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 ■ Introduction

Up to 3% of the world’s population, or 170 million 
people, are chronically infected with hepatitis C vi-
rus (HCV).1 The prevalence of chronic HCV infec-
tion ranges from 0.1% to more than 10% in different 
countries, with the highest prevalence rates (10% 
to 15%) found in the African and Eastern Medite-
rranean regions. It is estimated that there are 2.7 to 
3.9 million HCV chronic carriers in the United States 
and 5 million HCV carriers in Western Europe, with 
a higher prevalence of HCV in Eastern Europe.2-4 Re-
cent reports indicate that HCV infection currently 
accounts for up to two-thirds of newly diagnosed 
cases of chronic liver disease in the United States.5 

In Mexico, liver disease ranks fifth among 
most common causes of death, with alcoholic li-
ver disease being the dominant etiology, followed 
by nonalcoholic fatty liver disease (NAFLD), and 
chronic hepatitis C.6 A systematic review of reacti-
vity to antibody against HCV (anti-HCV) in Mexi-
co showed a weighted mean prevalence rate of 
0.37%, lower than prior estimates of 1%.7 HCV can 
be classified into six major genotypes based on se-
quence divergence of 30%, which differ by geo-
graphic distribution, with HCV genotype 1 being 
the most prevalent one in North America, South 
America, and Western Europe. Genotype 1 affects 
two-thirds (63-70%) of individuals with chronic 
hepatitis C in Mexico, similar to the prevalence of 
this genotype in the United States.7 

HCV is efficiently transmitted by percutaneous 
exposure to infectious blood. Following acute HCV 
infection, up to 85% of adults will develop chronic in-
fection and approximately 20% (range 5-25) of 
chronically infected individuals may develop cirr-
hosis after 25 to 30 years of infection.8 Children 
infected at a young age and women have lower 
rates of cirrhosis on long-term follow-up (2-6%). 
Persons most likely to have chronic HCV infection 
are those who received a blood transfusion prior 
to 1992 or have past or current injection drug use. 
However, other groups are at risk, such as those 
with human immunodeficiency virus (HIV) in-
fection or history of multiple sexual contacts, per-
sons with hemophilia who received clotting factor 
concentrates before 1987, patients who have been 
on hemodialysis, persons who received an organ 
transplant before 1992, those with unexplained 
elevation of serum aminotransferase levels, and 
children born to HCV-infected mothers. Chronic 
HCV infection is a major cause of morbidity and 
mortality, and may progress to cirrhosis, liver fa-
ilure and hepatocellular carcinoma (HCC) with 
the need for liver transplantation, albeit at varia-
ble rates.9 Chronic hepatitis C is the leading indi-
cation for liver transplantation in many countries, 
accounting for more than one third (37-41%) of all 
liver transplants in the United States.10 

Several factors appear to accelerate the pro-
gression of chronic hepatitis C, including advan-
ced age, male gender, excessive alcohol intake, 
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HIV coinfection, and hepatic steatosis with obesi-
ty, diabetes mellitus and insulin resistance.11,12 In 
addition, higher serum alanine aminotransferase 
(ALT) levels are associated with a higher rate of 
fibrosis progression, while worsening of fibrosis is 
less common in patients with persistently normal 
ALT levels.13 Chronic hepatitis C with advanced 
hepatitis fibrosis, and particularly with cirrhosis, 
is significantly associated with the development of 
HCC.14,15 Although chronic hepatitis B virus (HBV) 
infection is the most common predisposing factor 
for HCC worldwide, HCV infection is the most fre-
quent cause of HCC in the United States and the 
incidence of HCV-associated HCC is increasing.14,15 
Antiviral therapy may have a significant impact on 
the natural history of chronic HCV infection, as a 
sustained virologic response (SVR) to therapy may 
halt fibrosis progression, decrease the risk of HCC, 
and prolong survival.16-19

 ■ Treatment

Guidelines for Treatment of Chronic Hepatitis C

The dominant current guideline for the treatment 
of chronic hepatitis C was developed by the Ame-
rican Association for the Study of Liver Diseases 
(AASLD) and published in 2009.20 Other guidelines on 
treatment of HCV infection are either outdated 
or focused on regional considerations of specific 
countries, such as different genotype prevalence 
rates, reimbursement policies, or other local is-
sues. Although a bit dated, the position statement 
from the American Gastroenterological Associa-
tion (AGA) published in 2006 is also frequently 
cited along with the AASLD guideline.21 The ear-
lier hepatitis C consensus development conferen-
ces conducted by the National Institutes of Health 
(NIH) in 1997 and 2002 were historically instru-
mental in providing guidance and standardization 
to the management of patients with chronic hepa-
titis C.22,23 In the recent past, a joint effort of the 
AGA and the American Medical Association led 
to the development of hepatitis C Physician Per-
formance Measures, which have been adopted by 
the United States Centers for Medicare & Medicaid 
Services as part of the Physician Quality Reporting 
Initiative, to assist physicians in enhancing qua-
lity of care in patients with chronic hepatitis C.24 
These comprehensive measures focus on diagnos-
tic testing, counseling and education, treatment of 

hepatitis C, and both hepatitis A and B vaccina-
tion. Finally, the Institute of Medicine just recently 
assembled an expert committee and published a 
report calling for improved surveillance for HCV 
and HBV, advances in knowledge and awareness 
of viral hepatitis, improved HBV vaccine coverage, 
and better integration of viral hepatitis services in 
the United States.25,26 

