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American Gastroenterological Association Technical Review on

the Management of Hepatitis C

n the United States, hepatitis C virus (HCV) infection
Iaccounts for approximately 40% of all chronic liver
disease, results in an estimated 8000—10,000 deaths
annually, and is the most frequent indication for liver
transplantation.'=” The Third National Health and Nu-
trition Examination Survey, conducted between 1988
and 1994 among 21,000 adults, revealed antibodies to
HCV (anti-HCV) in 1.8%, three fourths of whom had
detectable serum HCV RNA levels.® Generalized to the
population of the United States, these findings suggest
that approximately 4 million persons have been infected
and that 3 million have chronic HCV infection. Among
those aged 40—59 years and among black subjects, the
prevalence of anti-HCV was even higher. Moreover, the
results of such serologic surveys may actually provide
conservatively low estimates, failing to include represen-
tative proportions of high-risk populations such as injec-
tion drug users, incarcerated persons, and homeless per-
sons. Projections based on the current prevalence of
infection and anticipated rates of progression raise con-
cerns over the potential impact of HCV during the next
2 decades. A computer cohort simulation of the US
population for 2010-2019 suggests that the morbidity
and mortality associated with chronic hepatitis C will
increase dramatically, resulting in 165,900 deaths from
chronic liver disease, 27,200 deaths from hepatocellular
carcinoma (HCC), and $10.7 billion in direct medical
expenditures related to HCV.>9-12 On a global scale,
based on current estimates that as many as 175 million
persons are infected with HCV, the morbidity, mortal-
ity, and current and projected health care costs associated
with HCV infection are staggering.

These alarming statistics and projections focus atten-
tion on the critical need to prevent and control HCV
infection. Although effective vaccines to prevent HCV
infection are not likely to be practical, virtual elimina-
tion of HCV from the blood supply by donor screening
and changes in behavior to prevent HCV infection asso-
ciated with injection drug use have reduced dramatically
the frequency of new infections.'>-1? Still, because of the
residua of several decades of high-incidence acute hepa-
titis C in at-risk populations, a large reservoir of chronic
HCV infection persists.?® Fortunately,
progress in antiviral therapy has taken place; this chronic
viral disease can be cured in a substantial proportion of
patients, and the ultimate impact of hepatitis C is likely

substantial

to be minimized by these and future advances in man-
agement.?!

To support this technical review,?? a comprehensive
search of electronic databases (including MEDLINE, the
Cochrane Database of Systematic Reviews Database of
Abstracts of Reviews of Effectiveness, American College
of Physicians Journal Club, British Medical Journal Clin-
ical Evidence, EMB Reviews, CINAHL, EMBASE, and
HealthSTAR) was performed by a professional evidence-
based medicine company to identify relevant articles
from 1990 to 2003. The search was restricted to articles
involving human studies that were available in English.
Additional relevant articles published after the search
was completed that were identified by the authors were
also included.

Screening

In the United States, of the anticipated 3—4 mil-
lion persons with hepatitis C, only approximately half a
million have been treated, and the majority have not
been identified. Most diagnoses of chronic hepatitis C are
made by medical serendipity, when persons with asymp-
tomatic hepatitis C attempt to donate blood or when
they have blood drawn as part of routine medical evalu-
ations or during insurance physical examinations. Be-
cause the frequency of hepatitis C in the general popu-
lation is low (<<2%) and because screening tests for
anti-HCV, like any other diagnostic test, have a fixed
frequency of nonspecificity, routine screening of all
asymptomatic adults (who have a low prior probability of
HCV infection) is not recommended. For example,
among asymptomatic blood donors with an anti-HCV
prevalence of 19%—-2%, a screening test that is 98%—99%
specific is likely to identify as many persons with false-
positive as true-positive reactivity. In contrast, among
high-risk groups with a high prior probability of true
infection (eg, persons who underwent transfusion before
1992 {when donor screening for anti-HCV was intro-
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duced}, those with a past or recent history of injection
drug use, those with hemophilia who received clotting
factors before 1987 {when processing to inactivate vi-
ruses was introduced}, those with frequent percutaneous
exposures, those with clinical or biochemical evidence for
chronic liver disease, or immigrants from countries with
a high prevalence of HCV infection),?*> true-positive
results outweigh false-negative results so substantially
that a positive test result is highly predictive of the
presence of infection. In such populations, even among
asymptomatic persons, diagnostic testing for HCV in-
fection has been recommended by the US Public Health
Service, expert panels, and professional medical specialty
societies.?3-26

Recently, the US Preventive Services Task Force
concluded, based on a literature-based analysis, that
even among high-risk groups and even though anti-
viral therapy is effective in treating hepatitis C, in-
sufficient data exist to demonstrate that screening in
this setting improves long-term outcomes.?”:28 Al-
though such long-term outcome data have yet to be
developed, other professional societies and the Amer-
ican Gastroenterological Association take issue with
the conclusion of the US Preventive Services Task
Force that data do not warrant a recommendation for
screening of high-risk persons for hepatitis C. Based
on many factors (the documented progression, albeit
slow in most cases, of chronic hepatitis C to cirrhosis,
hepatic decompensation, HCC, liver transplantation,
and/or death”-2°-3%; the documented benefits of anti-
viral therapy in curing this viral disease in half of
treated persons {side effects notwithstanding}40-42;
the slowing among treated persons in progression of
fibrosis and even the reversal of fibrosis and cirrhosis
among treated patients®>-17; the potential suggested
by some reports for a reduction in HCC among those
who achieve sustained virologic responses [SVRs} to
antiviral therapy#®4; and the impact of antiviral ther-
apy on prolonging survival>?), the American Gastro-
enterological Association advocates strongly the posi-
tion that members of such high-risk groups, even
those who are asymptomatic, should be screened for
evidence of hepatitis C infection. Patients in these
high-risk groups, and especially those with an estab-
lished diagnosis of hepatitis C, should be counseled
about the natural history of hepatitis C; availability,
effectiveness, and side effects of therapy; avoidance of
alcohol; risk of sexual transmission; and US Public
Health Service recommendations for hepatitis A and B
vaccination.??

Recommendation category: 111725 (Table 1)
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Table 1. Coding System for Hierarchy of Evidence Adopted
by the American Gastroenterological Association

Level of
evidence

| Well-designed RCTs

II-1a Well-designed controlled trials with pseudo-
randomization

II-1b Well-designed controlled trials with no randomization

II-2a Well-designed cohort (prospective) study with
concurrent controls

1I-2b Well-designed cohort (prospective) study with
historical controls

II-2¢ Well-designed cohort (retrospective) study with
concurrent controls

1I-3 Well-designed case-control (retrospective) study

I Large differences from comparisons between times
and/or places with and without intervention (in
some circumstances these may be equivalent to
level Il or I)

\Y Opinions of respected authorities based on clinical
experience; descriptive studies; reports of expert
committees

NOTE. In an attempt to standardize recommendations, the American
Gastroenterological Association Practices Guidelines Committee has
developed categories of evidence based on the quality of the data
supporting specific recommendations,?2 as adapted from CRD report
#4.51 These are noted at the end of each guideline. When studies of
different hierarchical levels support a recommendation, the highest
level is cited.

Natural History

After acute HCV infection, most of which is
asymptomatic or only mildly symptomatic,>2>> recovery
is the exception; persistent infection occurs in approxi-
mately 85% of cases. Among those with chronic hepa-
titis C, however, the rate of disease progression is vari-
able, and, to some extent, assessments of the natural
history of chronic hepatitis C are colored by selection and
referral biases; hepatitis C appears to be a more progres-
sive disease in liver specialty clinics and tertiary care
centers®® but much less so in community practices.?’
Retrospective and prospective studies have suggested
that progression to cirrhosis during the first 20 years of
infection occurs in approximately 20% of patients with
transfusion-associated hepatitis and of patients seen in
liver clinics?%>4 but in only 7% of patients with com-
munity-acquired hepatitis C, only 4% of blood donors
with HCV infection, and 2%-4% of young children
with transfusion-associated chronic hepatitis C.2955 A
dramatic dichotomy in progression rates, not explained
by demonstrable differences in HCV genotype or other
viral factors, is reflected by the 0-2% progression to
cirrhosis among young women followed up for 17-20
years after acquiring HCV infection from contaminated
anti-D Rh globulin®®>7 versus the 30% progression rate
in less than 11 years among patients with agammaglob-



January 2006

ulinemia who received HCV-contaminated intravenous
immunoglobulin.>®

Estimates based on serial histologic assessments over
time or single histologic assessments coupled with as-
sumptions about the duration of HCV infection have
suggested that the rate of fibrosis in hepatitis C can be
slow, moderate, or rapid32>?-!; however, progression of
fibrosis may not be linear,°°~%2 and determinants of the
rate of progression are not known definitively. Potential
contributing factors to progressive fibrosis include exces-
sive alcohol intake, concomitant diseases associated with
liver injury (eg, hepatitis B, hemochromatosis, steato-
hepatitis), concomitant human immunodeficiency virus
(HIV) infection, advanced histologic grade (ie, necroin-
flammatory activity), persistently elevated aminotrans-
ferase activity, male sex, older age, ethnicity (in some
studies, not others), obesity, hepatic steatosis, immuno-
suppression, and certain HLA haplotypes.32,>4:59,61,63-79

Among patients with chronic hepatitis C and com-
pensated cirrhosis, the 10-year survival rate is approxi-
mately 80%3> but is lower in other experiences (eg,
8-year survival of 67%%°); however, the 10-year survival
rate decreases to 50% after the first clinical episode of
hepatic decompensation (eg, ascites, bleeding esophageal
varices, hepatic encephalopathy).>> In compensated cir-
rhotic patients with chronic hepatitis C, the annual rate
of hepatic decompensation is 4%—5% and of death is
2%—6%.%>8" Ominously, the risk of HCC is increased
after approximately 3 decades of HCV infection, almost
exclusively in the group with cirrhosis. Patients with
HCV-associated cirrhosis experience an annual incidence
of HCC that ranges between 1% and 4% and is up to 7%
in some extreme experiences.>>—37:81.82 Currently, one
third of all cases of HCC in the United States and 90%
of cases of HCC in Japan are associated with chronic
hepatitis C; the incidence of HCV-associated HCC has
tripled over the past decade in the United States and
quadrupled over the past 4 decades in Japan.37-52:83

Ultimately, chronic hepatitis C progresses gradually,
slowly in some and more rapidly in others. Ideally, with
the current limitations and associated side effects of
antiviral therapy, treatment should be advised for pa-
tients with progressive disease but foregone or postponed
in those with early or inactive disease.?® Of all clinical
variables, histologic grade and stage are the most helpful
in distinguishing between those who need therapy and
those who do not. Because, currently, almost all patients
in whom hepatitis C is identified have had the disease for
2-3 decades, liver biopsy provides an assessment of the
degree of severity and stage of progression during the
previous decades. In addition, histologic analysis of a
baseline liver biopsy specimen is valuable not only to
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estimate the degree of liver injury during previous de-
cades but also prognostically to predict the rate of his-
tologic progression over the future 1-2 decades.®

Pretreatment Diagnostic
Considerations

Persons with a reactive enzyme immunoassay for
anti-HCV and the presence of HCV RNA should be
considered as potential candidates for antiviral thera-
py.2%% Because, currently, antiviral therapy is not rec-
ommended for patients with hepatic decompensation,
patients who have decompensated cirrhosis (Child—
Turcotte—Pugh score =7, history of ascites, bleeding
esophageal varices, hepatic encephalopathy) should be
excluded.?42¢ A history of severe, uncontrolled psychiat-
ric disorder (eg, severe depression, suicidal ideation)
should trigger misgivings about introducing antiviral
therapy that can precipitate or aggravate these condi-
tions; however, mild to moderate depression should not
be a contraindication.®> In such cases, antidepressant
medication and psychiatric monitoring usually suffice to
support a patient through antiviral therapy. Substance
abuse and excessive alcohol use have been associated with
limited treatment compliance and outcome; therefore,
decisions about antiviral therapy in injection drug users
and alcoholic persons should be linked with counseling,
substance withdrawal programs, and, preferably, a sus-
tained period of abstinence.?%-8>-87 Finally, patients with
marked leukopenia or thrombocytopenia may not toler-
ate interferon (IFN), and patients with marked anemia,
cardiovascular or cerebrovascular disease, or renal failure
may not tolerate ribavirin, which causes dose-dependent
hemolytic anemia.®

When antiviral therapy was introduced initially, all
supporting clinical trials had been conducted in patients
with elevated aminotransferase activity; although persons
with sustained, normal aminotransferase levels are less
likely to progress histologically than those with elevated
serum aminotransferase levels,0188-91 this group re-
sponds to antiviral therapy as well as do patients with
elevated aminotransferase activity (see following
text).?2?3 Testing for alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels is an important
component of the diagnostic evaluation in patients with
chronic hepatitis C, but elevation of ALT and AST levels
is not a requirement for therapy.

Virologic Tests for Monitoring Therapy

All candidates for antiviral therapy should be
tested for HCV RNA with a quantitative amplification
assay, which provides both a baseline level against which
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to monitor virologic response and a prognostic indicator
of the likelihood of response. Patients with very high
levels of HCV RNA respond less well to antiviral therapy
than do those with lower levels. Both target amplifica-
tion polymerase chain reaction and signal amplification
branched DNA assays are available with ranges of quan-
titation between 10! and 10° IU/mL.949> These assays
are valuable for demonstration of early virologic response
(EVR), that is, a =2-log, reduction in HCV RNA levels
within 12 weeks of initiating therapy (see following
text).4196 Because these quantitative assays differ in sen-
sitivity and dynamic range, the same assay should be
used before and during antiviral therapy.?%?> For docu-
mentation of a virologic response at the end of therapy
(end-of-treatment response) or an SVR =6 months after
completing therapy, a more sensitive quantitative HCV
RNA assay (such as real-time TagMan polymerase chain
reaction, with a sensitivity threshold of =50 IU/mL) or
a qualitative HCV RNA assay (based on polymerase
chain reaction or transcription-mediated amplification,
with lower quantitation limits of =50 IU/mL%%9%) is
recommended.

All candidates for antiviral therapy should be tested
for HCV genotype by serologic immunoassay or molec-
ular determination.?2°495 Among the 6 known HCV
genotypes, most patients in the United States have either
genotype 1 (approximately 70%—80%) or genotypes 2
and 3 (20%—30%).97-1°0 For patients with the more
treatment-refractory (SVR =40%-50%) genotype 1, a
full 48 weeks of therapy with maximum doses of riba-
virin (1000—-1200 mg/day) is recommended; for patients
with the more treatment-favorable (SVR =80%) geno-
types 2 and 3, 24 weeks of therapy with lower-dose
ribavirin (800 mg/day) suffices.?® Patients with genotype
4, uncommonly encountered in the United States but
common in Egypt, are intermediate in responsiveness to
therapy between that of genotype 1 and genotypes 2 and
3 and are treated for a full 48 weeks with full-dose
ribavirin, like patients with genotype 1.100-103

Liver Biopsy

Neither clinical nor laboratory markers, individ-
ually or in combination, predict accurately the degree of
necroinflammatory activity or the level of fibrosis in the
liver. Therefore, despite sampling error, liver biopsy
remains the gold standard for determining histologic
grade and stage.8* Patients in whom antiviral therapy is
being considered are candidates for liver biopsy to assess
the current status of the liver and to provide prognostic
information for future disease progression.?®%% If the
biopsy specimen documents the presence of moderate to
severe fibrosis (Ishak stage =3, METAVIR stage =F2;
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Table 2. Histologic Scoring Systems for Fibrosis

Fibrosis METAVIR105

None 0
Portal fibrosis (some)

Portal fibrosis (most)
Bridging fibrosis (occasional)
Bridging fibrosis (marked)
Incomplete cirrhosis
Cirrhosis

Ishak104

A DA ONPRPP
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see Table 2),104105 progressive fibrosis is likely and an-
tiviral therapy is recommended. If, however, the biopsy
specimen demonstrates milder histologic disease, pro-
gression may be sufficiently slow to justify monitoring
without imminent therapeutic intervention in a propor-
tion of these patients (see Treatment Recommenda-
tions).?¢ Percutaneous liver biopsy is associated with
potential complications, including bleeding (1%-3%),
pain (20%-30%), bile peritonitis (<1%), pneumothorax
(<1%), punctured viscera (<1%), and death.84106-108
Therefore, the threshold for performing liver biopsy may
vary with potential for complications (eg, higher in
persons with coagulopathy). Furthermore, for patients
with genotypes 2 and 3, the likelihood of response is so
high and the duration of therapy so much shorter than
for genotype 1 that the benefits of treatment may out-
weigh considerations of disease severity and future po-
tential for progression. Therefore, because of these con-
siderations, some authorities forego a baseline liver
biopsy in patients with genotypes 2 and 3, whereas
others obtain biopsy specimens before therapy in patients
with all genotypes because baseline histology is a pre-
dictor of response to therapy that is independent of
genotype.3*

Finally, obesity'%? and/or the presence of hepatic ste-
atosis®”%8:110 requires histologic evaluation, and steatosis
has been shown to be a negative predictor of response to
antiviral therapy, especially in patients with genotype
3111 but also in patients with genotype 1.11°

Liver biopsies can be performed under ultrasound
guidance or by traditional percussive and auscultative
localization. Similarly, the procedure can be performed
by needle aspiration or by automated biopsy gun. Data to
support one approach over another are insufficient to
justify mandating a single approach in all cases and by all
practitioners, regardless of levels of skill and experience.
Every attempt should be made to yield a nonfragmented
biopsy core of at least 1 cm in length.

Treatment of Chronic Hepatitis C

Therapy for chronic hepatitis C infection has
evolved substantially during the past decade. Initial ther-
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apy with IFN alfa had limited success, but the addition
of ribavirin and later the pegylation of IFN led to marked
improvements in response rates. The current standard of
care, therefore, is pegylated IFN (PEG-IFN) and ribavi-
rin,2¢ and the rationale for this selection will be reviewed.
In addition, the experience with earlier regimens will be
reviewed.

IFN Alfa

Initially, when treatment with IFN was first in-
troduced, a 6-month course of thrice weekly injections of
3 million units (MU) was approved. In early studies, the
primary end point was a biochemical response, defined as
normalization of ALT levels.!'>!'3 Two meta-analyses,
one of 52 randomized controlled trials (RCTs) of treat-
ment with IFN for 3—6 months''* and another of 33
RCTs of treatment for a full 6 months,!*> showed that
IFN monotherapy resulted in normalization of ALT lev-
els by the end of treatment in 51.2% and 45% of
subjects, respectively, but in only 21.7% and 21% of
subjects, respectively, 3—6 months after discontinuing
therapy.

When virologic assays became available to detect
HCV RNA, response rates were observed to be lower
than those reported with less stringent biochemical end
points. In a meta-analysis of 32 RCTs between 1986 and
1996 among patients with chronic hepatitis C receiving
IFN alfa-2b (at least 2 MU 3 times weekly for 24 weeks),
IFN compared with placebo or no treatment was evalu-
ated in 20 trials, and different doses, durations, or strat-
egies of treatment were compared in 12 trials.!'® Nor-
malization of ALT levels at the end of treatment was seen
in 47% of treated patients compared with 4% of controls
(odds ratio {OR}, 25.1; P < .0001) and 6 months after
stopping treatment in 23% of treated patients compared
with 2% of controls (OR, 17.8; P < .0001). End-of-
treatment virologic responses, however, were observed in
only 29% of treated patients compared with 5% of
controls (OR, 9.4; P < .001), and 6-month posttreat-
ment SVRs were documented in 8% of treated patients
compared with 1% of controls (OR, 8.6; P < .001).
Higher doses, more frequent injection schedules, differ-
ent preparations, and induction therapy with high initial
doses failed to improve virologic responsiveness. In con-
trast, a doubling of the duration of therapy to 12 months
increased the frequency of SVR to approximately
20%.11¢ In addition, several studies demonstrated lower
response rates among patients infected with genotype 1,
cirrhotic patients, and previous nonresponders to IFN.!17
Among patients who achieved an SVR after IFN mono-
therapy, biochemical, virologic, and histologic responses
were maintained for up to 7-10 years in almost all
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cases!!8:112 and HCV RNA levels were undetectable in
the liver in 27 of 27 patients tested, suggesting that SVR
is tantamount to cure.'!'8

IFN Alfa and Ribavirin

The addition of the synthetic guanosine analogue
ribavirin to IFN was a major breakthrough in the treat-
ment of HCV infection. Although ribavirin mono-
therapy was shown to be ineffective,'2°-122 pilot studies
had suggested that combination therapy with IFN and
ribavirin was more effective than IFN alone.!'7123 A
small, double-blind, placebo-controlled RCT showed an
SVR in 18 of 50 patients (36%) in the IFN alfa-2b and
ribavirin group compared with 9 of 50 patients (18%) in
the IFN and placebo group (P = .047).'24

Several landmark studies then followed that consis-
tently demonstrated the dramatically improved responses
to combination therapy, especially for patients with ge-
notypes 2 and 3.125-12 The studies by McHutchison et al
and Poynard et al also reinforced the importance of
longer-duration therapy for 48 weeks in patients with
genotype 1 infection.'?%1?7 As noted previously, al-
though rare in the United States, genotype 4 HCV
infection is common in other parts of the world (eg,
Egypt) and, like genotype 1, genotype 4 is more refrac-
tory to treatment.'?1-103 Predictors of response to therapy
in large RCTs are displayed in Table 3.

A systematic review by Kjaergard et al in 2001 for the
Cochrane Collaboration included data from 6 trials in
which patients received IFN monotherapy or IFN/riba-
virin combination therapy.'>* Compared with IFN
monotherapy, combination therapy reduced the nonre-
sponse rate (absence of SVR) by 26% in naive patients
(relative risk, 0.74; 95% confidence interval {CI}, 0.70—
0.78). This systematic review also summarized the clin-
ical outcomes for the patients in these 6 trials. In 6
recipients of combination therapy and in 12 recipients of
IFN monotherapy, cirrhosis developed despite therapy,
as assessed histologically by posttreatment liver biopsy
specimens; however, not surprisingly given the brief
duration of monitoring in these trials, clinical features of
decompensated cirrhosis did not occur in any of the
patients. HCC developed in 1 patient who received IFN
monotherapy, but none of the patients in either group
underwent liver transplantation. One recipient of IFN
monotherapy committed suicide, and 1 accidental death
occurred in both intervention arms. No significant dif-
ference was observed in liver-related morbidity or all-
cause mortality after treatment in the combination ther-
apy group versus the IFN monotherapy group, whether
cirrhotic subjects were included or excluded from the
analysis (Peto OR, 0.45 {95% CI, 0.19-1.06} and Peto
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Table 3. Predictors of Response to Antiviral Therapy of Chronic Hepatitis C

Age 40 Body ALT level =3
Low HCV  Absence years surface times the Lighter
Non-genotype RNA of Female 48 weeks or area upper limit body
Regimen 1 level cirrhosis sex of therapy younger =2 m?2 of normal weight
IFN alfa-2b/ribavirin126 O O O O 0
IFN alfa-2b/ribavirin12” O O O O
PEG-IFN alfa-2a 180 pgl4? ad O O ad O O
PEG-IFN alfa-2b 1.5 pg/kgl*s O O
PEG-IFN alfa-2b 1.5 pg/kg + O ad a O O
ribavirin4®
PEG-IFN alfa-2a 180 pg + O 0 O
ribavirin4t
PEG-IFN alfa-2a 180 pg + ad b b
ribavirin42

aAbsence of cirrhosis and bridging fibrosis.
bFor genotype 1 (not for genotype 2 and 3).

OR, 0.29 [95% CI, 0.04-2.101, respectively). Of course,
these studies were performed in patients with well-
compensated hepatitis C, and the duration of follow-up
monitoring in these time-limited trials is much too short
to expect a difference in hepatic decompensation or death
in a disease whose evolution usually requires decades, not
months.

Despite the established contribution of ribavirin to the
efficacy of IFN therapy, the mechanism of action of
ribavirin in chronic hepatitis C remains controversial.
Among the suggested, but not proven, roles for ribavirin
in the treatment of chronic hepatitis C are an immuno-
logic modulation (shift from a Th2 to a Thl response,
suppression of interleukin-10 synthesis), inhibition of
host inosine monophosphate dehydrogenase activity, de-
pletion of intracellular guanosine triphosphate pools,
induction of mutational catastrophe, or a moderate, tran-
sient, early direct antiviral effect.'31-14° When used with
PEG-IFN, ribavirin has been shown to yield a very
short-lived, <1-log;, reduction in HCV RNA levels
early during therapy'%® and to increase the slope of the
second-phase decline, not influencing the first-phase de-
cline (see Antiviral Therapy and Viral Kinetics) in treat-
ment-associated levels of HCV RNA.'"! Antiviral ki-
netic modeling supports a direct antiviral effect and
excludes an immunomodulatory role for ribavirin.'4!

PEG-IFN Alfa Monotherapy

The attachment of polyethylene glycol to the IFN
molecule is the most recent innovation in the treatment
of HCV infection. Pegylation reduces the degradation
and clearance, prolonging the half-life, of IFN, permit-
ting less frequent, weekly dosing while maintaining
higher, sustained IFN levels. In the initial studies of
PEG-IFN, including dose-ranging studies, monotherapy
was evaluated.’?-145 The two PEG-IFNs were studied:

(1) PEG-IFN alfa-2b, a 12-kilodalton linear molecule
with a mean terminal half-life of 40 hours and a mean
clearance of 94 mL-h™!.kg™!, administered on the
basis of weight (1.5-pg/kg dose), and (2) PEG-IFN
alfa-2a, a 40-kilodalton, branched molecule with a ter-
minal half-life of 80 hours and a mean clearance of 22
mL-h7!. kg™!, administered at a fixed, 180-pg dose.
These 2 PEG-IFNs each doubled the SVR achieved with
their nonpegylated counterparts.!42144.145 These studies
were encouraging, because they demonstrated not only
improvement over nonpegylated IFN monotherapy but
also, in some studies'4%!44 but not all,’® similarity to
SVRs achieved with nonpegylated IFN/ribavirin combi-
nation regimens. Thus, these studies set the stage for
clinical trials to follow and the anticipation that combi-
nation therapy with PEG-IFN and ribavirin would be
even more effective. Predictors of response to therapy in
the large RCTs of PEG-IFN are displayed in Table 3.

