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Summary

Background A sustained virological response (SVR) rate of
41% has been achieved with interferon alfa-2b plus ribavirin
therapy of chronic hepatitis C. In this randomised trial,
peginterferon alfa-2b plus ribavirin was compared with
interferon alfa-2b plus ribavirin.

Methods 1530 patients with chronic hepatitis C were
assigned interferon alfa-2b (3 MU subcutaneously three
times per week) plus ribavirin 1000–1200 mg/day orally,
peginterferon alfa-2b 1·5 �g/kg each week plus 800 mg/day
ribavirin, or peginterferon alfa-2b 1·5 �g/kg per week 
for 4 weeks then 0·5 �g/kg per week plus ribavirin
1000–1200 mg/day for 48 weeks. The primary endpoint was
the SVR rate (undetectable hepatitis C virus [HCV] RNA in
serum at 24-week follow-up). Analyses were based on
patients who received at least one dose of study medication.

Findings The SVR rate was significantly higher (p=0·01 for
both comparisons) in the higher-dose peginterferon group
(274/511 [54%]) than in the lower-dose peginterferon
(244/514 [47%]) or interferon (235/505 [47%]) groups.
Among patients with HCV genotype 1 infection, the
corresponding SVR rates were 42% (145/348), 34%
(118/349), and 33% (114/343). The rate for patients with
genotype 2 and 3 infections was about 80% for all treatment
groups. Secondary analyses identified bodyweight as an
important predictor of SVR, prompting comparison of the
interferon regimens after adjusting ribavirin for bodyweight
(mg/kg). Side-effect profiles were similar between the
treatment groups.

Interpretation In patients with chronic hepatitis C, the most
effective therapy is the combination of peginterferon alfa-2b
1·5 �g/kg per week plus ribavirin. The benefit is mostly
achieved in patients with HCV genotype 1 infections.

Lancet 2001; 358: 958–65

Introduction
Chronic hepatitis C infection affects nearly 300 million
people worldwide and is one of the main causes of chronic
liver disease and commonest indication for liver
transplantation.1–6 The most effective initial therapy for
patients with this disorder is the combination of interferon
alfa-2b plus ribavirin given for 24 or 48 weeks. With this
two-drug regimen, about 40% of patients achieve a
sustained virological response (SVR) and the associated
potential long-term benefits.7,8

The addition of a polyethyleneglycol molecule to
interferon produces a biologically active molecule with a
longer half-life than the natural molecule and more
favourable pharmacokinetics; these characteristics allow
for more convenient once-weekly dosing.9 When pegylated
� interferons are given alone to patients with chronic
hepatitis C for 48 weeks, the SVR rate is approximately
twice that with standard interferon.10,11 However, relapse
rates after cessation of monotherapy with pegylated
interferon remain high, and most patients infected with
hepatitis C virus (HCV) genotype 1 do not achieve
SVR.10,11 Addition of ribavirin to interferon alfa-2b
decreases the risk of relapse.7,8 The addition of ribavirin to
peginterferon alfa-2b might therefore be expected to
decrease the risk of relapse after therapy.12 This study
aimed to assess the safety and efficacy of two different
regimens of peginterferon alfa-2b in combination with
ribavirin compared with interferon alfa-2b plus ribavirin,
and to identify predictors of response for peginterferon
alfa-2b plus ribavirin.

Methods
Selection of patients
Eligible patients were previously untreated adults who had
HCV RNA detectable in serum by PCR, who had
undergone a liver biopsy within 1 year before entry that
was consistent with chronic hepatitis, and who had high
serum values of alanine aminotransferase (above the upper
limit of normal >43 IU/L for men, >34 IU/L for women)
with minimum haematological and biochemical values of:
haemoglobin 120 g/L for women and 130 g/L for men;
white-blood-cell count 3�109/L; neutrophil count
1·5�109/L; platelet count 100�109/L; and bilirubin,
albumin, and creatinine within normal limits. Patients
were excluded if they had decompensated cirrhosis, serum
�-fetoprotein concentration of more than 50 �g/L, HIV
infection, previous organ transplantation, other causes of
liver disease, pre-existing psychiatric disease, seizure
disorders, cardiovascular disease, haemoglobinopathies,
haemophilia, poorly controlled diabetes, or autoimmune-
type disease, or if they were unable to use contraception.

Study design and organisation
This randomised open-label trial was carried out at 62
centres in Europe, Canada, Argentina, and the USA. All
patients provided written informed consent, and the
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a history of cardiac disease, if the haemoglobin
concentration remained below 120 g/L after 4 weeks of
dose reduction, both study drugs were discontinued.