Selection of Patients for Treatment

The diagnosis of chronic hepatitis C is made by 
the detection of anti-HCV and serum HCV RNA, 
which are usually obtained based on the presen-
ce of risk factors for HCV infection. 20,21 The role 
of liver biopsy as part of the baseline evaluation 
remains controversial, but biopsy is generally re-
commended for staging hepatic fibrosis in patients 
with genotype 1 infection to assist the patient and 
physician in making a decision regarding initia-
tion of antiviral therapy.20 A liver biopsy may be 
unnecessary in patients with genotype 2 or 3 in-
fection, since approximately 80% achieve an SVR. 
Although currently available noninvasive tests 
may be useful in defining the presence or absence 
of minimal or advanced fibrosis, the AASLD does 
not recommend these tests to replace liver biopsy 
in routine clinical practice.20 

Current recommendations for the treatment 
of patients with chronic hepatitis C are primarily 
derived from the outcomes of randomized contro-
lled trials (efficacy) involving patients selected ba-
sed on restrictive inclusion criteria.20,21 However, 
it must be kept in mind that the results of thera-
py in clinical practice (effectiveness) may not be 
equivalent, as was shown in a New York study of 
255 patients that included many ethnic minorities 
(58% Hispanic and 20% African Americans) who 
were naïve to prior therapy and had quite low SVR 
rates with standard peginterferon plus ribavirin 
therapy (14% in genotype 1 patients, and 37% in 
genotypes 2 and 3 patients).27 Standard indica-
tions, relative indications, and contraindications 
for treatment of chronic hepatitis C recommended 
in the AASLD guideline are summarized in Table 
1. Treatment indications for patients in real-life 
settings are more challenging, and the risk and 
benefits of therapy need to be weighed in these cir-
cumstances, such as in patients with psychiatric 
disorders, advanced or young age, various medi-
cal comorbidities, history of poor adherence, and 
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other psychosocial or medical issues. Chronic he-
patitis C disproportionately affects minorities and 
lower socioeconomic groups, who often are not 
candidates for therapy and have lower SVR rates 
when treated.27 Despite the substantial improve-
ments in therapy for chronic hepatitis C, the rates 
of diagnosis and treatment are low, and treatment 
rates appear to be declining in the United States.28 
One analysis of ambulatory care visits showed 
that less than 10% of visits were associated with 
a prescription for antiviral therapy, regardless of 
demographic and insurance status.29 Another stu-
dy of patients receiving care through the Veterans 
Administration, which covers a population with 
a known high rate of HCV infection, showed that 
only 12% of veterans diagnosed with chronic he-
patitis C received a prescription for antiviral thera-
py.30 Efforts to improve rates of diagnosis (less than 
half of all HCV-infected individuals) and treatment 
uptake are required to ameliorate the future health 
care burden of hepatitis C from the development of 
cirrhosis and HCC.

Current Standard Treatment

There has been impressive progress in the 
treatment of chronic hepatitis C since the first 
use of standard interferon monotherapy in the 
early 1990s, which overall achieved SVR rates of 
approximately 10%.31 With the addition of ribavi-
rin in the late 1990s followed later by pegylation of 
interferon to enhance its half-life, the SVR rate in-
creased to approximately 50%-60% overall using 
peginterferon and ribavirin based on the results of 
three pivotal trials.32-34 These studies showed that 
SVR rates ranged from 42% to 52% in patients 
with genotype 1 infection treated with peginter-
feron alfa-2a (Pegasys®, Roche Pharmaceuticals 
Inc., Nutley, NJ, USA) or peginterferon alfa-2b 
(Peg-Intron®, Schering-Plough Corporation, Keni-
lworth, NJ, USA) plus ribavirin for 48 weeks, and 
76% to 84% in those with genotype 2 or 3 infec-
tion treated for 24 or 48 weeks (Table 2). The stu-
dy by Hadziyannis et al.34 demonstrated that 24 
weeks of combination therapy using ribavirin at 
a dose of 800 mg daily was adequate for patients 
with genotype 2 or 3 infection. The initial dose of 
ribavirin used in the interferon alfa-2b registration 
trial was 800 mg daily,32 but a subsequent large 
community-based trial demonstrated that weight-
based ribavirin (800-1400 mg daily) was superior 

 ■ Table 1. Métodos de imagen para el estudio del intestino delgado.

 

 �

 �Therapy Widely Accepted

 �

 � ฀฀฀฀฀•฀ Age฀18฀years฀of฀age฀or฀older

 � ฀฀฀฀฀•฀ Serum฀HCV฀RNA฀detectable

 � ฀฀฀฀฀•฀ Liver฀biopsy฀compatible฀with฀chronic฀hepatitis฀C฀

and showing significant fibrosis

 � ฀฀฀฀฀•฀ Compensated฀liver฀disease฀(bilirubin฀<1.5฀g/

dL;฀INR฀<1.5;฀albumin฀>3.4฀g/L;฀platelet฀count฀

>75,000/mm3;฀no฀hepatic฀encephalopathy฀or฀

ascites)

 � ฀฀฀฀฀•฀ Acceptable฀hematologic฀and฀biochemical฀indices฀

(hemoglobin฀>13฀g/L฀for฀men฀and฀฀>12฀g/L฀for฀

women;฀white฀blood฀cell฀count฀>1500/mm3,฀

creatinine฀<1.5฀mg/dL)

 � ฀฀฀฀฀•฀ Willing฀to฀be฀treated฀and฀adhere฀to฀treatment฀

requirements

 � ฀฀฀฀฀•฀ No฀contraindications฀(see฀below)