Of note, one of the PEG-IFN monotherapy trials was
the first substantive prospective study confined to pa-
tients with compensated cirrhosis or advanced fibrosis.'43
Post hoc analyses of data from previous studies had
suggested that cirrhosis was a predictor of reduced re-
sponsiveness,'20:127-142 and safety concerns had been ex-
pressed over treating cirrhotic patients who had leuko-
penia and  thrombocytopenia  associated — with
hypersplenism. This study, however, showed that PEG-
IFN monotherapy was both well tolerated and effective
(yielding an SVR in 30%) in cirrhotic patients with
chronic hepatitis C.143

The current role of PEG-IFN monotherapy is impre-
cisely defined. Although PEG-IFN monotherapy has
been recommended for patients with contraindications to
ribavirin (eg, those with renal insufficiency, hemoglobi-
nopathies, and ischemic cardiovascular or cerebrovascular
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Table 4. Relative Weighting of Predictors of Response to PEG-IFN Plus Ribavirin Therapy Identified by Multivariable Logistic
Regression Analyses in RCTs Conducted in Previously Untreated, Immunocompetent Patients With Compensated

Chronic Hepatitis C

Clinical trial of PEG-IFN/ribavirin Alfa-2b40 Alfa-2a4* Alfa-2a42
Non-genotype 1 (<.0001) 3.25(<.001) 5.4 (<.001)
HCV RNA =2 million copies/mL (<.0001) NS 1.712(.034)
Absence of cirrhosis/bridging fibrosis (<.01) NS NS
Duration of therapy (for genotype 1) NA NA 2.19 (<.0001)
Age 40 years or younger (<.01) 2.60 (<.001) NS
Lighter body weight (=75 kg) NS 1.91 (.002) NS

NOTE. Values are expressed as Cls (P values).
NS, not significant; NA, not applicable (ie, variable not studied).

3L ow HCV RNA level was a significant predictor for the subset analysis of 48-week versus 24-week therapy but not for the subset analysis of
standard-dose versus low-dose ribavirin therapy (OR, 1.53; 95% Cl, 0.93-2.52; P = .10).

disease), no clinical trials have been reported to date in
these populations. For patients with contraindications to
ribavirin but who have indications for antiviral therapy,
PEG-IEN represents the best available treatment. Dos-
ing of PEG-IFN should be reduced in patients on dialysis
(see End-Stage Renal Disease).

PEG-IFN and Ribavirin

The most recent large clinical trials have focused
on treatment with PEG-IFN and ribavirin.#°-42 The
earlier two of these studies, involving a uniform 48
weeks of therapy for all patients, have yielded the highest
SVRs reported. 441 At a weight-based, 1.5-g/kg dose of
PEG-IFN alfa-2b and a fixed, 180-pg dose of PEG-IFN
alfa-2a, the overall response rate in clinical trials was
54%—56%; response rates for genotype 1 infection ex-
ceeded 40% for the first time and were recorded to be as
high as 42%—46%. SVR rates of 76%—82% for geno-
types 2 and 3 were also impressive; although these
response rates were not necessarily higher than those
achieved in these favorable genotypes with nonpegylated
IFN plus ribavirin, reduced injection frequency favors
PEG-IFN and ribavirin, even for patients with genotypes
2 and 3. Therefore, the combination of PEG-IFN and
ribavirin has become the standard of care for the treat-
ment of previously untreated patients with chronic hep-
atitis C.2° Predictors of response to therapy in these large
RCTs are displayed in Table 3, and the relative weights
of the predictors of response in the 3 RCTs of PEG-IFN
plus ribavirin are displayed in Table 4. Unfortunately,
neither of the PEG-IFN preparations in combination
with ribavirin is more effective than standard IFN plus
ribavirin in patients weighing =85 kg.'¥” Now that 2
Food and Drug Administration—approved PEG-IFN
preparations are available, comparisons have been made
between the results of the initial 2 studies with these 2
drugs in an attempt to determine the better therapy. To
date, however, the results of contemporaneous head-to-

head comparisons have not been reported; therefore, no
definitive conclusions can be drawn. Although compar-
isons are tempting, the 2 initial trials differed substan-
tially in methodological details and in the composition of
the patient populations studied. The best treatment arm
in the PEG-IFN alfa-2b study involved a weight-based
PEG-IFN dose but a low, fixed 800-mg daily dose of
ribavirin.“ In the trial of PEG-IFN alfa-2a, a fixed dose
of PEG-IFN was used but the daily dose of ribavirin was
higher (1000-1200 mg), depending on weight <75 kg
or =75 kg4 In the PEG-IFN alfa-2b study, a post hoc
analysis demonstrated that an SVR of 61% was achieved
in the subgroup whose dose of ribavirin exceeded 10.6
mg/kg. 4 Although the study was not prospectively de-
signed or sufficiently powered to address the contribu-
tion of more optimal ribavirin weight-based dosing (in
fact, the optimal ribavirin dose has not been defined),
another retrospective analysis highlighted the potential
importance of higher doses of ribavirin and adherence to
treatment,'#® and a suboptimal dose of ribavirin may
have had an impact on response rates in the original
PEG-IFN alfa-2b/ribavirin trial. In the realm of tolera-
bility, a reduced frequency of depression was observed
when PEG-IFN alfa 2a and ribavirin (22%) were com-
pared with non—PEG-IFN alfa-2b and ribavirin (30%).4!
Although the differences in depression between the 2
arms were statistically significant, these data have been
criticized because evaluations of depression were subjec-
tive, not based on a validated depression instrument. In
the PEG-IFN alfa-2b study, depression recorded with a
validated instrument was indistinguishable from that
observed in patients in the standard IFN alfa-2b plus
ribavirin arm.4°

Similarly, some of the systemic side effects of therapy
were less frequent in the PEG-IFN arm than in the
standard IFN arm of the PEG-IFN alfa-2a trial but not
the PEG-IFN alfa-2b trial®'; however, again, the fact
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that slightly different populations were enrolled in these
trials could have accounted for differences in the experi-
ence or reporting of such side effects. A considerably
larger proportion of subjects with bridging fibrosis or
cirrhosis were enrolled in the PEG-IFN alfa-2b/ribavirin
trial (29%)%° than in the PEG-IFN alfa-2a/ribavirin trial
(12%).4! In addition, a larger proportion of patients in
the PEG-IFN alfa-2b/ribavirin trial were from the
United States (68%)%° than in the PEG-IFN alfa-2a/
ribavirin trial (41%).4' As has been noted previously in
studies including American patients, the mean weight of
the patients was slightly higher in the PEG-IFN alfa-
2b/ribavirin trial (82 kg)% than in the PEG-IFN alfa-
2a/ribavirin trial (79.8 kg)#!; theoretically, this could
have favored PEG-IFN alfa-2a/ribavirin. Similarly, the
proportion of patients with genotype 1 and high-level
HCV RNA levels was imbalanced between the 2 trials,
favoring PEG-IFN alfa-2a/ribavirin.4! Whether one of
these PEG-IFN/ribavirin regimens or weight-based
modifications of the 2 regimens will prove to be superior
is the focus of ongoing trials.

In both of these initial studies, all patients were
treated for 48 weeks*0-4l; neither trial addressed the
potential for shorter-duration therapy in patients with
HCV genotypes 2 and 3. Moreover, PEG-IFN plus riba-
virin had proven so effective in preliminary trials that,
potentially, full-dose ribavirin might not be necessary
and shorter-duration therapy might suffice even for pa-
tients with genotype 1. Therefore, in a subsequent reg-
istration trial reported by Hadziyannis et al, both the
duration of treatment and the dose of ribavirin were
evaluated.®? In this RCT of PEG-IFN alfa-2a (180 pg
once a week) plus ribavirin, patients were randomized
into 4 groups to be treated for either 24 or 48 weeks and
to receive either 800 mg daily or 1000-1200 mg daily
(based on weight) of ribavirin. In this study, a high
frequency of SVR occurred in patients with genotypes 2
and 3 regardless of the regimen, but optimal frequencies
of SVR in genotype 1 (52%, the highest recorded to
date) required longer-duration and full-dose ribavirin,
independent of the level of HCV RNA (Table 5). Among
participants in this trial of PEG-IFN/ribavirin combina-
tion therapy, levels of HCV RNA had little impact on
frequency of SVR in patients with genotypes 2 and 3,
but SVR in patients with genotype 1 treated for a full 48
weeks and with full-dose ribavirin was only 47% for
those with HCV RNA levels >2 million copies/mL but
as high as 65% for those with HCV RNA levels =2
million copies/mL. Therefore, this study supports pub-
lished recommendations?®% that patients with genotype
1 require 48 weeks of therapy with higher doses of
ribavirin, while patients with genotypes 2 and 3 can be
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Table 5. SVR Rates in the Trial Conducted by Hadziyannis
et al*2 in Which Duration of Therapy and Dose of
Ribavirin Were Evaluated in Patients Receiving
PEG-IFN Alfa-2a/Ribavirin Combination Therapy

SVR (%)

PEG-IFN alfa-2a

plus ribavirin Genotypes 2
(mg/day) No. No. of weeks Genotype 1 and 3

800 207 24 29 84

1000/1200 280 24 42 81

800 361 48 41 79

1000/1200 436 48 522 80P

aFor patients with genotype 1, 48 weeks of therapy was significantly
more effective than 24 weeks of therapy (P < .001), and standard-
dose ribavirin was significantly more effective than reduced-dose
ribavirin (P = .005).

bFor patients with genotypes 2 and 3, 48-week duration and standard-
dose ribavirin therapy were no more effective than 24-week duration
and low-dose ribavirin therapy (P > .2).

treated for only 24 weeks and with only 800 mg daily of
ribavirin. An RCT of 24 versus 48 weeks of treatment
with PEG-IFN alfa-2b plus ribavirin limited to patients
with genotypes 2 and 3 demonstrated that 24 weeks of
therapy suffices for this PEG-IFN preparation as well.!4?
Moreover, in some patients with genotypes 2 and 3, 12
weeks of combination treatment (albeit with full-dose,
weight-based ribavirin) may suffice.’>°

Included in the large study by Hadziyannis et al*? of
duration of PEG-IFN therapy and dose of ribavirin was
a small cohort of 36 patients with genotype 4. None of
5 responded to low-dose ribavirin/short-duration combi-
nation therapy, 8 of 12 (67%) responded to full-dose
ribavirin/short-duration combination therapy, 5 of 8
(63%) responded to low-dose ribavirin/long-duration
combination therapy, and 9 of 11 (82%) responded to
full-dose ribavirin/long-duration combination therapy.
Thus, although genotype 4 appeared to be more respon-
sive than genotype 1, full-course/full-dose therapy,
which can yield SVR rates comparable to those achieved
in patients with genotypes 2 and 3, is recommended.

Antiviral Therapy and Viral Kinetics

Pharmacokinetic studies have shown that the re-
duction in HCV RNA levels during IFN therapy follows
a 2-phase pattern. Levels decrease rapidly, declining
steeply during the first 2—3 days, consistent with inhi-
bition of HCV replication and/or release; thereafter and
lasting for many months, the slope of HCV reduction
becomes less steep, which is believed to reflect a different
antiviral mechanism (ie, the loss of infected hepato-
cytes).1>1-15> Because SVR has been shown to be more
likely after favorable early viral kinetics (ie, a more rapid
and profound reduction in HCV RNA levels), induction
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therapy (high-dose, more frequent IFN injections for the
first several months) was postulated as an approach to
achieve higher SVR rates; however, as noted previously,
induction therapy is not more effective than standard
therapy in achieving SVR.116¢154 As a predictor of SVR,
however, an EVR is a valuable clinical milestone, as
demonstrated convincingly for data from individual
studies and for data pooled from the registration trials of
PEG-IFN plus ribavirin.419015¢ Achieving an SVR is
confined to the subgroup who demonstrate an EVR,
defined as a =2-log;y reduction in HCV RNA levels
during the first 12 weeks of therapy. Among those with
an EVR, the likelihood of an ultimate SVR is approxi-
mately 70%. As a negative predictor, EVR is an even
more robust predictor. In the absence of an EVR, the
likelihood of an SVR is approximately 0—-2%.'5¢ Fur-
thermore, Davis et al®® reported that, among 380 pa-
tients with a =2-log;( reduction in HCV RNA levels
during the first 12 weeks of therapy, an SVR was
achieved ultimately in 84% of those in whom the 12-
week HCV RNA level was undetectable by polymerase
chain reaction, compared with in only 21% of those in
whom the 12-week HCV RNA level was still detectable.

Another important determinant of responsiveness to
antiviral therapy is adherence (especially important in
patients with genotype 1). In a retrospective analysis of
data collected in the large registration trials of standard
IFN and ribavirin, McHutchison et al'48 found that SVR
was more likely in patients who had taken at least 80%
of all projected IFN injections and at least 80% of all
ribavirin capsules for at least 80% of the anticipated
duration of treatment.

Histologic Response to Antiviral
Therapy

A favorable effect of antiviral therapy on hepatic
histology, including fibrosis, has been demonstrated in
most studies of IFN monotherapy,#34546157 and im-
provement in histologic necroinflammatory activity was
not confined to biochemical and virologic responders.'¢
This observation suggests that IFN therapy may have a
beneficial effect on liver histology even in the absence of
an SVR. Similarly, in clinical trials of IFN/ribavirin
combination therapy, histologic improvement was doc-
umented; in compiled data from 1509 patients included
in 3 RCTs, the progression of fibrosis was reduced sig-
nificantly among IFN/ribavirin-treated patients.* SVR,
duration of treatment, and baseline fibrosis stage were all
predictors of fibrosis reduction in a proportional hazards
regression analysis. In a combined database of RCTs of
PEG-IFN alfa-2b with or without ribavirin, Poynard et
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a8 also found that antiviral therapy was associated with
a reversal of cirrhosis. In a recent meta-analysis of 3
RCTs of PEG-IFN alfa-2a versus standard IFN alfa-2a
involving 1013 patients with and without cirrho-
sis, 42,143,146 Camma et al?” found that PEG-IFN alfa-2a
reduced fibrosis significantly more effectively than IFN
alfa-2a and that the improvement in fibrosis was confined
to patients with an SVR. In reports by Shiffman et
al, 152160 even nonresponders with reductions in HCV
RNA levels demonstrated improvements in necroinflam-
matory activity and/or fibrosis, while in other analyses,
histologic improvement did not correlate with improve-
ments in HCV RNA levels.#

Similarly, in a systematic review of the histologic
response to IFN/ribavirin combination therapy compared
with IFN monotherapy, Kjaergard et al'3° for the Co-
chrane Collaboration found that combination therapy
significantly increased the likelihood of histologic re-
sponse, expressed as a reduction in the necroinflamma-
tory component of the histologic activity index (HAI) in
prior treatment-naive patients (relative risk, 0.83; CI,
0.74-0.93; reported in 5 trials). IFN/ribavirin combi-
nation therapy, however, provided no significant benefit
compared with IFN monotherapy on the fibrosis score in
prior treatment-naive patients (relative risk, 0.93; CI,
0.86—1.02; reported in 4 trials) or in relapsers and
nonresponders (relative risk, 0.85; CI, 0.66-1.08; re-
ported in 1 trial).

Such analyses of histologic outcomes in studies of
antiviral therapy have been hampered somewhat, but not
invalidated, by reduced posttreatment biopsy compli-
ance, consistent among trials. In the most recent pivotal
trials of antiviral therapy, rates of biopsies at the end of
follow-up ranged from 58%'% to 67%'“4 to
689%40,127.145 o 7395 126 (The 2 trials of PEG-IFN alfa-2a
plus ribavirin4? did not include assessments of the
histologic response to therapy.) Although the low fre-
quency of second biopsies detracts somewhat from con-
fidence in conclusions about histologic outcome of anti-
viral therapy, in these pivotal trials, for those patients
with paired biopsy specimens, Knodell HAI scores!®!
improved relatively consistently, necroinflammatory
HALI scores in 48%—69% and fibrosis HAI scores in
14%-21% (Table 6).

Effect of Antiviral Therapy on
Clinical Outcomes

For the most part, clinical trials of antiviral therapy
for chronic hepatitis C have been confined to observations
during finite, =1-year courses of therapy and 6-month
posttreatment observation periods.40-42112,113,115,116,126,127
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Table 6. Histologic Outcome in Large RCTs of Antiviral Therapy for Chronic Hepatitis C

% with improved inflammation (mean change
from baseline in HAI)

% with improved fibrosis (mean change from
baseline in HAI)

Regimen All patients SVR No SVR All patients SVR No SVR
PEG-IFN alfa-2b 1.5 pg/kg + ribavirin4© 68 (—3.4) 90 (—5.2) 38 (—0.8) 21 (—0.1) 26 (—0.3) 14 (+0.2)
IFN alfa-2b/ribavirin4® 69 (—3.4) 91 (-5.3) 44 (-1.1) 20(—0.2) 21(-0.2) 19 (-0.1)
PEG-IFN alfa-2b 1.5 pg/kg*® 48 (—1.5) 77 (—4.0) 36 15 (+0.1) 21(-0.1) 12
IFN alfa-2b ribavirin for 24 wk126 57 (—1.8) 88 (—4.4) 41 (—0.6) 16 (0.0) 24 (-0.2) 12 (+0.2)
IFN alfa-2b/ribavirin for 48 wk126 61 (—2.4) 86 (—4.5) 39 (—0.5) 14 (0.0) 16 (—0.1) 12 (+0.2)
IFN alfa-2b/ribavirin for 24 wk127 52 (—2.7) 22 (—2.0)
IFN alfa-2b/ribavirin for 48 wk27 63 19

NOTE. Improvement in inflammation was defined as a decrease of =2 in the Knodell161 necroinflammatory score. Improvement in fibrosis was

defined as a decrease of =1 in the Knodell161 fibrosis score.

In addition, except for the earliest of trials in the late
1980s,'12113.162 the primary end point in most trials has
been SVR, a virologic rather than clinical end point. Be-
cause of the limited duration of follow-up in these trials,
and because the natural history of chronic hepatitis C
evolves relatively slowly over many years and even decades
in most patients, studies of antiviral therapy have not been
designed to address the potential benefits of antiviral ther-
apy on clinical outcomes such as mortality or morbidity. In
the systematic review by Kjaergard et al for the Cochrane
Collaboration,'3° no significant difference could be detected
in liver-related morbidity and all-cause mortality after treat-
ment with IFN/ribavirin combination therapy versus IFN
monotherapy. These investigators focused their review on
trials of standard IFN therapy and did not include experi-
ence with the current standard of care of PEG-IFN and
ribavirin. Certainly, trials of antiviral therapy have shown an
improvement in quality of life, a measure of improved
morbidity, after successful IFN therapy.'¢>-1%> Moreover,
Yoshida et al*® and Kasahara et al'®® have reported pro-
longed survival and a reduction in complications of liver
disease after successful IFN therapy. Based on literature-
derived projections of the natural history of chronic hepa-
titis C and the demonstrated efficacy of antiviral therapy in
clinical trials, several groups have performed decision anal-
yses demonstrating that antiviral therapy is cost-effective,
not only for patients typically included in clinical trials but
also for patients with milder chronic hepatitis C.?!,107,167-169
In these analyses, when the cost of therapy is weighed
against the expected clinical outcomes of chronic hepatitis
C, treatment can be calculated to reduce direct medical care
costs, a model that supports the value of antiviral therapy in
reducing the ultimate clinical complications of chronic hep-
atitis C.

Quite controversial is the potential effect of antiviral
therapy on the occurrence of HCC. More than a dozen
reports, as reviewed by El-Serag,?” have appeared in the
literature purporting to show a reduction in the inci-

dence over time of HCC in IFN-treated versus untreated
or in IFN-responsive versus IFN-nonresponsive sub-
jects.4849.81,170.171 Qnly one of these reports was de-
scribed as being a prospective RCT4; however, in this
trial, the extraordinarily high (38%) frequency of HCC
in the untreated control group and the reduction in HCC
even in IFN nonresponders generated reservations about
the conclusions of the study. The rest of these studies
were either not randomized or retrospective and therefore
were potentially influenced by lead-time bias favoring
treatment of patients with earlier-stage disease. Thus, the
observed reduction in HCC among treated patients may
have reflected the inclusion in treated groups of patients
with earlier-stage disease in whom the risk of HCC was
lower, rather than reflecting the benefits of treat-
ment.>7172:173 In contrast, several retrospective and pro-
spective trials failed to detect any reduction in HCC
among cirrhotic patients with chronic hepatitis C treated
with IFN.3%174175 Currently under way are at least 3
prospective, randomized trials of maintenance PEG-IFN
therapy among patients with chronic hepatitis C and
advanced fibrosis designed to determine the impact of
such protracted treatment in the subset of patients at
increased imminent risk of decompensation and HCC.!7¢

Side Effects of Therapy

Side effects during therapy for chronic hepatitis C
with IFN or PEG-IFN include the following: (1) flu-like
systemic symptoms; (2) marrow suppression (primarily
leukopenia and thrombocytopenia); (3) emotional effects
such as irritability, difficulty concentrating, disturbed
memory, and depression; and (4) autoimmune reactions,
the most common of which is autoimmune thyroid-
itis.40—42,112,126,142,143,145,177—179 Neutropenia iS more
likely in patients receiving PEG-IFN than in those re-
ceiving standard IFN; in combination IFN/ribavirin tri-
als, dose reductions associated with neutropenia were
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more likely in PEG-IFN recipients (18%—20%) than in
standard IFN recipients (5%—8%).4041:177  Although
neutropenia is common in IFN recipients, the risk of
infection remains low, even for patients with absolute
neutrophil counts <500/mm? 179:180; therefore, although
careful monitoring and clinical vigilance is indicated for
severe neutropenia, granulocyte colony-stimulating fac-
tor therapy is required very rarely. In addition to these 4
broad categories of adverse events, treated patients may
experience hair thinning and loss, insomnia, visual dis-
orders (including, rarely, retinal hemorrhages, which are
more likely in patients with preexisting vascular disor-
ders such as diabetes and hypertension), fatigue, weight
loss, hearing impairment, interstitial pneumonitis, pan-
creatitis, colitis, and exacerbation of inflammatory dis-
eases such as psoriasis.’”” Flu-like symptoms respond to
acetaminophen or nonsteroidal anti-inflammatory drugs,
sleep-promoting agents are used for insomnia, and anti-
depressants can be used to counter symptoms of depres-
sion.!””

Ribavirin contributes additional side effects, the
most important of which is hemolytic anemia.'8? A
meta-analysis of data from 17 studies revealed an
overall increased risk (ribavirin versus no ribavirin) for
anemia of 9% (CI, 4%—13%),'82 which was higher in
2 Asian studies with risk differences of 29% and 22%
than the pooled risk difference of 7% (CI, 3%-12%)
for the 15 non-Asian studies in the meta-analysis. Not
surprisingly, the risk associated with =1000 mg of
ribavirin daily was higher (risk difference, 9%; CI,
4%—-14%) than that for 800 mg of ribavirin daily (risk
difference, 1%; CI, 4%—6%).

In a systematic review, IFN/ribavirin combination
therapy was found to increase the risk not only of anemia
but also of other adverse events over those observed in
recipients of IFN monotherapy.!° In the combination
therapy versus monotherapy group, the relative risk of
anemia was 16.67 (CI, 5.68-48.89; reported in 17 tri-
als), of cough was 1.66 (CI, 1.19-2.31; reported in 3
trials), of dyspepsia was 1.72 (CI, 1.17-2.54; reported in
4 trials), of dyspnea was 2.03 (CI, 1.49-2.77; reported in
2 trials), of leukopenia was 4.52 (CI, 1.55-13.23; re-
ported in 1 trial), of pharyngitis was 1.55 (CI, 1.14—
2.12; reported in 2 trials), of pruritus was 2.32 (CI,
1.75-3.08; reported in 9 trials), and of rash was 2.37 (CI,
1.58-3.56; reported in 7 trials). Sinusitis is also associ-
ated with ribavirin. Dose reductions were more likely in
the combination therapy group (relative risk, 2.44; CI,
1.58-3.75; reported in 19 trials), as was treatment dis-
continuation (relative risk, 1.28; CI, 1.07-1.52; reported
in 25 trials). Precipitation of gout has also been observed
in ribavirin-treated patients, and, because the drug is
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renally excreted, ribavirin should be avoided in patients
with renal insufficiency. Similarly, because ribavirin is
teratogenic in animals, the drug is contraindicated in
pregnancy, necessitating strict precautions and rigorous
contraceptive practices in women of childbearing po-
tential and their male sexual partners. In registration
trials of PEG-IFN/ribavirin combination therapy, side
effects and laboratory abnormalities led to dose reduc-
tions in 36%—45% and to drug discontinuation in
5%—16% .40-42

Complicated as it is by anemia, ribavirin should be
avoided in patients with severe anemia and in popula-
tions who cannot tolerate the onset of anemia, such as
those with ischemic cardiovascular and cerebrovascular
disease. If symptomatic anemia occurs during ribavirin
therapy, the dose of ribavirin can be reduced or erythro-
poietin can be added. Preliminary studies suggest that
erythropoietin injection therapy improves some of the
symptoms of anemia, improves quality-of-life and fa-
tigue scores, and allows the maintenance of higher doses
of ribavirin'83-185; however, to date, an increase in EVR
or SVR rates has not been evaluated or demonstrated.
Currently under investigation are second-generation
ribavirins such as the ribavirin prodrug viramidine,
which is “targeted” to the liver by the requirement for
hepatic metabolism to the active ribavirin metabo-
lice'®187; in preliminary trials, viramidine plus PEG-
IFN has been associated with less frequent and less severe
anemia.'®® If confirmatory trials demonstrate a similar
efficacy and safety of viramidine, the need for ribavirin
dose reductions and/or red blood cell growth factors will
likely be minimized.

Although severe depression and suicide attempts are
rare among treated patients, these psychiatric side effects
merit special concern. In the large randomized trials of
standard IFN plus ribavirin, PEG-IFN monotherapy,
and PEG-IFN plus ribavirin, depression was the most
likely cause for premature discontinuation of therapy!?°
and the most severe psychiatric side effect!#?; deaths
resulting from suicide occurred in 1 patient in an IFN/
ribavirin re-treatment trial of nonresponders'’® and in 1
patient in 1 of the 3 trials of PEG-IFN/ribavirin com-
bination therapy.4?