During treatment, patients were assessed as outpatients
at weeks 2, 4, 6, 8, and 12, and then every 6 weeks for the
duration of treatment, and also at 4, 12, and 24 weeks
after the end of therapy. Biochemical and haematological
testing was done by a central laboratory. Serum HCV
RNA was measured before treatment; during treatment at
weeks 4, 12, 24, 36, and 48; and after therapy at weeks 12
and 24, by a quantitative PCR assay with a sensitivity of
100 copies/mL (National Genetics Institute, Los Angeles,
CA, USA).14 HCV genotyping was done as previously
described.15 A second liver biopsy sample was taken 
24 weeks after the end of therapy. Liver histology was
analysed by a single pathologist (ZDG) who was unaware
of the patient’s identity, treatment regimen, response, or
timing of the biopsy relative to treatment.

Assessment of efficacy
The primary measure of efficacy was the SVR, defined as
undetectable HCV RNA in serum at the end of follow-up.
Analyses were done on the whole treated population—ie,
all patients who received at least one dose of study
medication. Patients who were missing HCV RNA values
during follow-up were classified as non-responders.
Histological response was assessed for inflammation and
fibrosis by the Knodell histological activity index.16,17 The
inflammation score was obtained by combining scores for
the first three components of the Knodell index: portal,
periportal, and lobular inflammation (range 0–18, with
higher scores indicating more severe abnormalities);
improvement was defined as a decrease in the
inflammation score of at least 2 units. The Knodell fibrosis
scores are 0 (no fibrosis), 1 (portal fibrosis), 3 (bridging
fibrosis), and 4 (cirrhosis).16,17 An improvement in fibrosis
was defined as a decrease of 1 or more from the
pretreatment to post-treatment Knodell fibrosis score, and
a worsening of fibrosis was defined as an increase in this
score of 1 unit or more.

Statistical analysis
This study was designed to have 525 patients per group so
as to achieve 90% power to detect a 10% difference in
SVR rates (40% vs 50%), at the 5% level of significance.
The primary treatment comparison was the higher dose of
peginterferon alfa-2b plus ribavirin against interferon alfa-
2b plus ribavirin. If this difference was significant, we then
compared the lower dose of peginterferon alfa-2b plus
ribavirin and interferon alfa-2b plus ribavirin. Pairwise
treatment comparisons were done by logistic regression
with main effects due to treatment and the stratification
variables genotype (1 vs others) and presence or absence of
cirrhosis.

As prospectively specified in the protocol, all safety and
efficacy analyses, except for changes from baseline in the
histological scores, were based on all patients who received
at least one dose of study medication. Analyses of changes
from baseline in histological scores were based on patients
who had both a pretreatment and post-treatment biopsy
sample. A paired Student’s t test was used to assess the
significance of change in scores within each treatment
group.

The relation between patients’ baseline characteristics and
SVR in patients treated with the combination of one of the
interferon alfa-2b therapies plus ribavirin was examined by
logistic regression analyses. Univariate logistic regressions
were used to confirm the importance of previously identified
prognostic factors. To assess the independence of these
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protocol was approved by each centre’s institutional ethics
committee.

Eligible patients were randomly assigned the three study
treatments in equal proportions, stratified by HCV
genotype (1 vs others) and the presence or absence of
cirrhosis. The randomisation schedule, balanced within
each country participating in the study, used a block size
of three for each stratum and was generated by the study
sponsor (Schering Plough Research Institute).
Randomisation of patients to treatment was done by an
independent central randomisation centre (Information
Management Systems, Silver Springs, MD, USA). When
a patient was found to be eligible for participation in the
study, the study site sent a fax to the randomisation centre
documenting the patient’s eligibility; the centre sent a
return fax with the patient’s treatment assignment and
identification number for the study.

The first treatment group received peginterferon alfa-2b
(PEG-Intron, Schering Corp, Kenilworth, NJ, USA) at 
a dose of 1·5 �g/kg each week subcutaneously plus 
oral ribavirin (Rebetol, Schering Corp) at a dose of 
800 mg/day for 48 weeks (n=511). The second group
received peginterferon alfa-2b subcutaneously at a dose of
1·5 �g/kg each week for the first 4 weeks followed by 
0·5 �g/kg per week for the next 44 weeks plus 
1000–1200 mg/day of ribavirin orally for 48 weeks
(n=514). The third group received interferon alfa-2b
(Intron A, Schering Corp), 3 million units subcutaneously
three times per week, plus ribavirin 1000–1200 mg/day
orally, both for 48 weeks (n=505). In the two groups
receiving 1000–1200 mg ribavirin, the dose was adjusted
according to bodyweight (1000 mg for weight below 75
kg, and 1200 mg for weight 75 kg or more). For all
groups, ribavirin was administered in two divided doses
per day. Peginterferon alfa-2b was administered
subcutaneously once per week according to weight. Both
drugs were started and stopped at the same time. Patients
were followed up for 24 weeks after treatment.

