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Sofosbuvir in combination with peginterferon and ribavirin for 12 weeks is a new treatment paradigm 

with a 12 week course of therapy leading to high sustained response rates in genotype 1 and 4  infected 

individuals including high sustained response rates in cirrhotic patients.  In addition, genotype 2 and 3 

infected individuals now have an all oral regimen of sofosbuvir and ribavirin, which is highly effective in 

all genotype 2 infected individuals with 12 weeks of therapy.  For genotype 3 infected individuals, 24 weeks 

of the sofosbuvir  and ribavirin leads to high sustained virological response rates in most  groups.  

However, cirrhotic genotype 3 infected individuals are going to require additional strategies to optimize 

SVR rates. It is expected that 2014 should see the presentation of phase 3 data with a variety of 

combinations of direct acting antiviral agents with the anticipated approval of these combinations 

occurring in late 2014 or early 2015.  Moreover, one should expect that SVR rates above 90% for 

treatment naive and treatment failure patients should be the expected norm for all patients.   

[N A J Med Sci. 2014;7(1):28-32.   DOI:  10.7156/najms.2014.0701028] 
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INTRODUCTION 

The Hepatitis C virus (HCV) is of the most common blood 

born infections worldwide, and is a major cause of chronic 

liver disease leading to death from liver failure or 

hepatocellular carcinoma.
1
 Until 2011, the current paradigm 

for HCV treatment relied on pegylated interferon and 

ribavirin as agents that enhance endogenous mechanisms for 

viral clearance and are dependent on host factors.   In patients 

with genotype 1 HCV infection, which comprises the 

majority of patients infected  in many parts of the world, 

including Asia, North America, and Europe,  sustained viral 

response (SVR) rates remained suboptimal with less than half 

of genotype 1 infected individuals going on to achieve SVR.  

In May 2011, two NS3 protease inhibitors, boceprevir and 

telaprevir, were approved in combination with peginterferon 

and ribavirin for the treatment of chronic hepatitis C, 

genotype 1.  These agents, known as direct acting antiviral 

agents (DAAs) represented a major advance in the treatment 

of genotype 1 hepatitis C with sustained response rates 

(SVR) of 63-75%, significantly better than the previous 

standard of care, pegylated interferon and ribavirin. 

Treatment duration could be truncated in half of patients 

from 24 to 48 weeks.   However, associated with these higher 

SVR rates were additional side effects including anemia and 

rash.  And still, many of these infected with hepatitis C 

cannot tolerate the pegylated interferon and ribavirin 

backbone required for successful therapy.  However, these 

advances have led to a shift in the investigational focus for 

 

 

Received 12/29/2013; Revised 01/17/2014; Accepted 01/20/2014 

*Corresponding Author: Medical Director, Liver Transplantation, 

Gastroenterology/Hepatology Division, Indiana University School of 

Medicine, 975 W. Walnut, IB 327, Indianapolis, IN 46202-5121. Tel: 317-

274-3090. (Email: pkwo@iu.edu) 

 

treatment of HCV towards direct acting anti-viral agents 

(DAA) with the goal of eliminating interferon and ribavirin , 

as well as further truncating treatment duration to provide 

more effective and better tolerated therapies.  In this mini-

review we will cover the next generation of DAA agents for 

hepatitis C demonstrating that high SVR rates can be 

achieved in all populations with therapies that are well 

tolerated.  

 

Prior to reviewing the new antiviral agents that are in 

development, it is important to know the key characteristics 

of the different classes of direct-acting antiviral agents and 

what targets are inhibited in the hepatitis C genome.  The 

Hepatitis C virus is a single-stranded RNA molecule that is 

approximately 9,600 nucleotides in length.   The hepatitis C 

life cycle is similar to many positive strain RNA viruses. The 

virus enters the cell through attachment entry and fusion and 

undergoes transcription to form a complementary negative 

sense RNA molecule which serves as the template for 

positive stranded RNA molecules.  This HCV RNA reading 

frame contains approximately 9000 nucleotides and generates 

3 structural proteins, 6 nonstructural proteins, and 2 proteins 

of unclear function.  The structural proteins are used to 

assemble new viral particles and the NS proteins support 

viral RNA replication.  The NS3/4A is a serine protease 

(NS3) and cofactor (NS 4A) that catalyzes the post-

translational processing of NS proteins from the polyprotein 

which is important for viral replication.  The NS3 protease 

cleaves NS4A-NS4B, NS4B-NS5A and NS5A-NS5B 

junctions.  The initial therapies in the direct-acting antiviral 

drug development were directed toward the NS3 protease 

(boceprevir and telaprevir).  These first generation protease 
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inhibitors have high potency, but limited genotypic coverage 

