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Abstract
Hepatitis C virus (HCV) infection affects 180 million people 
worldwide with the predominant prevalence being infection 
with genotype 1, followed by genotypes 2 and 3. Standard 
anti-HCV therapy currently aims to enhance natural 
immune responses to the virus, whereas new therapeutic 
concepts directly target HCV RNA and viral enzymes or 
influence host-virus interactions. Novel treatment options 
now in development are focused on inhibitors of HCV-
specific enzymes, NS3 protease and NS5B polymerase. 
These agents acting in concert represent the concept of 
specifically targeted antiviral therapy for HCV (STAT-C). 
STAT-C is an attractive strategy in which the main goal is 
to increase the effectiveness of antiviral responses across 
all genotypes, with shorter treatment duration and better 
tolerability. However, the emergence of resistant mutations 
that limit the use of these compounds in monotherapy 
complicates the regimens. Thus, a predictable scenario for 
HCV treatment in the future will be combinations of drugs 
with distinct mechanisms of action. For now, it seems that 
interferon will remain a fundamental component of any 
new anti-HCV therapeutic regimens in the near future; 
therefore, there is pressure to develop forms of interferon 
that are more effective, less toxic, and more convenient 
than pegylated interferon.
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INTRODUCTION
Hepatitis C virus (HCV) infection affects 180 million 

people worldwide, about 3% of  the world’s population. 
Globally, 3-4 million persons are newly infected each 
year, with the predominant prevalence being infection 
with genotype 1, followed by genotypes 2 and 3. The 
other genotypes, 4, 5, and 6, have specific geographical 
distributions. The acute phase of  infection is asymptomatic 
in the majority of  cases, but leads to chronic infection in 
about 70%-80% of  affected individuals[1,2]. This results in 
progressive liver disease and eventually liver cirrhosis, with 
increased risk of  hepatocellular carcinoma[3].

HCV is an enveloped virus belonging to the Flaviviridae 
family. The virion consists of  an outer envelope composed 
of  E1 and E2 proteins covering the nucleocapsid, with 
a single-stranded RNA genome (Figure 1). The HCV 
genome encodes structural proteins that form the capsid 
and envelope, as well as non-structural proteins required 
for virus replication. The latter are potential targets for 
new drugs aimed at directly affecting HCV. The non-
structural components include proteases and helicase 
(NS2, NS3 and NS4A), a protein responsible for anchoring 
the replication complex to intracytoplasmic membranes 
(NS4B), the RNA-binding protein (NS5A), and RNA-
dependent RNA polymerase (NS5B). After entering the cell, 
HCV RNA is released into the cytoplasm. The genome is 
directly translated by host enzymes. The HCV polyprotein 
is subsequently processed by the host and viral proteases 
into structural and non-structural proteins, including 
NS5B, which is crucial for HCV replication. There are two 
viral proteases, NS2-3 and NS3. NS2-3 is responsible for 
cleavage at the NS2/3 site. NS3 catalyses cleavage at four 
sites: NS3/4A, NS4A/B, NS4B/5A and NS5A/B. The 
proteolytic activity of  NS3 protease is significantly enhanced 
by heterodimerization with its cofactor NS4B[4].

CURRENT TREATMENT OPTIONS
The therapy currently regarded as the standard consists of  
pegylated interferon injections administered once weekly, 
along with daily oral ribavirin. This combination exerts 
synergistic antiviral effects, although it is efficient in only 
about 50% of  treated individuals. The most important 
predicting factor appears to be the HCV genotype. 
Sustained viral response (SVR) expressed as an absence 
of  detectable serum HCV RNA 24 wk after completion 
of  therapy is achieved in only 33%-42% of  patients with 
genotype 1, but in about 90% of  those with genotypes 2 
and 3[5]. There are patients who do not achieve an SVR 
due to unresponsiveness or relapse after treatment, as 
well as those who lack tolerance to adverse events that 
occur during treatment. Therefore, there is a need for 
new therapeutic strategies with higher efficacy, shorter 
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treatment duration, convenient routes of  administration 
and favorable side-effect profiles.