The doses of peginterferon alfa-2b selected for this
study were based on their antiviral effect when used as
monotherapy.11 Peginterferon alfa-2b 1·5 �g/kg resulted in
the highest proportion of patients with undetectable HCV
RNA during and at the end of treatment. The ribavirin
dose of 800 mg/day was selected because of concern that
the higher dose of peginterferon alfa-2b might be
associated with anaemia that would be additive to the
anaemia associated with ribavirin. In fact, this did not
occur, and perhaps a higher dose of ribavirin could have
been used safely, as is suggested in our weight-based
dosing analysis and profile. The second peginterferon alfa-
2b treatment group, 1·5 �g/kg followed by 0·5 �g/kg, was
included to test the efficacy of an initial short induction
period of high-dose peginterferon alfa-2b followed by a
lower dose. This regimen was based on the observation
that high-dose daily interferon alfa-2b is associated with a
more rapid initial loss of HCV RNA.13

Adverse events were graded as mild, moderate, severe,
or potentially life-threatening. Therapy was permanently
discontinued for life-threatening events. For severe
adverse events other than anaemia, the dose of interferon
alfa-2b or peginterferon alfa-2b was decreased by 50%,
and the dose of ribavirin was lowered to 600 mg/day. Full
doses could be restarted when the event abated. If the
event persisted, both drugs were discontinued. For
anaemia, the ribavirin dose was lowered to 600 mg/day for
falls in haemoglobin of less than 100 g/L, and ribavirin was
discontinued if haemoglobin concentrations fell to less
than 85 g/L. Once lowered, the ribavirin dose remained at
600 mg throughout the rest of the study. For patients with
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factors, a backward elimination procedure was then
undertaken using the factors that were significant in the
univariate analyses. All p values reported are two-sided.

Results
Patients’ characteristics
Enrolment began in March, 1998, and the trial was
completed in October, 2000. A total of 2316 patients were
screened, and 1530 were enrolled and treated (figure 1).
All efficacy and safety analyses were based on the 1530
patients who received at least one dose of medication.

Baseline host and viral characteristics were similar
among the three groups (table 1). The proportion of
patients with genotype 1 infection, high viral load, and
cirrhosis, and the distributions by age, sex, and other
characteristics are similar to populations in previous
reports.

Responses
The SVR rate was significantly higher for the group
receiving peginterferon alfa-2b at the higher dose of 
1·5 �g/kg per week than for the other two treatment
groups (54 vs 47%, table 2). The benefit of the higher-
dose regimen was most apparent for patients with
genotype 1 infection, the subgroup that is most common
and difficult to treat. The biochemical (alanine
aminotransferase) response rates at the end of treatment
were similar in the three treatment groups: 65%, 63%, and
69% for the higher-dose peginterferon, lower-dose
peginterferon, and interferon groups, respectively. The
sustained response rates in terms of alanine
aminotransferase were higher (54%) among the group
assigned the higher dose of peginterferon than in those
assigned the lower dose of peginterferon (48%) or
interferon alfa-2b (47%).

Nearly all patients who had SVRs also had normal
alanine aminotransferase values at the end of follow-up:
97% of the higher-dose peginterferon group, 92% of the
lower-dose peginterferon group, and 97% of the
interferon group. The proportion of patients who cleared
virus but who relapsed by the end of follow-up was
low in all treatment groups (18%, 16%, and 14%,
respectively).

As previously shown for therapy with interferon alfa-2b
plus ribavirin, late viral clearance at week 12 or 24 and
subsequent SVR were also observed in patients receiving
peginterferon alfa-2b plus ribavirin. In the group assigned
the higher dose of peginterferon alfa-2b, 75% of patients
who were HCV RNA negative for the first time at week 12
achieved SVRs, and 32% of patients who lost HCV RNA
for the first time at week 24 of therapy achieved SVRs.
Previous studies with interferon alfa-2b plus ribavirin have
shown that, in general, if patients do not respond by

2316 screened for eligibility

786 excluded
       527 did not meet
               inclusion criteria
         98 had medical conditions
         74 did not meet
              biochemical criteria
       118 did not meet
              haematological criteria
       191 had normal ALT
         46 had other reasons
       259 declined to take part

1530 randomised

514 assigned
       1·5 then
       0·5�g/kg
       peginterferon
       and ribavirin

505 assigned
       interferon
       and ribavirin

511 assigned
       1·5�g/kg
       peginterferon
       and ribavirin

514 analysed 505 analysed511 analysed

Figure 1: Trial profile
ALT=alanine aminotransferase.