and a lower barrier to resistance.  After translation, HCV 

RNA replication primarily depends upon the RNA 

dependent/RNA polymerase (NS5B).  X-ray crystallography 

has demonstrated that the NS5B polymerase has a classical 

fingers, palm, and thumb structure providing multiple areas 

for therapeutic targets, which are currently in development. 

Nucleoside and nucleotide inhibitors that bind the active site 

of the NS5B hepatitis C polymerase and terminate replication 

show intermediate to high potency are pan genotypic.  The 

main advantage of using this class relates to a very high 

barrier to resistance due to the low replicative fitness of 

resistant variants.  Sofosbuvir is a polymerase inhibitor, 

recently approved that binds to the catalytic site.    Non-

nucleoside inhibitors (NNI) bind to different parts of the 

polymerase not involving the catalytic site, do not act as 

chain terminators, and have intermediate potency and limited 

genotypic coverage.  Their barrier resistance is lower. 

Another key structure in HCV replication is the NS5A 

protein, which has a key role in formation of the replication 

complex as well as interacting with the NS5B polymerase.  

Multiple NS5A inhibitors will be introduced in the next year 

as part of a multi DAA regimen. Thus, in our assembly of 

therapeutic strategies for hepatitis C, one can use a 

combination of interferon, ribavirin with NS3 inhibitors, 

NS5A inhibitors, NS5B inhibitors, and NS5B non-nucleoside 

polymerase inhibitors (Figure 1).  In December 2013, the 

approval of additional protease inhibitor, simeprevir, in 

combination with the approval of the nucleotide polymerase 

inhibitor, sofosbuvir, has again advanced the treatment of 

hepatitis C and ushered in the first era of all oral therapy for 

genotypes 2 and 3.  In addition, the simeprevir is a second-

wave protease inhibitor with an improved side effect profile, 

which when added to peginterferon and ribavirin leads to 

high sustained response rates. 

 

 

 

 

 
Figure 1. A variety of therapeutic strategies combining 

multiple DAAs with or without interferon and ribavirin may 

be used to achieve SVR.  

 

NEW THERAPIES 

Genotype 1 Treatment, Next Generation Direct-Acting 

Antiviral Agents  

NS3 Protease inhibitors in combination with Peg interferon 

and ribavirin 

In December 2013, the approval of the NS3 protease, 

simeprevir was announced by the US Regulatory Authorities 

in combination with peginterferon and ribavirin.  Simeprevir 

is a once daily HCV protease inhibitor with an improved side 

effect profile with no anemia as compared to the initially 

approved protease inhibitors, boceprevir and telaprevir.   

 

Simeprevir was approved in combination with peginterferon 

and ribavirin for naïve and previous peg interferon ribavirin 

treatment failure patients.  The approval was based on the 

phase 3 Quest 1 and Quest 2 studies , which demonstrated 

high sustained virologic response  of 80% compared to the 

control arm SVR rate of 50%.
2,3

  In addition, 88% of 

individuals treated were able to be treated for just 24 weeks 

with a high sustained virologic response rate.  Complicating 

this was a lower sustained response rates in individuals with 

the pre-existing Q80K polymorphism at baseline.  This 

polymorphism occurs predominantly in genotype 1a 

individuals (and is rare in genotype 1b).  Sustained virologic 

response rates were lower (genotype 1a Q80K positive 58%, 

Q80K 1a negative 75%) compared to genotype 1b, where 

sustained virologic response rates were above 80%.  The 

regulatory authorities have recommended pre-therapy testing 

for the Q80K polymorphism as the prevalence of Q80K 

mutations was approximately 29.5% in the genotype 1a 

population with due to the high prevalence in North America. 

