
Patient With HCV Infection: 

Exploring Future 

Therapeutic Modalities



Educational Objectives

 Discuss the mechanism of action of novel 
agents under investigation

 Assess the risk of developing viral 
resistance with the use of specifically 
targeted antiviral therapies

 Review current state of knowledge on novel 
therapies for the treatment of HCV based 
on available clinical trial data
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Patient HS: Case Presentation

 Patient HS is a 41-year-old African 
American man

– He is infected with hepatitis C virus (HCV) 
genotype 1b; HCV RNA = 2.4 million IU/mL

– Liver biopsy was not performed

 Patient has been taking peg-IFN and RBV 
for ~36 weeks 

– Week 12 HCV RNA = 2530 IU/mL

– Week 24 HCV RNA = 332 IU/mL

– Week 30 HCV RNA = 256 IU/mL
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 He is seeking a second opinion because 
his doctor told him that he is a ―slow 
responder‖ and should be treated for 72 
weeks total to reduce the risk of relapse

– He has lost ~20 pounds, has moderate 
depression and neutropenia (ANC ~730/μL)

– He is missing ~2 workdays per week as an 
engineer due to treatment-related fatigue
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Patient HS: Case Presentation (cont)



What would you recommend for this ―slow 
responder‖?

A. Prolonged therapy (72 weeks)

B. Wait for new specifically targeted agents for 
hepatitis C (STAT-C)

C. Liver biopsy 
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Question 1



Virologic Response Patterns and SVR 
in HCV G1 Treated With Peg-IFN + RBV

6Marcellin P et al. EASL 2007. Abstract 613. 6
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Targeting the Viral Life Cycle: Specifically 

Targeted Antiviral Therapy for HCV (STAT-C)
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Role of Emerging HCV Therapies in 
Current Clinical Practice

 Phase 3 studies: peg-IFN/RBV + protease 
inhibitors

– Anticipated completion ~ 2011

 Practical considerations

– Liver disease stage 
 Can the patient ―safely‖ wait (F 0/1)?

– Genotype 1 vs 2 or 3 
 Current SOC may be best option for genotype 2/3 

since new agents target genotype 1

– If prior therapy, pattern of viral response
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 Patient discontinues therapy

 Liver biopsy is performed

– Grade 1-2 activity 

– Stage 3 fibrosis with early focal nodularity

 He wants more information about the 
potential efficacy and risks of new 
hepatitis C treatment 
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Patient HS (cont)



Question  2

Which of the following have been associated 
with STAT-C therapies for HCV infection?

A. Increased rapid virologic response (RVR) and 
increased sustained virologic response         
(SVR) rates

B. Fewer side effects

C. Viral resistance to novel agents

D. Less complexity 

E. A + C
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Nomenclature of Viral Resistance 

 Viral breakthrough 
– Increase of >1-log10 above HCV RNA nadir or 

increase to >100 IU/mL during treatment in 
previously undetectable cases

 Viral relapse
– Becoming HCV RNA detectable after EOT

 Archiving
– Long-term storage of viral sequences

 Latent reservoir
– A pool of target cells that contain viral DNA in 

host-cell DNA or in the nucleus
▪ HCV does not produce viral DNA 
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Emergence of Resistance During 
Antiviral Therapy

Drug-resistant variant

• Incomplete Suppression
- Inadequate potency/drug levels

- Inadequate adherence

- Preexisting resistance variants
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Which of the following may decrease the 
emergence of resistance?

A. Combination therapy (use of more than 
one drug targeting HCV)

B. Use of potent drugs

C.High level of adherence

D.Use of drugs with ―high genetic barrier‖ 
to resistance 

E. All of the above
13

Question 3



Factors Impacting the Emergence of 
Drug-Resistant Variants

 Magnitude and rate of viral replication

 Viral mutation frequency
– Prevalence of the variant within the quasispecies

 Intrinsic mutability of the antiviral target site 
(ie, genetic barrier)
– Replication capacity of mutant virus 

– Level of resistance conferred by the change to the virus 

– Number of mutations needed to introduce the required 
coding change

 Selective pressure exerted by the drug
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Richman DD.  Antiviral drug resistance: issues and challenges. 

In: Richman DD, ed. Antiviral Drug Resistance. Chichester: John Wiley & Sons,Ltd. 1996; 1-9.