 �

 � Therapy Should Be Individualized

 �

 � ฀฀฀฀฀•฀ Nonresponders฀and฀relapsers฀to฀prior฀therapy

 � ฀฀฀฀฀•฀ Current฀users฀of฀illicit฀drugs฀or฀alcohol,฀but฀in฀

substance abuse program and abstinent for a 

minimum of 6 months

 � ฀฀฀฀฀•฀ Liver฀biopsy฀showing฀either฀absent฀or฀only฀mild฀

fibrosis

 � ฀฀฀฀฀•฀ Acute฀hepatitis฀C

 � ฀฀฀฀฀•฀ Coinfection฀with฀HIV

 � ฀฀฀฀฀•฀ Age฀less฀that฀18฀years

 � ฀฀฀฀฀•฀ Chronic฀renal฀disease

 � ฀฀฀฀฀•฀ Decompensated฀cirrhosis

 � ฀฀฀฀฀•฀ Liver฀transplant฀recipients

 �

 � Therapy Contraindicated

 �

 � ฀฀฀฀฀•฀ Major฀uncontrolled฀depressive฀illness

 � ฀฀฀฀฀•฀ Receipt฀of฀a฀kidney,฀heart,฀or฀lung฀transplant

 � ฀฀฀฀฀•฀ Autoimmune฀hepatitis฀or฀other฀autoimmune฀con-

dition known to be exacerbated by peginterferon 

and ribavirin

 � ฀฀฀฀฀•฀ Untreated฀thyroid฀disease

 � ฀฀฀฀฀•฀ Pregnant฀or฀unwilling฀or฀unable฀to฀comply฀with฀

contraception

 � ฀฀฀฀฀•฀ Severe฀concurrent฀medical฀disease,฀such฀as฀severe฀

hypertension, congestive heart failure, coronary 

artery disease, poorly controlled diabetes melli-

tus, chronic lung disease

 � ฀฀฀฀฀•฀ Age฀less฀than฀2฀years

 � ฀฀฀฀฀•฀ Known฀hypersensitivity฀to฀peginterferon฀or฀riba-

virin 

INR = international normalized ratio of prothrombin time;

HIV = human immunodeficiency virus

Adapted from Ghany MG, et al. (20).
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to flat-dose ribavirin (800 mg/d) when used in 
combination with peginterferon alfa-2b for the 
treatment of patients with genotype 1 infection.35 
Thus, combination therapy with either peginter-
feron alfa-2a or peginterferon alfa-2b and weight-
based ribavirin (1000-1200 mg with peginterferon 
alfa-2a, and 800-1400 mg with peginterferon alfa-
2b) for 48 weeks is the current standard of care 
for the treatment of genotype 1 HCV infection, and 
either of the peginterferon products plus ribavirin 
800 mg daily for 24 weeks is used for patients with 
genotype 2 or 3 HCV infection.20,21 

There are fewer studies and less data regar-
ding the outcomes of therapy for patients with ge-
notype 4, 5 or 6 infection. Patients with chronic 
hepatitis C genotype 4 infection appear to achieve 
maximal benefit with 48 weeks of peginterferon 
and weight-based ribavirin therapy, with SVR ra-
tes ranging from 48% to 79%,36,37 although limited 
data from one study suggests that 36 weeks of the-
rapy is sufficient provided an early virologic res-
ponse (EVR; a ³2 log

10
 decrease in HCV RNA levels 

from baseline) is achieved (Table 2).38 There are 
no prospective studies on the treatment of patients 
with chronic hepatitis C genotype 5 infection, but 
five non-randomized retrospective studies using 
different interferon-based treatment regimens 
and durations of therapy demonstrated SVR rates 
varying between 55% and 87%.39 In HCV genotype 

 ■ Table 2. Clinical trials of probiotics in pouchitis. 

Genotype 

(reference)
SVR Current Regimen

Treatment 

Duration

GT 132-35 42% - 52%
PegIFN alfa-2a 180 µg/wk + RBV 1,000-1,200 mg/d1or PegIFN alfa-2b 1.5 µg/kg/

wk + RBV 800-1,400 mg/d2
48 weeks

GT 2/332-35 76% - 84% PegIFN alfa-2a180 µg/wk or PegIFN alfa-2b 1.5 µg/kg/wk + RBV 800 mg/d 24 weeks

GT 436,37 48% - 79%
PegIFN alfa-2a 180 µg/wk + RBV 1,000-1,200 mg/d1 or PegIFN afla-2b 1.5 µg/

kg/wk + RBV 800-1,400 mg/d2
48 weeks3

GT 539 55% - 87%
PegIFN alfa-2a 180 µg/wk + RBV 1,000-1,200 mg/d1 or PegIFN afla-2b 1.5 µg/

kg/wk + RBV 800-1,400 mg/d2
?48 weeks4

GT 640,41 70% -79%
PegIFN alfa-2a 180 µg/wk + RBV 1,000-1,200 mg/d1 or PegIFN afla-2b 1.5 µg/

kg/wk + RBV 800-1,400 mg/d2

24 or 48 

weeks5

GT = genotype, PegIFN = peginterferon RBV = ribavirin
11,000 mg/d for patients weighing ≤75 kg and 1,200 mg/d for patients weighing >75 kg
2800 mg/d for patients weighing <65 kg; 1,000 mg/d for patients weighing 65 to 85 kg; 1,200 mg/d for patients weighing 85 to 105 kg/d; and 1,400 mg/d for patients weighing >105 kg but <125 kg
3Data from one study [38] suggested that 36 weeks of therapy may be adequate; these results need to be confirmed
4Data are too limited to determine the ideal treatment duration

5SVR rates of 70% with 24 weeks of therapy and 79% with 48 weeks of therapy in prospective trial [41] were not significantly different

6 infection, which is common in Vietnamese pa-
tients, a small retrospective analysis of different 
treatment regimens found that higher SVR rates 
were seen in patients receiving 48 weeks of pe-
ginterferon plus ribavirin versus those treated for 
24 weeks (75% vs. 39%).40 However, a subsequent 
prospective study did not show a significant diffe-
rence in the SVR rates of patients treated for 24 or 
48 weeks, i.e., 70% vs. 79% (p = 0.45).41