Characteristics Higher-dose peginterferon Lower-dose peginterferon Interferon plus
plus ribavirin (n=511) plus ribavirin (n=514) ribavirin (n=505)

Demography and anthropometry
Mean (range) age (years) 43 (21–68) 44 (22–67) 43 (22–68)
M/F 321/190 346/168 336/169
Mean (range) bodyweight (kg) 82  (43–159) 83 (38–181) 82 (43–163)

Median (range) aminotransferases (� upper limit of normal)
Alanine aminotransferase 2·3 (0·81–13·3) 2·4 (1·02–19·9) 2·3 (1·02–21·8)
Aspartate aminotransferase 1·6 (0·58–10·1) 1·7(0·56–11·0) 1·6 (0·59–19·9)

HCV RNA in serum
Geometric mean copies per mL�106 2·7 2·7 2·8 
Number with >2�106 copies 351 (69%) 345 (67%) 344 (68%)

Mean (SD) duration of infection (years)*¶ 19·5 (9·3) 19·0 (9·6) 19·4 (9·7)

Source of infection
Transfusion 114 (22%) 105 (20%) 101 (20%)
Intravenous drug use 315 (62%) 337 (66%) 326 (65%)
Sporadic/unknown 82 (16%) 72 (14%) 78 (15%)

Genotype
1 348 (68%) 349 (68%) 343 (68%)
2 or 3 148 (29%) 154 (30%) 146 (29%)
4, 5, or 6 16 (3%) 12 (2%) 16 (3%)

Histology
Mean (SD) baseline Knodell inflammatory score 7·9 (2·5) 7·9 (2·3) 7·8 (2·5)
Bridging fibrosis/cirrhosis 136/469 (29%) 146/491 (30%) 132/468 (28%)

All three groups received ribavirin. Data are number of participants unless otherwise stated.*Estimated from date of transfusion or first exposure to other parenteral
sources. Duration could not be calculated for sporadic or unknown source of infection.

Table 1: Baseline characteristics of patients
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to detect a clear relation between cirrhosis and SVR.
However, the absence of bridging fibrosis/cirrhosis was
significantly associated with SVR (p=0·001). To assess the
independence of these factors, a backward elimination
procedure was then used. All variables identified by
univariate analyses were retained in the final multivariate
model, except sex. Specifically, although weight was
retained (p=0·03), sex was no longer significant when
weight was taken into account (p=0·35).

Doses of peginterferon alfa-2b are given according to
the patient’s weight, because of the previous observation
with interferon alfa-2b that among patients receiving 
3 MU three times per week, lighter patients have higher
SVR rates than heavier patients. In this study, logistic
regression analysis showed that baseline weight was an
important predictor of SVR. Because a single dose of
ribavirin (800 mg) was used with the higher dose of
peginterferon alfa-2b, the effect of the ribavirin dose
adjusted for bodyweight (mg/kg) was explored.

Logistic regression analyses were used to characterise
further the relation between SVR and the doses of both
peginterferon alfa-2b and ribavirin. The two doses of
peginterferon alfa-2b were treated as a categorical variable,
and the dose of ribavirin as a continuous variable, with
each patient’s ribavirin dose expressed as mg/kg. The
results indicate that the doses of both drugs are important
and significantly predict SVR (odds ratio 1·7, p=0·002 for
higher-dose vs lower-dose peginterferon alfa-2b, and slope
0·07, p=0·015 for ribavirin). Thus, the likelihood of SVR
increases as ribavirin dose increases. Also, when the dose
of ribavirin is controlled on a mg/kg basis, the estimated
effect of the higher dose of peginterferon alfa-2b compared
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treatment week 24, an SVR will not be achieved; a similar
pattern is observed with peginterferon alfa-2b plus
ribavirin. Among the patients who had no detectable viral
RNA for the first time more than 24 weeks after the start
of treatment, few patients achieved SVRs (four patients
treated with higher-dose peginterferon alfa-2b; none
treated with lower-dose peginterferon alfa-2b; and one
treated with interferon alfa-2b).

Biopsy samples from before and after treatment were
available in 1034 (68%) patients. Histological
inflammation improved in all three treatment groups
(table 3). Histological improvement was also greatest in
sustained responders; 90% of this subgroup had
histological improvement, irrespective of the treatment
regimen they received. Among non-responders, 44%
(205/464) also had some evidence of histological
improvement. Improvement in fibrosis was observed in
about 20% of patients in each treatment group.