 

A second protease inhibitor, faldaprevir is also an NS3 

protease inhibitor with daily dosing and an improved side 

effect profile without anemia.   A pooled analysis from Phase 

3 results in treatment naïve patients (STARTVerso™1&2 

trials ) treated with with faldaprevir 120 mg or 240 mg  in 

combination with peg interferon and ribavirin demonstrated 

SVR  rates   of 72-73% with 84% of individuals qualifying 

for short duration therapy.
3
  Unlike with simeprevir based 

therapy, SVR rates were not affected  with the Q80K 

polymorphism in the genotype 1a population.  It is 

anticipated that faldaprevir will be available with peg 

interferon and ribavirin in the next year.  

 

NS5B POLYMERASE INHIBITORS IN 

COMBINATION WITH PEG INTERFERON AND 

RIBAVIRIN FOR GENOTYPES 1 AND 4 

The next new class of medicine to be approved for treatment 

of hepatitis C is sofosbuvir, a HCV specific nucleotide 

polymerase inhibitor (chain-terminating), which shows 

potent antiviral activity against genotypes 1 through 6.
4
  It is 

also dosed once daily and as nucleotide polymerase inhibitor 

is excreted in the urine with no significant food effects and 

no significant drug-drug interactions, specifically no 

cytochrome P450 interactions.  In the phase 3 registration 

trial (Neutrino), 12 weeks of sofosbuvir, peginterferon, and 

ribavirin led to an overall sustained response rate of 90% 

with a genotype 1 sustained virologic response rate of 89%.
5
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Small cohorts of genotypes 4, 5, and 6 were included and the 

sustained response rates were 96% and 100% respectively.  

By fibrosis stage, SVR rates ranged from 100% with F0 to 

78% with cirrhosis.  Currently, sofosbuvir has been approved 

by the regulatory authorities for hepatitis C genotype 1 and 4 

infection in combination with peginterferon and ribavirin for 

12 weeks.  This truncates the treatment duration from 24 to 

48 weeks with the previous generation protease inhibitors in 

combination with peg interferon and ribavirin to 12 weeks 

with sustained virologic response rates, which are 

numerically higher and with a markedly reduced side effect 

profile. 

 

Preliminary Data: Polymerase Inhibitor with Other 

Agents for Genotype 1 

Sofosbuvir may also be administered with ribavirin or with 

other direct acting antiviral with or without ribavirin agents 

for genotype 1 infection.   Results from the Electron study 

and ongoing study for genotype 1 hepatitis C, sofosbuvir was 

combined with ribavirin, the NS5A inhibitor, ledipasvir, with 

ribavirin or with the non-nucleoside polymerase inhibitor 

GS-9669.
6
  With just sofosbuvir monotherapy and ribavirin 

for 12 weeks in the initial Electron study cohort, an overall 

SVR rate of 84% was achieved.
7
  This, in combination with 

other data has led to the approval of sofosbuvir and ribavirin 

for 24 weeks for genotype 1 infected individuals in patients 

who cannot tolerate interferon based therapies.   

 

The addition of ledipasvir with ribavirin or GS-9669 with 

ribavirin also led to high sustained response rates of 100% 

and 92% respectively.  Additional cohorts in the Electron 

study examined sofosbuvir and ledipasvir without ribavirin 

for 12 weeks as well as in cirrhotic patients who had failed 

therapy with peginterferon and ribavirin.  In these cohorts, 

the combination of sofosbuvir and ledipasvir without 

ribavirin in cirrhotic led to an overall sustained response rate 

of 70% with the addition of ribavirin increasing the SVR rate 

to 100%.  Similarly, the addition of ledipasvir with 

sofosbuvir and ribavirin in F3-F4 cohorts led to an SVR rate 

of 100% in the phase 2 Lonestar study, including those who 

failed triple therapy with telaprevir or boceprevir.
8
  The 

phase 3 sofosbuvir based trials will be reported in early 2014.  

