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Abstract
Pegylated interferon α (IFNα) in combination with ribavi-
rin is currently recommended as a standard-of-care treat-
ment for chronic hepatitis C virus (HCV) infection. This 
combination therapy has drastically improved the rate of 
sustained virological response, specifically in difficult-to-
treat patients. Recently, individualized treatment, such as 
response-guided therapy, is being developed based on 
host-, HCV- and treatment-related factors. Furthermore, 
modified regimens with currently available medications, 
novel modified IFNα and ribavirin or combinations with 
specifically targeted antiviral therapy for HCV agents, are 
currently being investigated. The purpose of this review 
is to address some issues and epoch-making topics in the 
treatment of chronic HCV infection, and to discuss more 
optimal and highly individualized therapeutic strategies 
for HCV-infected patients.
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INTRODUCTION
Pegylated interferon α (peginterferon α, peg-IFNα) in 
combination with weight-based doses of  ribavirin (RBV) 
is currently recommended as the first-line “standard-of-
care” treatment for chronic hepatitis C virus (HCV) infec-
tion[1]. The pegylated formulation prolongs the half-life of  
conventional IFNα by covalently binding it to the poly-
ethylene glycol (PEG) molecule, leading to improvement 
in the overall rate of  sustained virological response (SVR) 
from < 20% to > 60%: 40%-60% of  “difficult-to-treat” 
genotypes 1 and 4 patients with 48-wk treatment, and 
70%-90% of  “easy-to-treat” genotypes 2 and 3 patients 
with 24-wk treatment[1-5]. 

A recent trend in the treatment strategy of  chronic 
HCV infection is the development of  individualized treat-
ment regimens based on strong predictors of  SVR to 
IFN-based treatment, such as HCV genotype[2-4,6-10] and 
the initial virologic response to treatment[9,11-19]. Mean-
while, alternative options, such as modified regimens with 
currently available medications, novel modified IFNα and 
RBV or combinations with specifically targeted antiviral 
therapy for HCV (STAT-C) agents, are currently being in-
vestigated for the growing number of  patients for whom 
current “standard-of-care” treatment has failed. For the 
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foreseeable future, however, peg-IFNα and RBV appear 
to remain the backbone of  “standard-of-care” treatment.

This review addresses and summarizes some issues 
and epoch-making topics in the treatment of  chronic 
HCV infection, and discusses more optimal and highly 
individualized therapeutic strategies for patients infected 
with HCV. 

FACTORS ASSOCIATED WITH SVR
SVR is defined as an undetectable qualitative HCV RNA 
level (by using a qualitative polymerase chain reaction 
assay) at 24 wk after the completion of  treatment. Iden-
tification of  factors predictive of  SVR, including host-, 
virus- and treatment-related elements, provides relevant 
insights about the mechanisms of  action of  IFNα and 
RBV. So far, numerous factors have been identified as sig-
nificant predictors of  SVR or non-SVR. Strong predictors 
of  the response to non-pegylated IFNα monotherapy, 
such as HCV genotype, pretreatment viral load and fi-
brosis stage, are also significantly associated with the out-
come of  peg-IFNα plus RBV combination therapy. Most 
importantly, by recognizing these factors, therapy can be 
tailored to individual needs, helping to make decisions re-
garding whether treatment should be initiated, continued 
or stopped. Individualized treatment regimens determined 
according to outcome predictors should increase the SVR 
rate and reduce unnecessary patient and social burdens, 
such as medical costs, side effects/adverse events associ-
ated with treatment, and treatment-related absenteeism. 

Host-related factors
A number of  pretreatment factors are known to reduce 
the SVR rate: older age, presence of  cirrhosis or advanced 
fibrosis, African American race, overweight, obesity, diabe-
tes, low alanine aminotransferase (ALT), abnormal base-
line fasting glucose, low level of  cholesterol, low hemo-
globin, low platelet count, insulin resistance and hepatic 
steatosis[2-4,20-29]. The contribution of  gender to treatment 
outcome is controversial as it varies among studies[26,29-32].

The response to treatment of  patients with genotype 1 
has been reported recently to be strongly associated with 
a single nucleotide polymorphism (SNP) near the inter-
leukin-28B (IL28B) gene that resides on chromosome 19 
and encodes IL28B or IFN-lambda-3[32-34]. Patients with 
favorable genotypes at the SNPs (such as rs12979860[33], 
rs12980275 and rs8099917[32,34]) near the IL28B locus are 
more likely to achieve SVR than those with unfavorable 
genotypes. At present, the SNPs near the IL28B locus 
seem to be one of  the strongest pretreatment predictors 
of  SVR to peg-IFNα plus RBV or triple combination 
therapy including STAT-C agents, in addition to the HCV 
genotype. The population distribution of  the favorable 
SNP genotype is significantly more prevalent in the Cau-
casian and Asian populations than in African Americans. 
Specifically, rs12979860 shows close correlations with the 
SVR rate and ethnicity: rs12979860 C-allele frequency is 
the highest in East Asians who show the highest rate of  
SVR among diverse ethnic groups[33]. Therefore, racial dif-

ferences in treatment outcome may arise from divergence 
in host genomic genotype related to treatment response. 
Individualized therapeutic strategies should always consid-
er ethnicity of  individual patients as well as SNPs. How-
ever, it is highly unlikely that SNPs could be used alone to 
define different treatment strategies, since approximately 
30%-40% of  patients do not have the favorable genotype 
CC of  rs12979860[33]. 

HCV-related factors
HCV genotype, pretreatment viral load and initial viro-
logic response are strong independent predictors of  SVR 
to IFN monotherapy[6-15,18,19,35]. These factors also have 
significant and independent impact on treatment outcome 
of  conventional IFNα/peg-IFNα plus RBV combina-
tion therapy or triple combination therapy with telapre-
vir[2-4,16,17,21,22,28,29,36-40]. Patients infected with “easy-to-treat” 
genotypes 2 and 3 respond much better than those with 
“difficult-to-treat” genotypes 1 and 4. Furthermore, those 
with low pretreatment viral load respond much better 
than those with high pretreatment viral load, although 
the cutoff  value that discriminates between high and low 
viremia varies among studies. The earlier the serum HCV 
RNA becomes negative during the initial phase of  treat-
ment, the greater the likelihood of  achieving SVR. 