HCV Serine Protease Inhibitors

 NS3 protease – critical function
– Cleaves the HCV polyprotein

– May inhibit innate immune response to HCV

 Oral inhibitors – phase 3 studies in combination with 
peg-IFN/RBV to prevent emergence of viral resistance
– Telaprevir

– Boceprevir
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 Phase 1 studies 
– Potent suppression of HCV genotype 1 in vivo

– Rapid emergence of resistance <14 days

– Combination with peg-IFN/RBV – decreased viral breakthrough

 Phase 2 studies
– PROVE 1 – Naive 

– PROVE 2 – Naive (Europe)

– PROVE 3 – Treatment-experienced 

– 107 – Treatment-experienced (subjects from PROVE 1 and 2 for 
whom peg-IFN/RBV SOC failed) 

 Phase 3 studies 
– ADVANCE – Naive 

– ILLUMINATE – Naive

– REALIZE – Treatment-experienced 
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Telaprevir: Protease Inhibitor

http://www.clinicaltrials.gov 2009.



 Randomized, placebo-controlled, phase 2 trial
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PROVE 1: Telaprevir + Peg-IFN + RBV in 

Treatment-Naive Patients With HCV Genotype 1 

TVR 750 mg q8 h +
Peg-IFN α-2a + RBV

(n = 79)

Peg-IFN α-2a + RBV
(n = 82)

TVR 750 mg q8 h +
Peg-IFN α-2a + RBV

(n = 79)

TVR 750 mg q8 h +
Peg-IFN α-2a + RBV

(n = 17)

Peg-IFN α-2a + RBV
(n = 80)

Treatment-Naive 

Patients 

Infected With 

HCV 

Genotype 1* 

(N = 250)

Wk 12 Wk 24 Wk 48

† 24-Wk 

Follow-Up

† 24-Wk 

Follow-Up

Placebo + Peg-IFN α-2a 180 mg/wk + RBV 1000-1200 mg/d

(n = 75)
End of 

Treatment

End of 
Treatment

SVR

SVR

*Patients were randomized to receive TVR 1250-mg loading dose or placebo. 
†Patients must achieve undetectable HCV RNA at wk 4 (<10 IU/mL) and at last test before 
stopping therapy at 12 or 24 wk.

TVR = telaprevir.

McHutchison JG et al. EASL 2008. Abstract 4.
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PROVE 1: Response Rates (ITT)
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 Adverse events leading to discontinuation during Wk 1-12
– TVR-containing arms: 13%

– Control arm: 3%
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PROVE 1: Adverse Events

Most Common Adverse Events (Through Wk 48)

Adverse Event TVR Arms
(n = 175)

%

Control Arm 
(n = 75)

%

Rash 
Severe

56
7

39
1

Nausea
Severe

53
2

31
0

Diarrhea
Severe

37
1

27
0

Jacobson IM et al. AASLD 2007. Abstract 177.



 Virologic breakthrough occurred in 7% 
(12 of 175 patients) 

 11 of 12 TVR breakthroughs occurred 
during the first 4 wk

 9 of 12 TVR breakthroughs occurred in 
patients who did not achieve undetectable 
HCV RNA
– Genotype 1a (11 of 128, 9%)  
 V36M/R155K (10)

– Genotype 1b (1 of 46, 2%)
 A156T/S
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PROVE 1: Breakthroughs

Jacobson IM et al. AASLD 2007. Abstract 177.



PROVE 2: Telaprevir + Peg-IFN ± RBV in 

Treatment-Naive Patients With HCV Genotype 1

21

Phase IIb

(N = 323)

TVR 750 mg q8h + 
Peg-IFN a-2a + RBV

(n = 81)

TVR 750 mg q8h +
Peg-IFN a-2a + RBV

(n = 82)

TVR  750 mg q8h+
Peg-IFN a-2a

(n = 78)

Placebo + Peg-IFN a-2a 180 µg/wk + RBV 1000-1200 mg/d

(n = 82)

Peg-IFN a-2a + RBV

(n = 81)

Follow-up

Follow-up

Follow-up

Follow-up

Zeuzem S et al. AASLD 2008. Abstract 243.

12 3624 48 72

Weeks



PROVE 2: Virologic Response

Zeuzem S et al. AASLD 2008. Abstract 243. 22
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PROVE 2: Relapse Rate and Virologic 
Breakthrough

 Relapse rate 

– Highest in treatment arm without RBV (48%)

 Virologic breakthrough

– Low (3%) in TVR + peg-IFN α-2a + RBV arms

 NS3 variants detected : A156T, V36M/R155K

– Higher (24%) in treatment arm without RBV

 NS3 variants: R155K, A156T, A156S, T54T/A, 

V36M/R155K, T54A/A156S, V36V/A, A156S/T, 

T54T/A, R155R/K, A156A/S/T

23Zeuzem S et al. AASLD 2008. Abstract 243.