In the study of PEG-IFN monotherapy in patients with
cirrhosis (or advanced fibrosis) by Heathcote et al,'43 2 liver
failure deaths and 1 HCC-associated death occurred half a
year to more than 1 year after therapy, and 1 death resulting
from a cerebral hemorrhage after a suspected methadone
overdose occurred 24 days after the completion of treat-
ment. Generally, patients with compensated cirrhosis tol-
erate antiviral therapy well, but extra vigilance is required
in this subpopulation.26:101,143,189.190 For patients with de-
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compensated cirrhosis, IFN-based antiviral therapy has been
linked to life-threatening adverse events'®?!9! and is not
recommended routinely.?%19° Instead, such patients should
be referred for assessment as candidates for liver transplan-
tation. In selected liver transplantation centers, prospective
trials of “gingerly” administering low-dose, progressively
escalated IFN are in progress in an attempt to reduce the
HCV burden before transplantation and to minimize the
risk of posttransplantation reinfection.'92-196

Management of side effects is especially critical to
improve adherence to therapy.'4® Patients are more likely
to complete therapy when substantial support is pro-
vided by the clinical team, and support personnel lend
substantially to this effort.20:177

Treatment Recommendations

For previously untreated patients with chronic
hepatitis C, circulating HCV RNA, elevated aminotrans-
ferase levels, evidence on liver biopsy of moderate to
severe hepatitis grade and stage (METAVIR stage =F2,
Ishak stage =3, septal or bridging fibrosis), and com-
pensated liver disease, PEG-IFN and ribavirin are rec-
ommended.?®%® A combination of weight-based PEG-
IFN alfa-2b (1.5 wg/kg) or fixed-dose PEG-IFN alfa-2a
(180 wg) by subcutaneous injection once a week plus
daily oral ribavirin is the treatment of choice. The results
of a single, large RCT*? support a recommendation that
patients with more treatment-refractory genotype 1 re-
quire 48 weeks of therapy with higher daily doses of
ribavirin (in divided doses administered twice daily;
1000-1200 mg, depending on weight <75 kg or =75
kg), while patients with the more treatment-favorable
genotypes 2 and 3 can be treated for only 24 weeks and
with only 800 mg daily of ribavirin (in divided doses
administered twice daily). Moreover, 12 weeks of therapy
suffices in patients with genotypes 2 and 3 in whom
HCV RNA levels are undetectable at week 4.15° In the
group of patients with genotypes 2 and 3, patients with
genotype 2 are more likely than those with genotype 3 to
achieve an SVR'; for patients with genotype 3 who
have high levels of HCV RNA or advanced fibrosis on
liver biopsy, many authorities recommend treatment for
48 weeks. For patients with genotype 4, 48 weeks of
PEG-IFN plus full-dose ribavirin (1000—1200 mg) is
recommended. (Based on data in the registration trial of
PEG-IFN alfa-2b plus ribavirin,“ a ribavirin dose of
only 800 mg/day was approved for routine use of this
combination regimen, regardless of genotype; however,
the consensus of most authorities is that the higher,
weight-based dose of ribavirin should be used in patients
with genotype 1.26:69:197)

Recommendation category: 1
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For patients with milder histologic changes METAVIR
stage F1, Ishak stage <<3) (and normal serum aminotrans-
ferase activity; see following text), the risk of disease pro-
gression is lower.3261:91 Although trials designed to dem-
onstrate the efficacy of contemporary combination antiviral
therapy were not powered to address patients with mild
histology specifically, such patients appear to respond as
well as, or even better than, patients with more advanced
histologic changes.”> Therefore, decisions about this sub-
group of patients can be individualized; such patients can be
counseled about the low risk of progression but still can be
offered therapy (see following text). If a decision is made to
defer therapy in patients with mild disease, periodic labo-
ratory and histologic monitoring should be pursued.?® Some
authorities have suggested repeat liver biopsies at 3-year
intervals?®; however, data to support a recommendation on
the frequency of histologic monitoring are wanting. Current
contraindications to therapy include decompensated cirrho-
sis, pregnancy, uncontrolled depression or severe mental
illness, active substance abuse in the absence of concurrent
participation in a drug treatment program, advanced car-
diac or pulmonary disease, severe cytopenias, poorly con-
trolled diabetes, retinopathy, seizure disorders, immuno-
suppressive treatment, autoimmune diseases, or other
inadequately controlled comorbid conditions.?426:198 Al-
though these contraindications excluded a large proportion
of potential candidates in the clinical trials that validated
antiviral therapy,'®® efficacy and tolerability of antiviral
therapy in clinical practice are very similar to those reported
in multicenter, registration trials.!%?

Recommendation category: 1

Before therapy, baseline quantitative HCV RNA lev-
els should be determined, and the same quantitative
assay should be repeated at 12 weeks. Failure to achieve
a =2-logyo reduction in HCV RNA levels (EVR) pre-
dicts ultimate failure to achieve an SVR with almost
100% certainty.41:9%156 Therefore, and especially for pet-
sons who tolerate therapy poorly, many authorities dis-
continue therapy after 12 weeks for patients who have
failed to achieve an EVR.?® Because histologic benefit
may accrue even in the absence of an SVR,16:159.160 some
authorities treat beyond 12 weeks even in patients who
have not achieved an EVR. Testing for HCV RNA with
a qualitative assay or a more sensitive quantitative assay
is helpful at the completion of therapy to determine
whether an end-of-treatment response has occurred and
at 24 weeks after completing therapy to establish
whether an SVR has occurred.?%15¢ Achieving an SVR at
6 months posttreatment is likely to be maintained in-
definitely in =98% of patients, and a 2-year SVR rep-
resents a cure in all cases.3:4%,118,119,200
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In the absence of contraindications, liver biopsy is
recommended before therapy to assess the degree of
inflammation and fibrosis.?426:84.201 Because most pa-
tients with chronic hepatitis C have had the disease for
several decades before coming to medical attention, a
baseline biopsy specimen provides information on the
histologic toll of HCV infection in the past. In addition,
histologic grade and stage are the best predictors of
future progression of hepatitis C to cirrhosis>? and good
predictors of response to therapy.40-126,127,142,202 Patients
with moderate to severe hepatitis C are candidates for
therapy, while those with mild hepatitis (METAVIR
stage <2, Ishak stage <<3) may progress sufficiently
slowly to justify withholding or postponing therapy and
reliance on monitoring alone?® (see following text). Be-
cause the response to antiviral therapy is so high in
patients with genotypes 2 and 3, some authorities treat
this subgroup without a baseline biopsy.®4

Clinical and virologic monitoring during therapy
should be conducted at intervals ranging from once a
month to once every 3 months. Frequent hematologic
monitoring is necessary to identify marked anemia, neu-
tropenia, and thrombocytopenia; monitoring of thyroid-
stimulating hormone levels is indicated to identify hy-
pothyroidism or hyperthyroidism. Dose reductions of
PEG-IFN and ribavirin are recommended for hemato-
logic thresholds reviewed in Table 7. Clinicians treating
patients with hepatitis C should monitor carefully for
clinical signs of depression and intervene appropriately
(eg, frequent in-person or telephone contacts for mild
depression, more frequent/intense monitoring, dose re-
ductions of 25%—-50%, and/or the addition of antide-
pressant medications for moderate depression, and dis-
therapy
consultation/therapy for severe depression).

Recommendation category: 1

continuation of antiviral and psychiatric

Recommendations and their rationale for other popu-
lations, most of whom were not addressed in registration
trials, are reviewed in the following text.

Other Patient Populations

Patients with mild hepatitis C and/or normal ALT
levels. Several studies have shown that patients with
persistently normal ALT levels demonstrate less evidence
of histologic progression than patients with elevated
ALT levels, as documented by serial liver biopsy speci-
mens, during intervals of up to 5 years.6"-88-21 Therefore,
some clinicians choose to monitor such patients without
therapy. In fact, among patients with normal ALT levels
monitored for 5 years, levels of ALT become elevated in
approximately one fifth to one fourth,® reinforcing the
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Table 7. Recommended Thresholds for Drug Dose
Reductions in Patients Treated With PEG-IFN and
Ribavirin for Chronic Hepatitis C

Hematologic threshold Dose reduction?

Absolute neutrophil count (/mm3)
500-750
<500

Platelet count (/mm3)¢
25,000-50,000

Reduce PEG-IFN dose®
Withhold PEG-IFN

Reduce PEG-IFN dose®

<25,000 Withhold PEG-IFN
Hemoglobin (g/100 mL)

=10 Reduce ribavirin dose?

=8.5 Discontinue ribavirind

NOTE. These recommendations may be useful in monitoring therapy
but do not represent absolute guidelines; those who treat patients
with chronic hepatitis C rely on discretion and close monitoring of their
patients. Attempts can be made to reinstitute therapy or to resume
full/higher-dose therapy after cytopenias improve or resolve.

aThe magnitude of dose reductions differs between the 2 PEG-IFN
preparations, as noted in the following footnotes.

bFor PEG-IFN alfa-2b, reduce dose by 50%; for PEG-IFN alfa-2a, reduce
dose to 135 pg.

°The platelet thresholds cited appear in the product insert for PEG-IFN
alfa-2a (dose reduction to 90 pg); in the product insert for PEG-IFN
alfa-2b, the platelet threshold for dose reduction is 80,000/mm3
(dose reduction 50%) and for drug discontinuation is 50,000/mm3.
9For PEG-IFN alfa-2b, a dose reduction of 200 mg is recommended; for
PEG-IFN alfa-2a, reducing the dose to 600 mg/day is recommended.
Alternatively, erythropoietin can be administered.

importance of close monitoring in this population. Sim-
ilarly, as noted previously, histologic progression is much
less likely in patients with histologically mild chronic
hepatitis C.32 Finally, in early trials of IFN monotherapy
among patients with normal ALT levels, response rates
were low, and elevations of ALT levels during therapy
were a cause for concern.?* Histologic stability notwith-
standing, however, in patients with mild disease (low
grade and stage)?°? and/or normal ALT levels,92,93,204-207
IFN/ribavirin combination therapy and PEG-IFN/riba-
virin combination therapy have been shown to achieve
response rates comparable to those seen in patients with
more biochemically active and histologically advanced
disease, and elevations of ALT levels during combination
therapy have not been observed.9293:204-208 Similarly,
decision analyses in patients with biochemically and
histologically mild chronic hepatitis C have led to the
conclusion that, even in this population, antiviral ther-
apy is cost-effective.18:169,209 Therefore, many clinicians
choose to include patients with persistently normal ALT
levels and/or histologically mild chronic hepatitis C as
candidates for antiviral therapy. Given the borderline
indication for therapy in this group and the factors
weighing for and against treatment, clinicians may rely
in their decision making on individual patient features,
including patient motivation and perspective, genotype,
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relative histologic activity and fibrosis, duration of HCV

infection, age, occupation, symptoms, and so on. As

therapy becomes more effective and better tolerated, the

threshold for treating will be lowered; inevitably, highly

effective therapy with few side effects will be offered

routinely even to patients with very mild disease.
Recommendation category: 1

Fibrosis/cirrhosis. Although their likelihood of
responding is lower than that identified in large-scale
registration trials involving primarily noncirrhotic pa-
tients, patients with compensated cirrhosis or advanced
fibrosis who can tolerate and respond to therapy are
candidates for treatment.0-126,127,142,143,189.210  Ag  re-
sponse rates have increased overall with IFN/ribavirin
combination regimens, the response rates observed in the
subgroups of patients with bridging fibrosis and cirrhosis
have also increased and are now approximately 40%,
depending on HCV genotype.#? In patients with ad-
vanced fibrosis or cirrhosis included in registration trials
of PEG-IFN plus ribavirin, however, SVR rates for PEG-
IFN/ribavirin combination therapy (43%—44%) were no
higher than response rates for standard IFN/ribavirin
combination therapy (41%).40-1°0 Still, and baseline cy-
topenias in cirrhotic patients notwithstanding, PEG-IFN
plus ribavirin is a more convenient and no less effective
regimen and is recommended in this subpopulation, as it
is in noncirrhotic patients.

Recommendation category: 1

In patients with decompensated cirrhosis (bilirubin
level >1.5 mg/100 mL; prothrombin time >15 seconds
[international normalized ratio, =1.7}; albumin level
<3.4 g/100 mL; history of ascites, bleeding esophago-
gastric varices, or hepatic encephalopathy), antiviral ther-
apy is not recommended'®!; these patients should be
liver

referred for evaluation as

candidates.2¢

transplantation

Recommendation category: 1V

Previous relapse and nonresponder patient popu-
lations. A recent analysis of 624 patients with end-of-
treatment responses to IFN-based therapy showed that
98% of all relapses occur within the first 12 weeks after
cessation of therapy.?!! Patients who experience a relapse
(ie, in whom HCV RNA becomes undetectable during
and at the end of therapy but reappears again after
completion of therapy) are likely to respond and experi-
ence a relapse again with a subsequent course of the same
therapy. The chance of achieving an SVR in relapsers,
however, may be as high as 40%—-50% if re-treatment is
pursued with more effective therapy.'”® If this group of
patients is to be re-treated, ideally, a different, more
effective regimen should be used.!30:173,178,210,212-214 Fqy
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example, in the largest trial reported among relapsers to
standard IFN, a course of standard IFN plus ribavirin
resulted in an SVR in 50% of patients.'”® Similar find-
ings have been reported in other studies.?’>-22° In the
same vein, relapsers after a course of standard IFN mono-
therapy or of standard IFN/ribavirin combination ther-
apy are candidates for PEG-IFN plus ribavirin. One
supportive prospective trial demonstrated an SVR in
42% of patients who, having experienced a relapse pre-
viously after being treated with standard IFN and riba-
virin, were re-treated subsequently with PEG-IFN and
ribavirin for 48 weeks.??!

Among prior nonresponders to standard IFN, re-treat-
ment with standard IFN/ribavirin combination therapy
yields only a small increment in SVR (=15%), as deter-
mined in randomized trials or in meta-analyses of pub-
lished trial results, regardless of which IFN preparation
iS used.]30,]75,204,2]2,216,2]8‘2]9,222—224 FOI' nonresponders to
a previous course of standard IFN, with or without
ribavirin, re-treatment with PEG-IFN plus ribavirin in-
creases the frequency of responsiveness.??? This approach
has been shown in a trial involving 604 patients with
advanced fibrosis to result in an end-of-treatment re-
sponse in 35% but an SVR in only 18%.176212 The
likelihood of achieving an SVR was increased (as deter-
mined by multivariable regression analysis) in previous
IFN monotherapy recipients (28%), those with geno-
types 2 (65%) and 3 (54%), noncirrhotic patients (23%),
patients with an AST/ALT ratio =1 (23%), and patients
with a baseline HCV RNA level <1.5 million IU/mL
(27%).17¢ One third of those who achieved an EVR
eventually achieved an SVR, while the SVR rate in the
absence of an EVR was only 1%.17¢ Perhaps the most
relevant observation in this study was the fact that,
among patients who had failed in the past to respond to
a course of standard IFN plus ribavirin, only 12%
achieved an SVR when re-treated with PEG-IEN plus
ribavirin. Among those whose dose of ribavirin during
the first 20 weeks of therapy was =80% of the target
dose, compared with those whose doses were reduced to
=60% of the target dose, SVRs occurred in 21% and
11%, respectively.!’® These factors, in addition to a
patient’s tolerance to previous therapy and severity of
underlying liver disease, should be taken into consider-
ation when making individualized decisions about the
re-treatment of prior nonresponder patients.

Recommendation category: 1

Acute hepatitis C. Acute HCV infection is usu-
ally asymptomatic and, consequently, primarily clini-
cally inapparent.'8-52.53 This observation and the mark-
edly reduced annual incidence of cases of acute hepatitis
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C reported over the past decade!” have limited attempts
to conduct clinical trials in patients with acute hepatitis
C. Most of the early literature included multiple, small,
uncontrolled trials of differing design, some with bio-
chemical and others with biochemical and virologic end
points, but several controlled trials have been subjected
to meta-analyses. One meta-analysis included data from
4 randomized, placebo-controlled but not blinded
trials'"> that included an enrollment range of 25-48
patients. Patients were treated with either 3 MU of IFN
alfa-2b 3 times per week for 3 months in 3 trials or 3 MU
daily of IFN beta for 5 days followed by 3 MU 3 times
per week for 3 weeks in the fourth trial. An SVR, as
measured 12 months after stopping therapy, occurred in
41% of treated patients compared with 4% of control
patients (P << .001). Another meta-analysis included
these 4 trials plus 5 others (total of 9 studies, 5 random-
ized and 4 nonrandomized, 8 involving IFN versus no
treatment and 1 involving different IFN schedules)??>
identified by a MEDLINE search; however, an SVR was
reported in only 5 trials. In these 5 trials, SVR was 44%
more frequent in treated than in untreated groups, a
marked effect in favor of treatment (P < .0001; 95% ClI,
+33% to +56%). In another meta-analysis that in-
cluded both RCTs and nonrandomized trials, patients
treated with IFN alfa and IFN beta were analyzed sepa-
rately.??® Among the studies involving treatment with 3
MU of IFN alfa-2b 3 times a week for 624 weeks, SVR
was increased by 33% in treated patients (95% CI, +8%
to +58%; P < .001). The analysis of studies involving
daily intravenous IFN beta for 4—7 weeks favored treat-
ment by a gain in SVR of 83% (95% CI, 61%-100%; P
< .001); however, the use of such an intensive intrave-
nous approach to therapy and reliance on IFN beta have
been confined to Japan, are not available in the United
States or Europe, and can be matched in efficacy by less
invasive approaches (see following text). These early
meta-analyses, however, do appear to support a role for
antiviral therapy during acute hepatitis C.

Others have reported the results of small trials in
which short-course, high-dose (ie, daily) therapy was
initiated during acute hepatitis C, but results were
mixed and the efficacy of treating for limited periods (eg,
until normalization of ALT levels??” or for approximately
1 month??%:22%) was unconvincing. The most compelling
study reported was a prospective, multicenter, open-
label, uncontrolled German trial in which 44 patients
with acute hepatitis C were treated, beginning at a mean
of 89 days after infection, with 5 MU of IFN alfa-2b
daily for 4 weeks and then 3 times per week for another
20 weeks, which was well tolerated; SVR assessed 6
months after completion of therapy was achieved in 43
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patients (98%).23° Although no untreated control group
was included in this trial, in another German study,
spontaneous clearance of HCV infection occurred in 52%
of patients with acute hepatitis C, predominantly in
those with symptomatic acute infection.?! The excellent
results of the German treatment trial,>3° despite the
approximately 3-month delay in initiating treatment,
suggest that a period of observation to allow for potential
spontaneous viral clearance before initiating antiviral
therapy may not affect response rates adversely. Simi-
larly, because the likelihood of acute HCV infection after
an accidental needlestick is only approximately 3% and
because antiviral therapy initiated after the onset of
hepatitis C viremia is so effective, treatment to prevent
HCV infection need not be initiated prophylactically
after needlestick exposure.??

A recent study of antiviral therapy in patients with
acute hepatitis C revisits the concept of high-dose, short-
term therapy. Nomura et al?3? reported the results of an
RCT of short-term, early treatment versus late treatment
in Japan. Thirty patients with acute hepatitis C were
randomized to receive 6 MU of lymphoblastoid IFN
administered intramuscularly daily for 4 weeks, begin-
ning either 8 weeks after the onset of acute hepatitis or
after 1 year of observation. In the early intervention
group, 13 of 15 (87%) achieved an SVR; in the other 2
patients, who experienced a relapse after the initial 4
weeks of therapy, an additional 20 weeks of treatment
(this time with 6 MU intramuscularly 3 times weekly)
resulted in an SVR (total, 100% SVR). In the 1-year
delayed-treatment group, an SVR was achieved in only
40% after 4 weeks of daily therapy and in an additional
2 patients only after 20 more weeks of thrice-weekly
therapy (total, 53% SVR). These findings suggest that a
brief course of antiviral therapy may suffice in the ma-
jority of patients with acute hepatitis C, an observation
that reinforces the importance of relatively early inter-
vention. On the other hand, daily intramuscular injec-
tions limit the appeal of this approach.

Based on available data, patients with acute hepatitis
C are candidates for antiviral therapy.?6-%233 Because of
the dramatic effect of standard IFN monotherapy in
patients with acute hepatitis C, some have argued that
monotherapy suffices and that ribavirin is not re-
quired.?>¥ Preliminary data suggest that PEG-IFN
monotherapy for 24 weeks results in SVR rates compa-
rable to those observed with the intense IFN regimen
used in the German trial described previously.?*4 In
another study of 40 patients with acute hepatitis C, half
received PEG-IFN monotherapy and half received PEG-
IFN/ribavirin combination therapy for 24 weeks; an SVR
occurred in 80% of the monotherapy group and 85% of
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the combination therapy group.?*> Given the enhanced
efficacy of PEG-IFN/ribavirin combination therapy in
patients with chronic hepatitis C, conventional doses of
such combination therapy may represent a reasonable
approach to treatment of patients with acute hepatitis C.
In fact, the optimal regimen, dose, time to initiate
therapy, duration of therapy, or benefit of adding riba-
virin to IFN therapy have not been established, and the
infrequency of acute hepatitis C will likely confound the
prospective comparison of different treatment regimens.
Based on available data, many authorities would initiate
treatment within no later than 2-3 months after the
onset of acute hepatitis and would extend combination
therapy for at least 24 weeks.?33

Recommendation category: 11-2b

Injection drug use. In the past, injection drug use
was considered a contraindication to antiviral therapy of
hepatitis C?%; however, currently, injection drug users
represent one of the largest groups with chronic hepatitis
C and the subpopulation most likely to be infected
acutely with HCV.17:60:86.198.236 During the 2002 Na-
tional Institutes of Health Consensus Development Con-
ference on Management of Hepatitis C, attention was
focused on this overlooked patient group, previously
excluded from most clinical trials.?%858¢ For active in-
jection drug users, compliance is a concern, as are psy-
chiatric side effects of IFN-based therapy and the risk of
HCV reinfection. Similarly, for recovered injection drug
users, which includes those in methadone maintenance
programs, the psychiatric side effects of antiviral therapy
and the availability of syringes and needles required for
therapy were considered potential barriers.36-237

Experience in treating both active and recovered in-
jection drug users has been very limited; however, in
preliminary trials, both groups have been treated, with
SVR rates comparable to those achieved in non-drug
users.238-241 Compliance has been reduced substantially
in some studies but not in others, particularly in those
with recent injection drug use; psychiatric comorbidity,
as anticipated, is more common than in patients without
a history of injection drug use, but these patients can be
treated effectively. Decisive ingredients for success in
this patient population, however, are participation of
health professionals experienced in addiction medicine in
their treatment and linkage of antiviral therapy with
ongoing drug treatment programs.26-56.237

These early, encouraging data indicate that injection
drug users with hepatitis C can be treated successfully;
therapy is recommended for recovered drug users, in-
cluding those on methadone maintenance, and, based on
a case-by-case review, for active drug users, especially
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when in conjunction with drug

grams.2086:237 Additional randomized trials will be re-

treatment pro-
quired to evaluate the safest and most effective treatment
regimens; the levels of and factors favoring compliance;
the risk of recidivism; side effect profiles, including the
risk of depression; and the impact of antiviral therapy on
methadone requirements.

Recommendation category: 1

Alcoholism. Active, excessive alcohol use, which
has been shown to be associated with progressive liver
disease in patients with chronic hepatitis C,>%-242-24> had
been considered a contraindication to antiviral therapy.?*
Therefore, patients who were not abstinent from alcohol
for at least 1-2 years were excluded from most of the
large clinical trials of antiviral therapy for chronic hep-
atitis C. Clinical trials including patients who were
actively consuming alcohol are very limited but suggest
that excessive alcohol use reduces the likelihood of a
response to therapy.87-246-248 During the 2002 National
Institutes of Health Consensus Development Conference
on Management of Hepatitis C, the consensus panel
concluded that continued alcohol abuse affected the re-
sponse to therapy adversely, that abstinence should be
recommended before and during antiviral treatment,
that treatment of alcohol abuse should be linked with
efforts to treat hepatitis C in alcoholic patients, that a
safe level of alcohol consumption in patients with hepa-
titis C has not been established, and that even moderate
alcohol consumption can have a deleterious effect on the
progression of liver disease in patients with chronic
hepatitis C.287

Recommendation category: 11-1b

Black patients. Black patients have a higher rate
of HCV infection® and a lower response rate to antiviral
therapy (and less favorable antiviral kinetics) than white
patients,’7-101,155,245,249-254 apnd these disparities remain
to be explained. Recognition of a lower response rate
among black patients emerged from retrospective anal-
yses of data from large RCTs of IFN monotherapy (SVR
of 2% in 40 patients)>* and IFN/ribavirin combination
therapy (SVR of 11% in 53 patients).?>> Although the
latter analysis suggested that an increased prevalence of
genotype 1 accounted for the low response rate among
black patients,?>? response rates remain lower in black
patients with genotype 1 than in white patients with
genotype 1,2542%5 and genotype does not explain the
differences adequately. Poor response rates in black pa-
tients were confirmed in additional retrospective analyses
of IFN monotherapy?>!2>2 and in 2 prospective trials of
PEG-IFN/ribavirin combination therapy in treatment-
naive patients?>4255 as well as in a prospective trial of
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PEG-IFN/ribavirin re-treatment of prior IFN or IFN/
ribavirin nonresponders.!’® These studies suggest also
that the constitutional neutropenia observed frequently
in black patients is not a barrier to treatment.?>* Thus,
while contemporary PEG-IFN/ribavirin regimens have
improved response rates among black patients, their
response rates remain substantially lower than those in
their white counterparts. Although expectations for suc-
cess are lower, black patients should be offered antiviral
therapy for chronic hepatitis C.?¢ Before therapy, treat-
ing physicians should explain the reduced response rate
observed in black patients, and those who fail to respond
should be encouraged to participate in clinical trials
designed to improve responsiveness.
Recommendation category: 1

Hematologic disorders. Patients with thalasse-
mia or other hemoglobinopathies and patients with he-
mophilia and other inherited coagulation disorders were
at greater risk of acquiring HCV infection as a conse-
quence of repeated transfusions of blood and clotting
factors, respectively, before the introduction of blood
donor screening for hepatitis C.256-261 Because of their
hematologic disorders, however, they were excluded from
registration trials of antiviral therapy, and their response
to contemporary PEG-IFN/ribavirin combination ther-
apy has not been reported.

Thalassemia. For thalassemic patients with
chronic hepatitis C, chronic anemia represents a potential
contraindication for antiviral regimens that include riba-
virin. A concern in this population is the exacerbation of
chronic anemia by the dose-dependent hemolytic anemia
associated with ribavirin.!'81-182 Moreover, many thalas-
semic patients have concomitant, severe hemosiderosis
and iron-related liver disease, including cirrhosis. The
application of therapy for hepatitis C has been studied in
only a small number of trials, and the numbers of pa-
tients studied are too low to provide meaningful conclu-
sions. In several trials with small numbers of subjects,
rates of SVR after IFN monotherapy were comparable to
those achieved in nonthalassemic patients.8>-262-267 After
IFN/ribavirin combination therapy, an SVR rate as high
as 72% was reported in a group of 18 thalassemic pa-
tients, but confidence in these results is limited by the
small number studied, and therapy was complicated by a
substantial increase in transfusion requirements during
therapy.2¢8 Therefore, this chronically anemic, iron-over-
loaded subpopulation can be treated effectively, but the
toll of adverse effects is higher than in those without
thalassemia. For thalassemic patients with substantial
hemosiderosis, primary therapy, before considerations of
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antiviral therapy, should be focused on reducing iron
overload.