Although there are relatively few data regarding geno-
types 4, 5, and 6, HCV genotypes can be ranked, in a de-
creasing order of  susceptibility to IFN-based treatment, as 
follows: genotypes 2, 3, 4 and 1. Furthermore, genotype 
1a rather than 1b and genotype 2a rather than 2b are likely 
to respond better to IFN-based therapy. Interestingly, 
resistant variants against telaprevir (an NS3/4a protease 
inhibitor) and viral breakthrough occur more frequently 
in genotypes 1a than in 1b for telaprevir alone or in com-
bination with peg-IFNα (with or without RBV)[40-42]. The 
different frequency results from nucleotide differences at 
amino acid position 155 of  the nonstructural (NS3) prote-
ase region between genotypes 1a (aga, encodes R) and 1b 
(cga, also encodes R). The amino acid substitution of  R 
with K at the position (R155K), which is most frequently 
related to telaprevir resistance, requires only one nucleo-
tide substitution in genotype 1a and two substitutions 
in 1b. Similarly, the emergence of  the resistant mutant 
R155K against boceprevir (an NS3 protease inhibitor) 
differs between genotype 1a and 1b[43]. Thus, HCV sub-
genotype as well as HCV genotype should be taken into 
consideration in triple combination therapy with peg-
IFNα/RBV/STAT-C agent. 

Two recent reports discuss the influence of  wild and 
mutant types in the core or NS5 region of  the HCV 
genome on treatment outcome of  peg-IFNα plus RBV 
combination therapy in Japanese patients with genotype 1 
and high pretreatment viral load[31,44]. 

Treatment-related factors
The doses of  both peg-IFNα and RBV are important and 
have significant impact on SVR[2]. The likelihood of  SVR 
increases as RBV dose (measured in mg/kg) increases[2,4]: 
patients who receive peg-IFNα-2b plus a RBV dose of  
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10.6 mg/kg per day or more have a greater chance of  
achieving SVR than those receiving lower RBV doses[2]. 
Furthermore, the moving average of  SVR rates increases 
as RBV dose increases up to about 13 mg/kg, and is 
almost level between 13 and 15 mg/kg. Combination 
therapy with peg-IFNα-2a plus RBV for 48 wk is more 
effective in HCV genotype 1 patients if  the ribavirin dose 
is 1000 or 1200 mg/d rather than 800 mg/d[4]. In many 
cases, hemoglobin concentrations decrease drastically due 
to RBV-related hemolytic anemia (especially during the 
first 4 wk), and it may be necessary to reduce RBV dose 
and/or to initiate the use of  erythropoietin. Any reduc-
tion in the RBV dose during the first 12-20 wk of  therapy 
could have a larger negative influence on SVR rates than 
reductions in peg-IFNα dose[21,45,46], although maintaining 
RBV exposure over the whole duration of  therapy is cru-
cial[47,48]. Furthermore, a reduction in peg-IFNα dose dur-
ing the first 12 wk could reduce the rate of  early virologic 
response (EVR, defined as at least a 2-log decrease from 
the baseline levels or no detectable viremia) by 10%, but 
an additional reduction in RBV dose during this time was 
shown to decrease the EVR rate by another 37%[45]. 

Adherence is important to achieve SVR[49] and pa-
tients who take at least 80% of  the prescribed total dose 
of  the two drugs for at least 80% of  the planned time 
are considered to be adherent (the “80/80/80” rule). For 
genotype 1 patients with unfavorable factors, more inten-
sive therapy is recommended including a higher dosage 
of  RBV and a longer duration of  treatment or the use of  
STAT-C agents (such as telaprevir) as the initial therapy. 
Recent direct comparative trials, retrospective and meta-
analysis studies demonstrated that treatment with peg-
IFNα-2a is a significant and independent contributor to 
SVR in patients infected with genotype 1 or 3, compared 
to treatment with peg-IFNα-2b[25,26,28,29], although the 
largest head-to-head trial (IDEAL study) failed to find a 
significant difference in SVR rates between the two peg-
IFNα formulations[27].

On-therapy response
HCV kinetics during the early phase of  treatment are 
closely associated with SVR or non-SVR[11-15,18,19]. Pa-
tients with rapid virological response (RVR), defined 
as undetectable HCV RNA levels at treatment week 4, 
have a better likelihood of  achieving SVR, and this is a 
strong independent on-therapy predictor[19,50-54]. The viral 
response is influenced by host-, virus- and treatment-
related factors: young age, lean body, low baseline viral 
load and HCV genotype[55]. Conversely, the probability 
of  SVR is less than 5% in patients with a minimal fall in 
viral load of  < 1 log10 from the baseline level at treatment 
week 4, even when peg-IFNα and RBV are combined 
with telaprevir[40].

EVR is an important on-therapy indicator of  the final 
treatment outcome: 65% of  EVR patients have been re-
ported to show SVR[3]. Those with no detectable viremia 
at week 12 (complete EVR) had SVR compared with 
those who had only a 2-log decrease from the baseline 
level (75% vs 33%). In contrast, a lack of  EVR was associ-

ated with no SVR in 97% of  the patients[3]. Such viral sup-
pression during the initial phase is of  crucial importance 
to resolve persistent viremia.

RESPONSE-GUIDED THERAPY
The extent of  reduction in HCV RNA during the initial 
treatment phase is closely associated with the likelihood of  
achieving SVR[11-19]. The more rapidly HCV RNA becomes 
negative during treatment, the higher the rate of  SVR. 
This fact suggests that the rapidity of  viral response could 
be used to modify the duration of  treatment, and hence 
the design of  response-guided therapy (RGT). RGT is a 
dynamic treatment algorithm that involves individualized 
treatment based on the virologic response. Based on the 
briskness of  the viral response, the treatment duration of  
48 wk could be shortened to 24 wk or extended to 72 wk 
in patients infected with genotype 1 or 4, whereas 24-wk 
duration could be reduced to 12-16 wk in “easier-to-treat” 
genotype 2 or 3 patients. The rationale for extending the 
duration of  treatment is to increase the likelihood of  
achieving SVR and to reduce virological relapse after treat-
ment[56-58]. Conceivably, the shortened treatment would 
improve the overall tolerability and reduce exposure to 
unnecessary medication and economic burden. Likewise, 
a shorter therapy would avoid premature termination of  
treatment, while maintaining satisfactory SVR rates.

Genotype 1 or 4
The time points usually used to decide whether treatment 
should be stopped or continued are treatment weeks 
4, 12 and 24, which constitute the basis for RGT[1,19]. 
Among genotype 1 or 4 patients with RVR, the likelihood 
of  SVR is approximately 80%-90% when treated for  
48 wk[19,27,51,59,60]. The existence of  this patient subpopula-
tion encouraged investigators to shorten the treatment du-
ration to 24 wk without lowering the SVR rate. In patients 
with RVR treated for 24 wk, the SVR rate was 79%-89% 
for genotype 1 and 86%-87% for genotype 4[50,52,55,60]. 
Specifically, these studies showed that abbreviated 24-wk 
regimens are best suited to genotype 1 or 4 patients with 
low baseline viremia who achieve RVR. 