 Peginterferon alfa-2a and peginterferon alfa-
2b differ in their pharmacokinetics and dosing re-
gimens.42 Peginterferon alfa-2b has a linear 12-kd 
polyethylene glycol (PEG) chain covalently linked 
to standard interferon alfa-2b via an unstable 
urethane bond that is hydrolyzed when injected. 
Peginterferon alfa-2a has a 40-kd branched PEG 
chain covalently linked via a stable amide bond 
to standard interferon alfa-2a and circulates as an 
intact molecule. Thus, peginterferon alfa-2a has a 
restricted volume of distribution, longer half-life 
and reduced clearance, and can be administered 
once weekly irrespective of body weight. Peginter-
feron alfa-2b has a shorter half-life, wide volume 
of distribution, and requires body weight-based 
dosing. Trials comparing the two peginterferons 
have had variable results although some rando-
mized and retrospective studies appear to show 
superiority of peginterferon alfa-2a.42 The largest 
head-to-head randomized controlled trial conducted 
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in the United States involving 3 070 patients with 
genotype 1 infection showed that peginterferon 
alfa-2a and peginterferon alfa-2b in combina-
tion with ribavirin had comparable efficacy in the 
treatment of chronic hepatitis C, with SVR rates of 
40% in patients treated with peginterferon alfa-2b 
plus ribavirin 800-1400 mg daily and 41% in tho-
se treated with peginterferon alfa-2a plus ribavirin 
1000-1200 mg daily.43 However, a 2010 me-
ta-analysis including only head-to-head randomized 
controlled trials showed a significant advantage 
for peginterferon alfa-2a over peginterferon alfa-
2b, with SVR rates of 47% vs. 41%.44 When 
patients with genotypes 1 and 4 or genotypes 2 
and 3 were analyzed separately, the results conti-
nued to favor peginterferon alfa-2a. There were no 
differences with regard to adverse effects between 
the two drugs in this meta-analysis.

The goal of treatment of chronic hepatitis C 
is to prevent complications and death from HCV 
infection. Emerging data demonstrates that in-
terferon-based therapy, particularly among those 
achieving an SVR,18,19,45 is associated with long-
term persistence of SVR, improved fibrosis and 
inflammation scores, reduced incidence of HCC, 
improved quality of life, and prolonged life expec-
tancy.16-19,46-49 This reduction in the rate of progres-
sion has also been demonstrated in patients with 
chronic hepatitis C and cirrhosis in some but not 
all studies. The impact on slowing progression is 
greatest in patients with an SVR, less in relapsers, 
and equivocal in nonresponders. Thus the natural 
history of chronic hepatitis C after completion of 
antiviral therapy is favorable with achievement of an 
SVR.

Viral Kinetics and Predictors of Virological Response

The timing of viral clearance of HCV from serum 
during therapy has been shown to be helpful as 
an early predictor of the likelihood of responding 
to therapy, for determining the optimal duration of 
therapy, and as a practical stopping rule in nonres-
ponders. The common virologic responses during 
therapy and their definitions are shown in Table 3. 
The most important response is the SVR, which is 
generally regarded as a “virologic cure,” although 
patients with cirrhosis remain at risk for HCC and 
require continued surveillance.20,21 The ability to 
achieve complete HCV RNA suppression to unde-
tectable levels at four weeks of therapy, known as 

a rapid virologic response (RVR), is highly predic-
tive of an SVR independent of genotype and has a 
positive predictive value for SVR in genotype 1 pa-
tients of up to 90%.50 However, only 15% to 20% of 
genotype 1 patients treated with standard therapy 
achieve an RVR. The achievement of an EVR, defi-
ned by at least a 2 log

10
 decrease in HCV RNA from 

baseline levels at week 12 of therapy, is also an 
important predictor of response to antiviral thera-
py. Patients who fail to achieve an EVR have a ne-
gative predictive value of SVR approaching 100% 
and are considered nonresponders in whom thera-
py should be stopped.33,51 A retrospective study of 
genotype 1 patients enrolled in six different trials 
of peginterferon plus ribavirin combination thera-
py provided evidence that complete suppression of 

 ■ Table 3. Definitions of virologic responses* during therapy. 

Virologic Response Definition

Rapid virologic 

response (RVR)

 � •฀ HCV฀RNA฀undetectable฀at฀ treat-

ment week 4

Early virologic 

response (EVR)

 � •฀ ≥ 2 log10 reduction in HCV RNA 

level from baseline at treatment 

week 12

Partial early virolo-

gic response (pEVR)

 � •฀ ≥ 2 log10 reduction in HCV RNA 

level from baseline but remaining 

detectable at treatment week 12

Complete early 

virologic response 

(cEVR)

 � •฀ HCV฀ RNA฀ undetectable฀ at฀ treat-

ment week 12

End-of-treatment 

response (ETR)

 � •฀ HCV฀RNA฀undetectable฀at฀the฀end฀

of 24 or 48 weeks of treatment

Sustained virologic 

response (SVR)

 � •฀ HCV฀RNA฀undetectable฀24฀weeks฀

after discontinuation of treatment

Breakthrough

 � •฀ HCV฀ RNA฀ initially฀ undetectable฀

during treatment with reappea-

rance while still receiving therapy

Relapse

 � •฀ HCV฀ RNA฀ undetectable฀ at฀ the฀

end of treatment, with reappea-

rance after therapy discontinued

Nonresponder
 � •฀ Failure฀ to฀ clear฀ HCV฀ RNA฀ after฀

24 weeks of therapy

Null responder
 � •฀ Failure฀ to฀ decrease฀HCV฀RNA฀by฀

>2฀log10฀after฀24฀weeks฀of฀therapy

Partial responder

 � •฀ ≥ 2 log10 decrease in HCV RNA 

level by week 12 but still detecta-

ble at week 24

*With use of a serum HCV RNA assay with a sensitivity of 10-50 IU/mL.