 Phase 1 studies 
– Potent suppression of HCV genotype 1 in vivo

– Rapid emergence of resistance <14 days

– Combination with peg-IFN/RBV – decreased viral 
breakthrough

 Phase 2 studies
– SPRINT-1 – Naive

– RESPOND-1 – Null responders (<2-log10 drop at wk 12) 

 Phase 3 studies 
– SPRINT-2 – Naive

– RESPOND-2 – Partial responders (>2-log10 drop at wk 
12 and relapse)
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Boceprevir: Protease Inhibitor  

http://www.clinicaltrials.gov 2009.



Peg-IFN α-2b 1.5 µg/kg + RBV 800-1400 mg 

+ boceprevir 800 mg TID for 24 weeks

SPRINT-1: Boceprevir + Peg-IFN + RBV in 

Treatment-Naive Patients With HCV Genotype 1

25

Peg-IFN α-2b 1.5 µg/kg + RBV 800-1400 mg + 

boceprevir 800 mg TID for 48 weeks

Peg-IFN α-2b 1.5 µg/kg + RBV 800-1400 mg + 

boceprevir 800 mg TID for 28 weeks

No Lead-in

Dosing Strategy 

Peg-IFN α-2b 1.5 µg/kg + RBV 400-1000 mg + 

boceprevir 800 mg TID for 48 weeks

Low-dose 

RBV

Dosing Strategy 

Peg-IFN α-2b 1.5 µg/kg + RBV 800-1400 mg 

for 48 weeksControl

Peg-IFN α-2b  1.5 µg/kg + RBV 800-1400 mg + 

boceprevir 800 mg TID for 44 weeks

Peg-IFN α-2b 1.5 µg/kg + 

RBV 800-1400 mg 

x 4 weeks
Lead-in

Dosing Strategy 

Follow-up 

x 44 weeks

Follow-up 

x 24 weeks

Follow-up 

x 24 weeks

Follow-up 

x 24 weeks

Follow-up 

x 24 weeks

Follow-up 

x 44 weeks

Peg-IFN α-2b 1.5 µg/kg + 

RBV 800-1400 mg 

x 4 weeks

Kwo P et al. EASL 2008. Abstract 995.



Boceprevir + Peg-IFN + RBV:    
Virologic Response

26Kwo P et al. AASLD 2008. Abstract LB16.

Treatment arm

Sustained 

Virologic

Response

(%)

Virologic

Breakthrough 

(%)

No lead-in, 28 wk 55 7

Peg-IFN+ RBV lead-in, 28 wk 56 4

No lead-in, 48 wk 66 11

Peg-IFN+ RBV lead-in, 48 wk 74 5

Control (Peg-IFN+ RBV 48 wk) 38 0
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Does the pattern of prior response to peg-IFN/RBV 
predict effectiveness of retreatment with peg-IFN    
+ RBV + protease inhibitors?

A. No, the effect of direct-acting antiviral therapy 
is ―independent‖ of IFN

B. Yes, peg-IFN/RBV is required to suppress 
replication of HCV variants with decreased 
susceptibility to STAT-C agents

C. Maybe, need more data

28

Question 4



PROVE 3: TVR + Peg-IFN ± RBV in HCV 

Genotype 1 Previous Nonresponders/Relapsers

29McHutchison J et al. AASLD 2008. Abstract 269.

24-week follow-up

Peg-IFN + RBV

Peg-IFN + RBV

Phase IIb

(N = 453)

TVR 750 mg q8h + Peg-IFN
(n = 111)

TVR 750 mg q8h + Peg-IFN + RBV
(n = 113)

TVR 750 mg q8h
Peg-IFN + RBV

(n = 115)

Peg-IFN a-2a 180 µg/wk +
RBV 1000-1200 mg/d + Placebo

(n = 114)

Peg-IFN + RBV

24-week follow-up
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PROVE 3: Virologic Response 
(Interim 36-Week Analysis)

30McHutchison J et al. AASLD 2008. Abstract 269.
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PROVE 3: 12-Week SVR by Response 
to Prior Treatment