In contrast, patients who respond later have a lower 
likelihood of  SVR and greater probability of  virologic 
relapse when treated for 48 wk[2,3,5,18,19,45,49]. Furthermore, 
the likelihood of  achieving SVR is little or none in pa-
tients who do not show EVR or undetectable HCV RNA 
at week 24. Accordingly, a 12-wk stopping rule is widely 
accepted in patients who fail to achieve EVR[1]. However, 
the negative predictive value for SVR in such patients 
could be reduced from over 95% to 85% by extending the 
treatment duration to 72 wk. Several studies investigated 
whether extending treatment to 72 wk increases the SVR 
rate in patients without RVR randomized to 48- or 72-wk 
regimens (Table 1)[56-58,61]. In genotype 1 patients with-
out RVR (including those with EVR who become HCV 
RNA-negative for the first time at treatment week 24, so 
called slow viral response), prolongation of  treatment 
from 48 to 72 wk increases the likelihood of  achieving 
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SVR and reduces the probability of  relapse. The rates of  
virologic response at the end of  treatment and adverse 
events are similar between 48- and 72-wk regimens, al-
though the rates of  withdrawal from treatment and subse-
quent follow-up are higher in the latter than in the former. 

However, some issues should be noted and carefully 
addressed to interpret the results of  randomized controlled 
trials (RCTs), because they have differed in treatment regi-
mens, criteria and time points for randomization, and study 
population. Firstly, to resolve these differences, investiga-
tors should identify patients who will benefit from 72-wk 
treatment, and the best time points and the response cri-
teria to be used to prolong the duration of  treatment. Sec-
ondly, it may be better to distinguish between “complete” 
(undetectable HCV RNA) and “partial” (> 2-log HCV 
RNA drop from baseline but detectable viremia) EVRs. 
Currently, we comply with the following recommendation 
for the extended 72-wk treatment in clinical practice: when 
patients do not achieve complete EVR but have slow viral 
response, they are advised to prolong the treatment to  
72 wk. In the near future, it should be clarified whether 
extension of  treatment to longer than 72 wk further would 
increase the SVR rate. Thirdly, it is not always clear wheth-
er patients with genotype 1 and 4 are treated in an identical 
manner in RGT, because the number of  studied genotype 
4 patients has been very small.

Genotype 2 or 3
Patients with genotype 2 or 3 are more susceptible to peg-
IFNα plus RBV treatment than those with genotype 1 or 4, 
and the current recommendation advocates a 24-wk treat-
ment course, because more than 80% of  the former group 
will attain SVR[4,22,37,38,45,62]. Several small studies showed 
that the treatment duration could be shortened from 24 
to between 12 and 16 wk without adversely affecting out-
come in patients with RVR at week 4[36-38,62-64]. However, 
the results of  large trials clearly indicated that shortening 
the treatment duration to 16, 14, or 12 wk significantly 
lessened the SVR rates, because of  a higher rate of  viro-
logical relapse[39,62,65]. The results of  these studies suggest 
that patients with RVR have high probability of  achieving 
SVR regardless of  treatment duration, but that the risk of  
relapse increases with abbreviated treatment. Still, the pros 

and cons of  the abbreviated treatment do not allow the 
making of  a firm conclusion at present. Conversely, there 
is little information on the most suitable duration of  treat-
ment for patients with genotype 2 or 3 who do not achieve 
RVR. In this regard, there is a need to verify whether treat-
ment week 4 is appropriate for prediction of  outcome in 
genotype 2 or 3 patients, because the susceptibility to IFN-
based therapy at the recommended duration of  treatment 
apparently differs between genotypes 1/4 and 2/3. 

Interestingly, there is ample evidence that peg-IFNα 
plus RBV treatment is more beneficial in patients infected 
with genotype 2 than those with genotype 3[22,29,37,39,63,65]. 
This suggests that the two genotypes are not a homoge-
neous group, and that treatment regimens should perhaps 
be tailored or individualized for each genotype, with a spe-
cial emphasis on the duration of  treatment. Strictly speak-
ing, the susceptibility to IFN-based treatment somewhat 
differs between sub-genotypes (e.g. genotype 1a vs 1b 
or genotype 2a vs 2b). For instance, treatment with peg-
IFNα alone for 4 and 12 wk produced SVR rates of  91% 
and 100%, respectively, in genotype 2a patients with low 
viral load who became HCV RNA-negative at treatment 
week 1[66]. Such subgrouping of  patients with some strong 
predictors could further shorten the treatment duration 
with preservation of  a high SVR rate. 

Virologic response at critical time points, viral load at 
baseline, and HCV kinetics during the initial treatment 
phase provide useful information for tailoring or individu-
alizing treatment to a given individual, leading to substan-
tial reductions in both patient and society burdens without 
adversely affecting treatment outcomes.

DIFFERENCES BETWEEN PEG-IFN α-2a 
AND α-2b
Pegylation of  therapeutic proteins modifies immuno-
logic, pharmacokinetic and pharmacodynamic proper-
ties. Pegylation technology has been applied to improve 
these properties of  conventional IFNα, to even out large 
fluctuating serum concentrations, and to resolve the in-
convenient dosing regimens associated with conventional 
IFNα. The structure and size of  the PEG moiety and 
covalent binding modes characterize the properties of  the 
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Table 1  Randomized, controlled trials for 48 wk vs  72 wk of peginterferon plus ribavirin in treatment-naïve patients infected with 
genotype 1 or 4

Authors Country Response criteria (time 
point) for randomization

Peg-IFNα/ribavirin SVR rate in 
genotype 1 (48 wk 
vs  72 wk), n  (%)

Difference 
(%)

P  value SVR rate in 
genotype 4 (48 wk 
vs  72 wk), n  (%)

Sánchez-Tapias 
et al[57], 2006

Spain Non-RVR (at wk 4) 2a: (180 µg/wk)/
800 mg/d

41/149 (28) vs 
63/142 (44)

16 0.003 12/16 (75) vs 
10/19 (53)

Berg et al[56], 
2006

Germany Before treatment (Subgroup 
analysis for non-EVR)

2a: (180 µg/wk)/
800 mg/d

17/100 (17) vs 
31/106 (29)

12 0.040 -

Pearlman et al[58], 
2007

USA Slow response (at wk 24) 2b: (1.5 µg/kg per week)/
800-1400 mg/d

    9/49 (18) vs 
  20/52 (38)

20 0.026 -

Ferenci et al[61], 
2010

Austria EVR (at wk 12) 2a: (180 → 135 µg/wk)/
1000-1200 mg/d

65/127 (51) vs 
81/134 (60)

  9 0.137   6/12 (50) vs 
  7/16 (44)

Peg-IFNα: Pegylated interferon α; SVR: Sustained virological response; RVR: Rapid virological response; EVR: Early virological response.
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modified biomolecule. Peg-IFNα-2a has a large, branched 
40-kDa monomethoxy PEG, comprising two linked 
20-kDa chains, attached to the lysine residues of  IFNα-
2a via amide bonds that are not susceptible to hydrolysis, 
and consists of  4 major positional isomers[67]. In contrast, 
peg-IFNα-2b is pegylated with a small, linear 12-kDa 
monomethoxy PEG moiety and involves 13 positional 
isomers, with the main isomer linked to His-34 of  IFNα-
2b via a urethane bond that is unstable and susceptible to 
hydrolysis[68]. These differences between the two peg-IFN 
formulations have an impact on the pharmacokinetic/
pharmacodynamic properties. 

