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Abstract: Current hepatitis C virus (HCV) therapies are associated 

with significant adverse events and less-than-ideal sustained virologic 

response (SVR) rates in genotype 1 patients. The current standard 

of care, a combination of pegylated interferon and ribavirin, will 

likely remain a key component of the treatment regimen for years 

to come. Multiple new drugs are currently in development and 

are expected to be approved for use in the United States and/or 

European Union by 2011 at the earliest. Future therapies will 

include novel interferons, ribavirin analogues, NS3 HCV protease 

inhibitors, NS5b HCV polymerase inhibitors, cyclophilin inhibitors, 

and other novel agents. There is hope that multiple new drugs will 

be approved over the following 4–10 years to provide alternative 

treatment choices, improved SVR rates, and reductions in adverse 

events. However, a number of barriers must be overcome prior to 

the acceptance of these drugs, involving, but not limited to, their 

toxicity, viral resistance, optimal dose, duration, and their efficacy 

and safety in patients with unmet needs.

The hepatitis C virus (HCV) therapies currently in use are 
associated with significant adverse events and inadequate 
sustained virologic response (SVR) rates in genotype 1 

patients. Pegylated interferon in combination with ribavirin, the  
current standard-of-care HCV treatment, will likely remain an 
essential component of the treatment regimen in the future.1-9 Mul-
tiple new drugs are currently being developed and are expected to 
be approved in the United States and/or European Union by 2011 
at the earliest. It is hoped that over the ensuing 4–10 years multiple 
new drugs will be approved to provide alternative treatment choices 
as well as improved SVR rates and diminished adverse events  
associated with HCV treatment. However, a number of challenges 
must be overcome prior to the approval of these new drugs, involv-
ing, but not limited to, toxicity, viral resistance, optimal dose, dura-
tion, as well as efficacy and safety in patients with unmet needs. 
Future therapies will be developed by adding new drugs to the 
current treatment regimen and determining superiority over the 
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current efficacy rates, followed in importance by reduc-
ing therapy duration, improving tolerability, and lastly 
increasing convenience.

A conventional method of evaluating drug therapy 
is examining the life cycle of the virus and identifying 
appropriate targets for therapy. The hepatitis C viral life 
cycle offers a number of potential targets for the inter-
ruption of transcription, translation, and viral release. A 
partial list of compounds in recent development is shown 
by drug class in Table 1. 

Novel Interferons 

Albumin interferon (Albuferon, Human Genome Sci-
ences/Novartis) is an 85.7-kd protein formed by the 
genetic fusion of the human serum albumin gene and 
the interferon-α gene.10 This compound was designed 
to provide a longer therapeutic half-life than that of 
standard or pegylated interferon. Previous trials have 
demonstrated that the drug, administered at 900 µg or 
1,200 µg via infusion, has significant serum concentra-
tions for 14 days. Phase II data presented in 2007 showed 
that albumin interferon α-2b administered at 900 μg or 
1,200 μg doses every 2 weeks is equivalent in efficacy to 
pegylated interferon α-2b in combination with weight-
based ribavirin in genotype 1 treatment-naive patients.10 

This study demonstrated that SVR-12 (SVR sustained 
12 weeks after the end of therapy) rates were essentially 
equivalent at 54–59% among all groups. Unfortunately, 
the 1,200-μg dose of albumin interferon was suspected 
to be associated with pulmonary complications and in 
some cases interstitial pulmonary fibrosis.11 Therefore, 
this treatment arm has been eliminated from phase III 
trials, and at this time, only 900 μg administered every 2 
weeks is being studied to confirm noninferiority against 
pegylated interferon α-2b or peginterferon α-2a. In 
two ongoing large phase III trials, it is hoped that this 
compound will demonstrate efficacy equivalent to that of 
pegylated interferon along with increased tolerability and 
improved quality of life. There are currently no studies 
planned for longer-duration dosing of albumin interferon 
in HCV patients.