The standard anti-HCV therapy currently aims to 
enhance natural immune responses to the virus; whereas, 
new therapeutic concepts directly target HCV RNA 
(anti-sense nucleotides, small inhibitory RNA) and viral 
enzymes (protease and polymerase inhibitors), or influence 
host-virus interactions (cyclophilin inhibitors, bavituximab, 
inhibitors of  viral entry) (Figure 2)[6-9]. These findings 
essentially came from attempts to create an experimental 
model for studies of  the molecular details of  the virus 
and HCV infection of  cells. The development of  the 
replicon system and pseudoviruses has greatly contributed 
to the current knowledge of  HCV replication. However, 
a highlight in recent studies on HCV has been the 
establishment of  a complete cell culture replication system 
that enables further research into the HCV lifecycle and 
novel antivirals. 

NOVEL ANTIVIRAL AGENTS
Nove l t r e a tmen t op t i on s now unde r i n t en s ive 
development are focused on the inhibitors of  HCV-
specific enzymes, NS3 protease and NS5B polymerase. 
The actual protease inhibitors under clinical development 
are telaprevir and SCH 503034. Among the polymerase 
inhibitors, several drugs have reached the clinical stage. 
These include valopicitabine, R1479, HCV-796 and 
BILB1941. Such agents acting in concert represent the 
concept of  specifically targeted antiviral therapy for 
HCV (STAT-C). The principle of  this new therapeutic 
strategy is the achievement of  higher rates of  efficacy, 
shortened treatment duration, improved tolerability and 
adherence, oral administration and the possibility for use 
in special populations (e.g., those with contraindications 
to interferon). However, the emergence of  resistance 
mutations that l imit the use of  these compounds 
in monotherapy complicates the regimens. Thus, a 
predictable scenario for treatment of  HCV in the future 
will be combinations of  drugs with distinct mechanisms 
of  action. Interferon, however, appears pivotal for any new 
therapeutic regimens. 

INTERFERONS IN DEVELOPMENT 
Pegylated interferon underpins the current standard 

of  care therapy for HCV. Its immunomodulatory 
activities with positive pharmacokinetics significantly 
improve the efficacy of  anti-HCV regiments, although 
the effect iveness of  ant iv i ra l t reatment remains 
unsat i s factor y, espec ia l ly as regards genotype-1 
infections. Another limitation is the frequent occurrence 
of  adverse events, which greatly influence adherence to 
the treatment regimen. Therefore, there is pressure to 
develop forms of  interferon that are more effective, less 
toxic, and more convenient than pegylated interferon. 
Phase 1 clinical trials are in progress with oral forms of  
interferon (Belerofon; oral interferon alpha). Another 
goal in the field of  interferon development is to obtain 
forms with a longer half  life, which will allow a reduction 
in the number of  injections required and lengthen 
the period between injections. These agents [IL-29 
(PEG-interferon lambda), Belerofon Interferon (long-
acting), BLX-883 (Locteron), and Medusa Interferon 
(Multiferon)] are mostly in the first or second phase of  
their clinical development. Omega interferon, which is in 
phase Ⅱ development, is used in an implantable infusion 
pump that releases a steady amount of  interferon for 
about 1 mo[10]. Albinterferon (IFN-α2b genetically fused 
to human albumin) and interferon β-1a (REBIF) have 
reached phase Ⅲ development. Albinterferon is a protein 
that combines the antiviral properties of  IFN-α2b with 
the prolonged half-life of  human serum albumin. Clinical 
trials have shown that albinterferon administered every 
2 wk exerts an antiviral efficacy comparable to that of  
Peg-IFN-α2a, with a similar frequency of  occurrence of  
adverse events and laboratory abnormalities[11]. Consensus 
interferon (Infergen) administered daily is currently 
in phase Ⅳ clinical trials, and research evaluating its 
usefulness in treatment of  prior non-responders is 
ongoing, with promising interim results[12,13].