 

Sofosbuvir may be combined with  NS3 protease inhibitors 

including  simeprevir with high sustained virologic responses 

rates.  In the COSMOS study, simeprevir and sofosbuvir 

were combined for 12 or 24 weeks with and without 

ribavirin.
9
  The 12-week cohorts have now been reported for 

genotype 1 individuals who are treatment naive as well as 

null responders.  The SVR 12 rates in naive patients were 

very high (100%) in treatment naive individuals and the 

SVR4 rates in advanced fibrosis patients who were both  

naive and null responders  ranged from 93% to 100%.  The 

final SVR reports are eagerly awaited.  In addition, 

sofosbuvir has now been combined with daclatasvir, another 

NS5A inhibitor.
10

  In this pilot study of 211  F0 to F2 

individuals genotype 1 infected individuals including 

treatment naïve individuals  who received 12 weeks of 

sofosbuvir and daclatasvir with or without ribavirin and 

treatment failure individuals, including protease inhibitors, 

who received 24 weeks of sofosbuvir and daclatasvir, SVR 

rates were 98% in both groups.  Thus the combination of 

sofosbuvir with multiple classes of DAA agents can lead to 

high SVR rates in all individuals including those who failed 

first generation protease inhibitors with peginterferon and 

ribavirin.  

 

Treatment with DAA Combinations without Polymerase 

Inhibitor in Genotype 1 Patients 

High SVR rates may also be seen without the backbone 

nucleotide or nucleoside polymerase inhibitor.  Preliminary 

data from a recent  phase 2 study (Aviator) examined the 

efficacy of combinations of the  NS3 protease inhibitor, 

ABT-450 with the NS5A inhibitor ABT-267, and non-

nucleoside polymerase inhibitor ABT-333 with  ribavirin in 

571 noncirrhotic naive and null-responders for 12 and 24 

week durations.
11

 The highest SVR rates were noted when all 

3 DAAs were combined with ribavirin. The sustained 

response rate ranged from 96% in naïve patients and 93% in 

null responders with 12 weeks of therapy respectively.  The 

phase 3 program is well underway with results expected in 

early 2014.   

 

For genotype 1b infected individuals in Asian countries such 

as Japan where the population is predominantly genotype 1b, 

the all oral combination of NS5A combination of daclatasvir 

with NS3 protease inhibitor asunaprevir has been shown to 

lead to high sustained response rates.
12

 In a phase 3 study, 

222 Japanese subjects who received twenty-four weeks of 

daclatasvir plus asunaprevir led to SVR 24 rates 87.4% in 

interferon ineligible intolerant individuals and 80.5% of 

individuals who were null responders. The efficacy of 

combining a protease inhibitor with a NS5A inhibitor was 

also replicated in a pilot study of with ABT-450 plus ABT-

267 for 12 weeks where a high sustained response rates in 40 

genotype 1b naive patients of 95% was  noted with null 

responders- achieving  an overall SVR rate of 90% with 12 

weeks of therapy.
13

  Another genotype 1b treatment strategy 

includes the combination of the NS3 protease inhibitor 

faldaprevir in combination with the nonnucleoside inhibitor 

deleobuvir with ribavirin.
14

  Sustained response rates ranged 

from 52-69% with markedly higher SVR rates in genotype 1b 

individuals. It is important to note that many of these high 

sustained virologic response rates were achieved without the 

use of ribavirin in genotype 1b individuals suggesting that 

not only elimination of interferon is available but treatments 

are evolving toward the elimination of ribavirin.  

 

Daclatasvir, asunaprevir and the non-nucleoside polymerase 

inhibitor, BMS-791325 has also shown promise  In a phase 2  

study of 166 patients who randomized to receive daclatasvir, 

asunaprevir and 2 doses of nonnucleoside polymerase, BMS-

791325 for 12 weeks.
15

  The  overall SVR rates of 92% 

regardless of the non- nucleoside polymerase inhibitor dose.  

Thus, moving forward, the strategy will be explored with and 

without ribavirin in genotype 1 infected individuals.   Finally, 

the pan genotypic NS3 protease inhibitor MK5172 was 

combined with the NS5a inhibitor MK 8742 with or without 

ribavirin. In this phase 2 study,  65 genotype 1 infected 

individuals received MK 5172 100 mg with ascending doses 
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of MK 8742 with or without ribavirin.
16

  Sustained response 

rates ranged from 89-100% and this combination will be 

studied in phase 3 trials moving forward.   