Variables associated with SVR
To examine the influence of potentially important
prognostic factors on SVR, factors known to affect
response (HCV genotype, baseline viral load, cirrhosis,
age, sex, baseline weight) were first examined individually
by univariate logistic regression analysis on each factor for
all treatment groups combined. HCV genotype (other
than genotype 1), the baseline viral load (log; lower viral
load), baseline weight (lighter), and age (younger) were
clearly associated with SVR (p<0·0001), as were sex
(p=0·01) and, to a lesser extent, the absence of cirrhosis
(p=0·07). Since only 5–7% of patients had cirrhosis at
baseline, this analysis may not have been sensitive enough

Endpoint SVR rate (number responding/total treated) p value for comparison with 
Higher-dose Lower-dose Interferon standard interferon
peginterferon peginterferon  Higher-dose Lower-dose 

peginterferon peginterferon

Overall
End of treatment: all patients* 65% (333/511) 56% (289/514) 54% (271/505) <0·001* 0·41*
SVR at end of follow-up: all patients 54%  (274/511) 47% (244/514) 47% (235/505) 0·01† 0·73†

SVR by genotype
1 42% (145/348) 34% (118/349) 33% (114/343) 0·02* 0·94*
2/3 82% (121/147) 80% (122/153) 79% (115/146) 0·46* 0·89*
4/5/6 50% (8/16) 33% (4/12) 38% (6/16) 0·72* >0·99*

SVR by baseline HCV
>2�106/mL 42% (149/351) 42% (144/345) 42% (145/344) 0·94* 0·94*
�2�106/mL 78% (125/160) 59% (100/169) 56% (90/161) <0·01* 0·58*

SVR by degree of fibrosis
No/minimal fibrosis 57% (189/333) 51% (175/345) 49% (164/336) 0·04* 0·65*
Bridging fibrosis/cirrhosis 44% (60/136) 43% (63/146) 41% (54/132) 0·62* 0·72*

*Fisher’s exact test. †Logistic regression.

Table 2: Virological response at the end of treatment and follow-up

Inflammation* Fibrosis†

Higher-dose  Lower-dose Interferon Higher-dose  Lower-dose Interferon 
peginterferon peginterferon (n=334) peginterferon peginterferon (n=334)
(n=339) (n=361) (n=339) (n=361)

All patients
Proportion with improvement‡ 68% (232/339) 70% (254/361) 69% (232/334) 21% (71/333) 19% (69/361) 20% (66/328)
Mean change �3·4 �3·4 �3·4 �0·1 �0·2 �0·2

Patients with SVR
Proportion with improvement 90% (178/198) 90% (171/191) 91% (164/181) 26% (51/195) 21% (40/191) 21% (37/178)
Mean change �5·2 �5·3 �5·3 �0·3 �0·3 �0·2

Patients without SVR
Proportion with improvement 38% (54/141) 49% (83/170) 44% (68/153) 14% (20/138) 17% (29/170) 19% (29/150)
Mean change �0·8 �1·3 �1·1 0·2 �0·1 �0·1

*Improvement is defined as a decrease of 2 or more in the Knodell score for inflammation (I+II+III). †Improvement is defined as a decrease of 1 or more in the Knodell
score for fibrosis (IV). ‡Patients with Knodell fibrosis of 0 at baseline were excluded.

Table 3: Histological responses in patients with biopsy samples from before and after treatment
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with the lower dose was larger (odds ratio 1·7) than the
estimate obtained from the primary (as-randomised)
analysis (1·3).

To account for possible interaction between the two
drugs, a term for the product of the two doses was
included in the model. Fitted regression lines are shown in
figure 2, which also shows that the observed response rates
(moving average) generally increase as ribavirin dose
increases up to about 13 mg/kg. The observed response
rates were almost flat between 13 and 15 mg/kg; although
the number of patients was small, the observed response
rates did not increase after 15 mg/kg. From these results,
the ribavirin dose range that allowed for adequate
interpretation of both safety and efficacy data was
11–15mg/kg. Thus, for an average 75 kg man, doses of
10·6 mg/kg, 13·2 mg/kg, and about 15 mg/kg represent
daily doses of 800 mg, 1000 mg, and 1200 mg ribavirin,
respectively. SVR rates are presented in table 4 according
to weight-based ribavirin dose (10·6 mg/kg or less, and

more than 10·6 mg/kg) according to treatment group and
stratification factors. The SVR rate was higher in all
groups when the dose of ribavirin was greater than 
10·6 mg/kg bodyweight, which is the lower end of the
optimum dose range. For genotype 1 patients who
received more than 10·6 mg/kg ribavirin the SVR rate was
higher in the higher-dose peginterferon group than in the
other two groups.