PROTEASE INHIBITORS
Telaprevir (VX-950), an investigational oral selective 
inhibitor of  HCV NS3/4A protease[14], appears to be the 
one of  most advanced therapeutic agents that specifically 
target the HCV lifecycle. Clinical phase Ⅱb studies 
utilizing VX-950 are ongoing. These include the PROVE 
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1 and PROVE 2 trials that have enrolled 260 and 320 
treatment-naïve HCV genotype 1 patients, respectively, 
and the PROVE 3 study in patients with HCV genotype 1, 
previously treated by standard of  care therapy (at least one 
prior course of  peginterferon with ribavirin).

The phase Ⅰb studies showed that VX-950 had 
potent anti-HCV activity in monotherapy, which led to 
a rapid decline in HCV RNA of  about 3 log within 3 d 
in all dosage groups (450 mg q8h, 750 mg q8h and 1250 
mg q12h), both in genotype 1 treatment-naïve patients 
and non-responders to prior treatment. In the optimal 
dose group, 750mg q8h, the highest plasma concentration 
was achieved with a 4.4 log reduction in HCV RNA 
load at d 14. When sub-optimal doses were applied, 
maximal HCV RNA reduction was seen after 3-7 d 
treatment, with any following increase in viral load being 
related to the selection of  HCV variants less sensitive 
to VX-950[15,16]. Moreover, other studies have reported 
that the abovementioned HCV RNA fluctuations, as 
well as alanine aminotransferase (ALT) levels during 
treatment correlated with the concentration of  neopterin 
- a monocyte/macrophage-derived factor that can be 
considered an indicator of  inflammatory activity during 
the course of  chronic C hepatitis[17,18]. Furthermore, the 
ultrasound evaluation of  perihepatic lymph nodes (PLNs) 
in HCV-infected individuals undergoing treatment with 
telaprevir alone showed a significant reduction in PLN 
volume after 14 d therapy. This suggests that VX-950 
may have the ability to reduce inflammatory activity in 
liver tissue; however, this research is limited by a lack of  
objective parameters for inflammatory activity, such as 
histopathological evaluation[19].

The HCV NS3 protease diversity determined before 
administration of  VX-950 appears to have no predictive 
impact for the effectiveness of  antiviral responses[20]. 
Whereas, identification of  HCV NS3 protease variants 
after 14 d treatment demonstrates the emergence of  
mutations that implicate varying decreases in sensitivity 
to VX-950, low-level resistance characterized by V36A/M, 
T54A, R155K/T, and A156S mutations, and high-level 
resistance determined by the emergence of  A156V/T, 
V36A/M-R155K/T, and V36A/M-A156V/T variants. 
Each dosage group has a distinct mutation pattern that 
results from the different levels of  drug pressure on 
the variants selected. It has been suggested that these 
drug-resistant variants pre-exist at a minimal frequency 
before the introduction of  treatment, because of  the 
low fidelity of  HCV polymerase and the high rate of  
HCV replication. Resistant variants appear to be less 
fit and have lower replication rates compared to wild 
type; therefore, they may not be detected prior to 
treatment[21,22].

Fur ther studies of  VX-950 administered with 
peginterferon, with or without ribavirin, have confirmed 
the advantageous effect of  combination therapy on virus 
selection. Data presented at the American Association 
for the Study of  Liver Diseases (AASLD) Meeting in 
2006 demonstrated a 5.5 log HCV RNA drop when 
VX-950 was combined with peginterferon α2a vs a 1 log 
drop in those receiving peginterferon alone, and a 4 log 
decrease in monotherapy with VX-950 at d 14 of  the 