Ribavirin Analogues

Taribavirin (previously known as Viramidine, Valeant 
Pharmaceuticals) is a ribavirin analogue that has dem-
onstrated a decreased rate of ribavirin-induced anemia. 
A prodrug of ribavirin, this compound is preferentially 
absorbed by the liver and converted into ribavirin by the 
enzyme adenosine deaminase, a process that results in less 
accumulation and decreased phosphorylation of ribavirin 

Table 1. HCV Drugs Currently Under Advanced Study

Drug Manufacturer Mechanism of Action

Albumin interferon Human Genome Sciences/ 
Novartis

Immunotherapeutic:
IFN with a 2–4 week plasma half-life

Taribavirin Valeant Immunotherapeutic:
RBV analogue (prodrug) to decrease RBV-induced anemia

BILN 2061 Boehringer Ingelheim Protease inhibitor to HCV NS3

Boceprevir/SCH 503034 Schering-Plough Protease inhibitor to HCV NS3

Telaprevir/VX-950 Vertex Protease inhibitor to HCV NS3

R7128 Pharmasset/Roche NS5b HCV polymerase inhibitor: nucleoside analogue

Valopicitabine/NM-283 Idenix/Novartis NS5b HCV polymerase inhibitor: nucleoside analogue

R1626 Hoffman-La Roche NS5b HCV polymerase inhibitor: nucleoside analogue

HCV-796 Viropharma/Wyeth NS5b HCV polymerase inhibitor: nonnucleoside allosteric inhibitor

DEBIO-025 Debiopharm Cyclophilin analogue
interferes with HCV polymerase

Nitazoxanide Romark Unknown mechanism of action

HCV=hepatitis C virus; IFN=interferon; RBV=ribavirin.



Gastroenterology & Hepatology  Volume 4, Issue 10  October 2008  731

E M E R G I N G  T H E R A P I E S  F O R  C H R O N I C  H E PA T I T I S  C  V I R U S

in red cells, which is the major cause of hemolysis. 
Unfortunately, 2 large phase III trials of taribavirin that 
were completed in 2006 failed to demonstrate equiva-
lent efficacy to ribavirin.12 An ad-hoc subgroup analy-
sis of 1 of these trials indicated that higher SVR rates 
were seen in patients receiving more than 15 mg/kg of 
taribavirin and that the rate of anemia in this group was 
approximately half of the rate of patients treated with 
ribavirin.13 A weight-based dosing study of taribavirin 
versus weight-based ribavirin is currently ongoing.

Protease Inhibitors

The association between SVR and the rapidity of viral 
clearance has been shown in both retrospective analysis 
and prospective ongoing study in patients with treatment-
naive genotype 1 who were treated with peginterferon 
α-2a and ribavirin.14,15 These data clearly demonstrate 
that patients who achieve rapid virologic response (RVR), 
defined as undetectable HCV RNA levels via polymerase 
chain reaction by Week 4, have an excellent chance of 
attaining SVR if therapy is completed.14 In addition, 
patients who become HCV RNA–negative by Week 
12, achieving complete early viral response (cEVR), 
have a 60–72% chance of achieving SVR if therapy is 
completed, whereas patients who become HCV RNA–
negative by Week 24 have a less than 50% chance of  
achieving SVR.14 

For this reason, early virologic clearance as defined by 
RVR and cEVR has been factored into therapy guidance 
with novel protease and polymerase inhibiting agents.15,16 

HCV utilizes 3 key enzymes for viral replication: NS3 
protease, NS3 helicase, and NS5b protease enzymes. Each 
enzyme has conserved active sites that act as potential drug 
targets. The NS3 nonstructural protein protease enzyme 
is a serine-based protease that requires NS4a as a cofactor 
and has a shallow hydrophobic binding region, making it 
somewhat difficult to be used for drug development until 
recent years. The first NS3 protease inhibitor was reported 
to be effective in humans, but its development has been 
limited by toxicity.17

