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Introduction

• Hepatitis C is a significant disease affecting ~170M 
people worldwide1

• Goal of HCV treatment is viral eradication (sustained 
virologic response; SVR)

• Telaprevir is an HCV protease inhibitor2-4

– Telaprevir (T) in combination with peginterferon-alfa/ribavirin 
(PR) significantly increased SVR in genotype 1 patients 
compared to PR alone

– Incidences of rash and anemia were more frequent with 
telaprevir than with placebo

• The goals of modeling analyses: 
– Predict SVR rates by T and PR durations

1 WHO website: http://www.who.int/vaccine_research/diseases/viral_cancers/en/index2.html
2 Jacobson I,  et al., Hepatol. 2010; 52: 427A; 3 Sherman KE, et al., Hepatol. 2010; 52: 427A; 4 Foster GR, et al. Hepatol Int
2011; 5(1): 14 



Data Sources for Model Development
Study Name Ph Population Regimens N Note 
101 1 Treatment-naïve and prior 

PR-treatment experienced 
Telaprevir monotherapy  
(14 days, different doses) 

28 

PROVE1 2 Treatment-naïve PR48 
T12PR24 
T12PR48 

75 
79 
79 

PROVE2 2 Treatment-naïve PR48 
T12PR12 
T12PR24 

82 
82 
81 

Estimation: 
on-treatment 
data; 
Prediction: 
SVR rates 

C208 2 Treatment-naïve T12PR (T: 750mg q8h) 
T12PR (T: 1125mg q12) 

40 
40 

PROVE3 2 Prior PR-treatment 
experienced 

T12PR24 
T24PR48 

115 
113 

ADVANCE 3 Treatment-naïve PR48 
T8PR 
T12PR 

361 
364 
363 

ILLUMINATE 3 Treatment-naïve T12PR24 
T12PR48 

162 
160 

REALIZE 3 Prior PR-treatment 
experienced 

PR48 
T12PR48 
T12LIPR48 

132 
266 
264 

Prediction: 
SVR rates 

Abbreviations: P: peginterferon alfa-2a; R: ribavirin; T: telaprevir; T12LI: 4-week delayed start of telaprevir treatment; PR48: 48 weeks of PR; 
T12PR24: 12 weeks of TPR + 12 weeks of PR; T12PR12: 12 weeks of TPR; T12PR: 12 weeks of TPR + 12/36 weeks of PR; T8PR: 8 weeks 
of TPR + 20/40 weeks of PR  



Comparison Between Observed and 
Predicted SVR Rates

0%

20%

40%

60%

80%

100%

P
R

48
(P

R
O

VE
1)

P
R

48
(P

R
O

VE
2)

T1
2P

R
12

(P
R

O
VE

2)

T1
2P

R
24

(P
R

O
VE

1)

T1
2P

R
24

(P
R

O
VE

2)

T1
2P

R
48

(P
R

O
VE

1)

T1
2P

R
q8

h/
A2

a(
C

20
8)

T1
2P

R
q1

2h
/A

2a
(C

20
8)

T1
2P

R
24

(P
R

O
VE

3)

T2
4P

R
48

(P
R

O
VE

3)

T1
2P

R
24

(r
el

,P
R

O
VE

3)

T2
4P

R
48

(r
el

,P
R

O
VE

3)

T1
2P

R
24

(N
R

,P
R

O
VE

3)

T2
4P

R
48

(N
R

,P
R

O
VE

3)

P
R

48
(A

D
VA

N
C

E
)

T8
P

R
(A

D
VA

N
C

E
)

T1
2P

R
(A

D
VA

N
C

E
)

T1
2P

R
24

eR
VR

(IL
LU

M
IN

AT
E

)

T1
2P

R
48

eR
VR

(IL
LU

M
IN

AT
E

)

T1
2P

R
48

(N
R

,R
E

AL
IZ

E)

T1
2D

S
P

R
48

(N
R

,R
E

AL
IZ

E)

T1
2P

R
48

(r
el

,R
E

AL
IZ

E)

T1
2D

S
P

R
48

(r
el

,R
E

AL
IZ

E)

Regimen

M
od

el
de

ve
lo

pe
d

w
ith

on
-tr

ea
tm

en
td

at
a

M
od

el
pr

ed
ic

tio
ns

P
ha

se
3

P
ha

se
2

Observed
Predicted 90% CI

(o
ob

se
rv

ed
,9

0%
CI

pr
ed

ict
ed

)
Su

st
ai

ne
d

Vi
ra

lR
es

po
ns

e
(%

)



SVR Rates by PR Duration
(+12-week telaprevir)

Adiwijaya BS, et al., J. Hepatol. 2011; 54 (S1): S160
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SVR Rates by Telaprevir Duration
(+24- to 48-week PR)

Adiwijaya BS, et al., J. Hepatol. 2011; 54(S1): S160
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Predicted Outcome by Telaprevir Duration

Adiwijaya, BS, et al., J. Hepatol. 2011; 54 (S1): S160

• In treatment-naïve completing 24-week PR treatment
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Observed Outcome by Telaprevir Duration
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Methods: Schematic of Multi-Variant Viral 
Dynamic Model of TPR Regimen
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Methods: Schematic of Multi-Variant Viral 
Dynamic Model of TPR Regimen
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Mechanistic Insight 1: Resistance Often 
Results in Loss of Viral Fitness
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Response to PR and TPR Treatment

McHutchison, et al., NEJM 2009;360:1827 Reproduced with permission of  New Engl. J. Med. 
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Time on Treatment (not to scale)
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Resistance and In-Vivo Fitness of Variants
• HCV population as a mixture of variants1,2 with varying resistance and fitness
• Variants (with mutation ≤2) pre-exist prior to treatment at lower frequency3,4

• Variants retain sensitivities to PR treatment in vitro5 and in patients6

1 Sarrazin et al., Gastroenterology 2007; 2 Kieffer, et al., Hepatology, 2007; 3 McPhee, et al, 1st international workshop HCV resistance 2006; 
4 Ralston, 2nd international workshop HCV resistance 2007; 5 Lin, et al., Antimicrob agents chemother 2004; 6 Forestier, et al., Hepatology, 2007
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Host DNA

Mechanistic Insight 2: Eradication in HCV 
Treatment

Host cell

Nucleus

HBV HIV HCV

cccDNA
Proviral DNA

Viral RNA

TREATMENTTREATMENT TREATMENT
Long-term reduction 
of viral replication to 
lowest possible level1

Lifelong suppression of 
viral replication2,3

Definitive viral clearance1

SVR1

1. Pawlotsky JM. J Hepatol 2006;44:S10-S13;
2. Siliciano JD, Siliciano RF. J Antimicrob Chemother 2004;54:6-9;
3. Lucas GM. J Antimicrob Chemother 2005;55:413-416

cccDNA = covalently closed circular DNA
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HCV RNA Dynamics With and Without 
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PR

Viral Eradication Guided the Optimal 
Durations of TPR Treatment
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Conclusions

• A mechanistic viral dynamic model in response to 
telaprevir, peginterferon, and ribavirin treatment
– Predicted SVR rates were similar to the observed SVR rates in 

most treatment-naïve and treatment-experienced patients
– A useful framework to integrate in vitro, early-phase and late-

phase clinical data
– Applications to the design and analysis of optimal treatment 

regimen

• Model benefited from mechanistic insights
– Roles of viral variant fitness and resistance
– Variability in PR-treatment response
– Viral eradication to guide the design of optimal durations
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