study[23]. With regard to selection of  the resistant variant, 
this study provides evidence of  the suppressing effect of  
peginterferon when it is included in a combination therapy 
regimen, or is applied as a follow-on after discontinuation 
of  VX-950, thus indicating that VX-950-resistant variants 
remain sensitive to the standard care therapy. This 
observation is consistent with in vitro research confirming 
the decreased replication capacity of  resistant variants 
while the sensitivity to interferon is fully retained[22]. 
Interestingly, in a few patients receiving VX-950 alone, 
the higher level resistant variant A156V/T emerged, but 
was subsequently suppressed by therapy with VX-950 
followed by peginterferon and ribavirin. In this study, all 
patients receiving peginterferon and ribavirin subsequent 
to 14 d treatment with VX-950 had undetectable HCV 
RNA at the end of  wk 24. However, the discontinuation 
of  therapy at that point in individuals with undetectable 
HCV RNA at wk 12, resulted in relapses in two of  the 
four patients from the VX-950 monotherapy group, and 
one of  six from the VX-950 with peginterferon group, 
which showed the advantages of  combination therapy 
over monotherapy[23,24]. The interim results after 12 wk of  
the PROVE 1 study, the first major phase Ⅱ clinical trial 
to evaluate VX-950, are now available. Analysis shows a 
definitely higher incidence of  undetectable HCV RNA 
[limit of  detection (LOD) 10 IU/mL] at wk 12 in patients 
receiving VX-950 in combination with peginterferon and 
ribavirin, in contrast to those receiving standard therapy 
(88% vs 52%). The frequency of  adverse events was 
comparable in the telaprevir-treated and control groups. 
However, discontinuation due to adverse events was higher 
in the telaprevir than in the control groups, 9% vs 3%. The 
adverse events most frequently reported in the telaprevir 
group included rashes (3%), gastrointestinal disorders 
and anemia. The incidence of  serious adverse events in 
the telaprevir groups was about 3% compared to 1% in 
the control[25]. Further research on telaprevir that aimed 
to assess its activity against the NS3/4A proteases of  
HCV genotypes 2, 3 and 4 was presented at the European 
Association for the Study of  the Liver (EASL) Meeting in 
2007. In vitro studies have demonstrated that the VX-950 
activity against genotypes 2a, 2b, 3a and 4a is similar to 
that for genotypes 1a or 1b. Moreover, NS3/4A protease 
heterogeneity seems to have an unremarkable impact on 
VX-950 suppressive activity. Hence, it has been suggested 
that the majority of  genotype-specific polymorphic 
sequences are located peripherally to the active sites of  
HCV protease, and do not affect binding of  the agent 
molecule[26]. This investigation confirms the necessity 
for further research in this subject area. By contrast to 
the above are observations of  telaprevir activity in a liver 
biopsy model of  HCV infection. Cell cultures from liver 
biopsies of  patients with genotype 1 and non-genotype 
1 HCV were exposed to VX-950, which resulted in a 
significant decrease in HCV genotype 1 RNA, but only a 
minimal effect in non-genotype 1 HCV[27]. Thus further 
studies are required.

Another HCV protease inhibitor, SCH 503034, orally 
bioavailable with satisfactory pharmacokinetics and a good 
safety profile, is being tested in a phase Ⅱ clinical trial[28]. 
In vitro studies have determined its anti-viral activity on its 
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own, and an additive effect in combination with interferon 
α-2b[29,30]. Monotherapy with SCH 503034, at a dose of  400 
mg q8h, in HCV-genotype-1-infected non-responders to 
prior standard therapy resulted in a 2.06 log reduction of  
the mean maximum viral load during the 14 d period of  
observation. Moreover, the HCV RNA decline correlated 
with ALT activity, and both of  these parameters appeared 
to be dose-dependent. It is important to mention that the 
frequency of  adverse events was comparable to the control 
group receiving a placebo[31]. Similar to telaprevir, further 
research into combination therapy with SCH 503034 and 
peginterferon has shown advantages over monotherapy 
with SCH 503034 or peginterferon. The mean maximum 
HCV RNA decline was dose-dependent, 2.4 log and 2.9 
log for 200 mg q8h and 400 mg q8h, respectively, of  SCH 
503034 with peginterferon[32]. Another study designed to 
evaluate the antiviral effects of  a combination of  an NS3 
protease inhibitor with a polymerase inhibitor strongly 
supports the concept of  STAT-C. In this research, genotype 
1b HCV replicon cells, wild-type, as well as replicons with 
reduced susceptibility to protease inhibitors or polymerase 
inhibitors, were exposed to a combination of  SCH 503034 
with the polymerase inhibitor HCV-796. The results 
were encouraging; the antiviral effect of  these two agents 
was additive, with a favorable cross-resistance profile. 
Furthermore, the emergence of  resistant viral variants was 
less frequent compared to that for monotherapy[33].