Hemaophilia. Frequencies of SVR among hemo-
philiac patients treated with IFN monotherapy or IFN/
ribavirin combination therapy have been reported in a
limited number of clinical trials, each involving only
small numbers of subjects. Response rates tend to be
similar to or appreciably lower than those in the nonhe-
mophiliac population; approximately 30% have been
reported to respond to 1 year of combination thera-
py.2°9-2¢9-277 For example, in the largest reported
RCT,?® 113 patients with inherited coagulation disor-
ders were treated with IFN alfa-2b (3 MU 3 times
weekly) plus ribavirin (1000 mg/day) or IFN mono-
therapy. The SVR rate in the combination therapy arm
was 29% compared with 7% in the monotherapy arm.
Adolescents treated with the combination had a signifi-
cantly higher response rate than adults (59% vs 15%; P
< .001).>>?

In general, these patients should receive care similar to
that recommended for other HCV-infected patients. Al-
though data based on clinical trials do not exist on the
use of PEG-IFN and ribavirin in hemophiliac patients,
the safety and efficacy profiles are likely to be similar to
those of the more general population of patients with
hepatitis C. The duration of therapy should be guided by
genotype, and liver biopsies can be performed safely by
experienced teams working in conjunction with hema-
tologists. Thus, until data are available, treatment op-
tions and recommendations should be adapted from the
nonhemophiliac population.?>-274

Recommendation category: 11-2b

Children. Only a small proportion of patients in-
fected with hepatitis C are children. Like adults, children
with chronic hepatitis C are usually asymptomatic, and
their biochemical profiles and histologic findings are
similar to those in adults; however, rates of disease
progression during childhood appear to be slower than
for adults.>3-221,278.279 \Whether the lifetime risk of pro-
gression will turn out to be lower remains to be deter-
mined, and more long-term data are awaited. For chil-
dren, the general principles of management are the same
as those for adults. Treatment is generally well tolerated
by children, and response rates to IFN monotherapy and
IFN/ribavirin combination therapy are similar to those
reported in adults.?6:09278-281 Ribavirin is also available
as a pediatric liquid (40 mg/mL), and the approved dose
of IFN alfa-2b for pediatric use is 3 MU/m?. The dura-
tion of therapy is determined by genotype, and therapy is
not recommended for patients younger than 3 years.
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Trials of PEG- IFN in combination with ribavirin are in
progress.
Recommendation category: 1

End-stage renal disease. The higher prevalence
of HCV infection in patients with end-stage renal disease
and the increased risk of disease progression and dimin-
ished graft and patient survival following renal trans-
plantation and immunosuppression?%2-28> highlight the
serious nature of this infection in patients with renal
failure.®> Ideally, an effective therapy for hepatitis C
before renal transplantation would be desirable; however,
ribavirin is excreted renally (and not cleared by dialysis)
and therefore is currently contraindicated in this popu-
lation, and pharmacokinetic studies have shown that the
clearance of IFN is lower in patients on dialysis compared
with patients who have normal renal function.?8¢

Still, studies of antiviral therapy in patients with
end-stage renal disease suggest that IFN monotherapy is
generally well tolerated and that SVR rates are higher
than those observed in patients with normal renal func-
tion.?83:287.28% Generally, however, the number of study
subjects in these trials, individually and even collec-
tively, was too low to support confident conclusions, side
effects and serious adverse events were more common in
this population, and, in some studies, the vast majority
of patients discontinued therapy prematurely because of
adverse events.?%?=2> The role of therapy in this popu-
lation and the safety and utility of smaller doses of
ribavirin®-29¢ in combination with PEG-IFN remain
unclear and are currently under investigation. Therefore,
currently, the role of antiviral therapy in this population
remains undefined. For individual patients, the potential
benefit of therapy should be weighed against the higher
risk of toxicity, and treatment should be undertaken in
centers with experienced clinicians, ideally in clinical
trials.

For PEG-IFN alfa-2a, a dose reduction from 180 to
135 g is recommended by the manufacturer for patients
with renal failure; for PEG-IFN alfa-2b, the manufac-
turer makes no specific recommendation about dose re-
duction for patients with renal failure, but 50% dose
reductions are recommended for other clinical indica-
tions (eg, hematologic).

If an HCV-infected patient with end-stage renal dis-
ease is being considered for kidney transplantation, the
degree of hepatic fibrosis should be evaluated; advanced
fibrosis and cirrhosis in this population are associated
with reduced graft and patient survival.?83

Recommendation category: 11-2a

Extrahepatic disease. Although the frequency of
circulating immune complex activity is high in patients
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with chronic hepatitis C,?°7 symptomatic extrahepatic
manifestations of chronic HCV infection occur only
rarely in these patients. In patients with cutaneous vas-
culitis or glomerulonephritis resulting from HCV-asso-
ciated essential mixed cryoglobulinemia, the response to
antiviral therapy is variable and often disappointing. In a
small number of trials involving small numbers of pa-
tients, improvements in cutaneous vasculitis and glomer-
ulonephritis have been reported to occur during therapy,
but SVRs were unlikely,??8-3%3 the promising results of
1 recent study notwithstanding.3** Therefore, many such
patients require indefinite maintenance of antiviral ther-
apy.24305-307 In refractory cases, plasmapheresis and/or
cytotoxic chemotherapy may be required. Non-
Hodgkin’s B-cell lymphoma has been reported, albeit
rarely, among patients with chronic hepatitis C.3°8 A
promising report indicated that HCV-associated B-cell
lymphoma responded to antiviral therapy with IFN.3%?
Recommendation category: 11b

HIV and HCV coinfection. Approximately one
fourth to one third of all persons infected with HIV are
coinfected with HCV, presumably because of shared
routes of transmission.>'® HCV/HIV coinfection is par-
ticularly common in injection drug users with HIV
infection, in whom up to 90% may be coinfected with
HCV. With the introduction of highly active antiretro-
viral therapy (HAART) and the improved survival that
followed in HIV-infected patients, hepatitis C and its
complications (acceleration of liver disease, progression
of fibrosis, frequency of cirrhosis, and occurrence of end-
stage liver disease, liver failure, and HCC) have become
a substantial source of mortality and morbidity in per-
sons with HIV infection.”3-76:310-317 Because HIV infec-
tion has such a detrimental effect on the natural history
of HCV infection, all HIV-infected patients should be
screened for HCV infection; among those with HCV
infection, evaluation of candidacy for antiviral therapy
should be undertaken (including liver biopsy).319-318 Ide-
ally, the HIV infection should be well controlled with
antiretroviral therapy before treatment of the HCV in-
fection is initiated.

Unfortunately, patients with HIV/HCV coinfection
respond less favorably to antiviral therapy than patients
with HCV infection alone,?'%3!9 and the US Food and
Drug Administration has not approved antiviral therapy
for HCV infection in HIV-infected patients. Still, 4
recent clinical trials have documented the safety and
efficacy of PEG-IFN and ribavirin in this patient popu-
lation (Table 8).320-323 In the Adult AIDS Clinical Trials
Group trial 5071 conducted in the United States,?2° 133
adult patients were randomized to receive 48 weeks of
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Table 8. RCTs of PEG-IFN Plus Ribavirin Versus Standard
IFN Plus Ribavirin in Patients With HIV/HCV

Coinfection
ACTG
Trial 5071320 RIBAVIC321 APRICOT322 Barcelona323

Duration (wk) 48 48 48 48/242
Type of PEG-IFN  alfa-2b alfa-2b alfa-2a alfa-2b
SVR genotypes 14 17 29 38

1-4 (%)P
SVR genotypes 73 44 62 53

2-3 (%)
Discontinued 12 39 25 15

therapy (%)°

aForty-eight weeks for genotypes 1-4; 24 weeks for genotypes 2-3
with HCV RNA level <800,000 IU/mL.

bData are presented for only the PEG-IFN/ribavirin arm, statistically
superior to the standard IFN/ribavirin arm.

‘Data for both treatment arms combined (statistically indistinguish-
able frequency of discontinuation between the 2 arms).

combination therapy with either IFN alfa-2b 3 MU 3
times a week or PEG-IFN alfa-2a 180 pg once a week
plus ribavirin 600 mg/day initially (increased if toler-
ated). Although PEG-IFN was superior to standard IFN,
the efficacy of PEG-IFN/ribavirin therapy was well below
that reported in HCV-monoinfected patients with HCV
genotype 1. The frequency of SVR in the PEG-IFN/
ribavirin group was only 14% for genotype 1. In con-
trast, for coinfected patients with genotypes 2 and 3, the
frequency of SVR was 73% following a full 48 weeks of
therapy, comparable to that reported in HCV-monoin-
fected patients (treated for only 24 weeks). Treatment
was well tolerated, requiring discontinuation in only
12% of patients, and antiviral therapy for hepatitis C did
not affect control of HIV replication.32°

In a European study, 416 patients with HCV/HIV
coinfection (approximately 40% of whom had bridging
fibrosis or cirrhosis on baseline liver biopsy) were ran-
domized to receive 48 weeks of treatment with PEG-IFN
alfa-2b (1.5 pg/kg weekly) or IFN alfa-2b (3 MU 3 times
a week) plus ribavirin (800 mg/day). In the PEG-IFN
group, 27% achieved an SVR, compared with only 20%
in the standard IFN group (P = .047). In the superior
PEG-IFN group, an SVR was achieved in only 17% of
patients with genotypes 1 and 4; in those with non-1
genotypes (genotypes 2, 3, and 5), an SVR occurred in
44%. Serious adverse events were reported by 35% of
patients, equal in both treatment groups, and therapy
was discontinued in 39% of patients, again equal in both
treatment groups. In the PEG-IFN/ribavirin group,
doses of PEG-IFN were reduced in 33% and doses of
ribavirin reduced in 23%; for the standard IFN/ribavirin
group, doses of IFN were reduced in 21% and doses of
ribavirin reduced in 15%.32!
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In a large international trial, the AIDS Pegasys Riba-
virin International Coinfection Trial 322 868 HCV/HIV-
coinfected patients were randomized to receive 48 weeks
of treatment with standard IFN alfa-2a (3 MU 3 times a
week) plus ribavirin (800 mg/day), PEG-IFN alfa-2a
(180 pg/wk) plus placebo (monotherapy), or PEG-IFN
alfa-2a (180 pg/wk) plus ribavirin (800 mg/day). Again
the PEG-IFN/ribavirin combination regimen proved su-
perior, and in this trial SVR rates as high as 29% were
achieved in patients with HCV genotype 1 and 62% in
those with genotypes 2 or 3. Treatment was discontinued
in 25% of patients despite the allowance of growth factor
use in this trial.322

Finally, in a single-site, open-label RCT in 95 patients
(30% with bridging fibrosis/cirrhosis) conducted in Bar-
celona, patients were randomized to PEG-IFN alfa-2b
(100 pg/wk for weight <75 kg or 150 pg/wk for weight
=75 kg) plus ribavirin versus standard IFN alfa-2b plus
ribavirin (in both arms, the dose of ribavirin was weight
based; 800 mg/day for weight <60 kg, 1000 mg/day for
weight between 60 and 75 kg, and 1200 mg/day for
weight >75 kg). Patients with genotypes 1 and 4 were
treated for 48 weeks, while patients with genotypes 2
and 3 who had HCV RNA levels <800,000 IU/mL were
treated for 24 weeks. In patients with genotypes 1 and 4,
an SVR was achieved in 38% of the PEG-IFN group
versus 7% of the standard IFN group (P = .007); in
patients with genotypes 2 and 3, an SVR was accom-
plished in 53% of the PEG-IFN group versus 47% of the
standard IFN group (P = .73). Treatment was discon-
tinued for adverse effects in 17% of the PEG-IFN group
and 12% of the standard IFN group (P = .565); treat-
ment doses were reduced for adverse events in 42% of the
PEG-IFN group and 37% of the standard IFN group (P
= .667).3»

Three of these 4 trials support a recommendation of a
full 48 weeks of PEG-IFN/ribavirin combination therapy
(at least 600—800 mg daily, more if tolerated) for pa-
tients with HCV/HIV coinfection, regardless of geno-
type. (Alternatively, some may choose to follow the
recommendation of a European Consensus Conference
jury, which suggested full-dose [1000-1200 mgl,
weight-based ribavirin therapy for coinfected patients
with genotypes 1 and 4 and 800 mg for patients with
genotypes 2 and 3.324) Data from these randomized
trials, however, demonstrate that the most advanced
treatment regimen for HCV infection (ie, PEG-IFN/
ribavirin combination therapy), while safe and effective
in HCV/HIV-coinfected patients, is substantially infe-
rior in efficacy (especially in patients with HCV genotype
1) to that achieved in HCV-monoinfected patients. Thus,
the majority of coinfected patients do not respond to
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contemporary therapy. Whether the short-term histo-
logic benefits observed during IFN treatment, even in
virologic nonresponders,>2° would translate into a postu-
lated benefit of maintenance therapy in nonresponders
remains to be determined. In the absence of randomized
trials linking histologic and clinical benefits to longer-
term treatment in coinfected patients, a maintenance
treatment strategy cannot be recommended at this time.
Although antiviral therapy for HIV and HCV can be
administered together safely,??> one exception has been
reported. Ribavirin, which has been shown to increase
the activity and potentiate the toxicity of didanosine,
should not be used in patients receiving didanosine for
HIV infection.’?® Because of the potential drug-drug
interactions in patients on HIV treatment regimens that
include didanosine, HIV treatment regimens should be
altered in those starting combination therapy for HCV
infection. If didanosine is critical to the HIV regimen,
ribavirin should be avoided. In addition, management of
chronic hepatitis C in HCV/HIV-coinfected patients can
be confounded by the difficulty in distinguishing among
the effects of HCV, HAART hepatotoxicity, and oppor-
tunistic infections involving the liver.>?” Finally, reacti-
vation of HCV-associated liver inflammatory activity has
been reported after initiation of HAART in patients with
HCV/HIV coinfection, attributed to immunologic re-
constitution after HAART and restoration of cytolytic
T-cell activity against HCV-infected hepatocytes.328
Recommendation category: 1

Liver transplantation. Hepatitis C-associated
end-stage liver disease represents the most frequent in-
dication for liver transplantation.’-32°331 Recurrent
HCV infection in the new liver, as documented by
detectable viremia, is universal following transplanta-
tion; however, during the early years after transplanta-
tion, clinical progression of liver disease may be limited,
and, generally, early graft and host survival are un-
changed.332:33> Nevertheless, histologic progression is ac-
celerated during the half decade following transplanta-
tion, by which time more than half of patients have
moderate to severe hepatitis and 10% have advanced
fibrosis or cirrhosis.?32333 The favorable clinical outcome
during the first 5 years notwithstanding, ultimately,
recurrent hepatitis C results in impaired posttransplan-
tation survival.334-33¢ Moreover, the frequency of early
acute rejection appears to be increased in patients under-
going liver transplantation for hepatitis C.337

Even during the early posttransplantation period, a
small proportion of patients with chronic hepatitis C
experience reactivation of hepatitis, often associated with
difficult-to-manage rejection.?3® The need for extra im-
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munosuppressive therapy in such patients increases HCV
replication and, in turn, HCV-associated liver injury.338-
340 Thus, treated episodes of acute rejection (eg, with
methylprednisolone pulses, polyclonal antilymphocyte
globulin, or monoclonal antibodies to T cells) represent
a risk factor for accelerated progression of hepatitis C
after liver transplantation.?4-342 The most aggressive and
fortunately the rarest form of recurrent hepatitis C fol-
lowing liver transplantation is fibrosing cholestatic hep-
atitis, severe and relentlessly progressive liver injury
characterized by fibrosis, cholestasis, and severe jaundice
with only limited necroinflammatory activity.>43-344 Nei-
ther antiviral therapy (see following text) nor retrans-
plantation has been effective in this setting.

Results of antiviral therapy for hepatitis C after liver
transplantation have been disappointing, and results of
clinical trials are mixed at best. Whether begun prophy-
lactically immediately after transplantation to prevent
reinfection or initiated after posttransplantation hepatitis
C becomes clinically evident, antiviral therapy, even with
the combination of PEG-IFN and ribavirin, may sup-
press HCV replication but results in an SVR in <20% of
treated patients.>¥>-319 Moreover, IFN, PEG-IFN, and
ribavirin have not been well tolerated after liver trans-
plantation, necessitating dose reductions for adverse
events such as anemia and serious infections. An increase
in acute rejection, however, as reported in renal allograft
recipients treated with IFN, is recognized much less
commonly but remains a risk in liver allograft recipients
treated with IFIN.337.342,345,348,350 Therefore, after liver
transplantation, the risks and benefits of antiviral therapy
should be weighed carefully for each patient, and treat-
ment should be initiated with caution by transplantation
teams experienced in the treatment of hepatitis C.342
Because immunosuppression increases HCV replication,
which is associated with increased HCV-associated liver
injury and may contribute to disease progression, doses
of immunosuppressive drugs should be kept to a mini-
mum in patients who undergo liver transplantation for
chronic hepatitis C. Although candidates for liver trans-
plantation (ie, patients with decompensated cirrhosis) are
not candidates for IFN-based antiviral therapy, attempts
to eradicate hepatitis C viremia with progressively esca-
lated, low-dose antiviral therapy before transplantation
have met with early success'??-19%; additional data are
awaited.

In patients undergoing liver transplantation for hep-
atitis C, the development of new classes of potent, well-
tolerated antiviral agents merits a high priority.

Recommendation category: 1
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Other Medical Therapies

An association between high levels of hepatic iron
deposition and nonresponse to IFN-based antiviral ther-
apy led to the hypothesis that iron removal by phlebot-
omy would enhance responsiveness to IFN; however,
RCTs failed to show any benefit of phlebotomy,351:352
which therefore has no role in the treatment of chronic
hepatitis C.

A variety of other medical therapies have been evalu-
ated; however, to date, none have been shown to be
effective in enhancing SVR rates. None of these therapies
have been approved, and they are not recommended for
patients with chronic hepatitis C.

Included among them is amantadine, which has been
studied as monotherapy and in combination with IFN
and with IFN and ribavirin. Although amantadine ap-
peared to provide benefit in a few trials in naive3> and
nonresponder?>4 patient cohorts, most RCTs showed no
benefit associated with amantadine therapy.3>>-3%% There-
fore, amantadine cannot be recommended as a compo-
nent of antiviral therapy for chronic hepatitis C.

As discussed previously in reference to acute hepatitis
C, IFN beta has properties similar to IFN alpha and
therefore has been studied as therapy for HCV infection.
Studies of treatment with IFN beta, however, show no
advantage over treatment with IFN alfa3%0-3¢3; IEN beta
has not been approved for treatment of hepatitis C and
cannot be recommended. IFN gamma, which has poten-
tial antifibrotic effects resulting from inhibition of stel-
late cell activation and proliferation, has also been eval-
uated in patients with chronic hepatitis C. Preliminary,
promising data notwithstanding,3¢43%> a recent multi-
center RCT (the results of which have not yet been
published) failed to confirm an antifibrotic effect of IFN
gamma in patients with chronic hepatitis C. Similarly,
interleukin-10, evaluated in a preliminary, 3-month
trial, was found to have no antiviral effect3¢%:367 but
possibly an antifibrotic effect.?%” Subsequently, a multi-
center RCT of interleukin-10 versus placebo for a full
year failed to show an antifibrotic effect in patients with
chronic hepatitis C.3%8 Thymosin a-1 is an immunoregu-
latory peptide that influences T-cell maturation, antigen
recognition, and cytokine production. The results of 2
RCTs to assess the efficacy of IFN and thymosin combi-
nation therapy>%9370 suggested a marginal enhancement
of biochemical and virologic responses, but a conclusive
benefit of thymosin has not been observed to date. Large-
scale trials to assess combination PEG-IFN/thymosin
therapy are in progress.

Recommendation category: 1
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Maintenance therapy. Although contemporary
antiviral therapy can result in an SVR in more than half
of all treated patients, a sizable proportion of treated
patients fail to achieve durable responses. Given the
difficulty of clearing hepatitis C viremia, these nonre-
sponder patients have been considered as candidates for
long-term maintenance therapy. Among patients treated
with IFN, histologic improvement has been recorded at
the end of therapy in three fourths of patients, despite
the fact that a minority experienced an SVR.'¢ In ad-
dition, antiviral therapy with IFN has been shown to
result in reduced hepatic fibrosis.43-45-157-371 These obser-
vations suggest that antiviral therapy may have a beneficial
impact on hepatic histology even in the absence of a viro-
logic response. The potential benefit of maintenance therapy
to achieve histologic benefit in previous IFN nonresponders
was tested in 2 small, preliminary, randomized studies. In 1
study, 53 nonresponders were randomly assigned to con-
tinue IFN for 24 months or to discontinue treatment.'*® In
the untreated group, the fibrosis score did not decline and
histologic deterioration was recorded. In contrast, in the
treated group, mean fibrosis score declined from 2.5 to 1.7
(out of 4), 80% of patients had histologic improvement (P
< .03), and none demonstrated histologic deterioration;
histologic improvement was confined to patients in whom
HCV RNA was suppressed. In another study, 57 patients
with normal ALT levels and persistent HCV RNA after 1
year of IFN treatment were assigned randomly to no treat-
ment or treatment with IFN continued for 1 year with
gradual reduction of the dose to keep serum ALT activity
below the upper limit of normal.37? In 6-month posttreat-
ment biopsy specimens, the histologic grade (necrosis and
inflammation) was significantly lower in the treated than in
the untreated group (mean * SD grade, 0.7 = 0.2 vs 1.1
* 0.3; P < .05). In the treated group, fibrosis scores
decreased slightly (mean = SD fibrosis score, 1.3 * 0.4
decreasing to 1.1 = 0.2); in the untreated group, fibrosis
scores increased (mean * SD fibrosis score, 1.3 = 0.4
increasing to 1.6 £ 0.4). The results of these studies gen-
erated the hypothesis that maintenance IFN therapy in
prior nonresponders might retard the progression of fibrosis
or even limit the progression of cirrhosis to end-stage liver
disease. Therefore, several large, multicenter RCTs of long-
term (2—4 years) therapy with low-dose PEG-IFN are in
progress to assess the impact of maintenance therapy on
histologic and clinical end points in patients with chronic
hepatitis C and advanced fibrosis.!7%373-375 The results of
these trials will be required before recommendations can be
made for long-term maintenance therapy in those who fail
to achieve an SVR.

Recommendation category: 1
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Alternative Therapies

The basis for the major treatment recommenda-
tions outlined previously are adequately sized and pow-
ered, scientifically controlled trials. Yet, many patients
with chronic hepatitis C choose to rely on so-called
“alternative and complementary” medicines that have
not been proven to be effective. Very few of the “natural”
and herbal preparations patients take for hepatitis C have
ever been subjected to clinical trials; of those that have,
most of the trials fell far short of acceptable trial meth-
odology.37¢378 Even among the few herbal preparations
subjected to placebo-controlled trials, none have been
proven to affect HCV RNA levels or to result in an
SVR.378 Alternative therapies have no role in the treat-
ment of chronic hepatitis C.

Recommendation category: 1

Concluding Remarks

Chronic hepatitis C is recognized to be a poten-
tially progressive disorder with a 20% 2-decade inci-
dence of cirrhosis and, among cirrhotic patients, a
1%—4% annual incidence of HCC. Over the course of
the past decade and a half, antiviral therapy for hepatitis
C has progressed considerably. The frequency of SVRs to
antiviral therapy, tantamount to a cure, has increased
from <10% when the only therapy available was a
6-month course of IFN monotherapy to approximately
55% (80% in patients with HCV genotypes 2 and 3)
with the contemporary standard of combination PEG-
IEN plus ribavirin. Indeed, the fact that more than half
of all patients with this chronic viral infection can be
cured is precedent-setting; detracting somewhat from
this success is the high burden of side effects and intol-
erability of available drugs. In addition, virologic assays
have advanced in parallel with advances in antiviral
therapy and, currently, standardized amplification assays,
with sensitivities as low as 10? virions/mL and a broad
dynamic range, can be used for monitoring early, end-
of-treatment, and SVRs during and after therapy.

Successful antiviral therapy has been shown to have a
beneficial effect on hepatic necroinflammatory activity
and fibrosis, quality of life, mortality, and complications
of liver disease. The impact of successful antiviral therapy
on preventing HCC is controversial, prospective con-
trolled trials are in progress to address this issue.

When antiviral therapy was introduced originally,
clinical trials had been confined to patients with chronic
hepatitis C, elevated aminotransferase levels, histologic
features of moderate to severe necroinflammatory activity
and fibrosis, and absence of any comorbidities or contra-
indications. As therapy has improved and experience has
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increased, several of the contraindications of the early
years have become acceptable indications today. Data
derived from clinical trials support the application of
antiviral therapy, not necessarily universally, but cer-
tainly in selected patients with biochemically and histo-
logically mild chronic hepatitis, acute hepatitis, ad-
vanced fibrosis and cirrhosis, hematologic disorders,
children, end-stage renal disease, extrahepatic manifesta-
tions of hepatitis C, HIV/HCV coinfection, and after
liver transplantation. Even in patients who continue to
use injection drugs and alcohol, antiviral therapy can be
administered when provided in association with absti-
nence and drug treatment programs by health care teams
experienced in addiction medicine. For prior nonre-
sponders, application of a more advanced treatment reg-
imen has a high success rate; for prior nonresponders,
even the most advanced regimen has only a marginal
impact on increasing the frequency of SVR. Several large
RCTs are in progress to assess the potential value of
chronic maintenance therapy in prior nonresponders with
advanced fibrosis. After a frustrating period of investiga-
tive drought, early successes in the development of pro-
tease and polymerase inhibitors have raised expectations
for even more effective antiviral therapies.

JULES L. DIENSTAG
Gastrointestinal Unit (Medical Services)
Massachusetts General Hospital
Department of Medicine and Office of
the Dean for Medical Education
Harvard Medical School

Boston, Massachusetts

JOHN G. MCHUTCHISON
Duke Clinical Research Institute
Division of Gastroenterology
Duke University Medical Center
Durbam, North Carolina

References

1. Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J Med
2001;345:41-52.

2. Alter MJ, Mast EE. The epidemiology of viral hepatitis in the
United States. Gastroenterol Clin North Am 1994;23:437-455.

3. World Health Organization. Global surveillance and control of
hepatitis C. Report of a WHO consultation organized in collabo-
ration with the Viral Hepatitis Prevention Board, Antwerp, Bel-
gium. J Viral Hepat 1999;6:35-47.

