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Abstract
Over the past decade, significant improvements have 
been made in the treatment of chronic hepatitis C 
(CHC), especially with the introduction of combined 
therapy using both interferon and ribavarin. The 
optimal dose and duration of treatment is still a 
matter of debate and, importantly, the efficacy of this 
combined treatment varies with the viral genotype 
responsible for infection. In general, patients infected 
with viral genotypes 2 or 3 more readily achieve a 
sustained viral response than those infected with 
viral genotype 1. The introduction of a pegylated 
version of interferon in the past decade has produced 
better clinical outcomes in patients infected with viral 
genotype 1. However, the published literature shows 
no improvement in clinical outcomes in patients 
infected with viral genotypes 2 or 3 when they are 
treated with pegylated interferon as opposed to non-
pegylated interferon, both given in combination with 
ribavarin. This is significant because the cost of a 
24-wk treatment with pegylated interferon in less-
developed countries is between six and 30 times 
greater than that of treatment with interferon. Thus, 
clinicians need to carefully consider the cost-versus -
benefit of using pegylated interferon to treat CHC, 
particularly when there is no evidence for clinically 
measurable benefits in patients with genotypes 2 and 
3 infections.
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INTRODUCTION
The hepatitis C virus (HCV) is a non-cytopathic 
member of  the Flaviviridae family that causes acute and 
chronic hepatitis and can lead to the development of  
hepatocellular carcinoma (HCC). An estimated 3% of  
the world’s population is infected with HCV[1]. Acute 
infection is usually asymptomatic, which makes early 
diagnosis difficult. A distinct feature of  HCV infection 
is its proclivity towards becoming chronic in as many as 
70% of  acute infections. Importantly, chronic hepatitis 
C (CHC) is associated with the progressive development 
of  fibrosis and cirrhosis that, if  left untreated, can lead 
to end-stage liver disease with an estimated 5%-20% 
mortality rate. 

PREVALENCE AND VIRAL GENOTYPE
Preliminary surveys from Pakistan suggest that the 
seroprevalence of  HCV is > 5%, while other surveys 
suggest rates as high as 10%[2-6]. In one study[7] of  
prospective blood donors in Faisalabad, Pakistan, 78/294 
individuals or 26.5% were found to be seropositive for 
HCV. If  representative, this would be appreciably greater 
by far than the prevalence rate of  2.9% estimated for 
Egypt, a country with one of  the highest HCV infection 
rates[8].

The predominant form of  HCV infections in 
Pakistan is of  the genotype 3 variety, and this genotype 
is also predominant in northern, northeastern, and 
central India, with infection rates as high as 71% in acute 
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hepatitis patients, and as high as 82% in chronic hepatitis 
patients[9,10]. From a global public health perspective, 
sizeable fractions of  CHC populations outside southern 
Asia are also infected with viral genotypes 2 and 3. 
For example, 26.9% of  CHC patients in Serbia and 
Montenegro have been reported to be infected with 
genotypes 2 or 3[11]. An estimated 37% of  90 consecutive 
liver patients from Novara, Italy, had genotype 2[12]. 
In Cordoba, Argentina, 55% of  96 consecutive liver 
patients had genotype 2 and 5% had genotype 3[13]. An 
estimated HCV prevalence of  31% for genotype 3 and 
4.3% for genotype 2 has been reported in Brazil[14]. 
These data from the more densely populated areas of  
the world suggest that the actual number of  people 
infected with either genotype 2 or 3 is quite substantial 
compared to those with genotype 1, the predominant 
form in North America and northern Europe, although 
an estimated 16% of  CHC patients in the United States 
are also infected with genotypes 2 or 3, as compared 
to 72% with genotype 1 (http://www.hepatitis.va.gov/
vahep?page=diag-tests-03-05). 

TREATMENT OPTIONS AND CLINICAL 
OUTCOMES
In the past two decades, considerable progress has 
been made in the treatment of  this disease with the 
introduction of  interferon (IFN), and, subsequently, 
with the addition of  the guanosine analogue, ribavarin 
(RBV), in 1998. Typically, patients are treated with 
IFN by subcutaneous injection three times per week 
in conjunction with a daily oral dose of  RBV (800- 
1200 mg/day, adjusted by body weight) for between 24 
and 48 wk. The therapeutic efficacy is typically measured 
by the following end points: (1) a sustained virologic 
response (SVR), defined as no detectable levels of  the 
viral RNA in serum at least 24 wk after the end of  
treatment; (2) a decrease in the liver enzyme, alanine 
aminotransferase (ALT) to within the normal reference 
range; and (3) signs of  histological improvement 
as demonstrated typically by a paired liver biopsy 
performed prior to the initiation of  therapy and at 24 wk 
after the end of  therapy. 