ITMN-191, a novel agent with a high genetic barrier 
to emergence of  resistance mutations, is in preclinical 
development and has been shown to retain significant 
potency against variants with decreased sensitivity to 
other protease inhibitors[34]. Other in vitro studies have 
shown that ITMN-191 displays synergistic antiviral activity 
in combination with interferon[35,36], as well as HCV 
polymerase inhibitor R1479[37].

Recently, the clinical trials for BILB2061, another 
specific and potent inhibitor of  HCV NS3 protease, were 
halted due to drug-induced cardiotoxicity[38].

ACH-806 is a novel anti-HCV agent, cur rently 
in phase Ⅰ/Ⅱ clinical studies, which has a distinct 
m e c h a n i s m o f  a c t i o n .  P r e c l i n i c a l  d a t a h a v e 
demonstrated that ACH-806 inhibits HCV genotype 
1 replication via binding to NS4A and consequently 
blocks the formation of  HCV replication complexes[39]. 
Resistance induction studies in replicon cells have 
shown a lack of  cross resistance between ACH-806 and 
protease or polymerase inhibitors; thus confirming its 
different mode of  action. Interestingly, viral quasispecies 
resistant to protease or polymerase inhibitors remain 
sensitive to ACH-806 and vice versa[40]. In vitro studies 
of  a combination of  ACH-806 with telaprevir or 
valopicitabine or interferon have demonstrated potent 
antiviral effects, which are synergistic when cells are 
exposed to ACH-806 with telaprevir or ACH-806 with 
valopicitabine. Hence the authors have concluded 
that ACH-806 could in the future become a potent 
component of  STAT-C. Clinical studies preformed on 
genotype 1 HCV-infected subjects have shown an ~ 
1 log reduction in HCV RNA at d 5. Further research 
on ACH-806 has been limited because of  reversible 
nephrotoxicity reported in a clinical trial[41].

POLYMERASE INHIBITORS 
The inhibitors of  HCV NS5B polymerase influence 
different steps in RNA synthesis, from initiation to 
elongation through binding to the enzyme's active sites. 
Valopicitabine (NM283) appears the most advanced 
ora l ly bioavai lable pro-dr ug of  a r ibonucleoside 
analogue that displays an ability to sufficiently inhibit 
HCV NS5B polymerase. It is currently in phase Ⅱ 
clinical development. It has been shown that NM283 
given as monotherapy exhibits s ignif icant , dose-
related antiviral activity in both treatment-naïve and 
non-responders to prior interferon therapy. This 
effect was marked and synergistic, with a mean HCV 
RNA reduction of  2.7 log at d 28 when NM283 was 
administered in combination with peginterferon[42]. 
Studies in genotype 1 HCV-infected treatment-naïve 
patients showed an intense HCV RNA decline of  
about 4 log at wk 24 when NM283 was included in 
the regimen[43]. However evaluation of  the side effects, 
mainly gastrointestinal and hematological disorders 
at higher doses, resulted in revision of  the dosages. 
Interest ingly, at higher doses, NM283 developed 
superior rapid response rates, although after 12, 24 
and 36 wk of  treatment the results were similar in all 
the different dose groups. Hence, low-dose NM283 
in combination with peginterferon seems to display 
marked antiviral effects with fewer adverse events[43,44]. 
Moreover, there are promising results of  in v i t r o 
research into the efficacy of  NM283 against HCV 
variants resistant to protease inhibitors. All mutations 
tested conferring resistance to protease inhibitors were 
sensitive to NM283, thus supporting the advantages of  
combination therapy. As well, only a single mutation 
(S282T), described in the highly conserved B domain 
of  NS5B, has so far been identified as determining 
moderate resistance to NM283[45]. In a separate study, 
a combination of  two agents with distinct mechanisms 
of  action, NM283 and SCH 503034, revealed enhanced 
an t i - r ep l i con ac t iv i t y, w i thout obser ved c ross -
resistance[46]. These data support the init iat ive to 
develop combination regimens for treatment of  HCV 
infections.