4. Bellentani S, Tiribelli C, Saccoccio G, Sodde M, Fratti N, De
Martin C, Cristianini G, Dionysos Study Group. Prevalence of
chronic liver disease in the general population of northern Italy:
the Dionysos study. Hepatology 1994;20:1442-1449.

5. Kim WR, Gross JB Jr, Poterucha JJ, Locke GR llIl, Dickson ER.
Outcome of hospital care of liver disease associated with hep-
atitis C in the United States. Hepatology 2001;33:201-206.



January 2006

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Detre KM, Belle SH, Lombardero M. Liver transplantation for

chronic viral hepatitis. Viral Hepat Rev 1997;2:219-228.

. Féray C, Gigou M, Sameul D, Paradis V, Wilber J, David MF,

Urdea M, Reynes M, Brechot C, Bismuth H. The course of
hepatitis C virus infection after liver transplantation. Hepatology
1994;20:1137-1143.

. Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F,

Moyer LA, Kaslow RA, Margolis HS. The prevalence of hepatitis
C virus infection in the United States, 1988 through 1994.
N Engl J Med 1999;341:556-562.

. Wong JB, McQuillan GM, McHutchison JG, Poynard T. Estimating

future hepatitis C morbidity, mortality, and costs in the United
States. Am J Public Health 2000;90:1562-1569.

Kim WR. The burden of hepatitis C in the United States. Hepa-
tology 2002;36(Suppl 1):S30-S34.

Kim WR, Brown RS Jr, Terrault NA, EI-Serag H. Burden of liver
disease in the United States: summary of a workshop. Hepatol-
ogy 2002;36:227-242.

Davis GL, Albright JE, Cook SE, Rosenberg D. Projecting future
complications of chronic hepatitis C in the United States. Liver
Transpl 2003;9:331-338.

Alter HJ, Purcell RH, Shih JW, Melpolder JC, Houghton M, Choo
Q-L, Kuo G. Detection of antibody to hepatitis C virus in prospec-
tively followed transfusion recipients with acute and chronic
non-A, non-B hepatitis. N Engl J Med 1989;321:1494-1500.
Donahue JG, Munoz A, Ness PM, Brown DEJ, Yawn DH, McAI-
lister HAJ, Reitz BA, Nelson KE. The declining risk of post-
transfusion hepatitis C virus infection. N Engl J Med 1992;327:
369-373.

Schreiber GB, Busch MP, Kleinman SH, Korelitz JJ. The risk of
transfusion-transmitted viral infection. N Engl J Med 1996;334:
1685-1690.

Aach RD, Stevens CE, Hollinger FB, Mosley JW, Peterson DA,
Taylor PE, Johnson RG, Barbosa LH, Nemo GJ. Hepatitis C virus
infection in post-transfusion hepatitis: an analysis with first- and
second-generation assays. N Engl J Med 1991;325:
1325-1329.

Williams |. Epidemiology of hepatitis C in the United States.
Am J Med 1999;107:2S-9S.

Orland JR, Wright TL, Cooper S. Acute hepatitis C. Hepatology
2001;33:321-327.

Stramer SL, Glynn SA, Kleinman SH, Strong M, Caglioti S, Wright
DJ, Dodd RY, Busch MP, National Heart Lung and Blood Institute
Nucleic Acid Test Study Group. Detection of HIV-1 and HCV
infections among antibody-negative blood donors by nucleic
acid-amplification testing. N Engl J Med 2004;351:760-768.
Armstrong GL, Alter MJ, McQuillan GM, Margolis HS. The past
incidence of hepatitis C virus infection: implications for the
future burden of chronic liver disease in the United States.
Hepatology 2000;31:777-782.

Buti M, San Miguel R, Brosa M, Cabasés JM, Medina M, Casado
MA, Fosbrook L, Esteban R. Estimating the impact of hepatitis
C virus therapy on future liver-related morbidity, mortality and
costs related to chronic hepatitis C. J Hepatol 2005;42:639—-
645.

American Gastroenterological Association. Position and policy
statement: policy statement on the use of medical practice
guidelines by managed care organizations and insurance cartri-
ers. Gastroenterology 1995;108:925-926.

Centers for Disease Control and Prevention. Recommendations
for prevention and control of hepatitis C virus (HCV) infection
and HCV-related chronic disease. MMWR Morb Mortal Wkly Rep
1998;47:1-39.

National Institutes of Health Consensus Development Confer-
ence. Management of hepatitis C. Hepatology 1997;26(Suppl
1):1S-156S.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION 253

Consensus statement. EASL International Consensus Confer-
ence on Hepatitis C. J Hepatol 1999;30:956-961.

National Institutes of Health Consensus Development Confer-
ence statement. management of hepatitis C: 2002—June 10—
12, 2002. Hepatology 2002;36(Suppl 1):S3-S20.

U.S. Preventive Services Task Force. Screening for hepatitis C
virus infection in adults: recommendation statement. Ann Intern
Med 2004;140:462-464.

Chou R, Clark EC, Helfand M. Screening for hepatitis C virus
infection: a review of the evidence for the U.S. Preventive Ser-
vices Task Force. Ann Intern Med 2004;140:465-479.
Freeman AJ, Dore GJ, Law MG, Thorpe M, Von Overbeck J, Lloyd
AR, Marinos G, Kaldor JM. Estimating progression to cirrhosis in
chronic hepatitis C virus infection. Hepatology 2001;34:809—-
816.

Tong MJ, El-Farra NS, Reikes AR, Co RL. Clinical outcomes after
transfusion-associated hepatitis C. N Engl J Med 1995;332:
1463-1466.

Niederau C, Lange S, Heintges T, Erhardt A, Buschkamp M,
Hurter D, Nawrocki M, Kruska L, Hensel F, Petry W, Haussinger
D. Prognosis of chronic hepatitis C: results of a large, prospec-
tive cohort study. Hepatology 1998;28:1687-1695.

Yano M, Kumada H, Kage M, Ikeda K, Shimamatsu K, Inoue O,
Hashimoto E, Lefkowitch JH, Ludwig J, Okuda K. The long-term
pathological evolution of chronic hepatitis C. Hepatology 1996;
23:1334-1340.

Matsumara H, Moriyama K, Goto I, Okubo J, Arakawa T. Natural
course of progression of fibrosis in Japanese patients with
chronic liver disease type C—a study of 527 patients at one
establishment. J Viral Hepat 2000;7:268-275.

Takahashi M, Yamada G, Miyamoto R, Doi T, Endo H, Tsuji T.
Natural course of chronic hepatitis C. Am J Gastroenterol 1993;
88:240-243.

Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Al-
masio P, Nevens F, Solinas A, Mura D, Brouwer JT, Thomas H,
Njapoum C, Casarin C, Bonetti P, Fuschi P, Basho J, Tocco A,
Bhalla A, Galassini R, Noventa F, Schalm SW, Realdi G. Morbid-
ity and mortality in compensated cirrhosis type C: a retrospec-
tive follow-up study of 384 patients. Gastroenterology 1997;
112:463-472.

Di Bisceglie AM. Hepatitis C and hepatocellular carcinoma.
Hepatology 1997;26(Suppl 1):34S-38S.

El-Serag HB. Hepatocellular carcinoma and hepatitis C in the
United States. Hepatology 2002;36(Suppl 1):S74-S83.
Kiyosawa K, Sodeyama T, Tanaka E, Gibo Y, Yoshizawa K,
Nakano Y, Furuta S, Akahane Y, Nishioka K, Purcell RH, et al.
Interrelationship of blood transfusion, non-A, non-B hepatitis
and hepatocellular carcinoma: analysis by detection of antibody
to hepatitis C virus. Hepatology 1990;12:671-675.

lkeda K, Saitoh S, Suzuki Y, Kobayashi M, Tsubota A, Koida I,
Arase Y, Fukuda M, Chayama K, Murashima N, Kumada H.
Disease progression and hepatocellular carcinogenesis in pa-
tients with chronic viral hepatitis: a prospective observation of
2215 patients. J Hepatol 1998;28:930-938.

Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman
M, Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK.
Peginterferon alfa-2b plus ribavirin compared with interferon
alfa-2b plus ribavirin for initial treatment of chronic hepatitis C:
a randomised trial. Lancet 2001;358:958-965.

Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Gon-
cales FL Jr, Haussinger D, Diago M, Carosi G, Dhumeaux D,
Craxi A, Lin A, Hoffman J, Yu J. Peginterferon alfa-2a plus
ribavirin for chronic hepatitis C virus infection. N Engl J Med
2002;347:975-982.

Hadziyannis SJ, Sette HJ, Morgan TR, Balan V, Diago M, Mar-
cellin P, Ramadori G, Bodenheimer HJ, Bernstein D, Rizzetto M,
Zeuzem S, Pockros PJ, Lin A, Ackrill AM, PEGASYS International



254

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION

Study Group. Peginterferon-alpha2a and ribavirin combination
therapy in chronic hepatitis C: a randomized study of treatment
duration and ribavirin dose. Ann Intern Med 2004;140:
346-355.

Shindo M, Di Bisceglie AM, Hoofnagle JH. Long-term follow-up of
patients with chronic hepatitis C treated with alpha-interferon.
Hepatology 1992;15:1013-1016.

Poynard T, McHutchison J, Davis GL, Esteban-Mur R, Goodman
Z, Bedossa P, Albrecht J. Impact of interferon alfa-2b and riba-
virin on progression of liver fibrosis in patients with chronic
hepatitis C. Hepatology 2000;32:1131-1137.

Shiratori Y, Imazeki F, Moriyama M, Yano M, Arakawa Y, Yoko-
suka O, Kuroki T, Nishiguchi S, Sata M, Yamada G, Fujiyama S,
Yoshida H, Omata M. Histologic improvement of fibrosis in
patients with hepatitis C who have sustained response to inter-
feron therapy. Ann Intern Med 2000;132:517-524.

Sobesky R, Mathurin P, Charlotte F, Moussalli J, Olivi M, Vidaud
M, Ratziu V, Opolon P, Poynard T. Modeling the impact of
interferon alfa treatment on liver fibrosis progression in chronic
hepatitis C: a dynamic view. Gastroenterology 1999;116:378-
386.

Camma C, Di Bona D, Schepis F, Heathcote EJ, Zeuzem S,
Pockros PJ, Marcellin P, Balart L, Alberti A, Craxi A. Effect of
peginterferon alfa-2a on liver histology in chronic hepatitis C: a
meta-analysis of individual patient data. Hepatology 2004;39:
333-342.

Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M,
Inoue O, Yano M, Tanaka M, Fujiyama S, Nishiguchi S, Kuroki T,
Imazeki F, Yokosuka O, Kinoyama S, Yamada G, Omata M, IHIT
Study Group. Interferon therapy reduces the risk for hepatocel-
lular carcinoma: national surveillance program of cirrhotic and
noncirrhotic patients with chronic hepatitis C in Japan. Ann
Intern Med 1999;131:174-181.

Nishiguchi S, Kuroki T, Nakatani S, Morimoto H, Takeda T,
Nakajima S, Shiomi S, Seki S, Kobayashi K, Otani S. Random-
ised trial of effects of interferon-a on incidence of hepatocellular
carcinoma in chronic active hepatitis C with cirrhosis. Lancet
1995;346:1051-1055.

Yoshida H, Arakawa Y, Sata M, Nishiguchi S, Yano M, Fujiyama
S, Yamada G, Yokosuka O, Shiratori Y, Omata M. Interferon
therapy prolonged life expectancy among chronic hepatitis C
patients. Gastroenterology 2002;123:483-491.

NHS Center for Reviews and Dissemination. Undertaking sys-
tematic reviews of research on effectiveness: CRD guidelines
for those carrying out or commissioning reviews. CRD report #4.
York: University of York, 1996.

Alter HJ, Seeff LB. Recovery, persistence, and sequelae in
hepatitis C virus infection: a perspective on long-term outcome.
Semin Liver Dis 2000;20:17-35.

Hoofnagle J. Hepatitis C: the clinical spectrum of disease.
Hepatology 1997;26(Suppl 1):15S-20S.

Seeff LB. Natural history of chronic hepatitis C. Hepatology
2002;36(Suppl 1):S35-S46.

Vogt M, Lang T, Frosner G, Klinger C, Sendl AF, Zeller A, Wie-
becke B, Langer B, Meisner H, Hess J. Prevalence and clinical
outcome of hepatitis C infection in children who underwent
cardiac surgery before the implementation of blood-donor
screening. N Engl J Med 1999;341:866-870.

Kenny-Walsh E, Irish Hepatology Research Group. Clinical out-
comes after hepatitis C infection from contaminated anti-D im-
mune globulin. N Engl J Med 1999;340:1228-1233.

Wiese M, Berr F, Lafrenz M, Porast H, Oesen U, East German
Hepatitis C Study Group. Low frequency of cirrhosis in a hepa-
titis C (genotype 1b) single-source outbreak in Germany: a 20-
year multicenter study. Hepatology 2000;32:91-96.

Bjgro K, Frgland SS, Yun Z, Samdal HH, Haaland T. Hepatitis C
infection in patients with primary hypogammaglobulinemia after

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

GASTROENTEROLOGY Vol. 130, No. 1

treatment with contaminated immune globulin. N Engl J Med
1994;331:1607-1611.

Poynard T, Bedossa P, Opolon P, OBSVIRC, METAVIR, CLINIVIR,
DOSVIRC Groups. Natural history of liver fibrosis progression in
patients with chronic hepatitis C. Lancet 1997;349:825-832.
Marcellin P, Asselah T, Boyer N. Fibrosis and disease progres-
sion in hepatitis C. Hepatology 2002;36(Suppl 1):S47-S56.
Ghany MG, Kleiner DE, Alter H, Doo E, Khokar F, Promrat K,
Herion D, Park Y, Liang TJ, Hoofnagle JH. Progression of fibrosis
in chronic hepatitis C. Gastroenterology 2003;124:97-104.
Lagging LM, Westin J, Svensson E, Aires N, Dhillon AP, Lindh M,
Wejstal R, Norkrans G. Progression of fibrosis in untreated
patients with hepatitis C virus infection. Liver 2002;22:136—
144.

Shakil AO, Conry-Cantilena C, Alter HJ, Hayashi P, Kleiner DE,
Tedeschi V, Krawczynski K, Conjeevaram HS, Sallie R, Di
Bisceglie AM, Hepatitis C Study Group. Volunteer blood donors
with antibody to hepatitis C virus: clinical, biochemical, virologic,
and histologic features. Ann Intern Med 1995;123:330-337.
Alric L, Fort M, Izopet J, Vinel J-P, Charlet J-P, Selves J, Puel J,
Pascal J-P, Duffaut M, Abbal M. Genes of the major histocom-
patibility complex class Il influence the outcome of hepatitis C
virus infection. Gastroenterology 1997;113:1675-1681.
Kuzushita N, Hayashi N, Moribe T, Katayama K, Kanto T, Naka-
tani S, Kaneshige T, Tatsumi T, Ito A, Mochizuki K, Sasaki Y,
Kasahara A, Hori M. Influence of HLA haplotypes on the clinical
course of individuals infected with hepatitis C virus. Hepatology
1998;27:240-244.

Thomas DL, Astemborski J, Rai RM, Anania FA, Schaeffer M,
Galai N, Nolt K, Nelson KE, Strathdee SA, Johnson L, Laeyen-
decker O, Boitnott J, Wilson LE, Vlahov D. The natural history of
hepatitis C virus infection: host, viral, and environmental fac-
tors. JAMA 2000;284:450-456.

Adinolfi LE, Gambardella M, Andreana A, Tripodi MF, Utili R,
Ruggiero G. Steatosis accelerates the progression of liver dam-
age of chronic hepatitis C patients and correlates with specific
HCV genotype and visceral obesity. Hepatology 2001;33:
1358-1364.

Hourigan LF, MacDonald GA, Purdie D, Whitehall VH, Short-
house C, Clouston A, Powell EE. Fibrosis in chronic hepatitis C
correlates significantly with body mass index and steatosis.
Hepatology 1999;29:1215-1219.

Alberti A, Benvegnu L. Management of hepatitis C. J Hepatol
2003;38(Suppl 1):S104-S118.

Poynard T, Ratziu V, Charlotte F, Goodman Z, McHutchison J,
Albrecht J. Rates and risk factors for liver fibrosis in hepatitis C
virus infected patients. J Hepatol 2001;34:730-739.

Mohsen AH, Easterbrook PJ, Taylor C, Portmann B, Kulasega-
ram R, Murad S, Wiselka M, Norris S. Impact of human immu-
nodeficiency virus (HIV) infection on the progression of liver
fibrosis in hepatitis C virus infected patients. Gut 2003;52:
1035-1040.

Negro F. Hepatitis C virus and liver steatosis: when fat is not
beautiful. J Hepatol 2004;40:533-535.

Martin P, Di Bisceglie AM, Kassianides C, Lisker-Melman M,
Hoofnagle JH. Rapidly progressive non-A, non-B hepatitis in
patients with human immunodeficiency virus infection. Gastro-
enterology 1989;97:1559-1561.

Benhamou Y, Bochet M, Di Martino V, Charlotte F, Azria F,
Coutellier A, Vidaud M, Bricaire F, Opolon P, Katlama C, Poynard
T. Liver fibrosis progression in human immunodeficiency virus
and hepatitis C virus coinfected patients. The Multivirc Group.
Hepatology 1999;30:1054-1058.

Graham CS, Baden LR, Yu E, Mrus JM, Carnie J, Heeren T,
Koziel MJ. Influence of human immunodeficiency virus infection
on the course of hepatitis C virus infection: a meta-analysis. Clin
Infect Dis 2001;33:562-569.



January 2006

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Soto B, Sanchez-Quijano A, Rodrigo L, del Olmo JA, Garcia-
Bengoechea M, Hernandez-Quero J, Rey C, Abad MA, Rodriguez
M, Sales Gilabert M, Gonzalez F, Miron P, Caruz A, Relimpio F,
Torronteras R, Leal M, Lissen E. Human immunodeficiency virus
infection modifies the natural history of parenterally-acquired
hepatitis C with an unusually rapid progression to cirrhosis.
J Hepatol 1997;26:1-5.

Howell C, Jeffers L, Hoofnagle JH. Hepatitis C in African-Ameri-
cans: summary of a workshop. Gastroenterology 2000;119:
1385-1396.

Crosse K, Umeadi OG, Anania FA, Laurin J, Papadimitriou J,
Drachenberg C, Howell CD. Racial differences in liver inflamma-
tion and fibrosis related to chronic hepatitis C. Clin Gastroen-
terol Hepatol 2004;2:463-468.

Sterling RK, Stravitz RT, Luketic VA, Sanyal AJ, Contos MJ, Mills
AS, Shiffman ML. A comparison of the spectrum of chronic
hepatitis C virus between Caucasians and African Americans.
Clin Gastroenterol Hepatol 2004;2:469-473.

Benvegnu L, Gios M, Boccato S, Alberti A. Natural history of
compensated viral cirrhosis: a prospective study on the inci-
dence and hierarchy of major complications. Gut 2004;53:744 -
749.

Serfaty L, Aumaitre H, Chazouilleres O, Bonnand A-M, Rosmor-
duc O, Poupon RE, Poupon R. Determinants of outcome of
compensated hepatitis C virus-related cirrhosis. Hepatology
1998;27:1435-1440.

Bruno S, Silini E, Crosignani A, Borzio F, Leandro G, Bono F, Asti
M, Rossi S, Larghi A, Cerino A, Podda M, Mondelli MU. Hepatitis
C virus genotypes and risk of hepatocellular carcinoma in cir-
rhosis: a prospective study. Hepatology 1997;25:754-758.
El-Serag HB, Mason AC. Rising incidence of hepatocellular car-
cinoma in the United States. N Engl J Med 1999;340:745-750.
Dienstag JL. The role of liver biopsy in chronic hepatitis C.
Hepatology 2002;36(Suppl 1):S152-S160.

Strader DB. Understudied populations with hepatitis C. Hepa-
tology 2002;36(Suppl 1):S226-S236.

Edlin BR. Prevention and treatment of hepatitis C in injection
drug users. Hepatology 2002;36(Suppl 1):5S210-S219.

Peters MG, Terrault NA. Alcohol use and hepatitis C. Hepatology
2002;36(Suppl 1):S220-S225.

Mathurin P, Moussalli J, Cadranel JF, Thibault V, Charlotte F,
Dumouchel P, Cazier A, Huraux JM, Devergie B, Vidaud M,
Opolon P, Poynard T. Slow progression rate of fibrosis in hepa-
titis C virus patients with persistently normal alanine amino-
transferase activity. Hepatology 1998;27:868-872.

Persico M, Persico E, Suozzo R, Conte S, De Seta M, Coppola L,
Palmentieri B, Sasso FC, Torella R. Natural history of hepatitis C
virus carriers with persistently normal aminotransferase levels.
Gastroenterology 2000;118:760-764.

Martinon-Peignoux M, Boyer N, Cazals-Hatem D, Pham B-N,
Gervais A, Le Breton V, Levy S, Degott C, Valla D-C, Marcellin P.
Prospective study on anti-hepatitis C virus-positive patients with
persistently normal serum alanine transaminase with or without
detectable serum hepatitis C virus RNA. Hepatology 2001;34:
1000-1005.

Wali M, Lewis S, Hubscher S, Harrison R, Ahmed M, Elias E,
Mutimer D. Histologic progression during short-term follow-up of
patients with chronic hepatitis C virus infection. J Viral Hepat
1999;6:445-452.

Bacon BR. Treatment of patients with hepatitis C and normal
serum aminotransferase levels. Hepatology 2002;36(Suppl 1):
S179-S184.

Ahmed A, Keeffe EB. Chronic hepatitis C with normal amino-
transferase levels. Gastroenterology 2004;126:1409-1415.
Pawlotsky J-M. Use and interpretation of virological tests for
hepatitis C. Hepatology 2002;36(Suppl 1):S65-S73.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION 255

Pawlotsky J-M. Molecular diagnosis of viral hepatitis. Gastroen-
terology 2003;122:1554-1568.

Davis GL, Wong JB, McHutchison JG, Manns MP, Harvey J,
Albrecht J. Early virologic response to treatment with peginter-
feron alfa-2b plus ribavirin in patients with chronic hepatitis C.
Hepatology 2003;38:645-652.

Bukh J, Miller RH, Purcell RH. Genetic heterogeneity of hepatitis
C virus: quasispecies and genotypes. Semin Liver Dis 1995;15:
41-63.

Simmonds P, Alberti A, Alter HJ, Bonino F, Bradley DW, Brechot
C, Brouwer JT, Chan S-W, Chayama K, Chen D-S, Choo Q-L,
Colombo M, Cuypers HTM, Date T, Dusheiko GM, Esteban JI,
Fay O, Hadziyannis SJ, Han J, Hatzakis A, Holmes EC, Hotta H,
Houghton M, Irvine B, Kohara M, Kolberg JA, Kuo G, Lau JYN,
Lelie PN, Maertens G, McOmish F, Miyamura T, Mizokami M,
Nomoto A, Prince AM, Reesink HW, Rice C, Roggendorf M,
Schalm SW, Shikata T, Shimotohno K, Stuyver L, Trepo C,
Weiner A, Yap PL, Urdea MS. A proposed system for the nomen-
clature of hepatitis C viral genotypes. Hepatology 1994;19:
1321-1324.

Simmonds P. Variability of hepatitis C virus. Hepatology 1995;
21:570-583.

Hoofnagle JH. Course and outcome of hepatitis C. Hepatology
2002;36(Suppl 1):521-S29.

Zeuzem S. Heterogeneous virologic response rates to interfer-
on-based therapy in patients with chronic hepatitis C: who
responds less well? Ann Intern Med 2004;140:346-355.
el-Zayadi A, Selim O, Haddad S, Simmonds P, Hamdy H, Badran
HM, Shawky S. Combination treatment of interferon alpha-2b
and ribavirin in comparison to interferon monotherapy in treat-
ment of chronic hepatitis C genotype 4 patients. Ital J Gastro-
enterol Hepatol 1999;31:472-475.

Koshy A, Marcellin P, Martinot M, Madda JP. Improved response
to ribavirin interferon combination compared with interferon
alone in patients with type 4 chronic hepatitis C without cirrho-
sis. Liver 2000;20:335-339.

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F,
Denk H, Desmet V, Korb G, MacSween RNM, Phillips MJ, Port-
mann BG, Poulsen H, Scheuer PJ, Schmid M, Thaler H. Histo-
logic grading and staging of chronic hepatitis. J Hepatol 1995;
22:696-699.

Bedossa P, Poynard T, French METAVIR Cooperative Study
Group. An algorithm for grading activity in chronic hepatitis C.
Hepatology 1994;24:289-293.

Poynard T, Ratziu V, Benmanov Y, Di Martino V, Bedossa P,
Opolon P. Fibrosis in patients with chronic hepatitis C: detection
and significance. Semin Liver Dis 2000;20:47-55.

Wong JB, Koff RS. Watchful waiting with periodic liver biopsy
versus immediate empirical therapy for histologically mild
chronic hepatitis C. A cost-effectiveness analysis. Ann Intern
Med 2000;133:665-675.

Cadranel JF, Rufat P, Degos F, The Group of Epidemiology of the
French Association for the Study of the Liver (AFEF). Practices of
liver biopsy in France: results of a prospective nationwide sur-
vey. Hepatology 2000;32:477-481.

Bressler BL, Guindi M, Tomlinson G, Heathcote J. High body
mass index is an independent risk factor for nonresponse to
antiviral treatment in chronic hepatitis C. Hepatology 2003;38:
639-644.

Patton HM, Patel K, Behling C, Bylund D, Blatt LM, Vallée M,
Heaton S, Conrad A, Pockros PJ, McHutchison JG. The impact of
steatosis on disease progression and early and sustained treat-
ment response in chronic hepatitis C patients. J Hepatol 2004;
40:484-490.

Westin J, Nordlinder H, Lagging M, Norkrans G, Wejstal R.
Steatosis accelerates fibrosis development over time in hepa-



256

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION

titis C virus genotype 3
2002;37:837-842.

Davis GL, Balart LA, Schiff ER, Lindsay K, Bodenheimer HCJ,
Perrillo RP, Carey W, Jacobson IM, Payne J, Dienstag JL, Van-
Thiel DH, Tamburro C, Lefkowitch J, Albrecht J, Meschievitz C,
Ortego TJ, Gibas A, Hepatitis Interventional Therapy Group.
Treatment of chronic hepatitis C with recombinant interferon
alfa: a multicenter randomized, controlled trial. N Engl J Med
1989;321:1501-1506.

