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Introduction

® Addition of protease inhibitors (Pls) boceprevir (BOC) and telaprevir
(TVR) to treatment regimens has led to creation of the new standard
‘triple therapy’ for genotype 1 patients

® The successes, failures, and new challenges of triple therapy have
become well known.

® This new gold standard for treatment of genotype 1 patients presents a
profile of side effects that are unique and also compound reactions seen
in pegylated interferon-alfa (PEG-IFN) and ribavirin (RBV) dual therapy

® Hematologic side effects of PEG-IFN/RBV were both common and
potentially problematic



Aevelopment of anemia during dual therapy
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Anemia was typically seen within the first 12-20 weeks of therapy

The decrease in haemoglobin levels was more severe in patients
receiving combination therapy with RBV than in those receiving
IFN-a alone (group A v group B, group A v group C, group A v
group D, p,0.05 at any week of therapy)

The resulting anemia was stabilized with dose reduction of RBV
and resolved upon discontinuation.

M Schmid, A Kreil, W Jessner, M Homoncik, C Datz, A Gangl, P Ferenci, M Peck-
Radosavljevic. Gut 2005;54:1014—1020
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The high concentrations of RBV in erythrocytes resulting
in hemolysis

RBV-associated hemolysis is compounded by
suppression of erythropoesis by interferon in the bone
marrow.

Bunchorntavakul C, Reddy K.R.Curr Hepatitis Rep
(2011) 10:168-178



Suppression of haematopoiesis during triple therapy

The well-recognized side effect of anemia (defined as a hemoglobin <10 g/dL)
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Nine percent of patients undergoing triple therapy with either BOC or TVR experienced a decline of
Hb to less than 8.5 g/dL

Kwo PY et al., Lancet. 2010;376:705-16.
Poordad F et al., N Engl J Med. 2011;364:1195-206.
Jacobson IM et al., N Engl J Med. 2011;364:2405-16.



SVR Rates With RBV Dose Reduction or Erythropoietin
for Anemia Management

 Similar SVR rates (71%) with both strategies!’-?l

— Similar SVR rates regardless of timing of anemia management, number of RBV
dose reductions, or lowest RBV dose received

— Lower SVR rates if < 50% of per protocol total RBV dose received
« Higher SVR rate if anemia management initiated with undetectable HCV RNAI?!

100 7

86 86 B RBV dose reduction
80 A 71 [ Erythropoietin
Q - 56 56
s 60 RBV Dose Reduction (by
D>C 40 - 200-400 mg/day)
n (n=249)"
20 1 Erythropoietin
A/N = 178/ 107/ 71/ 40,000 IU/wk
0 - 251 124 121 (n =251)f

All Pts Undetectable Detectable

1. Poordad F, et al. EASL 2012. Abstract 1419. 2 Poordad F, et al. AASLD 2012. Abstract 154.



Impact of RBV DR for Anemia in Telaprevir
Treatment-Naive Phase lll Trials

* Retrospective subanalysis
— No erythropoiesis-
stimulating agents

— RBV dose reduction per
protocol to 600 mg/day

— T12PR arms

« 604/885 (68%) had RBV
dose reduction

Patients receiving TVR exhibited a similar
pattern in the ILLUMINATE and ADVANCE
phase 3 trials

Sulkowski M, et al. EASL 2012. Abstract 477.
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Suppression of leucopoiesis during dual therapy

® Group A B Group C
5| A GroupB * Group D

Both pegylated IFNs exerted a
stronger suppressive effect on
leucopoiesis compared with
monotherapy with conventional IFN,
but compared with group B, only
group C showed a significantly
stronger suppression of WBC.

1 | Pegylated IFN-a2a or IFN a2b in
combination with ribavirin (groups C and D).
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The decrease in neutrophil counts was comparable between groups A, B, and D, showing significant
differences only at the beginning of therapy (group A v group B, group A v group D, p,0.05 for weeks 4
and 8, NS for any other week of treatment; group B v group D, NS for any week of therapy).