Other polymerase inhibitors currently in clinical 
development are nucleoside analogue R1479 (prodrug 
R1626) and non-nucleoside analogues HCV-796 and 
BILB1941. In phase I trials, R1626 has been shown to 
induce the greatest viral load reduction in genotype 1 
HCV-infected patients, so far reported among this class 
of  antiviral agents. It was a 3.7 log mean HCV RNA 
decline for 4500 mg q12h at d 14, and a 2.6 log decline 
for the lower dose of  3000 mg q12h, but with better 
tolerability[47]. In vitro analysis of  the antiviral effects 
exerted by combinations of  R1479 with interferon or 
ribavirin have demonstrated synergistic effects, whereas 
with other direct antivirals the effects were additive[48]. 
Another compound, HCV-796, when ut i l i zed in 
monotherapy exhibited dose-related anti-HCV activity 
across multiple genotypes, and with a good tolerability 
profile. Although, a selection of  variants with reduced 
susceptibility was observed, they retained sensitivity to 

5676       ISSN 1007-9327     CN 14-1219/R     World J Gastroenterol       November 21, 2007    Volume 13   Number 43

www.wjgnet.com



interferon[49]. Associated studies of  combined HCV-796 
and peginterferon have confirmed the increased antiviral 
response to therapy, which was more intense in non-
genotype 1 HCV[50]. In a clinical evaluation, polymerase 
inhibitor BILB 1941 showed anti-HCV activity; however, 
a high discontinuation rate due to adverse events within 
the group with appropriate pharmacokinetics was 
observed[51].

Several novel compounds are now being tested in 
preclinical trials; these include PSI-6130, GSK 625433, 
A-848837, A-837093 and AG-021541[52-56]. Additional 
studies should determine whether these polymerase 
inhibitors reach a clinical development stage in the future. 

CYCLOPHILIN INHIBITORS
The favorable complementary elements of  various 
prospective therapies seem to be the cyclophilin inhibitors, 
which exhibit peculiar mechanisms of  action based on 
targeting of  virus-host interactions. Cyclophilin B (Cyp B) 
has been shown to serve as a cellular cofactor of  the 
NS5B RNA-dependent RNA polymerase that promotes 
HCV replication[57,58]. Thus the blocking of  Cyp B 
appears to be an attractive target for the development 
of  new anti-HCV agents[59-61]. The first compound 
shown to exhibit inhibitory properties with reference to 
cyclophilins was cyclosporin A (CsA)[60-62]. It was shown 
that its antiviral activity against HCV was distinct from 
its immunosuppressive function, which was dependent 
on anti-calcineurin activity[60-63]. Clinical studies on a 
regimen based on a combination of  CsA with interferon-α 
demonstrated a high antiviral potency compared to that 
with interferon alone[63]. However, the immunosuppressive 
function of  CsA limits its usefulness in anti-HCV therapy. 
Moreover, there are various opinions regarding the 
benefits of  administering CsA vs tacrolimus in post-liver 
transplantation management of  individuals with HCV 
infection[64,65]. The available data are limited, and the results 
are equivocal[66,67]. Thus, further studies are required in this 
area.

The first synthesized CsA derivate found to be devoid 
of  immunosuppressive activity was NIM811. It has 
been investigated in regard to its anti-HIV inhibitory 
features[68,69]. Recent studies have confirmed its anti-
HCV activity in vitro. The reduction of  HCV RNA in 
replicon cells was more potent, even at low concentrations, 
compared to CsA. Moreover, NIM811 shows activity 
against HCV in replicons with high resistance to protease 
or polymerase inhibitors. Also, combinations of  NIM811 
with other groups of  HCV inhibitors display at least 
additive effects[71]. Analogous results, with potentially 
synergistic effects, have been obtained when HCV 
replicon cells were exposed to a combination of  NIM811 
with interferon-α[72]. The anti-HCV activity of  NIM-811 
exerted at low drug concentrations infers reduced potential 
side effects from the therapy. Hence, in vivo evaluations of  
the safety profile, pharmacokinetics and anti-HCV activity 
need to be undertaken.