Di Bisceglie AM, Martin P, Kassianides C, Lisker-Melman M,
Murray L, Waggoner J, Goodman Z, Banks SM, Hoofnagle JH.
Recombinant interferon alfa therapy for chronic hepatitis C: a
randomized, double-blind, placebo-controlled trial. N Engl J Med
1989;321:1506-1510.

Niederau C, Heintges T, Haussinger D. Treatment of chronic
hepatitis C with a-interferon: an analysis of the literature. Hepa-
togastroenterology 1996;43:1544-1556.

Poynard T, Leroy V, Cohard M, Thevenot T, Mathurin P, Opolon
P, Zarski JP. Meta-analysis of interferon randomized trials in the
treatment of viral hepatitis C: effects of dose and duration.
Hepatology 1996;24:778-789.

Carithers RLJ, Emerson SS. Therapy of hepatitis C: meta-anal-
ysis of interferon alfa-2b trials. Hepatology 1997;26(Suppl 1):
83S-88S.

Schalm SW, Hansen BE, Chemello L, Bellobuono A, Brouwer JT,
Weiland O, Cavalletto L, Schvarcz R, Ideo G, Alberti A. Ribavirin
enhances the efficacy but not the adverse effects of interferon
in chronic hepatitis C. Meta-analysis of individual patient data
from European centers. J Hepatol 1997;26:961-966.
Marcellin P, Boyer N, Gervais A, Martinot M, Pouteau M, Castel-
nau C, Kilani A, Areias J, Auperin A, Benhamou JP, Degott C,
Erlinger S. Long-term histologic improvement and loss of detect-
able intrahepatic HCV RNA in patients with chronic hepatitis C
and sustained response to interferon alpha therapy. Ann Intern
Med 1997;127:875-881.

Lau DT, Kleiner DE, Ghany MG, Park Y, Schmid M, Hoofnagle JH.
10-year follow-up after interferon-alpha therapy for chronic hep-
atitis C. Hepatology 1998;28:1121-1127.

Dusheiko G, Main J, Thomas H, Reichard O, Lee C, Dhillon A,
Rassam S, Fryden A, Reesink H, Bassendine M, Norkrans G,
Cuypers T, Lelie N, Telfer P, Watson J, Weegink C, Sillikens P,
Weiland O. Ribavirin treatment for patients with chronic hepati-
tis C: results of a placebo-controlled study. J Hepatol 1996;25:
591-598.

Di Bisceglie AM, Conjeevaram HS, Fried MW, Sallie R, Park Y,
Yurdaydin C, Swain M, Kleiner DE, Mahaney M, Hoofnagle JH.
Ribavirin as therapy for chronic hepatitis C: a randomized,
double-blind, placebo-controlled trial. Ann Intern Med 1995;
123:897-903.

Bodenheimer HC Jr, Lindsay KL, Davis GL, Lewis JH, Thung SN,
Seeff LB. Tolerance and efficacy of oral ribavirin treatment of
chronic hepatitis C: a multicenter trial. Hepatology 1997;26:
473-7.

Schvarcz R, Yun ZB, Sonnerborg A, Weiland O. Combined treat-
ment with interferon alpha-2b and ribavirin for chronic hepatitis
C in patients with a previous non-response or non-sustained
response to interferon alone. J Med Virol 1995;46:43-47.
Reichard O, Norkrans G, Fryden A, Braconier J-H, Sonnerborg A,
Weiland O, Swedish Study Group. Randomized, double-blind,
placebo-controlled trial of interferon «-2b with and without riba-
virin for chronic hepatitis C. Lancet 1998;351:83-87.

Lai M-Y, Kao J-H, Yang P-M, Wang J-T, Chen P-J, Chan K-W, Chu
J-S, Chen D-S. Long-term efficacy of ribavirin plus interferon alfa
in the treatment of chronic hepatitis C. Gastroenterology 1996;
111:1307-1312.

McHutchison JG, Gordon SC, Schiff ER, Shiffman ML, Lee WM,
Rustgi VK, Goodman ZD, Ling M-H, Cort S, Albrecht JA, Hepatitis

infected patients. J Hepatol

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

GASTROENTEROLOGY Vol. 130, No. 1

Interventional Therapy Group. Interferon alfa-2b alone or in
combination with ribavirin as initial treatment for chronic
hepatitis C. N Engl J Med 1998;339:1485-1492.

Poynard T, Marcellin P, Lee SS, Niederau C, Minuk GS, Ideo G,
Bain V, Heathcote J, Zeuzem S, Trepo C, Albrecht J, Interna-
tional Hepatitis Interventional Therapy Group (IHIT). Random-
ized trial of interferon a2b plus ribavirin for 48 weeks or for 24
weeks versus interferon a2b plus placebo for 48 weeks for
treatment of chronic infection with hepatitis C virus. Lancet
1998;352:1426-1432.

Barbaro G, Di Lorenzo G, Soldini M, Giancaspro G, Lellicelli A,
Grisorio B, Barbarini G, Ribavirin-Interferon in Chronic Hepatitis
Italian Group Investigators. Evaluation of long-term efficacy of
interferon alpha-2b and ribavirin in combination in naive pa-
tients with chronic hepatitis C: an Italian multicenter experi-
ence. J Hepatol 2000;33:448-455.

Pol S, Nalpas B, Bourliere M, Couzigou P, Tran A, Abergel A,
Zarski JP, Berthelot P, Brechot C. Combination of ribavirin and
interferon-alfa surpasses high doses of interferon-alfa alone in
patients with genotype-1b-related chronic hepatitis C. Hepatol-
ogy 2000;31:1338-1344.

Kjaergard LL, Krogsgaard K, Gluud C. Interferon alfa with or
without ribavirin for chronic hepatitis C: systematic review of
randomised trials. BMJ 2001;323:1151-1155.

Cramp ME, Rossol S, Chokshi S, Carucci P, Williams R, Naumov
NV. Hepatitis C virus-specific T-cell reactivity during interferon
and ribavirin treatment in chronic hepatitis C. Gastroenterology
2000;118:346-355.

Fang SH, Hwang LH, Chen DS, Chiang BL. Ribavirin enhance-
ment of hepatitis C virus core antigen-specific type 1 T helper
cell response correlates with the increased IL-12 levels. J Hepa-
tol 2000;33:791-798.

Reichard O, Schvarc R, Weiland O. Therapy of hepatitis C: alpha
interferon and ribavirin. Hepatology 1997;26(Suppl 1):108S-
111S.

Ning Q, Brown D, Parodo J, Cattral M, Gorczynski R, Cole E, Fung
L, Ding JW, Liu MF, Rotstein O, Phillips MJ, Levy G. Ribavirin
inhibits viral-induced macrophage production of tumor necrosis
factor, interleukin-1, and procoagulant fg12 prothrombinase
and preserves Th1 cytokine production but inhibits Th2 cytokine
response. J Immunol 1998;160:3487-3493.

Hong Z. The role of ribavirin-induced mutagenesis in HCV ther-
apy: a concept or a fact? Hepatology 2003;38:807-810.

Lau JY, Tam RC, Liang TJ, Hong Z. Mechanism of action of
ribavirin in the combination treatment of chronic HCV infection.
Hepatology 2002;35:1002-1009.

Crotty S, Cameron CE, Andino R. RNA virus error catastrophe:
direct molecular test by using ribavirin. Proc Natl Acad Sci U S
A 2001;98:6895-6900.

Crotty S, Maag D, Arnold JJ, Zhong W, Lau JYN, Hong Z, Andino
R, Cameron CE. The broad-spectrum antiviral ribonucleoside
ribavirin is an RNA virus mutagen. Nat Med 2000;6:1375-
1379.

Contreras AM, Hiasa Y, He W, Terella A, Schmidt EV, Chung RT.
Viral RNA mutations are region specific and increased by riba-
virin in a full-length hepatitis C virus replication system. J Virol
2002;76:8505-8517.

Pawlotsky J-M, Dahari H, Neumann AU, Hezode C, Germanidis
G, Lonjon I, Castera L, Dhumeaux D. Antiviral action of ribavirin
in chronic hepatitis C. Gastroenterology 2004;126:703-714.
Dixit NM, Layden-Almer JE, Layden TJ, Perelson AS. Modelling
how ribavirin improves interferon response rates in hepatitis C
virus infection. Nature 2004;432:922-924.

Zeuzem S, Feinman SV, Rasenack J, Heathcote EJ, Lai M-Y,
Gane E, O’Grady J, Reichen J, Diago M, Lin A, Hoffman J, Brunda
MJ. Peginterferon alfa-2a in patients with chronic hepatitis C.
N Engl J Med 2000;343:1666-1672.



January 2006

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Heathcote EJ, Shiffman ML, Cooksley WG, Dusheiko GM, Lee
SS, Balart L, Reindollar R, Reddy RK, Wright TL, Lin A, Hoffman
J, De Pamphilis J. Peginterferon alfa-2a in patients with chronic
hepatitis C and cirrhosis. N Engl J Med 2000;343:1673-1680.
Reddy KR, Wright TL, Pockros PJ, Shiffman M, Everson G,
Reindollar R, Fried MW, Purdum PP 1ll, Jensen D, Smith C, Lee
WM, Boyer TD, Lin A, Pedder S, De Pamphilis J. Efficacy and
safety of pegylated (40-kd) interferon alpha-2a compared with
interferon alpha-2a in noncirrhotic patients with chronic hepati-
tis C. Hepatology 2001;33:433-438.

Lindsay KL, Trepo C, Heintges T, Shiffman ML, Gordon SC,
Hoefs JC, Schiff ER, Goodman ZD, Laughlin M, Yao R, Albrecht
JK. A randomized, double-blind trial comparing pegylated inter-
feron alfa-2b to interferon alfa-2b as initial treatment for chronic
hepatitis C. Hepatology 2001;34:395-403.

Pockros PJ, Carithers R, Desmond P, Dhumeaux D, Fried MW,
Marcellin P, Shiffman ML, Minuk G, Reddy KR, Reindollar RW,
Lin A, Brunda MJ, PEGASYS International Study Group. Efficacy
and safety of two-dose regimens of peginterferon alpha-2a com-
pared with interferon alpha-2a in chronic hepatitis C: a multi-
center, randomized controlled trial. Am J Gastroenterol 2004;
99:1298-1305.

FDA advisory documents for PEG-IFN alfa-2b and PEG-IFN alfa-
2a. Available at: http://www.fda.gov/ohrms/dockets/ac/01/
transcripts/3819t1.htm and http://www.fda.gov/chrms/dock-
ets/ac/02/transcripts/3909t1.htm. Accessed August 16,
2005.

McHutchison JG, Manns M, Patel K, Poynard T, Lindsay K, Trepo
C, Dienstag J, Lee WM, Mak C, Garaud J-J, Albrecht JK, Inter-
national Hepatitis Interventional Therapy Group. Adherence to
combination therapy enhances sustained response in geno-
type-1-infected patients with chronic hepatitis C. Gastroenterol-
ogy 2002;123:1061-1069.

Zeuzem S, Hultcrantz R, Bourliere M, Goeser T, Marcellin P,
Sanchez-Tapias J, Sarrazin C, Harvey J, Brass C, Albrecht J.
Peginterferon alfa-2b plus ribavirin for treatment of chronic hep-
atitis C in previously untreated patients infected with HCV ge-
notypes 2 or 3. J Hepatol 2004;40:993-999.

Mangia A, Santoro R, Minerva N, Ricci GL, Carretta V, Persico
M, Vinelli F, Scotto G, Bacca D, Annese M, Romano M, Zachini
F, Sogari F, Spirito F, Andriulli A. Peginterferon alfa-2b and
ribavirin for 12 vs. 24 weeks in HCV genotype 2 or 3. N Engl
J Med 2005;352:2609-2617.

Neumann AU, Lam NP, Dahari H, Gretch DR, Wiley TE, Layden
TJ, Perelson AS. Hepatitis C viral dynamics in vivo and the
antiviral efficacy of interferon-o therapy. Science 1998;282:
103-107.

Zeuzem S, Schmidt JM, Lee JH, von Wagner M, Teuber G, Roth
WK. Hepatitis C virus dynamics in vivo: effect of ribavirin and
interferon alfa on viral turnover. Hepatology 1998;28:245-252.
Zeuzem S, Herrmann E, Lee JH, Fricke J, Neumann AU, Modi M,
Colucci G, Roth WK. Viral kinetics in patients with chronic
hepatitis C treated with standard or peginterferon alfa-2a. Gas-
troenterology 2001;120:1438-1447.

Buti M, Sanchez-Avila F, Lurie Y, Stalgis C, Valdes A, Martell M,
Esteban R. Viral kinetics in genotype 1 chronic hepatitis C
patients during therapy with 2 different doses of peginterferon
alfa-2b plus ribavirin. Hepatology 2002;35:930-936.
Layden-Almer JE, Ribeiro RM, Wiley T, Perelson AS, Layden TJ.
Viral dynamics and response differences in HCV-infected African
American and white patients treated with IFN and ribavirin.
Hepatology 2003;37:1343-1350.

Davis GL. Monitoring of viral levels during therapy of hepatitis C.
Hepatology 2002;36(Suppl 1):S145-S151.

Camma C, Giunta M, Linea C, Pagliaro L. The effect of interferon
on the liver in chronic hepatitis C: a quantitative evaluation of
histology by meta-analysis. J Hepatol 1997;26:1187-1199.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION 257

Poynard T, McHutchison J, Manns M, Trepo C, Lindsay K, Good-
man Z, Ling M-H, Albrecht J, PEG-FIBROSIS Project Group. Im-
pact of pegylated interferon alfa-2b and ribavirin on liver fibrosis
in patients with chronic hepatitis C. Gastroenterology 2002;
122:1303-1313.

Shiffman ML, Hofmann CM, Thompson EB, Ferreira-Gonzalez A,
Contos MJ, Koshy A, Luketic VA, Sanyal AJ, Mills AS, Garrett CT.
Relationship between biochemical, virological, and histological
response during interferon treatment of chronic hepatitis C.
Hepatology 1997;26:780-785.

Shiffman ML, Hofmann CM, Contos MJ, Luketic VA, Sanyal AJ,
Sterling RK, Ferreira-Gonzalez A, Mills AS, Garret C. A random-
ized, controlled trial of maintenance interferon therapy for pa-
tients with chronic hepatitis C virus and persistent viremia.
Gastroenterology 1999;117:1164-1172.

Knodell R, Ishak KG, Black WC, Chen TS, Craig R, Kaplowitz N,
Kiernan TW, Wollman J. Formulation and application of a nu-
merical scoring system for assessing histological activity in
asymptomatic chronic active hepatitis. Hepatology 1981;1:
431-435.

Hoofnagle JH, Peters M, Mullen KD, Jones DB, Rustgi V, Di
Bisceglie A, Hallahan C, Park Y, Meschievitz C, Jones EA. Ran-
domized, controlled trial of recombinant human a-interferon in
patients with chronic hepatitis B. Gastroenterology 1988;95:
1318-1325.

McHutchison JG, Ware JEJ, Bayliss MS, Pianko S, Albrecht JK,
Cort S, Yang I, Neary MP, Hepatitis Interventional Therapy
Group. The effects of interferon alpha-2b in combination with
ribavirin on health related quality of life and work productivity.
Hepatology 2001;34:140-147.

Davis GL, Balart LA, Schiff ER, Lindsay K, Bodenheimer HCJ,
Perrillo RP, Carey W, Jacobson IM, Payne J, Dienstag JL, Van
Thiel DH, Tamburro C, Martino FP, Sangvhi B, Albrecht J. As-
sessing health-related quality of life in chronic hepatitis C using
the sickness impact profile. Clin Ther 1994;16:334-343.
Bonkovsky HL, Woolley M, The Consensus Interferon Study
Group. Reduction of health-related quality of life in chronic
hepatitis C and improvement with interferon therapy. Hepatol-
ogy 1999;29:264-270.

Kasahara A, Tanaka H, Okanoue T, Imai Y, Tsubouchi H, Yo-
shioka K, Kawata S, Tanaka E, Hino K, Hayashi K, Tamura S,
Itoh Y, Kiyosawa K, Kakumu S, Okita K, Hayashi N. Interferon
treatment improves survival in chronic hepatitis C patients
showing biochemical as well as virological responses by pre-
venting liver-related death. J Viral Hepat 2004;11:148-156.
Younossi ZM, Singer ME, McHutchison JG, Shermock KM. Cost
effectiveness of interferon alpha2b combined with ribavirin for
the treatment of chronic hepatitis C. Hepatology 1999;30:
1318-1324.

Salomon JA, Weinstein MC, Hammitt JK, Goldie SJ. Cost-effec-
tiveness of treatment for chronic hepatitis C infection in an
evolving patient population. JAMA 2003;290:228-237.
Bennett WG, Inoue Y, Beck JR, Wong JB, Pauker SG, Davis GL.
Estimates of the cost-effectiveness of a single course of inter-
feron-alpha 2b in patients with histologically mild chronic hep-
atitis C. Ann Intern Med 1997;127:855-865.

Mazzella G, Accogli E, Sottili S, Festi D, Orsini M, Salzetta A,
Novelli V, Cipolla A, Fabbri C, Pezzoli A, Roda E. Alpha interferon
treatment may prevent hepatocellular carcinoma in HCV-related
liver cirrhosis. J Hepatol 1996;24:141-147.

lkeda K, Saitoh S, Arase Y, Chayama K, Suzuki Y, Kobayashi M,
Tsubota A, Nakamura |, Murashima N, Kumada H, Kawanishi M.
Effect of interferon therapy on hepatocellular carcinogenesis in
patients with chronic hepatitis C: a long-term observational
study of 1,643 patients using statistical bias correction with
proportional hazard analysis. Hepatology 1999;29:1124-
1130.


http://www.fda.gov/ohrms/dockets/ac/01/transcripts/3819t1.htm
http://www.fda.gov/ohrms/dockets/ac/01/transcripts/3819t1.htm
http://www.fda.gov/chrms/dockets/ac/02/transcripts/3909t1.htm
http://www.fda.gov/chrms/dockets/ac/02/transcripts/3909t1.htm

258

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION

Camma C, Giunta M, Andreone P, Craxi A. Interferon and pre-
vention of hepatocellular carcinoma in viral cirrhosis: an evi-
dence-based approach. J Hepatol 2001;34:593-602.
Chander G, Sulkowski MS, Jenckes MW, Torbenson MS, Her-
long HF, Bass EB, Gebo KA. Treatment of chronic hepatitis C: a
systematic review. Hepatology 2002;36(Suppl 1):S135-S144.
Bernardinello E, Cavalletto L, Chemello L, Mezzocolli |, Donada
C, Benvegnu L, Merkel C, Gatta A, Alberti A. Long-term clinical
outcome after beta-interferon therapy in cirrhotic patients with
chronic hepatitis C. TTVH Study Group. Hepatogastroenterology
1999;46:3216-3222.

Fattovich G, Giustina G, Degos F, Diodati G, Tremolada F,
Nevens F, Almasio P, Solinas A, Brouwer JT, Thomas H, Realdi
G, Corrocher R, Schalm SW, European Concerted Action on Viral
Hepatitis (EUROHEP). Effectiveness of interferon alfa on inci-
dence of hepatocellular carcinoma and decompensation in cir-
rhosis type C. J Hepatol 1997;27:201-205.

Shiffman ML, Di Bisceglie AM, Lindsay KL, Morishima C, Wright
EC, Everson GT, Lok AS, Morgan TR, Bonkovsky HL, Lee WL,
Dienstag JL, Ghany MG, Goodman ZD, Everhart JE, The HALT-C
Trial Group. Peginterferon alfa-2a and ribavirin in patients with
chronic hepatitis C who have failed prior treatment. Gastroen-
terology 2004;126:1015-1023.

Fried MW. Side effects of therapy of hepatitis C and their
management. Hepatology 2002;36(Suppl 1):S237-S244.
Davis GL, Esteban-Mur R, Rustgi V, Hoefs J, Gordon SC, Trepo
C, Shiffman ML, Zeuzem S, Craxi A, Ling M-H, Albrecht JA,
International Hepatitis Interventional Therapy Group. Interferon
alfa-2b alone or in combination with ribavirin for the treatment of
relapse of chronic hepatitis C. N Engl J Med 1998;339:1493-
1499.

Russo MW, Fried MW. Side effects of therapy for chronic hep-
atitis C. Gastroenterology 2003;124:1711-1719.

Soza A, Everhart JE, Ghany MG, Doo E, Heller T, Promrat K, Park
Y, Liang TJ, Hoofnagle JH. Neutropenia during combination
therapy of interferon alfa and ribavirin for chronic hepatitis C.
Hepatology 2002;36:1273-1279.

De Franceschi L, Fattovich G, Turrini F, Ayi K, Brugnara C,
Manzato F, Noventa F, Stanzial AM, Solero P, Corrocher R.
Hemolytic anemia induced by ribavirin therapy in patients with
chronic hepatitis C virus infection: role of membrane oxidative
damage. Hepatology 2000;31:997-1004.

Chang CH, Chen KY, Lai MY, Chan KA. Meta-analysis: ribavirin-
induced haemolytic anaemia in patients with chronic hepatitis
C. Aliment Pharmacol Ther 2002;16:1623-1632.

Dieterich DT, Wasserman R, Brau N, Hassanein TI, Bibi EJ,
Bowers PJ, Sulkowski MS. Once weekly epoetin alfa improves
anemia and facilitates maintenance of ribavirin dosing in hep-
atitis C virus-infected patients receiving ribavirin plus interferon
a. Am J Gastroenterol 2003;98:2491-2499.

Dieterich DT, Spivak JL. Hematologic disorders associated with
hepatitis C virus infection and their management. Clin Infect Dis
2003;37:533-541.

Afdhal NH, Dieterich DT, Pockros PJ, Schiff ER, Shiffman ML,
Sulkowski MS, Wright T, Younossi Z, Goon BL, Tang KL, Bowers
PJ, The Proactive Study Group. Epoetin alfa maintains ribavirin
dose in HCV-infected patients: a prospective, double-blind, ran-
domiized controlled study. Gastroenterology 2004;126:1302—-
1311.

Wu JZ, Walker H, Lau JY, Hong Z. Activation and deactivation of
a broad-spectrum antiviral drug by a single enzyme: adenosine
deaminase catalyzes two consecutive deamination reactions.
Antimicrob Agents Chemother 2003;47:426-431.

Watson J. Prospects for hepatitis C virus therapeutics: levovorin
and viramidine as improved derivatives of ribavirin. Curr Opin
Invest Drugs 2002;3:680-683.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

GASTROENTEROLOGY Vol. 130, No. 1

Gish R, Arora S, Nelson D, Fernandez H, Lamon K. Safety and
efficacy of viramidine in combination with pegylated interferon
alfa-2a for treatment of hepatitis C in therapy-naive patients
(abstr). J Hepatol 2004;40(Suppl 1):141-142.

Fontana RJ, Everson GT, Tuteja S, Vargas HE, Shiffman ML.
Controversies in the management of hepatitis C patients with
advanced fibrosis and cirrhosis. Clin Gastroenterol Hepatol
2004;2:183-197.

Wright TL. Treatment of patients with hepatitis C and cirrhosis.
Hepatology 2002;36 (Suppl 1):S185-S194.

Crippin JS, McCashland T, Terrault N, Sheiner P, Charlton MR.
A pilot study of the tolerability and efficacy of antiviral therapy in
hepatitis C virus-infected patients awaiting liver transplantation.
Liver Transpl 2002;8:350-355.

Everson G. Long-term outcome of patients with chronic hepatitis
C and decompensated liver disease treated with the LADR
protocol (low-accelerating-dose regimen) (abstr). Hepatology
2002;36:297A.

Everson GT. Treatment of patients with hepatitis C virus on the
waiting list. Liver Transpl 2003;9:590-S94.

Thomas RM, Brems JJ, Guzman-Hartman G, Yong S, Cavaliere
P, Van Thiel DH. Infection with chronic hepatitis C virus and liver
transplantation: a role for interferon therapy before transplan-
tation. Liver Transpl 2003;9:905-915.

Forns X, Garcia-Retortillo M, Serrano T, Feliu A, Suarez F, de la
Mata M, Garcia-Valdecasas JC, Navasa M, Rimola A, Rodes J.
Antiviral therapy of patients with decompensated cirrhosis to
prevent recurrence of hepatitis C after liver transplantation.
J Hepatol 2003;39:389-396.

Everson GT, Trotter J, Forman L, Kugelmas M, Halprin A, Fey B,
Ray C. Treatment of advanced hepatitis C with a low accelerat-
ing dosage regimen of antiviral therapy. Hepatology 2005;42:
255-262.

Di Bisceglie AM, Hoofnagle JH. Optimal therapy of hepatitis C.
Hepatology 2002;36(Suppl 1):S121-S127.

Falck-Ytter Y, Kale H, Mullen KD, Sarbah SA, Sorescu L, McCul-
lough AJ. Surprisingly small effect of antiviral treatment in pa-
tients with hepatitis C. Ann Intern Med 2002;136:288-292.
Shehab TM, Fontana RJ, Oberhelman K, Marrero JA, Su GL, Lok
ASF. Effectiveness of interferon «-2b and ribavirin combination
therapy in the treatment of naive chronic hepatitis C patients in
clinical practice. Clin Gastroenterol Hepatol 2004;2:425-431.
McHutchison J, Davis GL, Esteban-Mur R, Poynard T, Ling M-H,
Garaud J-J, Albrecht J. Durability of sustained virologic response
in patients with chronic hepatitis C after treatment with inter-
feron alfa-2b alone or in combination with ribavirin (abstr).
Hepatology 2001;34:244A.

Perrillo RP. The role of liver biopsy in hepatitis C. Hepatology
1997;26(Suppl 1):57S-61S.

Davis GL, Lindsay K, Albrecht J, Bodenheimer HC, Balart LA,
Perrillo RP, Dienstag JL, Tamburro C, Schiff ER, Carey W, Payne
J, Jacobson IM, Van Thiel DH, Lefkowitch J, Sanghvi B, Hepatitis
Interventional Therapy Group. Clinical predictors of response to
recombinant alpha interferon-a treatment in patients with
chronic non-A, non-B hepatitis (hepatitis C). J Viral Hepat 1994;
1:55-63.

Verbaan HP, Widell HE, Bondeson TL, Lindgren SC. High sus-
tained response rate in patients with histologically mild (low
grade and stage) chronic hepatitis C infection. A randomized,
double blind, placebo controlled trial of interferon alpha-2b with
and without ribavirin. Eur J Gastroenterol Hepatol 2002;14:
627-633.

Di Bisceglie AM, Thompson J, Smith-Wilkaitis N, Brunt EM,
Bacon BR. Combination of interferon and ribavirin in chronic
hepatitis C: re-treatment of nonresponders to interferon. Hepa-
tology 2001;33:704-707.



