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RBV as good as DAAs!  

34% 
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6-12 mo 

75% 

2010 

   DAA  

PegIFN/R/DAA 
12 mo 

RBV Necessary with 1 st  Gen 
DAAs 

Clark Liver Int 2012 

Telaprevir 

(no RBV) 

Boceprevir 

(low dose) 

ÅAbsence of RBV Ą very ineffective 

ÅReduced dose RBV Ą very ineffective 

No RBV 

No RBV 

Low Dose  

RBV 
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RBV Necessary with 1 st  Gen 
DAAs 

69

60

36

46

0

10

20

30

40

50

60

70

80

90

100

T12PR24 T12PR12 TP12 PR 48
n=82 n=81 n=78 n=82 
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Prove 2 

No RBV 

Peg/TVR worse than Peg/RBV 

An early but not immediate 
effect  

Hézode NEJM 2009 

Feld Gastro 2012 

Å No effect seen on first phase  

Å 24% breakthrough by week 12 with no RBV 

Å All resistant virus 

A Late Effect  
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A Late Effect  
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Necessary Until the End  
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358 pts cEVR randomized at wk 24 to Peg2a vs Peg2a +RBV 

Bronowicki Gastro 2006 

So what does this data tell 
us about mechanism?  

1. Ribavirin is not a typical DAA 

 (cannot be replaced by more potent DAA and 

no obvious RBV resistance) 

2. Necessary early to prevent/delay breakthrough 

- limits development of resistant variants 

3. Necessary late to prevent relapse 
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Ribavirin 

Ribavirin 

Hepatocyte 

RMP RDP RTP 

Th2 

Th1 

IFN-g, TNF-a 

CTL 

(1) Immune Clearance 

IMP         GMP 

GTP 

IMPDH 

(-) 

(2) Inhibition of IMPDH 

es transporter 

X 

Defective HCV 

Particles 

X 

X 

RNA 

 Mutagen 

(4) As an RNA Mutagen 

HCV RNA 

Replication 

HCV RNA RdRp 

(-) 

(3) Inhibition of HCV RdRp 

x 
x ? 
Modified Feld & Hoofnagle Nature 2005 

? 

Mutagenesis  

Not your average nucleotide analogue 

Consequences: 

1) Mutants survive - no change in quantity  

2) But mutant genomes - reduced quality  

3TC 

3TC 

c 
+ 

RBV=G/A 

- 
RBV 

RBV RdRp 

U 
+ 

RdRp 

CĄU 

GĄA 

Quality Over Quantity  
After exposure to RBV - equal GBV-B copies to infect naïve cells 

Lanford J Virol 2001 

Å Markedly reduced infectivity after RBV exposure 

Å Increased error rate in replicons exposed to RBV 

RBV    No RBV RBV    No RBV 
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Can kinetics tell us the Answer?  
A picture is worth 1000 Greek Letters  
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V28 

Regression of data V7 to V28 

 = 2nd Phase Slope 

Clearance of Infected Cells 

Log (Vmin/V0)          Block production 

= 1st Phase Decline         of new virions 

Vmin 

V0 

V7 

Rebound 

Kinetics Support Mutagenesis  

Dixit Nature 2004 

Predictions of the Model: 

1. RBV effect on 2nd phase 

2. RBV effect lost if IFN very effective 

3. Not immune clearance b/c dependent on Ů 

4. RBV most effective at low viral loads  

Åincreased RBV/genome 

IFN Less Effective Ů=0.5 IFN More Effective Ů=0.95 

The Real Test -  Patient Data  
Study Error Rate Method Conclusion 

RBV Mono RBV + Peg 

Asahina 

J Hepatol 2005 
Increased  NA Consensus 

Increased error rate 

associated with SVR 

Lutchman 

Gastro 2007 

Increased 4 wks 

No change 24 wks 
NA 

Consensus + 

Cloning 
Early modest effect 

Hofmann 

Gastro 2007 
Early increase Early decrease 

~ 18 clones per 

pt per time-

point 

Increase with RBV mono 

Decrease with Peg/RBV 

Chevaliez 

J Virol 2007 
No effect 

- No effect even at    

  low viral load 

- Trend to decrease 

20 clones per pt 

per time-point No effect 

1. Modest early increase in mutation rate with RBV monotherapy 

2. No sustained effect 

3. Possible decrease in mutation rate with combination therapy 

   How can these data be reconciled? 



6 

A Potential ExplanationéTiming & 
Variable RBV Susceptibility  

RTP 

RTP 

RTP 

GTP 

GTP 

GTP 

GTP 

GTP 

R 

R 

R 

R 

R 

R 

R 

1. RBV incorporation 

2. Not detectable 

RTP 

RTP 

RTP 

RTP 

RTP GTP 

X 

X 

X X 

X 

X 

X 

1. Increase Mut Rate 

2. Reduced infectivity 

3. Minor fall in VL 

Early 

1. Selection against RBV susceptible  

2. Decrease quasispecies diversity 

 - Apparent decrease in error rate  

      - ? Need deep sequencing to see this 

3. Less  escape potential  

Late 

Deep sequencing  

Dietz JVI 2013 

Full genome of 4 RBV monotherapy vs placebo day 0 & 42 

ÅNo increase in overall mutation rate 

ÅSignificant increase in RBV-associated transitions 

GĄA & CĄU 

Bottom Line on Mutagenesis  

Â Easy to see in vitro, hard to detect in vivo 

Â Likely more relevant if: 
1. Higher RBV concentrations 

2. Lower viral loads 

3. Lower GTP concentrations (IMPDH)  

Â Mutations random, do not accumulate - therefore 
must do cloning (miss low frequency genomes) 

Â Conceivably may reduce quasi-species diversity 
over long-term (RBV incorporation is variable): 

1. Reduced escape  potential with pressure 

  - IFN / DAA / Immune (acute) 
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But what s the 
connection to IFN?  