Correlations between serum virus levels, serum ALT 
levels, and liver pathology, while generally acceptable[15,16], 
have not been definitively established. The primary 
measure of  current therapy is the achievement of  
virtually no detectable levels of  HCV in serum at least 
24 wk following the end of  therapy, defined as the SVR. 
The SVR correlates well in clinical practice with patient 
recovery and wellbeing.

In the past decade, it has been reported that the 
addition of  a polyethylene glycol (Peg) moiety to IFN 
(termed, Peg-IFN) significantly enhances its half-life in 
the blood, such that patients can be dosed with the Peg-
IFN once weekly as compared to three times a week for 
the non-pegylated IFN. 

In a study[17] of  531 CHC patients (190 of  whom 
were HCV genotype 2 or 3, and 329 were genotype 1), 

treated with Peg-IFN or IFN, without RBV, for 48 wk 
and followed up for an additional 24 wk, the overall SVR 
at 72 wk was 39% (95% CI, 33%-45%) for Peg-IFN and 
19% (95% CI, 14%-24%) for IFN. The data were not 
separated by genotype. The authors noted that the rate 
of  relapse between weeks 48 and 72 was higher among 
patients who had a response to Peg-IFN compared to 
those treated with IFN. In a randomized double-blind 
study[18] of  1219 patients treated with Peg-IFN alone 
compared to IFN, both administered without RBV, 
significant improvements, including SVR, were noted in 
patients with genotype 1 virus, with a trend towards an 
improved, although not significant, response in patients 
with genotypes 2 and 3. 

Treatment of  CHC patients with Peg-IFN + RBV 
(the RBV dose typically weight-based but sometimes 
flat-dosed between 800 and 1200 mg/day, per os) has 
been shown to result in appreciably better clinical 
outcomes and has been touted as the so-called gold 
standard in the treatment of  CHC. This conclusion 
stems almost exclusively from two studies[19,20] in which 
CHC patients were treated with Peg-IFN + RBV or 
with IFN + RBV. The data from these two studies have 
shown that the single greatest advantage of  the Peg-
IFN over IFN, both given in combination with RBV, has 
been the achievement of  a statistically significant SVR 
in CHC patients with genotype 1, the recalcitrant form 
of  this viral disease. The studies showed no consistent 
advantage of  Peg-IFN over IFN (either one given in 
combination with RBV) in patients with viral genotypes 
2 or 3. In the Manns et al study[19], the SVR was 76% 
for genotypes 2 or 3 and ranged from 36 to 56% in 
genotype 1 patients treated with IFN + RBV or Peg-IFN 
+ RBV. In a randomized study of  1311 CHC patients 
given only Peg-IFN + RBV, Hadziyannis et al[21] reported 
an SVR of  approximately 80% in those infected with 
genotype 2 or 3 virus versus approximately 52% in those 
with genotype 1 virus. Several other studies[22-38] of  CHC 
patients with genotype 2 or 3 virus, treated with either 
Peg-IFN or IFN, both administered with RBV, are 
summarized in Table 1 and show no better results with 
either IFN, when given in combination with RBV, for 
genotypes 2 and 3 viruses.

Notwithstanding the published clinical data[19-38] 

summarized in Table 1, the debate on the optimal 
duration of  Peg-IFN treatment with RBV continues. 
In a recent paper, Shiffman et al[34] have suggested that 
it may be prudent to treat CHC patients with genotype 
2 or 3 virus for 24 wk as opposed to 16 wk, to ensure 
a lower percentage of  relapses. The concept of  an 
early virological response, sometimes referred to as a 
rapid viral response (RVR), reported in some fraction 
of  CHC patients within 4 wk, has been proposed as a 
clinically useful predictor of  SVR[39]. However, while 
this concept is valuable in CHC patients infected with 
genotype 1 or 4 virus, some 97% of  patients with 
genotypes 2 and 3 viruses show an RVR, and therefore, 
this concept is less useful in CHC patients infected with 
genotype 2 or 3[40]. Importantly, the rates of  relapse can 
increase with therapies of  shorter duration, although 
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the SVR rates (27.8% and 58.8%) were inexplicably low 
in one particular study of  genotype 3 CHC patients in 
Pakistan[41]. 