Compared with groups A, B, and D, neutrophil count was lower in group C throughout the whole therapy
(group A v group C, group B v group C, group C v group D, p,0.01 for any week of therapy)

M Schmid, A Kreil, W Jessner, M Homoncik, C Datz, A Gangl, P Ferenci, M Peck-Radosavljevic. Gut 2005;54:1014-1020



Suppression of leucopoiesis during triple therapy
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TVR-based triple therapy did not have an increased incidence of neutropenia, as compared with dual therapy.
However, 14 %—-17 % of patients still experience neutropenia in TVR-based therapy

FDA. Transcript for the meeting of the Antiviral Drugs Advisory Committee. April 27, 2011 Accessed 8/31/12 at: http://www.
fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/ drugs/antiviraldrugsadvisorycommittee/UCM257464.pdf



Suppression of thrombocytoiesis during dual therapy

0T AT, Group A ®Group C | | = PPC was significantly reduced
C AGroupB #GroupD| | in all groups after four weeks
= | of treatment.
ey 2007 = The significant increase in TPO
- levels paralleling the decrease
® 1 in platelet count indicates a
= 100 | true reduction in platelet
= Pegylated IFN-a2a or IFN a2b in number
combination with ribavirin (groups C and D). = The decrease in PPC by IFN-a
n L | | | | Ly | | I is caused by diminished pro-
¢ 4 & 12 16 20 EOT 4p 24p duction of platelets through
At week 4 of therapy, peripheral platelet count (PPC) decreased in Su ppression of megakaryocyte
all groups (median decrease in group A, 25%; group B, 8%; progenitor cell proliferation and

group C, 21%; group D, 23%; p,0.05 for all groups) . L. )
differentiation in bone marrow
PPC remained decreased throughout therapy, with a nadir of 34% in

group A at week 16, 36% in group C at week 8, and 24% in group D

at week 12. Platelets returned to baseline levels within four weeks after

discontinuation of therapy in these groups

M Schmid, A Kreil, W Jessner, M Homoncik, C Datz, A Gangl, P Ferenci, M Peck-Radosavljevic. Gut 2005;54:1014-1020



Suppression of thrombocytopoesis during dual therapy

« Adverse event reporting in phase lll trials evaluating the addition of
Pls with peglFN/RBV therapy

Platelet Count < 50,000/mm?3, %
Pl Regimen peglFN/RBV

Boceprevirlll
(previously untreated)
Boceprevirlll

: : 4 0
(previous treatment failures)
Telaprevirl? 3 1

1. Boceprevir [package insert]. July 2012.
2. Telaprevir [package insert]. October 2012.



Impact of Thrombocytopenia on Clinical Practice
During Treatment of Chronic HCV

« AASLD guidelines: platelet count should be = 75,000/mm?3
(with compensated liver disease) to initiate treatment!'!

— ? cirrhosis
Strate
Platelet Count =
PeglFN alfa-2al?! PeglIFN alfa-2b!3!

First DR to 1 pg/kg/wk

< 50,000/mm3 Dose reduce to 90 pg Second DR to 0.5 pg/kg/wk
(if needed)

< 25,000/mm3 Discontinue treatment Discontinue treatment

1. Ghany M, et al. AASLD practice guidelines. April 2009. 2. PeglIFN alfa-2a [package insert]. September 2011. 3. PeglIFN alfa-2b [package
insert]. October 2012.



French multicentre CUPIC study

Events

Telaprevir (n=292)

Boceprevir (n=205)

Anemia (%)

Grade 2 (8.0-<9,0 g/dl) 18.8 23.4
Grade 3/4 (< 8.0 g/dI) 11.6 3.4
EPO use 53.8 46.3
Blood transfusion 16.1 6.3
RBV dose reduction or discontinuation 17.1 14.6
Neutropenia (%)
Grade 3 (500 - < 750/ mm?3) 2.0 1.0
Grade 4 (< 500/ mm3) 0.7 3.4
G-CSF use 2.4 4.4
Thrombocytopenia (%)
Grade 3 (20 000 - <50 000) 9.6 4.9
Grade 4 (<20 000) 3.1 1.5
Thrombopoietin use 1.4 1.0
PEG-IFN dose reduction or discont. 30.5 34.6

Gezode C et al., J Hepatol. 2013 May 10. pii: S0168-8278(13)00290-0. doi: 10.1016/j.jhep.2013.04.035. [Epub ahead of print]