Since then, 2 important NS3 protease inhibitors have 
emerged and entered phase III trials, boceprevir (SCH 
503034, Schering-Plough) and telaprevir (VX-950, Ver-
tex). At the 2008 European Association for the Study of 
the Liver (EASL) meeting, data from a phase II study of 
boceprevir plus pegylated interferon α-2b and ribavirin 
in treatment-naive subjects with genotype 1 chronic 
hepatitis C were released for an interim analysis.18 In this 
study, 595 patients treated in the United States, Canada, 
and Europe were randomized to 6 therapy arms in order 
to determine the efficacy and ideal therapy duration of 
boceprevir. In 5 treatment arms, patients were treated 

with pegylated interferon α-2b, ribavirin, and boceprevir  
800 mg 3 times daily for a total of 24–48 weeks. In 2 of 
these treatment arms, a lead-in strategy of 1 month of 
pegylated interferon α-2b plus ribavirin was used prior 
to the triple therapy regimen, in contrast to the simul-
taneous therapy provided in the other 3 arms. The sixth 
arm consisted of a control group treated with pegylated 
interferon α-2b and ribavirin in weight-based doses and 
no boceprevir. 

The rate of undetectable HCV RNA by Week 
4 was superior in the lead-in arms at 60% versus 39% 
in patients treated with all 3 drugs simultaneously and 
8% in the control group (Roche Taqman, lower level of 
detection [LLD]=15 IU/mL). SVR-12 rates for the arms 
of shorter duration were 57% for triple therapy with a 
lead-in arm versus 55% for simultaneous triple therapy, 
and RVR showed a high predictability of SVR in both 
arms. Discontinuation rates in both boceprevir arms 
were greater than that of the control arm, though adverse 
events were similar. Viral breakthrough occurred in 4–7% 
of patients treated with boceprevir, and the compound 
appeared to be well tolerated, without incidence of rash 
or pruritus compared to control groups. 

This drug has also been studied in combination with 
pegylated interferon α-2b with and without ribavirin in 
known null responders who previously failed treatment 
with pegylated interferon and ribavirin. Unfortunately, 
the study design for this trial used inadequate doses of 
boceprevir, ranging from 100 mg to 400 mg TID, or an 
adequate dose of boceprevir (800 mg TID) with pegylated 
interferon α-2b but without the addition of ribavirin. The 
study results yielded poor SVR rates of 2–14% overall19; 
however, it is not clear what the efficacy of this com-
pound would be in partial or slow responders treated with 
boceprevir 800 mg TID with pegylated interferon and 
ribavirin.18,19 Inadequate dosing of boceprevir or the use 
of the compound without ribavirin results in the emer-
gence of resistant variance in genotype 1 nonresponders 
who experience inadequate virologic response. Most of 
these mutations occurred at 5 amino acid positions, with 
the V170 mutation most prevalent.20

The results of the PROVE 1 and 2 trials that evaluated 
the efficacy of telaprevir in genotype 1 treatment-naive 
patients were recently presented at the 2008 EASL meet-
ing.21,22 These results are relevant to treating physicians, as 
they suggest that 24 weeks of treatment, consisting of 12 
weeks with triple therapy (telaprevir/peginterferon α-2a/
ribavirin) followed by 12 weeks of consolidation therapy 
(peginterferon α-2a and ribavirin alone), is as effective as 
48 weeks of standard therapy in treatment-naive geno-
type 1 patients. The results of both PROVE 1 and 2 trials 
indicated that 79–80% of patients develop undetectable 
HCV RNA levels using a sensitive assay with a LLD of  
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10 IU/mL by Week 4 of triple therapy. An RVR-guided 
regimen is currently being studied with this agent in a 
phase III trial of treatment-naive patients with genotype 
1. It is predicted that 80% of patients in this trial will 
obtain RVR and therefore receive a shorter duration of 
therapy; 48 weeks of therapy will be provided to patients 
who do not attain RVR. 