Influence of other prognostic or potentially confounding
factors
Both the fitted regression lines and the observed response
rates show that the likelihood of an SVR can be increased
in patients treated with the higher dose of peginterferon
alfa-2b by increasing the ribavirin dose into the range
obtained by the 1000–1200 mg dosing schedule in the
other two treatment groups. However, because these
analyses were not based on direct comparisons of the as-
randomised treatment groups, we had to assess the
potential for imbalances in important prognostic factors to
bias the assessment of treatment effects. An obvious
potential confounding factor is sex, since women tend to
weigh less than men and therefore receive higher doses of
ribavirin per unit of bodyweight.

To confirm the importance of treatment effects after the
potentially confounding factors were taken into account,
multivariate logistic regression analyses were done. Each
analysis included treatment effects, interferon alfa-2b dose
(1·5 �g/kg per week vs others), and ribavirin dose (mg/kg),
as well as HCV genotype and (log) baseline viral load.
Other potential confounding factors identified above (ie,
sex, age, bridging fibrosis/cirrhosis) were then added one
at a time. In each case, both treatment effects
(peginterferon alfa-2b and ribavirin) remained significant
after all other factors were taken into account, and both
genotype and baseline viral load were independent
predictors of response (p<0·0001). When the dose of
ribavirin was expressed as mg/kg, sex was not significant
(p=0·54). Similarly, weight was no longer significant
(p=0·30) after control for ribavirin dose (mg/kg). Age and
the presence of bridging fibrosis/cirrhosis remained
independent predictors of response (p<0·01).

Safety evaluation
The side-effect profiles of peginterferon alfa-2b plus
ribavirin and interferon alfa-2b plus ribavirin were similar;
there were no new or unique adverse events (table 5). The

Higher-dose peginterferon Lower-dose peginterferon Interferon 

All patients
Overall 54% (274/511) 47% (244/514) 47% (235/505)
Ribavirin dose �10·6 mg/kg 50% (160/323) 41% (13/32) 27% (6/22)
Ribavirin dose >10·6 mg/kg 61% (114/188) 48% (231/482) 47% (229/483)

Genotype 1
Overall 42% (145/348) 34% (118/349) 33% (114/343)
Ribavirin dose �10·6 mg/kg 38% (87/226) 25% (5/20) 20% (3/15)
Ribavirin dose >10·6 mg/kg 48% (58/122) 34% (113/329) 34% (111/328)

Genotype 2 or 3 
Overall 82% (121/147) 80% (122/153) 79% (115/146)
Ribavirin dose �10·6 mg/kg 79% (70/89) 73% (8/11) 50% (3/6)
Ribavirin dose >10·6 mg/kg 88% (51/58) 80% (114/142) 80% (112/140)

No/minimal fibrosis
Overall 57% (189/333) 51% (175/345) 49% (164/336)
Ribavirin dose �10·6 mg/kg 54% (113/209) 40% (8/20) 22% (2/9)
Ribavirin dose >10·6 mg/kg 61% (76/124) 51% (167/325) 50% (162/327)

Bridging fibrosis/cirrhosis
Overall 44% (60/136) 43% (63/146) 41% (54/132)
Ribavirin dose �10·6 mg/kg 39% (36/92) 42% (5/12) 25% (3/12)
Ribavirin dose >10·6 mg/kg 55% (24/44) 43% (58/134) 43% (51/120)

Table 4: SVR rate by pretreatment variable and treatment group and according to ribavirin dose
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Figure 2: Logistic regression analyses: SVR as a function of
ribavirin dose (mg/kg) and dose of peginterferon alfa-2b
SVR rates are presented as moving averages, along with the fitted
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intervals based on their ribavirin dose (mg/kg), and observed SVR rates
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of each circle represents the size of the group and the precision of these
response rates.
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The frequency of dose reduction for neutropenia
according to the protocol was 18% for the higher-dose
peginterferon alfa-2b plus ribavirin regimen compared
with 8% for interferon alfa-2b plus ribavirin. However, 1%
or less of patients discontinued treatment for neutropenia,
which suggests that the dose-modification schedule
included in the protocol provided good protection for the
patient. The effect of combination therapy on platelet
counts reflects a balance between the effects of interferon
alfa-2b and ribavirin; the former reduces platelet counts,
while the latter is associated with a reactive
thrombocytosis. 3% of patients in the higher-dose
peginterferon group and 1% in the interferon alfa-2b
group had a platelet decrease that reached the protocol-
defined criterion for dose reduction. No patient
discontinued therapy owing to thrombocytopenia.

No significant increase in alanine aminotransferase
(greater than five times baseline) was observed in any
patient during the study. Rises in alanine aminotransferase
more than two times baseline were infrequent, occurring
in 3%, 2%, and 1% of patients receiving ribavirin in
combination with higher-dose peginterferon, lower-dose
peginterferon, and standard interferon alfa-2b,
respectively.