The first oral non-immunosuppressive cyclophilin B 
inhibitor, Debio 025, to enter into clinical trials displayed 
potent antiviral effects in chimeric mice, and the effect 

was enhanced in combination with pegylated interferon[72]. 
In vitro studies have demonstrated that Debio 025 has a 
unique potency for clearing HCV replicon cells of  virus 
when used alone or in combination with other antivirals. 
The combination of  Debio 025 with interferon α-2a 
results in additive to slightly synergistic antiviral effects. 
Resistant replicon cells, selected by passage in increasing 
concentrations of  Debio 025, are sensitive to protease or 
polymerase inhibitors and interferon[73]. Moreover, Debio 
025 exerts antiviral activity against wild-type HCV, as well 
as HCV replicons resistant to protease or polymerase 
inhibitors. The emergence of  resistant variants to protease 
inhibitors (VX-950, BILB 2061) is restrained by the 
presence of  Debio 025[74]. Clinical research shows that 
Debio 025 exerts both anti-HIV and anti-HCV activity in 
HIV/HCV co-infected subjects. The anti-HIV effect at 
d 15 was a 1 log decrease in viral load when the dose was 
1200 mg q12h. HCV viremia decline was more profound, 
reaching 3.6 log at d 15. However, at this dose, transitional 
hyperbilirubinemia led to the discontinuation of  treatment 
in some patients[6]. Debio 025 has been shown to exert 
anti-HCV activity in both genotype 1 and non-genotype 1 
infections. Interestingly, no signals of  emerging mutation 
appeared during the period of  observation, which suggests 
a possible ability for this agent to suppress selection of  
resistant variants[75].

Recently the novel non-immunosuppressive CsA 
derivate, SCY-635, has been evaluated in preclinical 
studies that have demonstrated its favorable properties 
as an anti-HCV agent. Compared to CsA, this compound 
has good affinity with cyclophilin, and exerts potent 
antiviral activity with suitable pharmacokinetics and 
lower cytotoxicity. The combination of  SCY-635 with 
interferon-α has antiviral effects on HCV replicon cells 
that range form additive to synergistic; thus supporting 
the need for more evaluations of  this drug in anti-HCV 
treatment options[7]. 

CONCLUSION
Specifically targeted antiviral therapy, through interference 
in the replication cycle, leads to the selection of  resistant 
variants[76-78]. This observation has been confirmed in 
several studies focusing on STAT-C agents as used in 
monotherapy. Combination therapy displays higher 
antiviral efficacy and has a fundamental impact on the 
selection of  HCV strains with concomitantly reduced 
sensit ivity and decreased viral f i tness. It has also 
been shown that protease and polymerase inhibitors 
demonstrate advantageous cross-resistance profiles with 
improved anti-HCV activity, which supports the STAT-C 
development initiatives. Interestingly, the introduction 
of  interferon to regimens based on novel compounds 
not only augments antiviral effects, but has a strong 
suppressive activity against the emergence of  resistant 
mutations. Considering this, it is seems unlikely that 
interferon will be eliminated from antiviral regimens in the 
near future.

STAT-C presents an attractive strategy, one in 
which the main goal is to increase the effectiveness of  
antiviral responses across all genotypes, with shorter 
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treatment duration and better tolerabil ity. Recent 
studies have shown that these aims are within reach. 
Novel therapeutic agents are already in advanced 
clinical development; listed here in Table 1. Although 
there are many limitations pertaining to the STAT-C 
strategy; including variable bioavailability, and different 
effects exerted against various HCV genotypes and 
even quasispecies. A disadvantage of  direct interference 
in the virus replication cycle is the increased rate of  
resistant mutations, but this could be ameliorated by 
the use of  multiply agents with different mechanisms 
of  actions. In combination with interferon, these drugs 
could augment antiviral effects and reduce some of  
the toxic side effects of  this cytokine. On the other 
hand, the toxicity of  new agents needs to be carefully 
evaluated, along with their pharmacokinetics, safety 
and effective doses. New regimens will also need to be 
worked out. Currently, it appears that interferon will 
remain as an element of  anti-HCV therapy in the near 
future; indeed its effectiveness could be elevated by the 
introduction of  new drugs.
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