31McHutchison J et al. AASLD 2008. Abstract 269.
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PROVE 3: Adverse Events

32

Adverse 
Events

Control
Arm

TVR 12 wk +
Peg-IFN + 
RBV 24 wk 

TVR 24 wk +
Peg-IFN + 
RBV 48 wk 

TVR 24 wk+              
Peg-IFN                
24 wk

Fatigue, % 55 64 57 45

Headache, % 35 45 32 35

Rash, % 17 51 54 42

Nausea, % 33 34 47 21

Pruritus, % 12 36 43 32

Diarrhea, % 18 32 41 25

McHutchison J et al. AASLD 2008. Abstract 269.



Study 107: TVR + Peg-IFN/RBV in 
Nonresponders and Relapsers

 Ongoing open-label study of patients with HCV genotype 1        
who were nonresponders/relapsers in the peg-IFN/RBV arms     
of the PROVE studies 
– TVR 750 mg q8h + peg-IFN/RBV 12 wk followed 

by peg-IFN/RBV for 12 or 36 wk

33Shiffman M et al. AASLD 2008. Abstract 1852.
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Question 5

 Patient decides to take peg-IFN + RBV + PI 
due to prior ―partial response‖

 He finds it very difficult to take the PI dose 3 
times per day and occasionally misses doses

Will this impact his likelihood of SVR?

A. Yes

B. No

C. Maybe
34



TVR Trough Concentrations Are 
Associated With Resistance Emergence

35Jacobson IM et al.  AASLD 2007. Abstract 177.
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TVR BID or TID + Peg-IFN α-2a/2b + RBV in Treatment-
Naive Patients With HCV Genotype 1

36

*Peg-IFN α-2a (180 μg/wk) + RBV 1000-1200 mg/d. †Peg-IFN α-2b (1.5 μg/kg/wk) + RBV 800-

1200 mg/d. ‡Patients with undetectable HCV RNA from week 4 through week 20 receive 12 

weeks. Patients not meeting this criterion receive 36 weeks of peg-IFN + RBV.

Forns X et al. AASLD 2008. Abstract 1854.

Phase
II 

TVR 750 mg TID + 
Peg-IFN α-2a + RBV*

(n = 40)

TVR 750 mg TID + 
Peg-IFN α-2b + RBV†

(n = 42)

TVR 1125 mg BID +
Peg-IFN α-2a + RBV*

(n = 40)

TVR 1125 mg BID +
Peg-IFN α-2b + RBV†

(n = 39)

Interim Analysis

Peg-IFN α-2a
+ RBV*

Peg-IFN α-2b
+ RBV†

Peg-IFN α-2a
+ RBV*

Peg-IFN α-2b
+ RBV†

12 Weeks‡

(N = 161)

12 Weeks 24-Week
Follow-up



TVR BID or TID + Peg-IFN α-2a/2b + RBV: 
Undetectable HCV RNA at Week 12
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 After 10 weeks of ―triple therapy,‖ the patient 
develops significant retinal changes due to peg-IFN

– His HCV-RNA is <10 IU/mL

– Nonetheless, he stops therapy and is told that he can 
never take IFN again

What can you tell him about the prospects of IFN-
sparing HCV therapy?

A. Unlikely due to the need for IFN immune effects

B. Early trials are under way to test protease + polymerase 
inhibitor in 2009 

C. Protease + polymerase inhibitor may be used in practice 
as early as 2011

Question 6

38



NS5B Polymerase Inhibitors 

 Nucleoside analogs – active-site inhibitors

– Require conversion to active triphosphate

– Highly conserved region of the genome

 Active genotype 2/3

– High genetic barrier to resistance 

– Toxicity for some agents (R1626)

 Nonnucleoside inhibitors

– Stereotactic inhibition away from the catalytic site 

– Not highly conserved region

– Low genetic barrier to resistance
39



Peg-IFN α-2a 180 µg/wk

+ RBV 1000-1200 mg/d

40

Polymerase Inhibitor R7128 in Treatment-
Naive Patients With HCV Genotype 1

Treatment-

Naive Patients 

With HCV 

Genotype 1 

Infection

(N = 50)

R7128 500 mg BID

+ Peg-IFN α-2a 180 µg/wk

+ RBV 1000-1200 mg/d

(n = 20)

Wk 48Wk 4 

Peg-IFN α-2a 180 µg/wk

+ RBV 1000-1200 mg/d

R7128 1500 mg BID

+ Peg-IFN α-2a 180 µg/wk

+ RBV 1000-1200 mg/d

(n = 20)

Placebo

+ Peg-IFN α-2a 180 µg/wk

+ RBV 1000-1200 mg/d

(n = 10)

Peg-IFN α-2a 180 µg/wk

+ RBV 1000-1200 mg/d

Lalezari J et al. EASL 2008. Abstract 66. 



