis aad wepatocellular
carcinoma.

e Uncertainty in the knowledge about the beneficial effects.

Recently the importance of patient genotype IL28B as a strong predic o af SVR in HCV genotype 1
infected patients became known. This was after the start of the phase,li1 studies. Thus patients were
not stratified for this baseline characteristic. This information was\omiy Jvailable for approximately 60%
of treatment naive and pretreated patients (patients who gaw= their informed consent).

Although overall addition of BOC to PR resulted in sigrificant higher SVR rates, pharmacogenomic
analysis in which SVR rates were evaluated accordin to 'patients IL28B genotype, indicate that
treatment naive patients with genotype IL28B C{ might not substantially benefit from additional
boceprevir to PR, contrary to patients with »:28B genotype CT or TT.

Taking into account the particular burden (6f anaemia, the applicant is requested to resolve the
uncertainties of the added value of bocepsevir to the bitherapy in those patients having good predictive
factors for interferon responsivenegsaT Vs requirement is subject to condition of the marketing
authorisation.

ATaking into account that/@ashartened duration of therapy might not be considered appropriate if this
results in a net loss af effiteay, shortened treatment duration has not been found approvable for
treatment experiensad 2arly responders.

The treatmént uxperienced population in the phase III study, excluded the challenging population of
Null Respasiaers qualified as such based on their prior response to pegylated IFN and interferon at
week 942.4Baac¢d on a retrospective analysis performed with requalifying on the basis of their on
treatinenpvirologic response at treatment week 4 (using the peginterferon alfa/ribavirin lead in period)
a¢ gumpared to baseline, it was admitted that null responders might gain some benefit in adding
Victielis to the bitherapy. However, this cannot be reliably quantified from the retrospective analysis.
“loreover, the optimal management of null responders remains to be established and might in the
future require antiviral combination. These considerations are reflected in section 4.4 of the SmPC.

The proportion of patients with cirrhosis is limited, with only 100/1097 (9%) in the phase III in naive
patients and 49/403 (12%) in the phase III in treatment experienced patients. This is reflected in the
SmPC.
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Risks

e Unfavourable effects

The main safety concern with boceprevir is the increase in the risk of anaemia as compared to
bitherapy Forty-nine percent of boceprevir-treated patients experienced anaemia < 10g/dl during
treatment versus 29% in placebo-treated subjects.

e Uncertainty in the benefits of the product

One of the main areas of uncertainty is to what extent anaemia associated with the use of bocepi<€vi
in combination with standard or care can be managed without EPO, taking into account the nied Vor
sufficient ribavirin exposure, and also taking into account that the use of EPO raises safet’ concerns
(risk of PRCA notably) and could impact the benefit risk balance.

Overall even though the data at the time of opinion provide sufficient reassurandz, tise clinical dossier
so far does not allow to fully appreciate to what extent the management of tke/syibstantial incremental
anaemia induced by boceprevir on top of PR could per se negatively affeci*the Cenefit-risk balance of
boceprevir, taking into account that ribavirin dose reduction could potamsiaily alter the benefit and on
the other hand the EPO could alter the risk.

It is therefore considered compulsory that, in order to establisi| the nT0st rational management of
anaemia, additional investigations be performed by the @pflicant to better understand the causes (and
consequently possible patient characteristics) and potentiai,negative consequences of the management
of the high rate of anaemia (as a result of the increnfienial risk with boceprevir) in patients receiving
the tritherapy with boceprevir+ribavirin+peginteriesoiv To this effect the provision of results of a study
comparing EPO versus ribavirin dose reduction as‘'measures of managing anaemia is a condition of the
Marketing Authorisation.

The clinical consequence of resistarice %o boceprevir (in terms of response to boceprevir and impact to
subsequent lines of therapies) is uixkneswn and will have to be further substantiated as part of the RMP

Electrophysiological data carr.es some concerns as regards the cardiotoxicity of the drug in real life
(co-administration, electityph)'siological disturbances). Attention of physicians is warranted by a
specific statement in the Sm2C and this issue will be monitored in pharmacovigilance.

Benefit-risk bhalance

e Beriefit-ris< balance

Bozenavir has been shown to significantly increase the percentage of treatment naive and treatment
ax,ter.enced patients chronically infected by HCV genotype 1 achieving Sustained Virologic Response
{ccrrelated with cure) and will reduce the treatment duration for some patients.

Considering the limited response rate achieved so far with the Peg-IFN+ ribavirin in patients
chronically infected with HCV genotype 1 and given the burden of such a treatment, this represents a
significant therapeutic advance.
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This benefit is regarded as overweighing the safety issues associated with this drug, even though the
incremental anaemia and perhaps also neutropenia is anticipated as being a particular burden in
clinical practice.

For patients with the favourable CC genotype further substantiation of the added benefit of boceprevir
to peginterferon alfa and ribavirin is warranted, it is however noted that a higher proportion of patients
treated with tritherapy will benefit form a shorter treatment duration as compared to treatment with
bitherapy alone.

5.3.1. Risk management plan

A risk management plan was submitted. The CHMP, having considered the data submittedswas of the
opinion that:

pharmacovigilance activities in addition to the use of routine pharmacovigilance wese weeded to
investigate further some of the safety concerns the following additional risk miainiisation activities
were required:

The Marketing Authorisation Holder shall ensure that all physicians whosare expected to prescribe or
use Victrelis are provided with a healthcare professional educational pack containing the following:

e The Physician Educational Materials (PEM)
e The Summary of Product Characteristics
e The Patient Information Leaflet

The PEM should contain the following key elemeiits:

e Detailed information about the ris[< ofghaematological disorders (notably anaemia) associated
with Victrelis, consisting of , factugl description of the haematological disorders in terms of
frequency and time to onsetanderelated clinical symptoms

5.4. Recommendatian

Based on the CHMP review oF data on quality, safety and efficacy, the CHMP considered by consensus
that the risk-benefit/odtance of Victrelis in the treatment of treatment of Chronic Hepatitis C was
favourable and\theserore recommended the granting of the marketing authorisation subject to
conditions. I ¥ine with the current conditions of prescription for the bitherapy with interferon and
ribavizingticatment with Victrelis should be initiated and monitored by a physician experienced in the
management of patients with hepatitis C.
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