Hematologic Safety of Direct-Acting Antiviral Therapies
in US Veterans With Chronic Hepatitis C

Boceprevir

Telaprevir

Hematologic characteristic (n=661) (n=198) P value
Anemia (%)
Grade 2-4 50 49 0.89
Grade 3-4 7 13 0.01
RBV dose reduction 44 38 0.13
ESA use 25 26 0,93
Blood transfusion 5 8 0,08
Neutropenia (%)
Grade 22750 68 77 0.03
Grade 3-4 (749 - < 500/ mm3) 32 21 0.008
G-CSF use 9 2 <0.001
Thrombocytopenia (%)
Grade 3 (25 000 - < 50 000) 13 14
Grade 3-4 (<25 000) 16 18 0.46
Platelet transfusion 0.3 1.0 0.20

Belperio PS et al., Clin Gastroenterol Hepatol. 2013 Mar 21. pii: S1542-3565(13)00385-6. doi: 10.1016/j.cgh.2013.03.006. [Epub ahead of print]




JakAaloueHue 1 (aHemMuA)

B Xopoluo n3sectHbin adodekt Tepanumn NEr MOH B kombmnHauum ¢ pnbasu-
PUHOM Ha pa3BUTUE aHEMUM yBeNnYMBarcs npn obaBneHnn K ctaHaapTHOWM
Tepanuu ntboro nHrmbuTopa npoteas. Y pacnpocTpaHEHHOCTb, U BblpaXeH-
HOCTb aHEMMW YBENUYMBaNach nNpu tepanumn Tpems npenapatamm

B MexaHu3mbl pa3BUTUS aHEMUM MPU UCMNONb30BaHNUM TPONHOM Tepanumn
MHOXECTBEHHbI, KaXabl U3 TPeX rnpenaparos ABMAETCA NPUYUHHbBIM
doakTopom

m Crparernm Tepanuu Ha NepBOM 3Tane BKMYaT YMEHbLUEHME A03bl
pnbaBnpuHa. Ecrnv aHemmsi nepcuUcTUpyeT, CNOoNb3YyTCsA NnepenvsaHme
KPOBM 1 3PUTPOMOITUHDI

B Y nayueHToB ¢ umpposom rneyveHn (CUPIC study) ypoBeHb aHeMum Obis
BbllLie, YeM Yy DONbHbLIX Be3 unppo3a nevyeHn B PermcTpalnoHHbIX UCCre-
nosaHusix. B koropte 60nbHbIX ¢ LT 9puUTponoaTnH ncrnonb3osarcs B
53,8 % cny4aes (TEJ1) n 46,3% cnyyaes (bOLl)



3aKAoueHue 2 (HeUTPONeHHUA U
TpoMbouuToneHus)

B HeuTponeHusi yBenuynBaeTcs Npu BKINOYEHUN B cTaHOaapTHYO Tepanuto bOU
(24% vs 14%). Tepanua c BkntodeHnem TEJ1 He yBennyumnBaetT HENTPONEHNIO
B CpaBHEHUU CO CTaHO4APTHOW Tepanuen, ogHako HO aBndaeTtcs npucyuwen 14-
17% nauneHToB

B Crtparternm Tepanum BKNoYaT UCMNoNb3oBaHWe rpaHyrnoumMTapHoro
KonoHuecTumynupytowlero daktopa (G-CSF)

B PacnpocCcTpaHeHHOCTb TPOMOOUMTONEHUN Cpean NauueHToB, NoyYyaBLUnX
TPOWHYIO Tepanuio B permcTpaunoHHbIX nccrnegoBaHmax Hebornbwasa (3%
npu ncnono3osaHun 6OL B cpaBHeHUU ¢ 1% naumeHTOB, Nony4yaBLUIMX
TPpaaNLMOHHYI0 Tepanuio). HMKaknx cepbesHblX HeXernatenbHbIX SBNEHNN He
3aperncTpmpoBaHoO

B Y nauyueHTtoB c umpposom rnedyeHn (CUPIC study) G-CSF ncnonbsosanca y
2,4% (TEN) and 4,4% cny4aes (bOL), Tpom6onoatvH B 1,4% n 1,1%
CrnyyaeB, COOTBETCTBEHHO