Modified from Ghany MG, et al. (20).
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HCV to undetectable levels at different time points 
is the most important on-treatment predictor of 
SVR.52 In this study, patients with an RVR had the 
highest rate of SVR at 87%. Patients who achieved 
a complete EVR (cEVR) had a significantly greater 
SVR rate (68%) compared with those who had a 
partial EVR (pEVR) with a 2 log

10
 reduction but 

still detectable serum HCV RNA at week 12 (SVR 
rate of 27%). Patients who did not achieve an EVR 
had the lowest SVR rate at 5%. Thus, more rapid 
complete clearance of HCV RNA is associated with 
a higher likelihood of achieving an SVR. 

Several clinical and virological factors predict 
the likelihood of achieving an SVR to combination 
peginterferon and ribavirin therapy and may be used 
to guide management decisions both before 
and during a course of therapy.20,21 HCV genotype 
is an important predictor of response to therapy, 
with the highest SVR rates in patients with geno-
type 2 infection, intermediate rates in genotypes 3, 
4 and 6, and the lowest rate in genotype 1 infection 
(Table 2). A number of factors have been establis-
hed as predictors of a reduced SVR rate, including 
high฀baseline฀serum฀HCV฀RNA฀levels฀(typically฀>฀

800,000 IU/mL), African-American or Latino eth-
nicity,฀ increased฀age฀(particularly฀>฀60฀years฀of฀

age), obesity, and the presence of advanced fibro-
sis or cirrhosis.20,21,53,54 

A new predictor of response to therapy, which 
was uncovered by three independent genome-
wide association studies, is a recently identified 
genetic variation in the IL28B gene that encodes 
interferon lambda-3 on chromosome 19.55-57 The 
CC genotype at the rs12979860 single nucleotide 
polymorphism in the IL28B locus demonstrates an 
extraordinarily strong relationship with the outcome 
of antiviral therapy of chronic hepatitis C genotype 
1 infection. In the study by Ge et al.,55 the favo-
rable CC genotype (compared with the CT or TT 
genotypes) was associated with a twofold increase 
in SVR rate in all ethnic groups and was a stron-
ger independent predictor of SVR than viral load, 
fibrosis stage, or ethnicity. The CC genotype was 
more common in Caucasians than African Ameri-
cans and was estimated to account for about half 
of the known discrepancy in response rates in the-
se two populations.55 In addition, the CC genotype 
is most common in Asian patients, and thus this 
genetic variant may explain the higher response 
rates found in this ethnic group.58 It is expected 
that a licensed IL28B assay will be available soon 

and used in routine practice to determine the best 
course of treatment, such as a standard or a shor-
tened course of therapy for those with the favora-
ble CC genotype versus a more aggressive course 
of therapy with the addition of newer direct acting 
antiviral (DAA) agents in those with the unfavora-
ble CT or TT genotypes.59 

Evolving Strategy of Individualized Therapy

Patients who demonstrate rapid clearance of serum 
HCV RNA during treatment may be considered for 
discontinuation at an earlier time point, especially 
those with poor tolerance to treatment. In pa-
tients with genotypes 2 or 3 who achieve an RVR, 
a shortened course of therapy of 12 to 16 weeks 
has been proposed, particularly for patients with 
low baseline serum HCV RNA levels, normal pla-
telet count, absence of advanced hepatic fibrosis, 
and a low body mass index (BMI); however, pros-
pective studies have had critical differences in stu-
dy design that may account for the mixed results 
that have been reported.60-66 The largest study by 
Shiffman et al.66 involving 1 469 patients who re-
ceived peginterferon alfa-2a plus ribavirin 800 mg 
daily showed that the SVR rate was significantly 
lower in patients treated for 16 weeks compared to 
24 weeks (62% vs. 70%). In addition, the relapse 
rate was significantly higher in the 16-week group 
(31% vs. 18%). Even among patients with an RVR, 
the SVR rates were significantly lower in the 16-
week group (79% vs. 85%). However, SVR rates were 
similar in a subset analysis of patients with baseli-
ne serum HCV RNA levels £ 400,000 IU/mL (82% 
vs. 81%).66 A subsequent analysis of this trial res-
tricted to patients who achieved an RVR and re-
ceived treatment for 80% or more of the planned 
treatment duration once again showed a signifi-
cantly higher SVR rate in patients randomized to 
24 weeks of therapy (91% vs. 82%; p = 0.0006).67 
SVR rates in patients with a baseline serum HCV 
RNA levels £ 400,000 IU/mL randomized to 24 and 
16 weeks of therapy were similar (95% and 91%). 
Significant pretreatment predictors of SVR were 
assignment to 24 weeks of treatment, absence of 
advanced fibrosis on liver biopsy, lower HCV RNA 
levels, and a lower body weight.67 The seven trials 
studying a shortened course of therapy for patients 
with genotype 2 or 3 infection provide evidence 
for the following general conclusions: (1) patients 
with genotype 2 or 3 who achieve an RVR, 
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particularly those with a low baseline viral load 
and without bridging fibrosis or cirrhosis, can be 
treated for less than 24 weeks, although the exact 
duration (12, 14 or 16 weeks) remains debatable; 
(2) patients with genotype 3 and a high viral load 
(>฀800฀000฀IU/mL)฀are฀the฀most฀dificult฀to฀treat฀

and need therapy for 24 and possibly even 48 wee-
ks; and (3) patients with genotypes 2 or 3 without 
an RVR are not candidates for a shorter treatment 
duration, as even 24 weeks yields unsatisfactory 
SVR rates of 50-70%.67,68 Although the evolving 
literature makes a case for shortening therapy in 
selected patients with genotype 2 or 3 infection, 
the AASLD guideline recommends a standard 
24-week course of therapy for patients with these 
genotypes, unless patients are intolerant of a plan-
ned 24-week course of therapy and understand 
that the relapse rate is higher with the shortened 
course of therapy.20 