In the PROVE 1 trial, SVR was achieved in 61–65% 
of patients in the combination telaprevir arms versus 
41% in the control arm (P=.02). The relapse rates in 
both the 24- and 48-week telaprevir arms were very low 
(2% and 6%, respectively), and adverse events associated 
with telaprevir were primarily limited to skin rash, which 
was rated as severe in 7% of patients. The PROVE 2 trial 
demonstrated that all the rashes occurred after 8 weeks of 
therapy; therefore, a shorter treatment regimen of triple 
therapy for 8 weeks is planned for a future phase III trial. 
A limited number of patients also developed gastrointes-
tinal events and mild anemia. The RVR and SVR rates in 
the PROVE 2 trial were similar to those in the PROVE 
1 trial. The PROVE 2 study also included one arm with 
treatment limited to 12 weeks and a treatment arm with-
out ribavirin. Both of these arms were inferior to triple 
therapy for 12 weeks followed by 12 weeks of consolida-
tion therapy with peginterferon and ribavirin. 

A third important study of telaprevir in prior pegy-
lated interferon plus ribavirin nonresponders or relapsers 
was also presented at the 2008 EASL meeting.23 This was 
the first study to show improved RVR rates in previous 
treatment failures. Although the number of patients was 
relatively small, previous nonresponders experienced an 
RVR rate of 75%, partial responders achieved an RVR 
rate of 95%, and relapsers achieved an RVR rate of 100%. 
Subsequent SVR-12 data have been released demonstrat-
ing SVR rates in relapsers of 73% and more than 40% in 
nonresponders.24 These data are the first to show improved 
responses in previous nonresponders and have led to a 
phase III trial in treatment-failure patients scheduled to 
begin in 2008.

Studies using serum samples from patients treated in 
the telaprevir trials have revealed mutations that confer 
high-level resistance with monotherapy.25 Thus far, all 
telaprevir-resistant mutants are sensitive to interferon α, 
so combination therapy prevents development of resistant 
isolates.26 The T54A mutation confers resistance to both 
telaprevir and boceprevir.27

Polymerase Inhibitors

Viral polymerase enzymes are essential for replication, 
and polymerase inhibitors form the largest class of antivi-
ral drugs with proven efficacy in hepatitis B virus, herpes 
simplex virus, and HIV infection. It is therefore reason-

able to think that polymerase inhibitors will become an 
important therapy for hepatitis C. A large proportion of 
polymerase inhibitors are nucleoside analogues, which, 
following enzymatic conversion to the corresponding 
nucleoside triphosphate, competitively inhibit viral nuc-
leic acid synthesis.28 A number of such compounds are 
currently in development, but those currently farthest 
along are R1626 and R7128 (Hoffman-LaRoche and 
Pharmasset/Roche, respectively).29,30 R1626 is a tri-isobu-
tyl ester prodrug of the nucleoside analogue R1479. This 
compound is phosphorylated in the hepatocyte to the 
active moiety R1479-TP, which is a potent and selective 
inhibitor of the NS5b viral RNA-dependent RNA poly-
merase enzyme. This compound therefore acts as a chain 
terminator, inhibiting RNA extension into nascent HCV 
RNA. The R7128 drug is a potent nucleoside inhibitor of 
HCV polymerase, which is not converted in the gut but 
which acts as a chain terminator to inhibit RNA exten-
sion in a similar fashion to R1479-TP.31

The results of a phase IIa trial using R1626 in combi-
nation with pegylated interferon α-2a and ribavirin were 
presented by Nelson and associates at the 2008 EASL 
meeting.29 The data showed that, when combined with 
peginterferon α-2a and ribavirin, this compound had 
high RVR rates (81%) and high 48-week end-of-treat-
ment responses (84%; HCV RNA levels assessed by Taq-
man assay, LLD=15 IU/mL). This was an improvement 
over a control arm of standard pegylated interferon and 
ribavirin with an end-of-treatment response rate of 65%. 
Data showing final SVR rates are pending at this time, 
making it unclear whether the improved end-of-treatment 
response rates seen with triple therapy will be maintained 
without significant relapse. Although the compound has 
been proven to be quite potent, there are significant toxic-
ity concerns that the dose-dependent rate for neutropenia 
seen in all arms of the study would require dose reduction 
or cessation of therapy prematurely in many patients.