The safety profile for patients receiving a dose of more
than 10·6 mg/kg ribavirin with either interferon
formulation was similar. Only a few adverse events were
more frequent (>10% difference) in this group (asthenia,
weight loss, nausea, and alopecia).

Among patients receiving more than 10·6 mg/kg
ribavirin, dose modification was more frequent with
peginterferon alfa-2b than with interferon alfa-2b (49% vs
34%), with most of the difference due to neutropenia in
the peginterferon alfa-2b group. By contrast, the
discontinuation rate in the two treatment groups was
similar, 14% vs 13%, respectively. A decrease in
haemoglobin to less than 100 g/L or the need for dose
reduction owing to anaemia were neither more frequent
nor of greater severity in patients who received the higher
dose of peginterferon alfa-2b and ribavirin more than 
10·6 mg/kg.

Discussion
The current standard initial therapy for patients with
chronic HCV infection is interferon alfa-2b in
combination with ribavirin. In this study, the response rate
for this standard therapy (47%) was higher than those
previously observed in large clinical trials (38–41%),7,8

even though the numbers of patients with HCV genotype
1 infection, high baseline viral load, and significant fibrosis
or cirrhosis were similar to the previous trials. Thus, the
higher response rate cannot be explained by selection of a
population of patients more likely to respond.

In another recent similar study, an SVR rate of 46% was
observed in patients receiving interferon alfa-2b plus
ribavirin for 48 weeks.18 We noted that, compared with the
reports of the initial interferon alfa-2b/ribavirin trials, our
study had a greater number of dose modifications and
fewer patients who discontinued therapy. This difference
suggests the possibility of a learning curve for
administration of the combination drug regimen, which
could explain the higher response rates.

In our large randomised study, peginterferon alfa-2b 
1·5 �g/kg once weekly in combination with ribavirin given
for 48 weeks significantly increased the SVR rate
compared with standard interferon alfa-2b plus ribavirin
for the same duration. This benefit was associated with a
decrease in hepatic inflammation, especially in patients
who achieved SVRs. The improved response was due
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rate of several influenza-like symptoms was higher in the
higher-dose peginterferon group than in the interferon
alfa-2b group, probably because a higher dose of
interferon alfa-2b is administered via the peginterferon
formulation. As previously reported with peginterferon
alfa-2b monotherapy, there was a substantial increase in
injection-site reactions compared with interferon alfa-2b.
In all cases, the characteristics of the reaction were similar
for both interferon alfa-2b and peginterferon alfa-2b. The
typical event was generally mild, not treatment-limiting,
and characterised by localised erythema.

Anaemia is a well-recognised effect of ribavirin, and the
pattern that has been previously observed was seen in this
study. The optimum treatment regimen of peginterferon
alfa-2b 1·5 �g/kg plus ribavirin did not result in a greater
fall in haemoglobin; the mean decreases at weeks 4–8 were
the same (25 g/L), for both that group and the standard
interferon group. A decrease in haemoglobin to less than
100 g/L, the protocol requirement for dose modification,
occurred in 9% of patients receiving the higher-dose
peginterferon alfa-2b plus ribavirin regimen and 13% of
patients receiving interferon alfa-2b. Discontinuation for
anaemia was rare.

Adverse event Proportion of patients (%)

Higher-dose Lower-dose  Interferon 
peginterferon peginterferon plus
plus ribavirin plus ribavirin ribavirin
(n=511) (n=514) (n=505)

Dose discontinuation 14 13 13
for any adverse event

Dose reduction for
Any adverse event 42 36 34
Anaemia 9 12 13
Neutropenia 18 10 8

Influenza-like symptoms
Asthenia 18 16 18
Fatigue 64 62 60
Fever 46 44 33
Headache 62 58 58
Rigours 48 45 41
Weight decrease 29 17 20
Dizziness 21 21 17
Arthralgia 34 34 28
Musculoskeletal pain 21 17 19
Myalgia 56 48 50

Gastrointestinal symptoms
Anorexia 32 29 27
Diarrhoea 22 16 17
Nausea 43 36 33
Vomiting 14 14 12

Psychiatric symptoms
Concentration 17 16 21

impairment
Depression 31 29 34
Insomnia 40 40 41
Irritability 35 34 34

Respiratory symptoms
Coughing 17 15 13
Dyspnoea 26 23 24

Dermatological symptoms
Alopecia 36 29 32
Pruritus 29 26 28
Rash 24 22 23
Dry skin 24 18 23
Injection-site 25 27 18

inflammation
Injection-site reaction 58 59 36

Events that occurred in at least 10% of patients are included in this table.