In patients with genotype 1 infection, dose mo-
difications and variations in treatment duration are 
two strategies that have been investigated to opti-
mize the outcomes of therapy.69 Studies have sug-
gested that a shortened 24-week course of therapy 
in genotype 1 patients who achieve an RVR may 
be as effective as 48 weeks, particularly in those 
with low baseline HCV RNA levels, although the viral 
load cutoff has varied in different studies (400 000 
IU/mL, 600 000 IU/mL, and 800 000 IU/mL). 70-72 
A recent meta-analysis of seven studies found that 
patients with genotype 1 infection treated for 24 
versus 48 weeks had a significantly lower SVR rate 
(-14%), which was related to a 10% higher relapse 
rate.73 However, treatment for 24 weeks in patients 
with a baseline serum HCV RNA level of £400 000 
IU/mL was as effective as a 48-week course of 
therapy. The selection of patients with genotype 
1 infection for a shorter course of therapy remains 
problematic, as the presence of factors other than 
viral load such as obesity, insulin resistance, and 
advanced fibrosis, among others, need to be consi-
dered. Thus, the AASLD and another expert panel 
do not generally recommended a shortened course 
of therapy for patients with genotype 1 infection, 
although the AASLD accepts that selected patients 
with an RVR and baseline HCV RNA £400 000 IU/
mL can be treated with a 24-week course of thera-
py with SVR rates approaching 90%.20,74

On the other hand, persistently detectable 
HCV RNA during therapy of genotype 1 infection 
predicts a low likelihood of achieving an SVR. 

Patients who continue to have detectable HCV 
RNA at 24 weeks of therapy are nonresponders, 
have a very low likelihood of SVR, and should have 
therapy discontinued.50 In patients with detectable 
HCV RNA at week 12 who subsequently clear HCV 
RNA by week 24, often characterized as “slow res-
ponders,” extending therapy to 72 weeks may have 
a favorable impact on the SVR rate.75-77 Although 
these three studies included patients that were 
not homogeneous, had different baseline charac-
teristics, and used different treatment regimens, 
results showed trends toward higher SVR rates by 
extending therapy from 48 to 72 weeks that was 
primarily related to lower relapse rates. With 48 
versus 72 weeks of therapy, the SVR rates were 
32% vs. 45% in the study of Sanchez-Tapias et al.,75 
17% vs. 29% in the study of Berg et al.,76 and 18% 
vs. 38% in the study of Pearlman et al.77 In con-
trast to these three studies, a recent prospective 
study did not demonstrate a significant advantage 
of extended treatment.78 The AASLD guideline re-
commends that consideration should be given to 
extending therapy to 72 weeks in patients with de-
layed viral clearance.20

Optimizing Adherence to Therapy

Peginterferon and ribavirin both have side effects 
that can lead to adverse events, dose reduction, 
and treatment discontinuation, and thus efforts 
to optimize adherence to therapy is essential to 
achieving an SVR. Peginterferon therapy can be 
associated with fatigue, flu-like symptoms, depres-
sion, anxiety, exacerbation of both psychiatric and 
autoimmune diseases, as well as hematologic side 
effects such as neutropenia and thrombocytope-
nia. One of the most important side effects asso-
ciated with ribavirin therapy is hemolytic anemia, 
which must be monitored closely as it can be seve-
re, particularly in difficult patient groups such as 
cirrhotics. If hematologic side effects occur, dose 
reductions may be required;20,21 however, growth 
factors may be used in selected cases.74 Efforts 
should be made to optimize ribavirin dosing, as 
it is a key factor in the prevention of relapse, and 
recent data suggest that reductions in ribavirin 
dosage that decrease the cumulative dose to be-
low 60% may contribute to a poor outcome.79 In 
addition, adherence to peginterferon dosing has a 
significant impact on ability to achieve SVR based 
on a retrospective analysis that shows reduction of 
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either interferon or peginterferon and/or ribavirin 
below 80% of the originally prescribed dose or sto-
pping the medications before the patient received 
80% of the planned duration were associated with 
a significant decrease in SVR.80 The largest reduc-
tion in SVR occurred in patients in whom dose 
was reduced or treatment was discontinued before 
12 weeks of therapy; their SVR rate was only 34%. 

Retreatment of Relapsers and Nonresponders

Approximately half of treated patients with chronic 
hepatitis C will fail standard therapy and may be 
considered as potential candidates for retreatment. 
Nonresponders are defined as patients with detec-
table serum HCV RNA after 24 weeks of therapy, 
relapsers as patients with undetectable serum 
HCV RNA at the end of treatment but detectable at 
24 weeks of follow-up, and breakthrough patients 
as those who transiently have undetectable serum 
HCV RNA levels during therapy that subsequently 
become detectable during continued therapy (Ta-

ble 3). Patients who have failed prior standard 
interferon therapy may be considered for re-
treatment with peginterferon plus ribavirin com-
bination therapy. Three prospective studies have 
reported SVR rates ranging from 20% to 40% with 
peginterferon alfa-2a or alfa-2b treatment of non-
responders to interferon monotherapy and 8-10% 
in nonresponders to prior interferon and ribavi-
rin therapy.81-83 Up to 58% of relapsers following 
treatment with standard interferon may achieve 
SVR with peginterferon plus ribavirin.82,84-89 Pa-
tients most likely to achieve SVR with retreatment 
include those with non-1 genotype, low baseline 
HCV RNA levels, a low fibrosis stage, and Cauca-
sian race. 