Pharmacokinetic properties
The absorption half-life for peg-IFNα is longer than for 
unmodified IFNα (50 h and 4.6 h for 2a and 2b, respec-
tively)[69-71]. The absolute bioavailability of  peg-IFNα-2a is 
at least 60%. The time to maximum concentration (Tmax) 
is 78-80 h after a single dose and 45 h after multiple doses 
of  peg-IFNα-2a, while Tmax times are 15-44 h and 22-29 h,  
respectively, in dosing of  peg-IFNα-2b. The serum con-
centration after a single dose of  peg-IFNα-2a is sustained 
up to 168 h (elimination half-life, 65 h), and up to 48-72 h  
(elimination half-life, 40 h) for peg-IFNα-2b. At steady 
phase, which is attained 5-8 wk after initiation of  treat-
ment, the peak-to-trough ratio of  serum concentrations 
of  peg-IFNα-2a and -2b is 1.5-2.0 and > 10, respectively, 
indicating that serum concentrations of  peg-IFNα-2a are 
sustained during the 1-wk dosage interval. Since variations 
in the peak-to-trough ratios for peg-IFNα-2b are greater 
than for peg-IFNα-2a, viremia levels tend to fluctuate 
more with peg-IFNα-2b than peg-IFNα-2a (at least with-
in the initial 4 wk of  treatment). The volume of  distribu-
tion is dependent on the body composition because of  
the wide distribution of  peg-IFNα-2b throughout body 
fluids and tissues, whereas peg-IFNα-2a exhibits restricted 

distribution with the highest concentrations in the liver. 
Thus, peg-IFNα-2b requires weight-based dosing, while 
peg-IFNα-2a is used at a fixed dose. 

Pharmacodynamic properties
Comparative studies of  the initial viral kinetics after treat-
ment have shown either a greater HCV RNA decline in 
patients treated with peg-IFNα-2a than those treated with 
peg-IFNα-2b[71] or vice versa[72], or no difference[73]. Phar-
macodynamic profiling studies of  the two formulations 
also showed conflicting results. Single dosing induced a 
similar degree or pattern of  activity of  2’-5’-oligoadenyl-
ate synthetase and serum protein levels of  neopterin and 
β2-microglobulin, indicating no difference between both 
types of  peg-IFNs (plus RBV)[74]. In contrast, another 
study showed that peg-IFNα-2b up-regulated IFN re-
sponse genes significantly more than peg-IFNα-2a during 
the first 72 h after single dosing of  each peg-IFNα, both 
administered without RBV[72]. The enzymatic activity and 
serum protein levels were assayed in the former study, 
while RNA transcription was measured in the latter study. 
Furthermore, the methods and duration applied to evalu-
ate various indicators differed between the two studies. 
Peg-IFNα was administered in combination with RBV 
during the evaluation period in the former, but not in the 
latter. Collectively, it is difficult to draw definite conclu-
sions by simply comparing the results of  relatively small 
studies, which have varied in several respects including the 
aforementioned differences. 

Head-to-head comparison
Which of  the peg-IFNs is more effective in combination 
therapy with RBV for chronic hepatitis C? So far, several 
head-to-head studies have compared peg-IFNα-2a vs -2b 
in combination with RBV (Table 2). 

Two investigator-initiated, independent, single-center, 
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Table 2  Randomized, controlled trials and cohort studies comparing efficacy of peginterferon α-2a vs  α-2b in combination with 
ribavirin for treatment-naïve patients

Authors Country Study design Peg-IFNα 
(µg/wk)

Ribavirin 
(mg/d)

No. of patients SVR rate (α-2a vs  
α-2b) (%)

P  value

McHutchison 
et al[27], 2009

USA RCT, IDEAL study, industry-initiated, 
multicenter

2a: 180 2a: 1000-1200 2a: 10351 40.9 vs 
38.0 or 39.8

NS
2b: 1.0/kg or 

  1.5/kg
2b: 800-1400 2b: 10161 or 

  10191

Ascione et al[29], 
2010

Italy RCT, investigator-initiated, single-center 2a: 180 2a: 1000-1200 2a: 1602 68.8 vs 54.4 0.008
2b: 1.5 2b: 1000-1200 2b: 1602

Rumi et al[28], 
2010

Italy RCT, MIST study, investigator-initiated, 
single-center

2a: 180 2a: 1000-1200 2a: 2122 66 vs 54 0.020
2b: 1.5 2b: 800-1400 2b: 2192

Yenice et al[120], 
2006

Turkey RCT, investigator-initiated, single-center 2a: 180 2a: 800-1200 2a: 371 48.6 vs 35.1 NS
2b: 1.5 2b: 800-1200 2b: 371

Craxi et al[26], 
2008

Italy Prospective, PROBE study, industry-
initiated, multicenter

2a: 180 2a: 1000-1200 2a: 6631 36 vs 29 0.020
2b: 1.5 2b: 1000-1200 2b: 3541

Witthoeft et al[75], 
2008

Germany Retrospective, PRACTICE study, industry-
initiated, multicenter, matched pair

2a: 180 2a: Not stated 2a: 8482 59.3 vs 53.0 0.008
2b: 1.5 2b: Not stated 2b: 8482

Backus et al[25], 
2007

USA Retrospective, United States veterans, 
government-initiated, multicenter

2a: 180 2a: 1000-1200 2a: 20912 25 vs 18 < 0.001
2b: 1.5 2b: 800-1400 2b: 38532

1Genotype 1 alone; 2Genotypes 1-3 or 1-4. Peg-IFNα: Pegylated interferon α; SVR: Sustained virological response; RCT: Randomized controlled trial; NS: Not 
significant; IDEAL: Individualized Dosing Efficacy vs. Flat Dosing to Assess Optimal Pegylated Interferon Therapy; MIST: Milan Safety Tolerability; PROBE: 
Pegylated interferons and Real Optimization of Best Efficacy; PRACTICE: Pegylated Interferons and Ribavirin: Analysis of Chronic Hepatitis C Treatment In 
Centres of Excellence.
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randomized, controlled, head-to-head trials compared 
peg-IFNα-2a vs -2b in combination with RBV for 48 wk 
(genotype 1 or 4) or 24 wk (genotype 2 or 3). Peg-IFNα-
2a plus RBV produced a significantly higher SVR rate than 
peg-IFNα-2b plus RBV in treatment-naïve patients[28,29]. 
In a prospective observational cohort study (PROBE, 
sponsored by Roche), the rate of  SVR was higher in 
genotype 1 patients treated with peg-IFNα-2a than with 
peg-IFNα-2b (36% vs 29%, P = 0.02)[26]. In a retrospec-
tive observational cohort study (PRACTICE), matched 
pair analysis also showed a significant difference in the 
SVR rate between peg-IFNα-2a and -2b treatments (59.3% 
vs 53.0%, P = 0.008)[75]. An observational retrospective 
cohort study at the Veteran Hospitals in the United States 
also reported that treatment with peg-IFNα-2a was as-
sociated with a higher likelihood of  SVR than treatment 
with peg-IFNα-2b (25% vs 18%, P < 0.001)[25]. These 
studies have highlighted the superiority of  peg-IFNα-2a 
over peg-IFNα-2b in the critical end-point of  efficacy. 