January 2006

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Gordon SC, Fang JW, Silverman AL, McHutchison JG, Albrecht J.
The significance of baseline serum alanine aminotransferase
on pretreatment disease characteristics and response to anti-
viral therapy in chronic hepatitis C. Hepatology 2000;32:400—-
404.

Lee SS, Sherman M. Pilot study of interferon-alpha and ribavirin
treatment in patients with chronic hepatitis C and normal
transaminase values. J Viral Hepat 2001;8:202-205.

Zeuzem S, Diago M, Gane E, Reddy KR, Pockros P, Prati D,
Shiffman M, Farci P, Gitlin N, O'Brien CB, Lamour F, Lardelli P,
PEGASYS Study NR16071 Investigator Group. Peginterferon
alfa-2a (40 kilodaltons) and ribavirin in patients with chronic
hepatitis C and normal aminotransferase levels. Gastroenterol-
ogy 2004;127:1724-1732.

Jacobson IM, Ahmed F, Russo MW, Lebovics E, Dieterich DT,
Esposito SP, Bach N, Klion F, Tobias H, Antignano L, Brown RS
Jr, Gabbaizadeh D, Geders J, Levendoglu H. Interferon alfa-2b
and ribavirin for patients with chronic hepatitis C and normal
ALT. Am J Gastroenterol 2004;99:1700-1705.

Wong JB, Koff RS, Tine F, Pauker SG. Cost-effectiveness of
interferon-a2b treatment for hepatitis B e antigen-positive
chronic hepatitis B. Ann Intern Med 1995;122:664-675.
Schalm SW, Weiland O, Hansen BE, Milella M, Lai MY, Hol-
lander A, Michielsen PP, Bellobuono A, Chemello L, Pastore G,
Chen DS, Brouwer JT. Interferon-ribavirin for chronic hepatitis C
with and without cirrhosis: analysis of individual patient data of
six controlled trials. Eurohep Study Group for Viral Hepatitis.
Gastroenterology 1999;117:408-413.

Zeuzem S, Heathcote EJ, Shiffman ML, Wright TL, Bain VG,
Sherman M, Feinman SV, Fried MW, Rasenack J, Sarrazin C,
Jensen DM, Lin A, Hoffman JH, Sedarati F. Twelve weeks of
follow-up is sufficient for the determination of sustained viro-
logic response in patients treated with interferon alpha for
chronic hepatitis C. J Hepatol 2003;39:106-111.

Shiffman ML. Retreatment of patients with chronic hepatitis C.
Hepatology 2002;36(Suppl 1):S128-S134.

Camma C, Giunta M, Chemello L, Alberti A, Toyoda H, Trepo C,
Marcellin P, Zahm F, Schalm S, Craxi A. Chronic hepatitis C:
interferon retreatment of relapsers. A meta-analysis of individ-
ual patient data. European Concerted Action on Viral Hepatitis
(EUROHEP). Hepatology 1999;30:801-807.

Myers RP, Poynard T. Interferon for interferon nonresponding
and relapsing patients with chronic hepatitis C. Cochrane Da-
tabase Syst Rev 2002:CD003617.

Saracco G, Olivero A, Ciancio A, Carenzi S, Smedile A, Cariti G,
Andreoni M, Orsi PG, Biglino A, Tabone M, Roffi L, Croce G,
Manca A, Tappero G, Ciccone G, Rizzetto M. A randomized
4-arm multicenter study of interferon alfa-2b plus ribavirin in the
treatment of patients with chronic hepatitis C relapsing after
interferon monotherapy. Hepatology 2002;36:959-966.

Min AD, Jones JL, Esposito S, Lebovics E, Jacobson IM, Klion
FM, Goldman IS, Geders JM, Tobias H, Bodian C, Bodenheimer
HCJ. Efficacy of high-dose interferon in combination with ribavi-
rin in patients with chronic hepatitis C resistant to interferon
alone. Am J Gastroenterol 2001;96:1143-1149.

Marco VD, Almasio P, Vaccaro A, Ferraro D, Parisi P, Cataldo M,
Di Stefano R, Craxi A. Combined treatment of relapse of chronic
hepatitis C with high-dose alpha2b interferon plus ribavirin for 6
or 12 months. J Hepatol 2000;33:456-462.

Enriquez J, Gallego A, Torras X, Perez-Olmeda T, Diago M,
Soriano V, Lujan MS, Garcia-Samaniego J. Retreatment for 24
vs. 48 weeks with interferon-alpha2b plus ribavirin of chronic
hepatitis C patients who relapsed or did not respond to inter-
feron alone. J Viral Hepat 2000;7:403-408.

Barbaro G, Di Lorenzo G, Belloni G, Ferrari L, Paiano A, Del
Poggio P, Bacca D, Fruttaldo L, Mongio F, Francavilla R, Scotto
G, Grisorio B, Calleri G, Annese M, Barelli A, Rocchetto P, Rizzo

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION 259

G, Gualandi G, Poltronieri |, Barbarini G. Interferon alpha-2b and
ribavirin in combination for patients with chronic hepatitis C who
failed to respond to, or relapsed after, interferon alpha therapy:
a randomized trial. Am J Med 1999;107:112-118.

Shiffman ML, Hofmann CM, Sterling RK, Luketic VA, Contos MJ,
Sanyal AJ. A randomized, controlled trial to determine whether
continued ribavirin monotherapy in hepatitis C virus-infected
patients who responded to interferon-ribavirin combination ther-
apy will enhance sustained virologic response. J Infect Dis
2001;184:405-409.

Jacobson IM, Ahmed F, Russo MW, Brown RSJ, Lebovics E, Min
A, Esposito S, Brau N, Tobias H, Klion F, Bini E, Brodsky N,
Rovner D, Brass C, NY PEG-Intron Study Group. Pegylated inter-
feron alfa-2b plus ribavirin in patients with chronic hepatitis C.
A trial in prior nonresponders to interferon monotherapy or
combination therapy and in combination therapy relapsers: final
results (abstr) Gastroenterology 2003;124(Suppl 1):A714.
Cummings KJ, Lee SM, West ES, Cid-Ruzafa J, Fein SG, Aoki Y,
Sulkowski MS, Goodman SN. Interferon and ribavirin vs inter-
feron alone in the re-treatment of chronic hepatitis C previously
nonresponsive to interferon. JAMA 2001;285:193-199.
Cheng SJ, Bonis PA, Lau J, Pham NQ, Wong JB. Interferon and
ribavirin for patients with chronic hepatitis C who did not re-
spond to previous interferon therapy: a meta-analysis of con-
trolled and uncontrolled trials. Hepatology 2001;33:231-240.
Shiffman ML, Hofmann CM, Gabbay J, Luketic VA, Sterling RK,
Sanyal AJ, Contos MJ, Ryan MJ, Yoshida C, Rustgi V. Treatment
of chronic hepatitis C in patients who failed interferon mono-
therapy: effects of higher doses of interferon and ribavirin com-
bination therapy. The Virginia Cooperative Hepatitis Treatment
Group. Am J Gastroenterol 2000;95:2928-2935.

Camma C, Almasio P, Craxi A. Interferon as treatment for acute
hepatitis C. A meta-analysis. Dig Dis Sci 1996;41:1248-1255.
Quin JW. Interferon therapy for acute hepatitis C viral infec-
tion—a review by meta-analysis. Aust N Z J Med 1997;27:611-
617.

Vogel W, Graziadei |, Umlauft F, Datz C, Hackl F, Allinger S,
Grunewald K, Patsch J. High-dose interferon-alpha2b treatment
prevents chronicity in acute hepatitis C: a pilot study. Dig Dis
Sci 1996;41(Suppl):81S-85S.

Fabris P, Tositti G, Giordani MT, Infantolino D, de Lalla F. Three
times weekly versus daily dose alpha-interferon treatment in
patients with acute hepatitis C. Am J Gastroenterol 2002;97:
492-493.

Calleri G, Colombatto P, Gozzelino M, Chieppa F, Romano P,
Delmastro B, Macor A, Cariti G, Brunetto MR, Grillone W, Bonino
F. Natural beta interferon in acute type-C hepatitis patients: a
randomized controlled trial. Ital J Gastroenterol Hepatol 1998;
30:181-184.

Jaeckel E, Cornberg M, Wedemeyer H, Santantonio T, Mayer J,
Zankel M, Pastore G, Dietrich M, Trautwein C, Manns MP.
Treatment of acute hepatitis C with interferon alfa-2b. N Engl
J Med 2001;345:1452-1457.

Gerlach JT, Diepolder HM, Zachoval R, Gruener NH, Jung MC,
Ulsenheimer A, Schraut WW, Schirren CA, Waechtler M, Back-
mund M, Pape GR. Acute hepatitis C: high rate of both sponta-
neous and treatment-induced viral clearance. Gastroenterology
2003;125:80-88.

Nomura H, Sou S, Tanimoto H, Nagahama T, Kimura Y, Hayashi
J, Ishibashi H, Kashiwaga S. Short-term inteferon-alfa therapy
for acute hepatitis C: a randomized controlled trial. Hepatology
2004;39:1213-12109.

Alberti A, Boccato S, Vario A, Benvegnu L. Therapy of acute
hepatitis C. Hepatology 2002;36(Suppl 1):S195-S200.
Wedemeyer H, Jackel E, Wiegand J, Cornberg M, Manns MP.
Whom? When? How? Another piece of evidence for early treat-
ment of acute hepatitis C. Hepatology 2004;39:1201-1203.



260

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION

Kamal SM, Ismail A, Graham CS, He Q, Rasenack JW, Peters T,
Tawil AA, Fehr JJ, Khalifa KES, Madwar MM, Koziel MJ. Pegy-
lated interferon « therapy in acute hepatitis C: relation to hep-
atitis C virus-specific T cell response kinetics. Hepatology
2004;39:1721-1731.

Thorpe LE, Ouellet LJ, Hershow R, Bailey SL, Williams IT, Wil-
liamson J, Monterroso ER, Garfein RS. Risk of hepatitis C virus
infection among young adult injection drug users who share
injection equipment. Am J Epidemiol 2002;155:645-653.
Edlin BR, Seal KH, Lorvick J, Kral AH, Ciccarone DH, Moore LD,
Lo B. Is it justifiable to withhold treatment for hepatitis C from
illicit-drug users? N Engl J Med 2001;345:211-214.

Neri S, Bruno CM, Abate G, lerna D, Mauceri B, Cilio D, Bordon-
aro F, Pulvirenti D, Italiano C, Caruso L. Controlled clinical trial
to assess the response of recent heroin abusers with chronic
hepatitis C virus infection to treatment with interferon alpha-
n2b. Clin Ther 2002;24:1627-1635.

Sylvestre DL. Treating hepatitis C in methadone maintenance
patients: an interim analysis. Drug Alcohol Depend 2002;67:
117-123.

Backmund M, Meyer K, von Zielonka M, Eichenlaub D. Treat-
ment of hepatitis C infection in injection drug users. Hepatology
2001;34:188-193.

Dalgard O, Bjoro K, Hellum K, Myrvang B, Skaug K, Gutigard B,
Bell H. Treatment of chronic hepatitis C in injecting drug users:
5 years’ follow-up. Eur Addict Res 2002;8:45-49.

Brillanti S, Masci C, Siringo S, Di Febo G, Miglioli M, Barbara L.
Serological and histological aspects of hepatitis C virus infec-
tion in alcoholic patients. J Hepatol 1991;13:347-350.

Wiley TE, McCarthy M, Breidi L, Layden TJ. Impact of alcohol on
the histologica and clinical progression of hepatitis C infection.
Hepatology 1998;28:805-809.

Bellentani S, Pozzato G, Saccoccio G, Crovatto M, Croce LS,
Mazzoran L, Masutti F, Cristianini G, Tiribelli C. Clinical course
and risk factors of hepatitis C virus related liver disease in the
general population: report from the Dionysos study. Gut 1999;
44:874-880.

Gao B, Hong F, Radaeva S. Host factors and failure of interfer-
on-a treatment in hepatitis C virus. Hepatology 2004;39:880—
890.

Ohnishi K, Matsuo S, Matsutani K, Itahashi M, Kakihara K,
Suzuki K, Ito S, Fujiwara K. Interferon therapy for chronic hep-
atitis C in habitual drinkers: comparison with chronic hepatitis C
in infrequent drinkers. Am J Gastroenterol 1996;91:
1374-1379.

Okazaki T, Yoshihara H, Suzuki K, Yamada Y, Tsujimura T,
Kawano K, Abe H. Efficacy of interferon therapy in patients with
chronic hepatitis C. Comparison between non-drinkers and
drinkers. Scand J Gastroenterol 1994;29:1039-1043.
Tabone M, Sidoli L, Laudi C, Pellegrino S, Rocca G, Della
Monica P, Fracchia M, Galatola G, Molinaro GC, Arico S, Pera A.
Alcohol abstinence does not offset the strong negative effect of
lifetime alcohol consumption on the outcome of interferon ther-
apy. J Viral Hepat 2002;9:288-294.

Reddy KR, Hoofnagle JH, Tong MJ, Lee WM, Pockros P, Heath-
cote EJ, Albert D, Joh T. Racial differences in responses to
therapy with interferon in chronic hepatitis C. Consensus Inter-
feron Study Group. Hepatology 1999;30:787-793.

Kinzie JL, Naylor PH, Nathani MG, Peleman RR, Ehrinpreis MN,
Lybik M, Turner JR, Janisse JJ, Massanari M, Mutchnick MG.
African Americans with genotype 1 treated with interferon for
chronic hepatitis C have a lower end of treatment response than
Caucasians. J Viral Hepat 2001;8:264-269.

De Maria N, Colantoni A, Idilman R, Friedlander L, Harig J, Van
Thiel DH. Impaired response to high-dose interferon treatment
in African-Americans with chronic hepatitis C. Hepatogastroen-
terology 2002;49:788-792.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

GASTROENTEROLOGY Vol. 130, No. 1

Theodore D, Shiffman ML, Sterling RK, Bruno CJ, Weinstein J,
Crippin JS, Garcia G, Wright TL, Conjeevaram H, Reddy RK,
Nolte FS, Fried MW. Intensive interferon therapy does not in-
crease virological response rates in African Americans with
chronic hepatitis C. Dig Dis Sci 2003;48:140-145.
McHutchison JG, Poynard T, Pianko S, Gordon SC, Reid AE,
Dienstag J, Morgan T, Yao R, Albrecht J, International Hepatitis
Interventional Therapy Group (HIT). The impact of interferon plus
ribavirin on response to therapy in black patients with chronic
hepatitis C. Gastroenterology 2000;119:1317-1323.

Muir AJ, Bornstein JD, Killenberg PG, Atlantic Coast Hepatitis
Treatment Group. Peginterferon alfa-2b and ribavirin for the
treatment of chronic hepatitis C in blacks and non-hispanic
whites. N Engl J Med 2004;350:2265-2271.

Jeffers LJ, Cassidy W, Howell CD, Hu S, Reddy KR. Peginter-
feron alfa-2a (40 kd) and ribavirin for black American patients
with chronic HCV genotype 1. Hepatology 2004;39:
1702-1708.

Dienstag JL. Non-A, non-B hepatitis. I. Recognition, epidemiol-
ogy, and clinical features. Gastroenterology 1983;85:
439-462.

Brettler DB, Alter HJ, Dienstag JL, Forsberg AD, Levine PH.
Prevalence of hepatitis C virus antibody in a cohort of hemo-
philia patients. Blood 1990;76:254-256.

Eyster ME, Alter HJ, Aledort LM, Quan S, Hatzakis A, Goedert JJ.
Heterosexual co-transmission of hepatitis C virus (HCV) and
human immunodeficiency virus (HIV). Ann Intern Med 1991;
115:764-768.

Fried MW, Peter J, Hoots K, Gaglio PJ, Talbut D, Davis PC, Key
NS, White GC, Lindblad L, Rickles FR, Abshire TC. Hepatitis C in
adults and adolescents with hemophilia: a randomized, con-
trolled trial of interferon alfa-2b and ribavirin. Hepatology 2002;
36:967-972.

Schulman S, Grillner L. Antibodies against hepatitis C in a
population of Swedish hemophiliacs and heterosexual partners.
Scand J Infect Dis 1990;22:393-397.

Stevens CE, Silbert JA, Miller DR, Dienstag JL, Purcell RH,
Szmuness W. Serologic evidence of hepatitis A and B virus
infections in thalassemia patients: a retrospective study. Trans-
fusion 1978;18:356-360.

Sievert W, Pianko S, Warner S, Bowden S, Simpson |, Bowden
D, Locarnini S. Hepatic iron overload does not prevent a sus-
tained virological response to interferon-alpha therapy: a long
term follow-up study in hepatitis C-infected patients with beta
thalassemia major. Am J Gastroenterol 2002;97:982-987.
Donohue SM, Wonke B, Hoffbrand AV, Reittie J, Ganeshaguru K,
Scheuer PJ, Brown D, Dusheiko G. Alpha interferon in the treat-
ment of chronic hepatitis C infection in thalassaemia major. Br J
Haematol 1993;83:491-497.

Clemente MG, Congia M, Lai ME, Lilliu F, Lampis R, Frau F, Frau
MR, Faa G, Diana G, Dessi C, et al. Effect of iron overload on the
response to recombinant interferon-alfa treatment in transfu-
sion-dependent patients with thalassemia major and chronic
hepatitis C. J Pediatr 1994;125:123-128.

Spiliopoulou 1, Repanti M, Katinakis S, Karana-Ginopoulou A,
Papanastasiou DA. Response to interferon alfa-2b therapy in
mutitransfused children with beta-thalassemia and chronic hep-
atitis C. Eur J Clin Microbiol Infect Dis 1999;18:709-715.

Di Marco V, Lo lacono O, Almasio P, Ciaccio C, Capra M, Rizzo
M, Malizia R, Maggio A, Fabiano C, Barbaria F, Craxi A. Long-
term efficacy of alpha-interferon in betathalassemics with
chronic hepatitis C. Blood 1997;90:2207-2212.

Telfer PT, Garson JA, Whitby K, Grant PR, Yardumian A, Hoff-
brand AV, Wonke B. Combination therapy with interferon alpha
and ribavirin for chronic hepatitis C virus infection in thalas-
saemic patients. Br J Haematol 1997;98:850-855.



January 2006

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

Li CK, Chan PK, Ling SC, Ha SY. Interferon and ribavirin as
frontline treatment for chronic hepatitis C infection in thalas-
saemia major. Br J Haematol 2002;117:755-758.

Hanley JP, Jarvis LM, Andrew J, Dennis R, Hayes PC, Piris J, Lee
R, Simmonds P, Ludlam CA. Interferon treatment for chronic
hepatitis C infection in hemophiliacs—influence of virus load,
genotype, and liver pathology on response. Blood 1996;87:
1704-1709.

Rumi MG, Santagostino E, Morfini M, Gringeri A, Tagariello G,
Chistolini A, Pontisso P, Tagger A, Colombo M, Mannucci PM. A
multicenter controlled, randomized, open trial of interferon
alpha2b treatment of anti-human immunodeficiency virus-nega-
tive hemophilic patients with chronic hepatitis C. Hepatitis
Study Group of the Association of Italian Hemophilia Centers.
Blood 1997;89:3529-3533.

Laursen AL, Scheibel E, Ingerslev J, Clausen NC, Wantzin P,
Ostergaard L, Schou G, Black FT, Krogsgaard K. Alpha interferon
therapy in Danish haemophiliac patients with chronic hepatitis
C: results of a randomized controlled open label study compar-
ing two different maintenance regimens following standard in-
terferon-alpha-2b treatment. Haemophilia 1998;4:25-32.
Franchini M, Tagliaferri A, Rossetti G, Capra F, Veneri D, de
Maria E, Pattacini C, Aprili G, Gandini G. Interferon and ribavirin
in HIV-negative haemophiliacs with chronic hepatitis C who were
nonresponders to a previous interferon treatment. Haemophilia
2002;8:794-797.

Makris M, Preston FE, Triger DR, Underwood JC, Westlake L,
Adelman MI. A randomized controlled trial of recombinant inter-
feron-alpha in chronic hepatitis C in hemophiliacs. Blood 1991;
78:1672-1677.

Makris M, Baglin T, Dusheiko G, Giangrande PL, Lee CA, Ludlam
CA, Preston FE, Watson HG, Wilde JT, Winter M. Guidelines on
the diagnosis, management and prevention of hepatitis in hae-
mophilia. Haemophilia 2001;7:339-345.

Ko JS, Choe YH, Kim EJ, Lee EH, Jang JJ, Seo JK. Interferon-
alpha treatment of chronic hepatitis C in children with hemo-
philia. J Pediatr Gastroenterol Nutr 2001;32:41-44.

Shields PL, Mutimer DJ, Muir D, Skidmore S, Britnell T, Roberts
A, Wilde JT. Combined alpha interferon and ribavirin for the
treatment of hepatitis C in patients with hereditary bleeding
disorders. Br J Haematol 2000;108:254-258.

Sauleda S, Esteban JI, Altisent C, Puig L, Esteban R, Guardia J.
Treatment with interferon plus ribavirin in anti-HIV negative pa-
tients with congenital coagulation disorders and chronic hepa-
titis C. Thromb Haemost 2000;83:807-810.

Schwimmer JB, Balistreri WF. Transmission, natural history, and
treatment of hepatitis C virus infection in the pediatric popula-
tion. Semin Liver Dis 2000;20:37-46.

Jonas MM. Children with hepatitis C. Hepatology 2002;
36(Suppl 1):S173-S178.

Jonas MM. Treatment of chronic hepatitis C in pediatric pa-
tients. Clin Liver Dis 1999;3:855-867.

Jacobson KR, Murray K, Zellos A, Schwarz KB. An analysis of
published trials of interferon monotherapy in children with
chronic hepatitis C. J Pediatr Gastroenterol Nutr 2002;34:52—
58.

Gentil MA, Rocha JL, Rodriguez-Algarra G, Pereira P, Lopez R,
Bernal G, Munoz J, Naranjo M, Mateos J. Impaired kidney
transplant survival in patients with antibodies to hepatitis C
virus. Nephrol Dial Transplant 1999;14:2455-2460.

Mathurin P, Mouquet C, Poynard T, Sylla C, Benalia H, Fretz C,
Thibault V, Cadranel JF, Bernard B, Opolon P, Coriat P, Bitker
MO. Impact of hepatitis B and C virus on kidney transplantation
outcome. Hepatology 1999;29:257-263.

Rostaing L, Modesto A, Baron E, Cisterne JM, Chabannier MH,
Durand D. Acute renal failure in kidney transplant patients

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION 261

treated with interferon alpha 2b for chronic hepatitis C. Nephron
1996;74:512-516.

Chan TM, Lok AS, Cheng IK, Ng I0. Chronic hepatitis C after
renal transplantation. Treatment with alpha-interferon. Trans-
plantation 1993;56:1095-1098.

Rostaing L, Chatelut E, Payen JL, Izopet J, Thalamas C, Ton-That
H, Pascal JP, Durand D, Canal P. Pharmacokinetics of al-
phalFN-2b in chronic hepatitis C virus patients undergoing
chronic hemodialysis or with normal renal function: clinical im-
plications. J Am Soc Nephrol 1998;9:2344-2348.

Russo MW, Goldsweig CD, Jacobson IM, Brown RS Jr. Interferon
monotherapy for dialysis patients with chronic hepatitis C: an
analysis of the literature on efficacy and safety. Am J Gastroen-
terol 2003;98:1610-1615.

Fabrizi F, Poordad FF, Martin P. Hepatitis C infection and the
patient with end-stage renal disease. Hepatology 2002;36:3—
10.

Degos F, Pol S, Chaix ML, Laffitte V, Buffet C, Bernard PH,
Degott C, Carnot F, Riffaud PC, Chevret S. The tolerance and
efficacy of interferon-alpha in haemodialysis patients with HCV
infection: a multicentre, prospective study. Nephrol Dial Trans-
plant 2001;16:1017-1023.

Fernandez JL, Rendo P, del Pino N, Viola L. A double-blind
controlled trial of recombinant interferon-alpha 2b in haemodi-
alysis patients with chronic hepatitis C virus infection and ab-
normal aminotransferase levels. Nephrologists’ Group for the
Study of HCV Infection. J Viral Hepat 1997;4:113-119.

Izopet J, Rostaing L, Moussion F, Alric L, Dubois M, That HT,
Payen JL, Duffaut M, Durand D, Suc JM, Puel J. High rate of
hepatitis C virus clearance in hemodialysis patients after inter-
feron-alpha therapy. J Infect Dis 1997;176:1614-1617.
Campistol JM, Esforzado N, Martinez J, Rosello L, Veciana L,
Modol J, Casellas J, Pons M, de Las Cuevas X, Piera J, Oliva JA,
Costa J, Barrera JM, Bruguera M. Efficacy and tolerance of
interferon-alpha(2b) in the treatment of chronic hepatitis C virus
infection in haemodialysis patients. Pre- and post-renal trans-
plantation assessment. Nephrol Dial Transplant 1999;14:
2704-2709.

Casanovas-Taltavull T, Baliellas C, Benasco C, Serrano TT,
Casanova A, Perez JL, Guerrero L, Gonzalez MT, Andres E,
Gil-Vernet S, Casais LA. Efficacy of interferon for chronic hepa-
titis C virus-related hepatitis in kidney transplant candidates on
hemodialysis: results after transplantation. Am J Gastroenterol
2001;96:1170-1177.

Gursoy M, Gur G, Arslan H, Ozdemir N, Boyacioglu S. Interferon
therapy in haemodialysis patients with acute hepatitis C virus
infection and factors that predict response to treatment. J Viral
Hepat 2001;8:70-77.

Hanrotel C, Toupance O, Lavaud S, Thiefin G, Brodard V, Ingrand
D, Diebold MD, Wynckel A, Chanard J. Virological and histolog-
ical responses to one year alpha-interferon-2a in hemodialyzed
patients with chronic hepatitis C. Nephron 2001;88:120-126.
Bruchfeld A, Stahle L, Andersson J, Schvarcz R. Ribavirin treat-
ment in dialysis patients with chronic hepatitis C virus infec-
tion—a pilot study. J Viral Hepat 2001;8:287-292.

Dienstag JL, Bhan AK, Alter HJ, Feinstone SM, Purcell RH.
Circulating immune complexes in non-A, non-B hepatitis: possi-
ble masking of viral antigen. Lancet 1979;1:1265-1267.
Adinolfi LE, Utili R, Zampino R, Ragone E, Mormone G, Ruggiero
G. Effects of long-term course of alpha-interferon in patients
with chronic hepatitis C associated to mixed cryoglobulinaemia.
Eur J Gastroenterol Hepatol 1997;9:1067-1072.