Patients most commonly seen today are those 
who have failed treatment with peginterferon plus 
ribavirin. In the Evaluation of Peg-Intron in Con-
trol of Hepatitis C Cirrhosis (EPIC3) study, patients 
who relapsed or were nonresponders to prior inter-
feron (n=1203) or peginterferon (n=820) with or 
without ribavirin were treated with peginterferon 
alfa-2b and weight-based ribavirin.90 The SVR rate 
was 22% overall and 15% in patients with geno-
type 1 infection, 59% with genotype 2 infection, 
and 45% with genotype 3 infection. However, SVR 
rates were less than 10% (6-7%) in nonrespon-
ders to prior peginterferon plus ribavirin therapy.90 
This low response rate was confirmed in the 

REtreatment with PEgasys in pATients not respon-
ding to prior peginterferon alfa-2b (12kDa)/ribavi-
rin combination therapy (REPEAT) trial (n=950), 
which showed an SVR rate of only 9% (all geno-
types) with retreatment with peginterferon alfa-2a 
plus ribavirin.91 A higher induction dose of pegin-
terferon alfa-2a (360 mg weekly for 12 weeks) did 
not increase the SVR rate when compared to the 
standard dose of 180 mg weekly, but extension of 
retreatment to 72 weeks was associated with a hig-
her SVR rate (16% with 72 weeks vs. 8% for 48 
weeks). However, based on these modest efficacy 
rates, the AASLD guideline does not recommend 
retreatment of patients who did not achieve an 
SVR with peginterferon plus ribavirin with ano-
ther course of peginterferon plus ribavirin.20 

Other formulations of interferon-based thera-
py have been introduced as alternatives for prior 
treatment failures, such as interferon alfacon-1 
(consensus interferon). Interferon alfacon-1 is a 
synthetic interferon protein derived from a con-
sensus sequence of the most common amino acids 
found in naturally occurring alpha interferon sub-
types. Interferon alfacon-1 is administered daily 
when used for retreatment, which is a potential 
disadvantage of the use of this agent. Rates of 
SVR following therapy with interferon alfacon-1 
in prior interferon monotherapy nonresponders 
and interferon plus ribavirin relapsers appear to 
be comparable to retreatment with peginterferon 
and ribavirin; however, several prospective stu-
dies have reported SVR rates ranging from 22% 
to 36% in prior interferon plus ribavirin nonres-
ponders, which are higher than those repor-
ted following retreatment with peginterferon plus 
ribavirin.92 However, a large multicenter prospec-
tive, randomized, phase 3 trial has recently re-
ported a modest SVR rate of 10% using interferon 
alfacon-1 15 mg daily plus weight-based ribavirin 
in nonresponders to peginterferon plus ribavirin.93 
A subanalysis showed that prior null responders 
had a significantly lower SVR rate, and noncirrho-
tic patients with an EVR during prior therapy had 
a higher SVR rate of 29%. 

In chronic patients who failed prior interferon-
based therapy, the concept of maintenance therapy 
with low-dose peginterferon was introduced with 
the goal of delaying disease progression. Three 
large prospective studies evaluating this treatment 
strategy have been performed and have thus far 
not demonstrated any survival benefit.94-96 The 
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Hepatitis C Antiviral Long-term Treatment against 
Cirrhosis (HALT-C) trial showed no difference in 
survival, incidence of HCC, clinical decompensa-
tion, or development of cirrhosis between treated 
and untreated patients over a 3.5 year follow-up in 
patients treated with peginterferon alfa-2a 90 mg 
weekly.94 Likewise, the Colchicine versus Peg-In-
tron Long-term (COPILOT) trial demonstrated no 
survival benefit to low-dose peginterferon alfa-2b 
0.5 mg/kg/week monotherapy versus colchicine 
over a 4 year period; however, data from this study 
suggested that patients with portal hypertension 
treated with peginterferon had a lower incidence 
of variceal bleeding during the follow-up.95 Finally, 
in the EPIC3 trial, patients who did not respond to 
retreatment received peginterferon alfa-2b 0.5 mg/
kg/week monotherapy or no treatment for 3 (those 
with stage 2 or 3 fibrosis) or 5 (those with stage 
4 fibrosis) years.96 Preliminary data indicate that 
maintenance therapy was not superior to control 
in the prevention of clinical events. The results 
of these three maintenance trials do not support 
long-term low-dose peginterferon in the manage-
ment of patients with chronic hepatitis C and ad-
vanced fibrosis.20

Treatment of Special Groups

This concise review does not allow a detailed dis-
cussion of antiviral therapy of a number of special 
groups with chronic HCV infection. A summary of 
the recommendations of the AASLD for several 
of these patient groups may be found in Table 4.

 ■ Future Treatments for Hepatitis C

Several new investigational antiviral therapies that 
selectively target various components of the HCV 
life cycle have now completed early-phase clinical 
trials and additional agents are currently in deve-
lopment. These agents include protease inhibitors, 
polymerase inhibitors, immune modulators, and 
other molecules. The DAA drugs that target the 
NS3/4A serine protease and are now in late phase 
3 development include telaprevir and boceprevir. 
Results from the phase II investigations of telapre-
vir in naïve HCV genotype 1 patients revealed SVR 
rates up to 69% after a 12-week course of telapre-
vir in combination with peginterferon and ribavi-
rin followed by 12 weeks of standard peginterferon 
plus ribavirin therapy, thus shortening the total 

 ■ Table 4. Summary of AASLD treatment recommendations for special 

groups. 