Emerging data[27,30,32,38-40] suggest differences in 
SVR between patients with genotype 2 or 3 HCV, with 
genotype 2 yielding better responses than 3. There may 
also be additional nuances between genotypes 2a and 2c 
that could be used to the benefit of  patients with these 
sub-types of  HCV infection.

NEWER SUPPLEMENTAL TREATMENT 
OPTIONS TO INCREASE THERAPEUTIC 
EFFICACY AND PREVENT RELAPSE
Two new adjuvants to existing therapies with IFN 
+ RBV or Peg-IFN + RBV are noteworthy in their 
potential to vastly improve SVR and clinical outcomes, 
and importantly, to decrease relapse rates in CHC 
patients. While abnormalities in glucose metabolism in 
CHC patients were recognized as far back as 1994[42], the 
application of  this knowledge in the clinical setting has 
been introduced in just the past few years, as the epidemic 
of  obesity and pre-diabetes or diabetes has come into 
sharp focus as a matter of  great public health concern.

Eighty-two CHC patients[36] with genotype 2 or 3 
virus were treated with IFN + RBV or Peg-IFN + RBV. 
Insulin resistance was measured by the homeostasis 
model (HOMA-IR). Patients with HOMA-IR values < 
2 had an SVR of  94%, those with HOMA-IR values of  
2-4 or > 4 had an SVR of  65%. The authors concluded 
that SVR rates > 90% are achievable in persons with low 
HOMA-IR values in genotype 2 and 3 patients, but drop 
to the 60% level more typically seen in CHC genotype 

1 patients when their HOMA-IR values are > 2. Similar 
results have been reported more recently by others[43-46].

In an elegant series of  papers from the Siddiqui 
Laboratory at the University of  California at San Diego, 
in vitro studies on the mechanisms of  HCV-induced 
changes in liver cells have identified the importance of  
intracellular calcium and oxidative stress in activating 
signal transducer and activator of  transcription and 
nuclear factor-κB which in turn, contribute to the release 
of  pro-inflammatory cytokines and contribute to liver 
pathology in HCV-infected cells[47-51]. This mechanism 
has been confirmed by others[52,53] and summarized 
in a recent review, in the context of  immune system 
derangements observed in CHC[54]. 

We are in the early stages of  designing a pilot study 
to evaluate the effectiveness of  drugs, such as exenatide, 
used to overcome insulin resistance and agents that 
would block calcium derangements in the liver of  CHC 
patients infected with HCV genotype 2 or 3.

CONCLUSION
Published and unpublished clinical observations suggest 
that an SVR is achieved in 70%-88% of  CHC patients 
infected with genotype 2 or 3 HCV treated with IFN 
+ RBV. A weight-of-evidence analysis using the data 
cited in Table 1, suggests no greater benefit in treating 
genotype 2 or 3 infections with Peg-IFN, which can 
be as much as six to 30 times more expensive than 
IFN (unpublished data). While the number of  patients 
studied (Table 1) may be smaller than optimally required 
for a definitive answer to the issue of  whether Peg-IFN, 
despite its additional costs, brings any clinical benefit 
to CHC patients with genotype 2 or 3 infection, the 
similarities in SVR between the two IFNs suggest that 
neither offers a measurable clinical benefit over the other 
when administered with RBV.

The 2002 National Institutes of  Health (NIH) 
Consensus Conference Statement[55] on Management 
of  Hepatitis C stated, “Among patients with genotypes 
2 or 3, SVRs with standard interferon and ribavarin 
were comparable to those with pegylated interferon and 
ribavarin, and thus standard interferon and ribavarin 
could be used in treating patients with those genotypes”. 
The published data since the 2002 NIH Consensus 
Statement have not falsified this recommendation. 
Thus, the recommendation of  duration of  Peg-IFN 
therapy for hepatitis C with these genotypes needs to be 
tempered by whether or not Peg-IFN offers any clinical 
advantage, given its much higher cost, when used with 
RBV, and especially in less-developed countries.
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