In contrast, the largest multicenter, randomized, head-
to-head trial (IDEAL study, sponsored by Schering-
Plough) showed no statistical difference in SVR rates 
among treatment arms with low-dose (1.0 µg/kg per 
week) or standard-dose (1.5 µg/kg per week) peg-IFNα-
2b or peg-IFNα-2a (180 µg/wk), in combination with 
various RBV regimens (38.0%, 39.8% vs 40.9%, respec-
tively)[27]. However, there were some differences between 
the IDEAL and other studies that could be described as 
critical limitations: (1) RBV regimens differed in initial 
doses and dose reduction rules between the treatment 
arms or studies; (2) the IDEAL study compared treatment 
regimens but did not directly evaluate the difference be-
tween the two peg-IFNs; (3) the dosing rules seem inap-
propriate by current standards in some studies; and (4) the 
IDEAL study included higher proportions of  overweight, 
obese, and black/Latino patients. Using the same dosing 
and dose reduction rules of  RBV across all the treatment 
arms and studies might have provided a fairer compari-
son of  the different performance of  the two peg-IFNs 
without a confounding effect of  various RBV regimens. 
In the two studies where RBV dosing was identical be-
tween the two arms (one RCT and one cohort-matched 
pair analysis)[29,75], the difference in favor of  peg-IFNα-2a 
was maintained. Interestingly, the safety and adverse-event 
profiles were similar among the treatment arms in the 
above studies, irrespective of  the RBV regimen. 

A recent Cochrane systematic review of  randomized 
trials that compared both peg-IFNs identified 12 studies 
(5008 participants)[76]. Meta-analysis using intention-to-
treat analysis for SVR included 8 trials (4335 participants), 
and yielded an estimated effect in favor of  peg-IFNα-2a 
[47% vs 41% with peg-IFNα-2b; risk ratio = 1.11; 95% 
confidence interval (CI): 1.04-1.19, P = 0.004]. Subgroup 
analyses with regard to HCV genotype yielded similar 
results for all subgroups. The meta-analysis of  adverse ef-
fects leading to discontinuation of  treatment included 11 
trials and showed no significant differences between the 
two peg-IFNs. However, the study did not reach a defini-
tive conclusion as to which of  the two peg-IFN formula-
tions in combination with RBV is superior across popula-

tions based on more appropriate RBV dosing.
Taken together, all these studies involve several rel-

evant methodological flaws (such as mixed genotypes, in-
clusion of  prior non-responders and co-infected patients, 
small samples, insufficient power, and different RBV 
doses and dose reduction rules) that preclude, at least for 
the time being, any firm conclusions about differences in 
efficacy between the two peg-IFNα formulations. 

TREATMENT OF DIFFICULT-TO-TREAT 
PATIENTS
Advances in IFN-based treatment for chronic hepatitis 
C, such as the development of  peg-IFNα and RBV and 
treatment modifications, have improved the SVR rates in 
patients with difficult-to-treat characteristics, such as gen-
otype 1/4, high baseline viral load, previous non-response, 
overweight, and the presence of  cirrhosis. However, the 
outcomes of  treatments in such patients are still inad-
equate. Further treatment development for this difficult-
to-treat population is necessary. 

Re-treatment of non-responders
For the increasing number of  non-responders to IFN-
based treatment or patients with multiple difficult-to-
treat features, retreatment with current standard combi-
nation[21,77] or alternative options, such as maintenance 
therapy with peg-IFN[78-81] or the use of  higher doses[82-84] 
and/or extended duration of  treatment[85], have been 
explored vigorously. Most retreatment options for non-
responders have provided a limited chance of  SVR and 
in fact have been associated with increased side effects. In 
contrast, treatment-naïve patients with several difficult-
to-treat predictors of  poor response are reported to gain 
from aggressive modification of  the treatment regimens 
and show higher SVR rates. 

The SVR rate with retreatment consisting of  stan-
dard peg-IFNα-2b plus RBV regimen was 12% in non-
responders to prior treatment with conventional IFNα/
RBV or peg-IFNα/RBV who had detectable HCV 
RNA at retreatment week 12[77]. The SVR rate with stan-
dard peg-IFNα-2a plus RBV regimen was 18% in non-
responders (with advanced fibrosis/cirrhosis) to prior 
conventional IFN-based treatment who had undetectable 
HCV RNA at retreatment week 20[21]. A randomized re-
treatment study for non-responders to prior peg-IFNα-2b 
plus RBV compared 48-wk vs 72-wk treatment duration 
using higher induction dose (360 µg weekly for 12 wk) or 
standard dose peg-IFNα-2a (180 µg weekly) plus RBV[85]. 
Although the extended treatment duration rather than 
higher induction dose significantly increased SVR rates 
(16% for 72 wk vs 8% for 48 wk, P < 0.001), the SVR 
rate was unsatisfactorily low: 16% for the 72-wk/higher 
induction dose group, 14% for the 72-wk/standard dose 
group, 7% for the 48-wk/higher induction dose group, 
and 9% for the 48-wk/standard group. However, the 
study showed that SVR rates were higher in patients with 
undetectable HCV RNA at re-treatment week 12 (49%) 
compared to those with detectable HCV RNA at re-
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treatment week 12 (4%). Despite differences in the study 
population and design among these retreatment trials, 
most of  them have produced modest SVR rates ranging 
from 7% to 18%. A recent meta-analysis indicated that the 
pooled estimate of  SVR rate was 16.3% with a 95% CI of  
8.3%-29.6%, although there was a significant heterogene-
ity among the studies (P < 0.0001)[86]. 

Difficult-to-treat naïve patients
In contrast, treatment-naïve patients, even with multiple 
unfavorable factors, may show a favorable treatment out-
come with aggressive treatment regimens. A pilot study of  
peg-IFNα-2b administered twice weekly in combination 
with RBV showed a significantly higher SVR rate among 
treatment-naïve patients with genotype 1/4 and high 
baseline viral load (55% vs 17% with the standard regi-
men)[83]. In another study, a very high dose of  RBV based 
on an individualized schedule yielded a very high SVR 
rate with the combination of  peg-IFNα-2a for treatment-
naïve patients with genotype 1 and high baseline viral 
load, although this was a very small pilot study[82]. A pilot, 
double-blind, RCT for treatment-naïve patients with mul-
tiple predictors of  poor treatment response (genotype 1, 
high baseline viral loads of  > 800 000 IU/mL, and body 
weight > 85 kg) showed that high fixed doses of  peg-
IFNα-2a (270 µg/wk) and RBV (1600 mg/d) increased 
SVR rates compared with lower, conventional doses of  
both agents (180 µg/wk and 1200 mg/d, respectively)[54]. 
Week 48 end-of-treatment virologic response and SVR 
rates were 55% vs 46% and 47% vs 28%, respectively, sug-
gesting that a more aggressive treatment approach could 
improve the virologic response and suppress relapse, al-
though increasing the dose of  RBV alone did not reduce 
relapse or substantially improve the SVR rates. However, 
the initial 12-wk induction with high dose of  peg-IFNα-
2b (3.0 µg/kg per day) failed to produce a positively fa-
vorable treatment outcome in treatment-naïve genotype 1 
patients, compared to standard regimen[84].