Special Group Treatment Recommendations

Patients with 

normal ALT 

levels

 � •฀ Treatment฀should฀be฀ the฀same฀as฀ for฀

patients with elevated ALT levels

African 

Americans

 � •฀ African฀Americans฀should฀be฀ treated฀

with the standard regimen of PegIFN 

plus RBV

 � •฀ Those฀with฀baseline฀neutopenia฀(ANC฀

≤1,500 mm3 should not be excluded 

from therapy

Acute 

hepatitis C

 � •฀ Treatment฀can฀be฀delayed฀for฀8฀to฀12฀weeks฀

to allow for spontaneous resolution

 � •฀ Optimal฀ duration฀ of฀ PegIFN฀ is฀ unk-

nown, but should be at least 12 weeks 

and up to 24 weeks

 � •฀ Use฀of฀RBV฀should฀be฀individualized,฀

as it is unknown if its usage improves 

the outcome of treatment

Patients with 

HIV/HCV 

coinfection

 � •฀ Treatment฀ should฀ be฀ the฀ standard฀

regimen of PegIFN plus RBV for 48 

weeks

Patients with 

kidney disease

 � •฀ Patients฀ with฀ mild฀ kidney฀ disease฀

(GFR฀>60฀mL/minute)฀can฀be฀treated฀

in standard fashion

 � •฀ Patients฀ with฀ severe฀ kidney฀ disease฀

not undergoing HD can be treated with 

reduced doses of PegIFN (135 µg/wk of 

PegIFN alfa-2a or 1.0 µg/kg/wk of Pe-

gIFN alfa-2b plus RBV 200-800 mg/d

 � •฀ Patients฀ on฀ HD฀ may฀ be฀ treated฀ with฀

standard IFN (3 MU tiw) or a reduced 

dose of PegIFN as above and RBV in a 

markedly reduced dose with monito-

ring for anemia and other adverse events

Patients with 

cirrhosis

 � •฀ Patients฀ with฀ compensated฀ cirrhosis฀

can be treated with the standard regi-

men of PegIFN plus RBV

 � •฀ Patients฀ with฀ decompensated฀ cirrho-

sis should be referred for liver trans-

plantation; IFN-based therapy can be 

used in lower doses with caution by 

experienced clinicians

 � •฀ Growth฀ factors฀ can฀be฀used฀ to฀mini-

mize the need for dose reduction of 

antiviral agents in cirrhotic patients

After organ 

transplantation

 � •฀ PegIFN฀ with฀ or฀ without฀ ribavirin฀ is฀

preferred for treatment of patients with 

recurrent histologic disease (≥stage 2 

fibrosis) after liver transplantation

 � •฀ IFN-based฀therapy฀should฀not฀be฀used฀af-

ter heart, lung, or kidney transplantation

ALT = alanine aminotransferase; PegIFN = peginterferon; RBV = ribavirin; ANC = absolute 

neutrophil count; GFR = glomerular filtration rate; HD = hemodialysis; MU = million units; tiw = 

three times weekly; 

Modified from Ghany MG, et al. (20).
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course of therapy to 24 weeks.97,98 Telaprevir has 
also demonstrated efficacy in the retreatment of 
genotype 1 patients who previously failed combi-
nation peginterferon and ribavirin, with reported 
SVR rates up to 39% in prior nonresponders and 
76% in prior relapsers.99 Likewise, early reports on 
the efficacy of boceprevir in combination with pe-
ginterferon and ribavirin from a phase II clinical 
trial of treatment-naïve genotype 1 patients revea-
led a significant improvement over the standard of 
care with peginterferon alfa-2b plus ribavirin (SVR 
= 38%), with an SVR rate up to 75% when boce-
previr was added to the standard of care.100 Several 
nucleoside and nonnucleoside polymerase inhi-
bitors that target the HCV RNA-dependent RNA 
polymerase have also been studied, including a 
combination of nucleoside polymerase inhibitor 
(R7128) and protease inhibitor (R7227/ITMN-191) wi-
thout peginterferon, which demonstrated significant 
antiviral potency in a recent phase I clinical trial.101 

Additional agents with antiviral activity 
against HCV currently under study include toll-
like receptor agonists, cyclophilin inhibitors, riba-
virin analogues, and new antiviral agents such as 
nitazoxanide. In vitro studies suggest nitazoxani-
de may modulate host antiviral responses through 
activation of interferon-induced mediators such as 
the protein kinase activated by double-stranded 
RNA, resulting in antiviral activity against HCV.102 
Nitazoxanide has demonstrated efficacy against 
HCV, particularly in genotype 4 patients, in whom 
SVR rates as high as 80%have been reported in 
combination with peginterferon and ribavirin.103,104 

 ■ Conclusion

Although the treatment of chronic hepatitis C 
remains a challenge to clinicians, several recent 
developments in the approach to treatment have 
resulted in an improved ability to achieve an SVR. 
Despite combination therapy with peginterferon 
and ribavirin remains the gold standard in the 
treatment of chronic HCV infection, the use of op-
timal dosing regimens and the assessment of viro-
logic responses during a course of therapy allows 
for individualization of therapy and further im-
provements in outcomes using current the-
rapy. Several new DAA agents against HCV are 
currently under investigation. These newer agents 
used in combination with peginterferon and riba-
virin will allow a shorter 24-week course of therapy 

in the majority of patients with genotype 1 infec-
tion, saving costs and reducing the morbidity of 
therapy. In addition, the use of a DDA agent in con-
junction with interferon-based therapy has been 
shown to result in a major improvement in SVR 
rates in patients who have failed prior therapy. It is 
estimated that licensure of telaprevir and bocepre-
vir will occur in late 2011, which in combination 
with routine use of IL28B testing will lead to the 
development of much more complex guidelines for 
the treatment of chronic hepatitis C. All of these 
advances in therapy resulting in higher SVR ra-
tes will have a major impact on the liver-related 
morbidity and mortality associated with chronic 
hepatitis C, including reduction in the rates of pro-
gression to cirrhosis and the development of HCC, 
with prolongation of life. 

Abbreviations used:

AASLD = American Association for the      

Study of Liver Diseases

AGA = American Gastroenterological 

Association

ALT = alanine aminotransferase

Anti-HCV = antibody to hepatitis C virus

BMI = body mass index

cEVR = complete early virologic response

DAA = direct acting antiviral

ETR = end of treatment response

EVR = early virologic response

HBV = hepatitis B virus

HCV = hepatitis C virus

HCV RNA = hepatitis C virus ribonucleic acid

NIH = National Institutes of Health

PEG = polyethylene glycol

pEVR = partial early virologic response

RVR = rapid virologic response

SVR = sustained virologic response
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