Table 5: Rates of discontinuation of treatment, dose reduction,
and adverse events during treatment
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partly to an increase in the number of patients who
eradicated the virus during therapy and partly to the
subsequent decrease in relapse after cessation of therapy.
The relapse rates observed in this study were also lower
than those observed in previous studies of interferon alfa-
2b and ribavirin.7,8

The pegylation of interferon alfa-2b increases the half-
life and improves the pharmacokinetics of the protein.9,19

These potential benefits also translate into clinical
benefits. In this study, 54% of patients treated with the
higher dose of peginterferon alfa-2b plus ribavirin for 
48 weeks achieved SVRs. In the as-randomised analysis,
this rate was significantly better than that observed with
standard interferon alfa-2b plus ribavirin (47%) or the
lower-dose peginterferon alfa-2b and ribavirin regimen
(also 47%).

The benefit of the higher-dose peginterferon alfa-2b
plus ribavirin regimen was most apparent in patients with
genotype 1 infection (42%). This represents a substantial
improvement over the response rate of 29–33% that
currently can be achieved in these patients with standard
interferon alfa-2b plus ribavirin therapy for 48 weeks.
Response rates for patients infected with genotype 2 or 3
were similar and uniformly high (about 80%) with all
three treatment regimens. Thus, the primary benefit of
peginterferon alfa-2b plus ribavirin for this group may be
convenience, ease of administration of a once-weekly
injection compared with alternate-day injections, and the
potential for better compliance. Previous studies with
interferon alfa-2b plus ribavirin indicated that patients
with genotype 2 or 3 infection require only 24 weeks of
therapy.7,8 This study treated all patients for 48 weeks. A
trial to assess whether equal efficacy can be achieved with
this regimen given for 24 weeks in patients infected with
genotype 2 or 3 is being initiated.

The side-effects observed with peginterferon alfa-2b
plus ribavirin are similar to those encountered with
interferon alfa-2b and ribavirin. The increase in the
incidence of some influenza-like effects with the higher
dose of peginterferon alfa-2b is not unexpected, given the
higher dose of the interferon itself. No new side-effects
were observed, but more frequent dose modifications were
needed in the patients receiving the higher doses of
peginterferon alfa-2b, particularly for neutropenia.

Peginterferon alfa-2b therapy in this study was
optimised by dosing according to the patient’s weight. The
decision to dose the drug by weight was based on findings
that response rates to interferon alfa-2b monotherapy are
strongly associated with weight. The significant influence
of body surface area on SVR has also been observed with
another pegylated interferon.10 In our study, the dose of
ribavirin expressed per kg of bodyweight was an
independent factor associated with SVR. When SVR was
expressed by the amount of ribavirin received according to
bodyweight (mg/kg), the SVR rates were higher than those
observed in the as-randomised analysis. With the higher
peginterferon alfa-2b dose, the best response rates were
seen in patients who were also receiving more than 10·6
mg/kg ribavirin (or more than 800 mg per day for a 75 kg
person). A prospective trial assessing weight-based dosing
of ribavirin with peginterferon alfa-2b 1·5 �g/kg is
underway in the USA.

Late viral clearance was infrequently associated with
eventual SVR in this study. Only one of 403 patients who
received either dose of peginterferon alfa-2b plus ribavirin
and who had detectable HCV RNA at week 24 of therapy
showed an SVR, which is consistent with previous studies
in patients treated with standard interferon alfa-2b plus
ribavirin.7,8 This finding supports the current

recommendation to consider stopping therapy at week 24
in genotype-1-infected patients with persistent viraemia.
However, such a strategy does not take into account a
report that hepatitis C patients treated with interferon-
based regimens who do not achieve eradication of HCV
RNA from serum or normalisation of liver enzymes may
derive some short-term histological benefit.20 Further
prospective trials are in progress to find out whether these
potential antifibrotic effects of interferon will be valuable
in preventing disease and fibrosis progression.

As in previous studies, 5% of patients had persistent
rises in alanine aminotransferase during follow-up, but
they had eradicated HCV RNA from serum and were
classified as sustained responders.21 The reasons for these
discordant results remain unclear, but previous studies
have also indicated that some of these patients may have
steatosis or other potential causes for the persistently
abnormal biochemical results.14

The most effective therapy for the initial treatment of
suitable patients with chronic hepatitis C according to this
study is the combination of 1·5 �g/kg per week of
peginterferon alfa-2b with ribavirin. Because of the
improved response rate and more convenient once-weekly
administration schedule, this regimen will replace the
current standard of interferon alfa-2b plus ribavirin.
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