A subsequent phase IIb trial has been designed and 
is currently underway to determine whether a safe and 
effective combination regimen can be utilized to retain 
the benefit of the compound without the safety concerns. 
R1626 has shown a low level of resistance and the absence 
of resistant mutations in both monotherapy and combi-
nation therapies, suggesting that this polymerase inhibitor 
will have a high barrier to resistance.32

Results of an interim analysis of R7128 administered 
at doses of 500 mg or 1,500 mg BID in combination with 
pegylated interferon α-2a and ribavirin were also pre-
sented at the 2008 EASL meeting.30 These results clearly 
demonstrated excellent efficacy of 1,500 mg BID dosing, 
with RVR rates of 85% (Taqman assay, LLD=15 IU/mL) 
as compared to 30% for the 500 mg dose and 10% for the 
control arm. No toxicities were associated with 4 weeks of 
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therapy; specifically, no evidence of neutropenia or rash 
was seen. These data led to phase IIb trials evaluating 12 
weeks of triple therapy followed by 12 weeks of consolida-
tion therapy with a study design similar to that of the 
telaprevir trials. Investigation of 1,500 mg BID dosing in 
genotype 2-3 patients who were prior treatment failures 
has reported 90% of patients to be HCV RNA undetect-
able at Week 4.33 

Other Novel Compounds

The HCV polymerase enzyme offers other avenues of 
targets, one of which has been developed in the form of a 
cyclosporine inhibitor. One such compound, Debio-025, 
is a small oral molecule that is an inhibitor of cyclophilin. 
Administered over a 14-day period in combination ther-
apy in HIV/HCV co-infected patients, this compound 
has yielded a greater than 3-log reduction in viral load.34 
This drug is currently being studied in combination with 
pegylated interferon and ribavirin in genotype 1 patients 
with previous treatment failure.

A second compound, nitazoxanide (Alinia, Romark), 
was recently studied in genotype 4 patients who were 
previously untreated and is licensed in the United States 
for the treatment of diarrhea caused by Cryptosporidium 
partum and Giardia lamblia. This drug has activity against 
a number of viruses and therefore has been studied in 
both chronic hepatitis B and C. Its mechanism of action 
against viruses is unknown but differs against anaerobic 
bacteria and protozoa. A recent randomized controlled 
study in patients with treatment-naive genotype 4 showed 
improved efficacy in patients who received triple therapy 
with nitazoxanide, pegylated interferon α-2a, and ribavirin 
versus those who received nitazoxanide and pegylated 
interferon α-2a or those who received standard-of-care 
treatment (SVR rates of 79%, 61%, and 50%, respec-
tively).35 The adverse events were the same in all 3 arms, 
suggesting that there was no added side effects from the 
study compound. The authors concluded that this drug 
should be studied in a larger trial evaluating genotype 1 
patients, which is currently being planned. The results of 
the initial trial appeared to be almost too favorable to be 
credible, and the drug is well tolerated and currently avail-
able in the United States. However, the study was limited 
by its small number of treatment arms and by the fact 
that a significant difference was seen in the SVR rate of 
the control arm (59%) and the rate previously presented 
in other data (79%).15

Summary

In conclusion, it is anticipated that new drugs will be 
available that will enhance treatment of hepatitis C infec-

tion, particularly in genotype 1 patients. A large number 
of these drugs are currently in development, though 
it is expected that many of them will not ultimately be 
approved by the United States Food and Drug Administra-
tion. However, a number of compounds appear promising 
at this time and have entered phase III trials, indicating a 
markedly improved chance of success. The earliest that 
the first of these drugs, telaprevir and/or boceprevir, are 
expected to be approved would be 2011; it is hoped that 
this will then be followed by the emergence of numerous 
new compounds over the ensuing 5–10 years. The ulti-
mate goals are to improve efficacy for all patients, enhance 
tolerability, and shorten the duration of treatment.
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