Polzien F, Schott P, Mihm S, Ramadori G, Hartmann H. Interfer-
on-alpha treatment of hepatitis C virus-associated mixed cryo-
globulinemia. J Hepatol 1997;27:63-71.

Cresta P, Musset L, Cacoub P, Frangeul L, Vitour D, Poynard T,
Opolon P, Nguyen DT, Golliot F, Piette JC, Huraux JM, Lunel F.



262

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION

Response to interferon alpha treatment and disappearance of
cryoglobulinaemia in patients infected by hepatitis C virus. Gut
1999;45:122-128.

Mazzaro C, Panarello G, Carniello S, Faelli A, Mazzi G, Crovatto
M, Baracetti S, Nascimben F, Zorat F, Pozzato G, Faccini L,
Campanacci L. Interferon versus steroids in patients with hep-
atitis C virus-associated cryoglobulinaemic glomerulonephritis.
Dig Liver Dis 2000;32:708-715.

Zuckerman E, Keren D, Slobodin G, Rosner |, Rozenbaum M,
Toubi E, Sabo E, Tsykounov |, Naschitz JE, Yeshurun D. Treat-
ment of refractory, symptomatic, hepatitis C virus related mixed
cryoglobulinemia with ribavirin and interferon-alpha. J Rheuma-
tol 2000;27:2172-2178.

Naarendorp M, Kallemuchikkal U, Nuovo GJ, Gorevic PD. Long-
term efficacy of interferon-alpha for extrahepatic disease asso-
ciated with hepatitis C virus infection. J Rheumatol 2001;28:
2466-2473.

Alric L, Plaisier E, Thebault S, Peron JM, Rostaing L, Pourrat J,
Ronco P, Piette JC, Cacoub P. Influence of antiviral therapy in
hepatitis C virus-associated cryoglobulinemic MPGN. Am J Kid-
ney Dis 2004;43:617-623.

Johnson RJ, Gretch DR, Yamabe H, Hart J, Bacchi CE, Hartwell
P, Couser WG, Corey L, Wener MH, Alpers CE, Willson R.
Membranoproliferative glomerulonephritis associated with hep-
atitis C virus infection. N Engl J Med 1993;328:465-470.
Misiani R, Bellavita P, Fenili D, Vicari O, Marchesi D, Sironi PL,
Zilio P, Vernocchi A, Massazza M, Vendramin G, Tanzi E, Zanetti
A. Interferon alfa-2a therapy in cryoglobulinemia associated
with hepatitis C virus. N Engl J Med 1994;330:751-756.
Bonomo L, Casato M, Afeltra A, Caccavo D. Treatment of idio-
pathic mixed cryoglobulinemia with alpha interferon. Am J Med
1987;83:726-730.

Zignego AL, Ferri C, Giannelli F, Giannini C, Caini P, Monti M,
Marrocchi ME, Di Pietro E, La Villa G, Laffi G, Gentilini P.
Prevalence of bcl-2 rearrangement in patients with hepatitis C
virus-related mixed cryoglobulinemia with or without B-cell lym-
phomas. Ann Intern Med 2002;137:571-580.

Mazzaro C, Franzin F, Tulissi P, Pussini E, Crovatto M, Carniello
GS, Efremov DG, Burrone O, Santini G, Pozzato G. Regression of
monoclonal B-cell expansion in patients affected by mnixed
cryoglobulinemia responsive to alpha-interferon therapy. Cancer
1996;77:2604-2613.

Thomas DL. Hepatitis C and human immunodeficiency virus
infection. Hepatology 2002;36(Suppl 1):S201-S209.
Sulkowski MS. Hepatitis C virus infection in HIV-infected pa-
tients. Current Hepat Rep 2002;1:16-22.

Sulkowski MS, Moore RD, Mehta SH, Chaisson RE, Thomas DL.
Hepatitis C and progression of HIV disease. JAMA 2002;288:
199-206.

Sulkowski MS, Thomas DL. Hepatitis C in the HIV-infected
patient. Clin Liver Dis 2003;7:179-194.

Rosenthal E, Poiree M, Pradier C, Perronne C, Salmon-Ceron D,
Geffray L, Myers RP, Morlat P, Pialoux G, Pol S, Cacoub P.
Mortality due to hepatitis C-related liver disease in HIV-infected
patients in France (Mortavic 2001 study). AIDS 2003;17:1803-
1809.

Monga HK, Rodriguez-Barradas MC, Breaux K, Khattak K, Troisi
CL, Velez M, Yoffe B. Hepatitis C virus infection-related morbid-
ity and mortality among patients with human immunodeficiency
virus infection. Clin Infect Dis 2001;33:240-247.

Tedaldi EM, Baker RK, Moorman AC, Alzola CF, Furhrer J, Mc-
Cabe RE, Wood KC, Holmberg SD. Influence of coinfection with
hepatitis C virus on morbidity and mortality due to human
immunodeficiency virus infection in the era of highly active
antiretroviral therapy. Clin Infect Dis 2003;36:363-367.
Lesens O, Deschenes M, Steben M, Belanger G, Tsoukas CM.
Hepatitis C virus is related to progressive liver disease in hu-

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

GASTROENTEROLOGY Vol. 130, No. 1

man immunodeficiency virus-positive hemophiliacs and should
be treated as an opportunistic infection. J Infect Dis
1999;179:1254-1258.

Soriano V, Sulkowski M, Bergin C, Hatzakis A, Cacoub P, Kat-
lama C, Cargnel A, Mauss S, Dieterich D, Moreno S, Ferrari C,
Poynard T, Rockstroh J. Care of patients with chronic hepatitis
C and HIV co-infection: recommendations from the HIV-HCV
International Panel. AIDS 2002;16:813-828.

Perez-Olmeda M, Nunez M, Romero M, Gonzalez J, Castro A,
Arribas JR, Pedreira J, Barreiro P, Garcia-Samaniego J, Martin-
Carbonero L, JimenezNacher |, Soriano V. Pegylated IFN-
alpha2b plus ribavirin as therapy for chronic hepatitis C in
HIV-infected patients. AIDS 2003;17:1023-1028.

Chung RT, Andersen J, Volberding P, Robbins GK, Liu T, Sher-
man KE, Peters MG, Koziel MJ, Bhan AK, Alston B, Colquhoun
D, Nevin T, Harb G, van der Horst C. Peginterferon alfa-2a plus
ribavirin versus interferon alfa-2a plus ribavirin for chronic hep-
atitis C in HIV-coinfected persons. N Engl J Med 2004;351:
451-459.

Carrat F, Bani-Sadr F, Pol S, Rosenthal E, Lunel-Fabiani F,
Benzekri A, Morand P, Goujard C, Pialoux G, Piroth L, Salmon-
Ceron D, Degott C, Cacoub P, Perronne C, ANRS HCO2-RIBAVIC
Study Team. Pegylated interferon alfa-2b vs standard interferon
alfa-2b, plus ribavirin, for chronic hepatitis C in HIV-infected
patients: a randomized controlled trial. JAMA 2004;292:2839—
2848.

Torriani FJ, Rodriguez-Torres M, Rockstroh JK, Lissen E, Gonza-
lez-Garcia J, Lazzarin A, Carosi G, Sasadeusz J, Katlama C,
Montaner J, Sette H Jr, Passe S, De Pamphilis J, Duff F, Schrenk
UM, Dieterich DT. Peginterferon alfa-2a plus ribavirin for chronic
hepatitis C virus infection in HIV-infected patients. N Engl J Med
2004;351:438-450.

Laguno M, Murillas J, Blanco JL, Martinez E, Miquel R, Sanchez-
Tapias JM, Bargallo X, Garcia-Criado A, de Lazzari E, Larrousse
M, Ledn A, Lonca M, Milinkovic A, Gatell JM, Mallolas J. Pegin-
terferon alfa-2b plus ribavirin compared with interferon alfa-2b
plus ribavirin for treatment of HIV/HCV co-infected patients.
AIDS 2004;18:F27-F36.

Albert A, Clumeck N, Collins S, Gerlich W, Lundgren J, Palu G,
Reiss P, Thiebault R, Weiland O, Yazdanpanah Y, Zeuzem S, the
ECC Jury. Short statement of the first European consensus
conference on the treatment of chronic hepatitis B and C in HIV
co-infected patients. J Hepatol 2005;42:615-624.

Di Martino V, Thevenot T, Boyer N, Cazals-Hatem D, Degott C,
Valla D, Marcellin P. HIV coinfection does not compromise liver
histological response to interferon therapy in patients with
chronic hepatitis C. AIDS 2002;16:441-445.

Lafeuillade A, Hittinger G, Chadapaud S. Increased mitochon-
drial toxicity with ribavirin in HIV/HCV coinfection. Lancet 2001;
357:280-281.

Kottilil S, Polis MA, Kivacs JA. HIV infection, hepatitis C infec-
tion, and HAART: hard clinical choices. JAMA 2004;292:243—
250.

Chung RT, Evans SR, Yang Y, Theodore D, Valdez H, Clark R,
Shikuma C, Nevin T, Sherman KE, AIDS Clinical Trials Group
383 Study. Immune recovery is associated with persistent rise
in HCV RNA, infrequent liver test flares, and is not impaired by
HCV in co-infected subjects. AIDS 2002;16:1915-1923.
Wright TL. Liver transplantation for chronic hepatitis C viral
infection. Gastroenterol Clin North Am 1993;22:231-242.
Johnson MW, Washburn K, Freeman RB, FitzMaurice SE, Dien-
stag J, Basgoz N, Jenkins RL, Cosimi B. Hepatitis C viral infec-
tion in liver transplantation. Arch Surg 1996;131:284-291.
Féray C, Gigou M, Samuel D, Paradis V, Mishiro S, Maertens G,
Reynes M, Okamoto H, Bismuth H, Brechot C. Influence of the
genotype of hepatitis C virus on the severity of recurrent liver



January 2006

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

disease after liver transplantation. Gastroenterology 1995;108:
1088-1096.

Gane EJ, Portmann BC, Naoumov NV, Smith HM, Underhill JA,
Donaldson PT, Maertens G, Williams R. Long-term outcome of
hepatitis C infection after liver transplantation. N Engl J Med
1996;334:815-820.

Féray C, Caccamo L, Alexander GJM, Ducot B, Gugenheim J,
Casanovas T, Loinaz C, Gigou M, Burra P, Barkhout L, Esteban
R, Bizzolon T, Lerut J, Minello-Franza A, Bernard P-H, Nachbaur
K, Botta-Fridlund D, Bismuth H, Schalm SW, Samuel D, Euro-
pean Concerted Action on Viral Hepatitis (EUROHEP) Group.
European collaborative study on factors influencing outcome
after liver transplantation for hepatitis C. Gastroenterology
1999;117:619-625.

Charlton M. Hepatitis C infection in liver transplantation. Am J
Transpl 2001;1:197-203.

Berenguer M. Natural history of recurrent hepatitis C. Liver
Transpl 2002;8(Suppl 1):S14-S18.

Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey MR. The
association between hepatitis C infection and survival after
orthotopic liver transplantation. Gastroenterology 2002;122:
889-896.

McTaggart RA, Terrault NA, Vardanian AJ, Bostrom A, Feng S.
Hepatitis C etiology of liver disease is strongly associated with
early acute rejection following liver transplantation. Liver
Transpl 2004;10:975-985.

Prieto M, Berenguer M, Rayon JM, Cordoba J, Arguello L,
Carrasco D, Garcia-Herola A, Olaso V, De Juan M, Gobernado M,
Mir J, Berenguer J. High incidence of allograft cirrhosis in hep-
atitis C virus genotype 1b infection following liver transplanta-
tion: relationship with rejection episodes. Hepatology 1999;29:
250-256.

Fong TL, Valinluck B, Govindarajan S, Charboneau F, Adkins RH,
Redeker AG. Short-term prednisone therapy affects aminotrans-
ferase activity and hepatitis C virus RNA levels in chronic hep-
atitis C. Gastroenterology 1994;107:196-199.

Everson GT. Impact of immunosuppressive therapy on recur-
rence of hepatitis C. Liver Transpl 2002;8(Suppl 1):S19-S27.
Berenguer M, Prieto M, Cordoba J, Rayon JM, Carrasco D, Olaso
V, San-Juan F, Gobernado M, Mir J, Berenguer J. Early develop-
ment of chronic active hepatitis in recurrent hepatitis C virus
infection after liver transplantation: association with treatment
of rejection. J Hepatol 1998;28:756-763.

Braun M, Vierling JM. The clinical and immunologic impact of
using interferon and ribavirin in the immunosuppressed host.
Liver Transpl 2003;9:S79-S89.

Doughty AL, Spenser JD, Cossart YE, McGaughan GW. Choles-
tatic hepatitis after liver transplantation is associated with per-
sistently high serum hepatitis C virus RNA levels. Transpl Surg
1998;4:15-21.

Cotler SJ, Taylor SL, Gretch DR, Bronner MP, Rozk R, Perkins
JD, Carithers RLJ. Hyperbilirubinemia and cholestatic liver injury
in hepatitis C-infected liver transplant recipients. Am J Gastro-
enterol 2000;95:753-759.

Wright TL, Combs C, Kim M, Ferrell L, Bacchetti P, Ascher N,
Roberts J, Wilber J, Sheridan P, Urdea M. Interferon-a therapy
for hepatitis C infection after liver transplantation. Hepatology
1994;20:773-779.

Gane EJ, Lo S-K, Riordan SM, Portmann BC, Lau JYN, Naoumov
NV, Williams R. A randomized study comparing ribavirin and
interferon alfa monotherapy for hepatitis C recurrence after liver
transplantation. Hepatology 1998;27:1403-1407.

Sheiner PA. Hepatitis C after liver transplantation. Semin Liver
Dis 2000;20:201-209.

Gane E. Treatment of recurrent hepatitis C. Liver Transpl 2002;
8(Suppl 1):S28-S37.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION 263

Samuel D, Bizollon T, Feray C, Roche B, Ahmed SN, Lemonnier
C, Cohard M, Reynes M, Chevallier M, Ducerf C, Baulieux J,
Geffner M, Albrecht JK, Bismuth H, Trepo C. Interferon-alpha 2b
plus ribavirin in patients with chronic hepatitis C after liver
transplantation: a randomized study. Gastroenterology 2003;
124:642-650.

Bizollon T, Palazzo U, Ducerf C, Chevallier M, Elliott M, Baulieux
J, Pouyet M, Trepo C. Pilot study of the combination of interferon
alfa and ribavirin as therapy of recurrent hepatitis C after liver
transplantation. Hepatology 1997;26:500-504.

Fargion S, Fracanzani AL, Rossini A, Borzio M, Riggio O, Belloni
G, Bissoli F, Ceriani R, Ballare M, Massari M, Trischitta C, Fiore
P, Orlandi A, Morini L, Mattioli M, Oldani S, Cesana B, Fiorelli G.
Iron reduction and sustained response to interferon-alpha ther-
apy in patients with chronic hepatitis C: results of an Italian
multicenter randomized study. Am J Gastroenterol 2002;97:
1204-1210.

Di Bisceglie AM, Bonkovsky HL, Chopra S, Flamm S, Reddy RK,
Grace N, Killenberg P, Hunt C, Tamburro C, Tavill AS, Ferguson
R, Krawitt E, Banner B, Bacon BR. Iron reduction as an adjuvant
to interferon therapy in patients with chronic hepatitis C who
have previously not responded to interferon: a multicenter,
prospective, randomized, controlled trial. Hepatology 2000;32:
135-138.

Mangia A, Minerva N, Annese M, Leandro G, Villani MR, Santoro
R, Carretta V, Bacca D, Giangaspero A, Bisceglia M, Ventrella F,
Dell’Erba G, Andriulli A. A randomized trial of amantadine and
interferon versus interferon alone as initial treatment for
chronic hepatitis C. Hepatology 2001;33:989-993.

Brillanti S, Foli M, Di Tomaso M, Gramantieri L, Masci C, Bolondi
L. Pilot study of triple antiviral therapy for chronic hepatitis C in
interferon alpha non-responders. Ital J Gastroenterol Hepatol
1999;31:130-134.

Zeuzem S, Teuber G, Naumann U, Berg T, Raedle J, Hartmann
S, Hopf U. Randomized, double-blind, placebo-controlled trial of
interferon alfa2a with and without amantadine as initial treat-
ment for chronic hepatitis C. Hepatology 2000;32:835-841.
Tabone M, Laudi C, Delmastro B, Biglino A, Andreoni M, Chi-
eppa F, Bonardi R, Cariti G, Cusumano S, Brunello F, Calleri G,
Manca A, Della Monica P, Sidoli L, Rizzetto M, Pera A. Interferon
and amantadine in combination as initial treatment for chronic
hepatitis C patients. J Hepatol 2001;35:517-521.

Younossi ZM, Mullen KD, Zakko W, Hodnick S, Brand E, Barnes
DS, Carey WD, McCullough AC, Easley K, Boparai N, Gramlich T.
A randomized, double-blind controlled trial of interferon al-
pha-2b and ribavirin vs. interferon alpha-2b and amantadine for
treatment of chronic hepatitis C non-responder to interferon
monotherapy. J Hepatol 2001;34:128-233.

Helbling B, Stamenic |, Viani F, Gonvers JJ, Dufour JF, Reichen
J, Cathomas G, Steuerwald M, Borovicka J, Sagmeister M,
Renner EL. Interferon and amantadine in naive chronic hepatitis
C: a double-blind, randomized, placebo-controlled trial. Hepatol-
ogy 2002;35:447-454.,

Baisini O, Pigozzi MG, Benini F, Stellini R, Reggiani A, Quattroc-
chi D, Salmi A, Andri G, Cominotti A, Favret M, Gargiulo F,
Lanzini A. A randomised, open label, controlled trial on the
effect of interferon plus amantadine compared with interferon
alone for treatment of chronic hepatitis C. Hepatol Res 2003;
26:167-173.

Barbaro G, Di Lorenzo G, Soldini M, Giancaspro G, Pellicelli A,
Grisorio B, Barbarini G. Intravenous recombinant interferon-beta
versus interferon-alpha-2b and ribavirin in combination for short-
term treatment of chronic hepatitis C patients not responding to
interferon-alpha. Multicenter Interferon Beta Italian Group Inves-
tigators. Scand J Gastroenterol 1999;34:928-933.
Bernardinello E, Cavalletto L, Chemello L, Mezzocolli |, Donada
C, Benvegnu L, Merkel C, Gatta A, Alberti A. Long-term clinical



264

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

AMERICAN GASTROENTEROLOGICAL ASSOCIATION

outcome after beta-interferon therapy in cirrhotic patients with
chronic hepatitis C. TVVH Study Group. Hepatogastroenterology
1999;46:3216-3222.

Shiratori Y, Nakata R, Shimizu N, Katada H, Hisamitsu S, Ya-
suda E, Matsumura M, Narita T, Kawada K, Omata M. High viral
eradication with a daily 12-week natural interferon-beta treat-
ment regimen in chronic hepatitis C patients with low viral load.
IFN-beta Research Group. Dig Dis Sci 2000;45:2414-2421.
Suzuki F, Chayama K, Tsubota A, Akuta N, Someya T, Kobayashi
M, Suzuki Y, Saitoh S, Arase Y, Ikeda K, Kumada H. Twice-daily
administration of interferon-beta for chronic hepatitis C is not
superior to a once-daily regimen. J Gastroenterol 2001;36:
242-247.

Katayama K, Kasahara A, Sasaki Y, Kashiwagi T, Naito M,
Masuzawa M, Katoh M, Yoshihara H, Kamada T, Mukuda T,
Hijioka T, Hori M, Hayashi N. Immunological response to inter-
feron-gamma priming prior to interferon-alpha treatment in re-
fractory chronic hepatitis C in relation to viral clearance. J Viral
Hepat 2001;8:180-185.

Muir AJ, Sylvestre PB, Rockey DC. Interferon gamma-1b for the
treatment of chronic HCV infection (abstr). Gastroenterology
2003;124:A718.

McHutchison JG, Giannelli G, Nyberg L, Blatt LM, Waite K,
Mischkot P, Pianko S, Conrad A, Grint P. A pilot study of daily
subcutaneous interleukin-10 in patients with chronic hepatitis C
infection. J Interferon Cytokine Res 1999;19:1265-1270.
Nelson DR, Lauwers GY, Lau JY, Davis GL. Interleukin 10 treat-
ment reduces fibrosis in patients with chronic hepatitis C: a
pilot trial of interferon nonresponders. Gastroenterology 2000;
118:655-660.

Nelson DR, Tu Z, Soldevila-Pico C, Abdelmalek M, Zhu H, Xu LX,
Cabrera R, Davis GL. Long-term interleukin 10 therapy in chronic
hepatitis C patients has a proviral and anti-inflammaatory ef-
fect. Hepatology 2003;38:859-868.

Moscarella S, Buzzelli G, Romanelli RG, Monti M, Giannini C,
Careccia G, Marrocchi EM, Zignego AL. Interferon and thymosin
combination therapy in naive patients with chronic hepatitis C:
preliminary results. Liver 1998;18:366—-369.

Sherman KE, Sjogren M, Creager RL, Damiano MA, Freeman S,
Lewey S, Davis D, Root S, Weber FL, Ishak KG, Goodman ZD.
Combination therapy with thymosin alphal and interferon for
the treatment of chronic hepatitis C infection: a randomized,
placebo-controlled double-blind trial. Hepatology 1998;27:
1128-1135.

Teran JC, Mullen KD, Hoofnagle JH, McCullough AJ. Decrease in
serum levels of markers of hepatic connective tissue turnover
during and after treatment of chronic hepatitis B with interfer-
on-a. Hepatology 1994;19:849-856.

Alri L, Duffaut M, Selves J, Sandre K, Mularczyck M, Izopet J,
Desmorat H, Bureau C, Chaouche N, Dalbergue B, Vinel JP.
Maintenance therapy with gradual reduction of the interferon
dose over one year improves histological response in patients
with chronic hepatitis C with biochemical response: results of a
randomized trial. J Hepatol 2001;35:272-278.

GASTROENTEROLOGY Vol. 130, No. 1

373. Kalmowitz BD, Afdhal NH. Maintenance therapies for hepatitis
C. Current Hepat Rep 2004;3:23-29.

Lee WM, Dienstag JL, Lindsay KL, Lok AS, Bonkovsky HL,
Shiffman ML, Everson GT, Di Bisceglie AM, Morgan TR, Ghany
MG, Morishima C, Wright EC, Everhart JE. Evolution of the
HALT-C Trial: pegylated interferon as maintenance therapy for
chronic hepatitis C in previous interferon nonresponders. Con-
trol Clinical Trials 2005;25:472-492.

Afdhal NH, Freilich B, Black M, Levine RW, Brass C. Comparison
of therapy with PEG-Intron 0.5 mcg/kg versus colchicine 0.6 mg
bid in 250 patients with cirrhosis and HCV: Interim data from
COPILOT (abstr). Hepatology 2002;36:312A.

Coon JT, Ernst E. Complementary and alternative therapies in
the treatment of chronic hepatitis C: a systematic review.
J Hepatol 2004;40:491-500.

Seeff LB, Lindsay KL, Bacon BR, Kresina TF, Hoofnagle JH.
Complementary and alternative medicine in chronic liver dis-
ease. Hepatology 2001;34:596-603.

Liu J, Manheimer E, Tsutani K, Gluud C. Medicinal herbs for
hepatitis C virus infection: a Cochrane hepatobiliary systematic
review of randomized trials. Am J Gastroenterol 2003;98:538—-
544.

374.

375.

376.

377.

378.

Address requests for reprints to: Chair, Clinical Practice and Eco-
nomics Committee, AGA National Office, c/o Membership Depart-
ment, 4930 Del Ray Avenue, Bethesda, Maryland 20814. Fax: (301)
654-5920.

This literature review and the recommendations therein were pre-
pared for the American Gastroenterological Association Clinical Prac-
tice and Economics Committee. It was approved by the Committee on
September 17, 2005, and by the AGA Governing Board on November
6, 2005.

Dr. Dienstag serves currently on scientific advisory boards and/or
data monitoring committees for Achillion Pharmaceuticals, Bristol-
Myers Squibb, Genzyme, Gilead Sciences, Idenix Pharmaceuticals,
Metabasis Therapeutics, Nucleonics, Oxxon Therapeutics, SciClone,
and Vertex. Dr. McHutchison has served on scientific advisory boards,
speakers bureaus, or as a consultant for Amgen, Anadys Pharmaceu-
ticals, Centocor, GlaxoSmithKline, Idenix, InterMune Pharmaceuticals,
Isis Pharmaceuticals, National Genetics Institute, Novartis Pharma-
ceuticals, Pfizer Pharmaceuticals, Prometheus Laboratories, Ri-
bozyme Pharmaceuticals, Schering-Plough Corporation, Vertex Phar-
maceuticals, and XTL; he has received research support from Akros
Pharma, Amgen, Bayer Pharmaceuticals, Bio-Medicines, Bristol-Myers
Squibb, Coley Pharmaceuticals, Fujisawa, Gilead Sciences, Human
Genome Sciences, IDUN, Isis Pharmaceuticals, Ortho Diagnostic Sys-
tems, Prometheus Laboratories, Ribozyme Pharmaceuticals, Roche
Pharmaceuticals, Schering-Plough Corporation, SciClone, Triangle
Pharmaceuticals, and Vertex Pharmaceuticals.

The Clinical Practice and Economics Committee acknowledges the
following individuals whose critiques of this review paper provided
valuable guidance to the authors: Robert L. Carithers, MD, Jason
Dominitz, MD, Ira Jacobson, MD, and Teresa L. Wright, MD.



	American Gastroenterological Association Technical Review on the Management of Hepatitis C
	Screening
	Natural History
	Pretreatment Diagnostic Considerations
	Virologic Tests for Monitoring Therapy
	Liver Biopsy

	Treatment of Chronic Hepatitis C
	IFN Alfa
	IFN Alfa and Ribavirin
	PEG-IFN Alfa Monotherapy
	PEG-IFN and Ribavirin
	Antiviral Therapy and Viral Kinetics

	Histologic Response to Antiviral Therapy
	Effect of Antiviral Therapy on Clinical Outcomes
	Side Effects of Therapy
	Treatment Recommendations
	Other Patient Populations
	Patients with mild hepatitis C and/or normal ALT levels
	Fibrosis/cirrhosis
	Previous relapse and nonresponder patient populations
	Acute hepatitis C
	Injection drug use
	Alcoholism
	Black patients
	Hematologic disorders
	Thalassemia
	Hemophilia

	Children
	End-stage renal disease
	Extrahepatic disease
	HIV and HCV coinfection
	Liver transplantation

	Other Medical Therapies
	Maintenance therapy

	Alternative Therapies

	Concluding Remarks
	References