Taken together, non-responders to a prior 48-wk 
course of  standard peg-IFNα plus RBV combination who 
have no virologic response at retreatment week 12 are the 
most difficult-to-treat population. Such non-responders 
may have a cluster of  difficult-to-treat characteristics or 
yet undiscovered resistant factors. The overall modest ef-
ficacy in non-responders argues against an indiscriminate 
retreatment with peg-IFNα and RBV. Restricting retreat-
ment to patients with favorable factors or less unfavor-
able conditions, using a 12-wk treatment stopping rule, 
would optimize the potential benefit with little likelihood 
of  missing a curative response. For instance, relapsers 
with earlier virologic response to the prior treatment, and 
patients infected with genotype 2 or 3, would be possible 
candidates for successful retreatment. For treatment-naïve 
patients even with multiple predictors of  poor treatment 
response, aggressive treatment regimens using currently 
available medications could significantly improve the like-
lihood of  achieving SVR. 

STAT-C AGENTS
A large number of  STAT-C agents have been developed 
and are currently being tested in phase 1-3 trials[87,88]. 
Adding STAT-C agents to peg-IFNα plus RBV should 
provide new treatment options for chronic hepatitis C. 
Recently, the Protease Inhibition for Viral Evaluation 
(PROVE, evaluating telaprevir) and Serine Protease In-
hibitor Therapy (SPRINT, evaluating boceprevir) clinical 
trials have suggested that protease inhibitors combined 
with peg-IFNα plus RBV could produce SVR rates of  
70%-75% in treatment-naïve genotype 1 patients[40,89,90]. 
Telaprevir and boceprevir, orally bioavailable inhibitors 
of  the HCV NS3 protease, are two of  several investi-
gational agents that specifically and directly target HCV 
with increased likelihood of  SVR. In the PROVE studies, 
discontinuation of  treatment because of  adverse events 
was more frequent in telaprevir-based groups, with rash 
the most common reason for discontinuation. The fre-
quencies of  pruritus, rash and anemia were increased in 
telaprevir-based groups[40,89,91]. In the SPRINT-1 study, the 
most common adverse events leading to discontinuation 
in boceprevir regimens were fatigue, nausea, depression, 
neutropenia and anemia. Incidence of  rash-related adverse 
events was similar in boceprevir regimens and control[90]. 

More recently, the results of  the PROVE-3 study 
showed that retreatment with telaprevir in combination 
with peg-IFNα-2a plus RBV was more effective than re-
treatment with peg-IFNα-2a plus RBV alone in patients 
who failed to show SVR to the initial full course of  peg-
IFNα plus RBV[91]. The SVR rates of  the three telaprevir-
treated groups: 51% in the T12PR24 group [telaprevir 
(1125-mg loading dose, then 750 mg every 8 h) for 12 wk 
and peg-IFNα-2a (180 µg weekly) and weight-based RBV 
(1000 or 1200 mg/d) for 24 wk], 53% in the T24PR48 
group (telaprevir for 24 wk and peg-IFNα-2a and RBV 
for 48 wk), and 24% in the T24P24 group (telaprevir 
and peg-IFNα-2a for 24 wk), were significantly higher 
than that of  the PR48 (control) group (peg-IFNα-2a 
and RBV for 48 wk; 14%; P < 0.001, P < 0.001 and P = 
0.02, respectively). Patients with a previous relapse in the 
T12PR24 and T24PR48 groups had SVR rates of  69% 
and 76%, respectively. Of  note, those with a previous 
non-response had SVR rates of  39% and 38%, respective-
ly, which are the highest reported to date and more than 
four times the SVR in the control group (9%). The higher 
discontinuation rates and the lower relapse rates in the 
T24PR48 group compared with the T12PR24 group sug-
gest that an optimal retreatment regimen may consist of  a 
shorter period of  treatment with telaprevir combined with 
a longer period of  treatment with peg-IFNα and RBV. 

In the SPRINT-1 study, boceprevir in combination 
with peg-IFNα-2a (P) plus RBV (R) was more effective 
than P/R for 48 wk (control)[90]. The SVR rates of  four 
boceprevir-treated regimens: 56% or 75% after 4 wk of  
P/R lead-in followed by P/R/boceprevir for 24 or 44 wk, 
and 55% or 67% after P/R/boceprevir for 28 or 48 wk, 
were significantly higher than that of  the control (38%; P 
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= 0.0048, < 0.0001, = 0.0082 and < 0.0001, respectively). 
48-wk boceprevir regimens had very low relapse rates. 
However, P/low-dose R/boceprevir for 48 wk was as-
sociated with increased viral breakthrough (27%), relapse 
(23%) and lower efficacy (36%). 

The addition of  STAT-C agents, such as telaprevir, 
to current standard treatment adds promising antiviral 
activity and is one of  the most powerful retreatment 
strategies, especially for the non-responder population. 

LONG-TERM EFFECT OF IFN TREATMENT 
ON THE PROGRESSION OF LIVER 
DISEASES
Retrospective cohort studies and preliminary 
randomized controlled trials
There are few satisfactory medical treatments for patients 
who do not achieve SVR in response to IFN-based treat-
ment. In such patients, the liver disease could progress to 
cirrhosis, hepatocellular carcinoma (HCC) and liver fail-
ure, culminating in liver disease-related death. Earlier ret-
rospective cohort studies suggested that conventional IFN 
treatment reduces the risk of  HCC even in patients who 
are treated with a single course as brief  as 6 mo and who 
show transient biochemical response but fail to eradicate 
HCV[92-95]. In these non-randomized analyses, the short- 
or long-term efficacy of  conventional IFN or impact of  
the treatment outcome on the clinical end point were 
evaluated based on serum ALT levels, but not the degree 
of  viral response because serum HCV RNA levels were 
not monitored. These studies included patients with vari-
ous liver disease stages (degree of  fibrosis) and perhaps 
those with SVR at a certain rate. The SVR induced by 
conventional IFN treatment apparently provides a long-
term benefit by reducing liver-related death[96]. As shown 
by other retrospective cohort studies, it is conceivable 
that achievement of  SVR following IFN-based treatment 
would reduce the risk of  adverse clinical outcomes (liver-
related complications, HCC and liver-related mortality) 
even in patients with cirrhosis or advanced fibrosis, com-
pared to non-SVR[97-99]. Furthermore, a small, prospective 
RCT suggested that even a single, brief  (24-wk) course of  
conventional IFN treatment for patients with compensat-
ed cirrhosis (grade A on the Child-Pugh scoring system) 
could slow liver disease progression and reduce the cumu-
lative incidence of  HCC and mortality in the very long-
term clinical course[100]. Another RCT of  extended con-
ventional IFN treatment to 30 mo showed suppression of  
HCV RNA levels and reduction in serum ALT levels and 
histologic findings (necroinflammation and fibrosis) in 
non-responders to 6-mo conventional IFN treatment but 
with a histologic response[101]. In that preliminary study, 
the majority of  patients did not have advanced fibrosis 
or cirrhosis, and the impact of  maintenance treatment on 
morbidity and mortality was not assessed. These favorable 
results encouraged clinicians to prevent progressive liver 
disease, including development of  HCC and progression 
to cirrhosis and liver failure, with IFN-based maintenance 