 

Therapies for Hepatitis C Genotypes 2 and 3 

Regarding genotype 2 and 3, the all combination of 

sofosbuvir and ribavirin has demonstrated high SVR rates for 

genotype 2 with improved SVR rates in genotype 3 infected 

individuals. Three large registration trials have now been 

completed demonstrating that for genotype 2, 12 weeks of 

sofosbuvir and ribavirin will lead to high sustained response 

rates regardless of treatment status or the presence or absence 

of advanced liver disease.  Additional strategies are going to 

be required for selected genotype 3 infected individuals. The 

Fission study compared 12 weeks of sofosbuvir and ribavirin 

to 24 weeks of peginterferon and ribavirin.
17

 The overall 

SVR rates were identical at 67%.  However in genotype 2 

infected individuals, high sustained virologic response rates 

above 90% were seen in treatment naive patients regardless 

of the presence or absence of cirrhosis. In genotype 3 

individuals without cirrhosis, 12 weeks of sofosbuvir and 

ribavirin led to an overall SVR rate of 61% and in cirrhotic 

patients, the SVR rate was just 34%.  Similar patterns were 

seen in the Fusion nonresponder study, which evaluated 12 

and 16 weeks of sofosbuvir and ribavirin.  The high rates of 

SVR were seen in noncirrhotic patients with genotype 2 

infection.  In cirrhotic genotype 3 patients, increasing the 

duration of sofosbuvir and ribavirin from 12 to 16 weeks 

improved SVR rates in this nonresponder population to 61% 

from 19% with just 12 weeks of sofosbuvir and ribavirin.  

The marked improvement in SVR rates with just 4 additional 

weeks of sofosbuvir and ribavirin lead to an additional phase 

3  European study that explored 24 weeks of sofosbuvir  and 

ribavirin for genotype 3 infected individuals.  Indeed 24 

weeks of sofosbuvir and ribavirin led to an overall SVR rate 

in genotype 3 treatment in naive noncirrhotic patients of 94% 

and in treatment failures who had non-cirrhotic genotype 3 

infection, 24 weeks of sofosbuvir and ribavirin led to an 

overall SVR rate of 87%.  Treatment experienced cirrhotic 

patients were the only group where the SVR rates were 

somewhat disappointing with an overall SVR rate 60% for 

this genotype 3 population.
18

 Other strategies will be required 

to improve SVR rates in this group, likely the combinations 

of DAAs in order to achieve higher SVR rates in the 

advanced fibrotic genotype 3 population. As an example, 24 

weeks of sofosbuvir and daclastasvir led to a SVR rate of 

89% in 18 genotype 3 patients.
10

 Currently in United States, 

sofosbuvir and ribavirin is approved for genotype 2 infected 

individuals for 12 weeks. For genotype 3 infection, 

sofosbuvir and ribavirin treatment duration is for a total of 24 

weeks.  

 

CONCLUSION 

In December 2013, the approval of third protease inhibitor 

simeprevir in combination with peginterferon and ribavirin 

occurred in United States and this protease in combination 

with peginterferon and ribavirin led to an overall SVR rate of 

over 80% with the majority of individuals requiring just 24 

weeks of therapy. In addition, ABT-450, asunaprevir, 

faldaprevir, MK-5172 and other protease inhibitors will be 

studied with a variety of other direct acting antiviral agents 

and strategies in interferon and ribavirin sparing strategies 

with expected SVR rates of above 90%.    

 

Sofosbuvir in combination with peginterferon and ribavirin 

for 12 weeks is a new treatment paradigm with a 12 week 

course of therapy leading to high sustained response rates in 

genotype 1 and 4  infected individuals including high 

sustained response rates in cirrhotic patients.  In addition, 

genotype 2 and 3 infected individuals now have an all oral 

regimen of sofosbuvir and ribavirin, which is highly effective 

in all genotype 2 infected individuals with 12 weeks of 

therapy.  For genotype 3 infected individuals, 24 weeks of 

the sofosbuvir and ribavirin leads to high sustained 

virological response rates in most  \groups.  However, 

cirrhotic genotype 3 infected individuals are going to require 

additional strategies to optimize SVR rates. It is expected that 

2014 should see the presentation of phase 3 data with a 

variety of combinations of direct acting antiviral agents with 

the anticipated approval of these combinations occurring in 

late 2014 or early 2015.  Moreover, one should expect that 

SVR rates above 90% for treatment naive and treatment 

failure patients should be the expected norm for all patients.   
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