Mechanism of Action of Interferon  
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IFN a/b 
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IRF -9 

IRF -9 P P 

Antiviral, antiproliferative, 
immunoregulatory state  

PKR Mx1 OAS 
ISG15  

ISGs  

Modified from Gale Nature 2005 

Ribavirin Affects ISGs  

            PegIFN + RBV        PegIFN 

Feld Hepatology 2007 

Thomas Hepatology 2010 

ÅRibavirin induces a small subset of ISGs 

ÅLeads to enhanced ISG induction by IFN 
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Back to the Clinic  

Peg2a       Peg2a + Ribavirin 

Peg2a + Ribavirin 

4 wks 44 wks 

Genotype 1 

Treatment Naïve 

(n=25 per arm) 

1.  Compare Early Viral Kinetics 

ÅPhase 1 Decline 

ÅPhase 2 Slope 

2.  ISG Induction (IP10/MCP1/MIG) 

Ph1>0.5 

(good) 

Ph1<0.5 

(bad) 

RBV Improves Second 
Phase Slope  
P=0.026 

P=0.56 

Å RBV accelerates viral decline caused by IFN 

Å But - only effective if respond well, but not too well to IFN 

RBV Improves ISG Induction  

Ph1>0.5 

(good) 

Ph1<0.5 

(bad) 

Å RBV augments ISG induction 

Å But - only if respond well to IFN Feld Gastro 2010 
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Effect of RBV Priming  

HCV RNA Effect ALT Effect 

ÅNo association with IL28B genotype 

ÅALT but NOT HCV RNA response predictive of 

response to Peg/RBV 

Rotman Gut 2013 

4 weeks of RBV monotherapy before Peg/RBV  

Liver Biopsy Gene Expression  

ÅRBV priming actually reduced ISG expression 

ÅBut led to greater ISG induction with Pegéreset ISG setpoint 

Rotman Gut 2013 

Summary on MOA  

Â Remains somewhat unclear 

Â Support for mutagenic effect 

Â Support for resetting of ISG set-point  

Â Explains synergy with IFN  

ÂMay explain ALT effect 

Â Both may be relevant 

ÅUseful with modest IFN (or DAA) effect  

ÅNot helpful at extremes 

 - IFN null responder 

 - IFN super responder (or very potent DAA combo) 
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Is RBV necessary 
with IFN -free DAA 

therapy?  

Roles of RBV  

Â Limits resistance & relapse with low barrier 

combinations 

 

Â Issues to sort out: 

 - RBV Dose 

 - Does RBV resistance exist? 

 - RBV tolerability in the absence of IFN 

 

Roles of RBV  

Â Limits resistance & relapse with low barrier 

combinations 

 

Â Issues to sort out: 

 - RBV Dose 

 - Does RBV resistance exist? 

 - RBV tolerability in the absence of IFN 
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RBV prevents/delays resistance 

RBV órescuesô 2 DAAs with modest potency +  

low barrier to resistance 

PI + Non-Nuc 

Zeuzem Hepatology 2012 

1/15 

PI + Non-Nuc + RBV 

5/13 

PI + Non-Nuc + RBV + Peg 
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AVIATOR: PI/r + NS5A + NNI + RBV x 12 wks  

Kowdley  NEJM 2012 

 

Removing RBV seems to matter for G1a 

PEARL ï G1b 
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Naïve non-cirrhotic 

ABT-450/r + ABT-267 (ombitasvir) + ABT-333 (dasabuvir)  

+/- RBV x 12 wks  

Ferenci CROI 2014 

ÅG1b Ą no need for RBV 
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RBV helpful for G1a & G4  

ABT-450/r + ombitasvir + dasabuvir  

+/- RBV x 12 wks   
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AbbVie Press Release/EASL 2014 

RBV adds 5-10% benefit 
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ABT-450/r + ombitasvir  

+/- RBV x 12 wks  

Similar combo ï similar 
results  
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9/10 4/11 

Å2 drugs for 1b, 3 for 1a 

ÅWould RBV have helped for G1aéI suspect so 

1. Lok et al NEJM 2012;366:216-24, 2. Chayama AASLD 2011 LB-4 3. Everson AASLD 2013 LB-1 

US Study 

9/11 G1a 

 

Japanese Study 

10/10 G1b 

Daclatasvir (NS5A) + asunaprevir (PI) + BMS 791325 (NNI) x 12 wks 

121/ 

133 

91 

27/ 

28 

96 

G1a 
G1b 

A PI backbone  

PI NS5A What about a óbetterò PI and NS5A? 
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MK5172 (PI) + MK -8742 (NS5A)  

Wk 12 

Treatment-naive, 

noncirrhotic patients  

with GT1 HCV 

>85% G1a 

 

MK-5172 100 mg + MK-8742 50 mg 

 + RBV (n = 30) 

MK-5172 100 mg + MK-8742 50 mg + RBV (n = 85) 

MK-5172 100 mg + MK-8742 50 mg (n = 44) 

Wk 8 

Hezode et al EASL 2014 Abst 10 

SVR24 

 

   83% 

 

   94% 

 

   98% 

Relatively pan-genotypic PI and NS5A 

Will be combined as single pill  

ÅOnly 1 breakthrough despite >85% G1a 

ÅRBV no apparent effect 

Tougher to cure population  
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MK5172 (PI) + MK-8742 (NS5A) x 12-18 wks +/- RBV 

Lawitz et al EASL 2014 Abst 61 

12 wks 18 wks 12 wks 18 wks 

ÅHigher barrier PI/NS5A comboéno need for RBV 

What about with 
even higher barrier 

combos?  