treatment even in patients with advanced fibrosis or cir-
rhosis. However, most of  the following prospective RCTs 
did not recommend long-term maintenance treatment for 
such patients. 

Randomized controlled trials for advanced fibrosis and 
cirrhosis
A large, prospective RCT [the Hepatitis C Antiviral Long-
term Treatment against Cirrhosis (HALT-C) trial] also 
showed that maintenance treatment of  peg-IFNα-2a at 
a dosage of  90 µg weekly for 3.5 years correlated signifi-
cantly with decreases in serum HCV RNA levels, serum 
ALT levels and histologic necroinflammatory scores, 
compared to no treatment (P < 0.001), in patients with 
advanced fibrosis who had not achieved SVR to a stan-
dard regimen of  peg-IFNα-2a plus RBV[80]. Nevertheless, 
the maintenance treatment failed to reduce the rate of  
disease progression, as indicated by death, HCC, hepatic 
decompensation, or increase in the fibrosis score, in those 
with or without cirrhosis: 34.1% in the treatment group 
vs 33.8% in the control group (P = 0.90). Among patients 
with bridging fibrosis at baseline, cirrhosis developed by 
year 3.5 at rates similar in the two groups (28.2% vs 31.9%, 
respectively). Conversely, the rate of  at least one serious 
adverse event was higher in the treatment group (38.6%) 
than in the control group (31.8%, P = 0.07). 

In a substudy of  the HALT-C trial, profound viral 
suppression by ≥ 4 log10 with standard-dose peg-IFN 
plus RBV during the 24-wk lead-in phase was significantly 
related to fewer clinically critical events (P = 0.003) over 
the ensuing 3.5 years, regardless of  whether randomized 
to maintenance therapy or no treatment[81]. Unexpectedly, 
persistent viral suppression by ≥ 4 log10 with maintenance 
therapy did not lead to a further reduction in clinical 
events. Thus, there is no rationale for peg-IFNα mainte-
nance therapy in patients without viral suppression to un-
detectable levels during the treatment. Strangely, profound 
viral suppression even for a relatively brief  period during 
the lead-in phase may be associated with clinical benefits.

In a small RCT, patients with biopsy-proven compen-
sated cirrhosis who had at least one risk factor of  compli-
cations were randomized to either conventional IFNα-2a 
(3 MU three times weekly) or no treatment for 24 mo[102]. 
In the Colchicine Versus Pegintron Long-term Therapy 
(COPILOT) trial, patients with advanced fibrosis or cir-
rhosis who were non-responders to either conventional 
IFN or peg-IFNα with or without RBV were randomized 
to receive either peg-IFNα-2b at a dose of  0.5 µg/kg per 
week or colchicine for 4 years[78]. In the study design of  
the Evaluation of  Pegintron in Control of  Hepatitis C Cir-
rhosis (EPIC3) trial, non-responders to a lead-in treatment 
phase of  peg-IFNα-2b plus RBV were randomized to re-
ceive either peg-IFNα-2b at a dose of  0.5 µg/kg per week 
or no treatment for up to 3 years[79]. Despite differences in 
the study design, the results of  these trials were similar to 
those observed in the HALT-C trial; maintenance therapy 
with conventional IFN or peg-IFNα has little or no im-
pact on prevention of  progressive liver disease or com-
plication-free survival in patients with advanced fibrosis 
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or cirrhosis. In the COPILOT and EPIC3 trials, however, 
maintenance therapy reduced complications almost exclu-
sively in patients with portal hypertension. 

The results of  these prospective RCTs contradict 
those of  the majority of  retrospective, non-randomized 
cohort studies and earlier preliminary prospective RCTs. 
There were some differences among studies: the end 
points of  disease events, inclusion criteria for the study, 
patients’ background involving wide-ranging fibrosis stage 
or advanced fibrosis/cirrhosis, race, and life-style (high 
calorie, cigarette smoking, or alcohol intake), and evalua-
tion on the basis of  the degree of  viral suppression or de-
cline in serum ALT. It is not clear why control patients in 
previous retrospective studies did not receive IFN-based 
treatment for long-term periods. These uncertainties 
may tip the balance in favor of  the IFN-treated patient 
group. At the least, maintenance treatment with low-dose 
peg-IFNα or conventional IFN for 2-3.5 years does not 
appear to prevent disease progression in patients with 
advanced fibrosis/cirrhosis and persistent viremia, and 
thus provides no overall benefit to such patients. If  main-
tenance therapy leads to profound viral suppression, it can 
potentially prevent progressive disease and liver-related 
complications. 

NEW INTERFERON AND ALTERNATIVE 
FORMS OF RIBAVIRIN
The clinical trials of  STAT-C agents, PROVE and 
SPRINT[40,89,90], suggest that peg-IFNα-2a or -2b and stan-
dard-dose RBV are required as indispensable components 
even in new combination regimens with the first-generation 
protease inhibitors, because treatment arms without riba-
virin in the PROVE2 trial and with low-dose RBV in the 
SPRINT-1 trial showed increased viral breakthrough, higher 
relapse, and lower SVR. However, the addition of  telaprevir 
or boceprevir resulted in higher rates of  treatment discon-
tinuation because of  adverse events (rash, pruritus, and 
anemia), compared with the control arm. Furthermore, pre-
existing resistant variants and naturally occurring resistance-
related mutations against STAT-C agents would disturb the 
efficacy of  “add-on” triple combination therapy[41,103]. To 
overcome these disadvantages resulting from the addition 
of  STAT-C agents, alternative approaches to new treatment 
strategies are needed to increase the SVR rates and reduce 
adverse events by altering formulations of  IFN and RBV. 