Polymerase Inhibitor R7128:                 
Week 4 Results

41
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Polymerase Inhibitor R7128 in Prior Nonresponders/ 
Relapsers With HCV Genotype 2 and 3

 25 prior nonresponders/relapsers with HCV genotype 

2 or 3 treated with R7128 1500 mg BID (n = 20) or 

placebo (n = 5) + peg-IFN α-2a for 28 days

42

Patient Characteristic, % R7128 + Peg-IFN/RBV Placebo + Peg-IFN/RBV

Genotype

G2 40 40

G3 60 60

Prior response to therapy

Nonresponders 50 0

Relapsers 50 100

Liver histology 

Ishak fibrosis score ≤3 75 80

Gane EJ et al. AASLD 2008. Abstract LB10.



R7128 in Prior Nonresponders/Relapsers With 

HCV Genotype 2 and 3: 28-day Interim Results

43Gane EJ et al. AASLD 2008. Abstract LB10.
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Novel Nonnucleoside HCV Polymerase 
Inhibitor: PF-00868554

Randomized, double-blind placebo-controlled 

study in 32 patients with HCV genotype 1 

(no previous IFN-based therapy)

4 cohorts of 8 patients randomized 6:2 to 4 

doses of PF-00868554 (100, 300, or 450 mg 

BID, and 300 mg TID) or to placebo for 8 days

Tolerability: mild-to-moderate adverse events

– Flatulence, headache, fatigue most frequently 

reported
44Hammond JL et al. AASLD 2008. Abstract LB11.



PF-00868554:                                            
Mean HCV RNA Reduction
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Mean Reduction in HCV RNA

PF-00868554 dose N Nadir Day 8

100 mg BID 6 -0.97* -0.68

300 mg BID 6 -1.84* -1.26*

450 mg BID 6 -1.73* -1.21*

300 mg TID 6 -2.13* -1.95*

Placebo 8 -0.27 -0.08

*P<0.05  vs placebo.

Hammond JL et al. AASLD 2008. Abstract LB11.



 A randomized, placebo-controlled, dose-ranging study to 
evaluate the safety, tolerability, and antiviral activity of 
combination treatment 

 New Zealand and Australia
– N = 64, treatment naive, genotype 1 

– Short duration, 7-14 days only

Phase 1a Study: HCV Protease 
Inhibitor + HCV Polymerase Inhibitor

Experimental treatment 

Cohort A
Drug: RO5024048/RO5190591 

500 mg po BID/100 mg po q8h for 7 days 

Cohort B
Drug: RO5024048/RO5190591 

500 mg po BID/100 mg po q8h for 14 days 

Cohort C
Drug: RO5024048/RO5190591 

1000 mg po BID/100 mg po q8h for 14 days, 500 mg po BID/200 mg po q8h for 14 days 

Cohort D
Drug: RO5024048/RO5190591 

1000 mg po BID/200 mg po q8h for 14 days 

http://clinicaltrials.gov 2009. 46
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Emerging HCV Treatment Paradigm 

 Next step (2011?):
Peg-IFN + RBV (backbone) 
+ protease inhibitor

↓
 Future steps (?):

Protease + polymerase +/or other agents
(+/or Peg-IFN +/or RBV)



Can HCV be eradicated without IFN?

A. No—the immunologic effects of IFN are 
essential to viral eradication

B. Yes—combination antiviral therapy will 
prevent the emergence of resistance and 
lead to viral eradication

C. We’ll have to wait and see

48

Question 7



 Current treatment with peg-IFN/RBV is not 
associated with specific viral resistance

 STAT-C agents will be combined with 
peg-IFN/RBV 

 Combination therapy with protease 
inhibitors is in phase 3 trials 
– Still experimental but anticipated to increase SVR rate

– Patients with significant fibrosis or with HCV genotype 
2/3 should not ―wait‖ for novel therapies 

– Role of IFN/RBV−sparing regimens is being studied but 
very early 
 IFN +/- RBV will be the backbone 
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Summary 