Albinterferon
Recombinant human albumin-interferon α-2b (albinter
feron, alb-IFN), a novel formulation of  IFNα, is an 
85.7-kDa protein consisting of  IFNα-2b genetically fused 
to human albumin. In an in vitro study using liver cell-
based and non-liver cell-based HCV replicon cell lines, 
alb-IFN preserved the antiviral properties of  IFNα with 
significant suppression of  HCV RNA at clinically relevant 
serum concentrations[104]. In a study of  monkeys, alb-IFN 
had a prolonged elimination half-life, and consequently 
provided greater exposure relative to IFNα[105]. In dose-

ranging phase 1/2 studies involving IFN-experienced and 
naïve patients, alb-IFN administration of  up to 1200 µg at 
14-d intervals demonstrated a favorable safety profile, the 
half-life was extended to approximate 144 h, and antiviral 
activity increased in a dose-dependent manner[106,107]. Alb-
IFN was detectable throughout the entire dosing interval, 
corresponding to viral dynamic changes observed at doses 
of  900-1200 µg. 

A phase 2b trial randomized naïve genotype 1 patients 
to four treatment arms: peg-IFNα-2a (180 µg once week-
ly), alb-IFN [900 or 1200 µg once every two weeks (q2wk), 
or 1200 µg once every four weeks (q4wk)] plus weight-
based RBV (1000 or 1200 mg/d) for 48 wk[108]. The SVR 
rates in the 900-µg q2wk- and 1200-µg q2wk-alb-IFN 
groups (59% and 56%, respectively) were comparable to 
that in the peg-IFNα-2a group (58%), while SVR rate in 
the 1200-µg q4wk-alb-IFN group was lower (51%, P = 
0.28). The discontinuation rates due to adverse events were 
comparable among the 900-µg q2wk- and 1200-µg q4wk-
alb-IFN and peg-IFNα-2a groups (9%, 12%, and 6%, 
respectively), and higher for 1200-µg q2wk-alb-IFN (18%, 
P = 0.04). Another trial compared five alb-IFN-based regi-
mens for non-responders to prior IFN-based treatment: 
1200-µg q4wk and 900-, 1200-, 1500-, and 1800-µg q2wk 
plus RBV for 48 wk[109]. Although the overall SVR rate 
was only 11% for previous genotype 1 non-responders to 
peg-IFNα plus RBV, the trial suggested the potential ad-
vantage of  higher doses of  alb-IFN (1800 µg q2wk) and 
its promising antiviral activity. Taken together, alb-IFN 
is likely to have overall efficacy and safety profiles com-
parable to those of  peg-IFNα-2a, with the convenience 
of  a 2-wk to 4-wk interval dosing schedule. Interestingly, 
alb-IFN improves patients’ psychological condition and 
reduces missed workdays, and could further reduce the 
immunogenicity of  IFN, compared to peg-IFNα. 

Taribavirin (Viramidine)
Hemolytic anemia induced by RBV can cause fatigue, af-
fect quality of  life, and consequently result in dose reduc-
tions, which could lower the chance of  SVR[2,3,45,49,110,111]. 
Erythropoietin preparations used to alleviate anemia and 
maintain RBV dose substantially increase medical expens-
es and may induce adverse effects[46,112]. Some protease and 
polymerase inhibitors exacerbate anemia observed with 
peg-IFNα plus RBV combination treatment[40,89]. Such 
cases strongly emphasize the need for an RBV analogue 
to alleviate hemolytic anemia. 

Taribavirin (TBV, previously known as viramidine) 
is a prodrug of  RBV being developed for combination 
treatment with peg-IFNα, in expectation of  a lower inci-
dence of  anemia. The agent is a guanosine analogue that 
is primarily taken up by the liver and is rapidly converted 
to RBV by adenosine deaminase[113-116]. TBV-derived RBV 
is concentrated in the liver at three-fold the rate of  na-
tive RBV[116]. Furthermore, TBV containing a positively 
charged 3-carboxamide group accumulates poorly in red 
blood cells (RBCs) and reduces RBV concentration in 
RBCs by half[114-116]. 
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A phase 2 dose-ranging comparison of  TBV vs RBV 
combined with peg-IFNα-2a (180 µg/wk) evaluated TBV 
doses of  800, 1200 and 1600 mg/d and RBV at a weight-
based dose of  1000 or 1200 mg/d[117]. The SVR rates were 
lower in the TBV groups than in the RBV group (23%, 
37%, 29% vs 44%), although anemia was significantly less 
in the TBV groups. The phase 3, double-blind, Viramidine’s  
Safety and Efficacy versus Ribavirin 1 (ViSER1) study for 
naïve patients compared the safety and efficacy of  flat-
dose TBV (1200 mg/d) vs weight-based RBV (1000 or 
1200 mg/d) in combination with peg-IFNα-2b (1.5 µg/kg 
per week)[118]. The SVR rates were 38% and 52%, respec-
tively. The VR rate at every time point during the study 
was lower, and the relapse rate was higher in the TBV 
group. Thus, flat-dose TBV failed to show non-inferiority 
efficacy compared to weight-based RBV, suggesting that 
the dosage of  TBV (1200 mg/d) is suboptimal or insuf-
ficient at least for a proportion of  patients. However, the 
incidence of  hemoglobin (Hb) events (Hb < 10 g/dL or 
a decrease of  ≥ 2.5 g/dL from baseline) was significantly 
lower with TBV (55%) than with RBV (84%, P < 0.001). 
More patients were encountered in the TBV arm with di-
arrhea (30%) compared to the RBV arm (20%). The inci-
dence of  moderate or severe diarrhea in the former group 
was double that in the latter (10% vs 5%, respectively).

The ViSER2 study showed similar results of  efficacy 
and safety[119]. It was performed with the same study de-
sign, except for the usage of  peg-IFNα-2a (180 µg once 
weekly, instead of  peg-IFNα-2b). The SVR rate was 40% 
in the flat-dose TBV group and 55% in the weight-based 
RBV group. TBV was significantly superior to RBV in Hb 
event rates (54% vs 80%, P < 0.001). The rates of  adverse 
events were similar between the groups except for diar-
rhea (TBV 30%; RBV 16%, P < 0.0001).

Similar to RBV, TBV appears to improve the SVR 
rate with higher TBV exposure based on body weight 
(mg/kg), and a dosage of  > 18 mg/kg may be needed to 
produce SVR rates comparable to those of  weight-based 
RBV[118,119]. Therefore, further studies of  TBV adminis-
tered on a weight-based dosing schedule are required to 
determine the optimal dosage that would yield superior 
efficacy to, or at least comparable to, RBV, with preserva-
tion of  the safety profile.

CONCLUSION
In summary, more optimal and highly individualized 
therapeutic strategies for HCV-infected individual patients 
are currently being investigated and developed, such as re-
sponse-guided therapy, modified regimens with currently 
available medications, novel modified IFNα and RBV or 
combinations with STAT-C agents. In the foreseeable fu-
ture, these ceaseless efforts will relieve a large number of  
HCV-infected patients all over the world. 
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