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Background: There is increasing interest in identifying patients RNA at week 4, SVR rates were 75.3%, 75.9%, and 72.4%, respec-
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with chronic hepatitis C genotype 2 or 3 infection in whom it is
possible to lower the burden of therapy while retaining high lev-
els of efficacy.
Methods: Treatment-naive patients with chronic hepatitis C geno-
type 2/3 infection were randomized to receive peginterferon alfa-
2b (1.5 lg/kg/wk) for 24 weeks (group A); peginterferon alfa-2b
(1.0 lg/kg/wk) for 24 weeks (group B); or peginterferon alfa-2b
(1.5 lg/kg/wk) for 16 weeks (group C), each in combination with
weight-based ribavirin (800–1200 mg/d). The study population
comprised two cohorts: the Hep-Net cohort enrolled in Germany
and an International cohort enrolled at study sites throughout Eur-
ope and Asia. The primary end point was sustained virological
response (SVR).
Results: The study included 682 patients; 80.2% had genotype 3
infection. In the intent-to-treat population, SVR rates were
66.5%, 64.3%, and 56.6% in groups A, B, and C, and were similar
in Asian and white patients. Treatment differences (A vs. B and
A vs. C) failed to reach the predefined margin for noninferiority
of -10%; and thus groups B and C failed to show noninferiority
relative to group A. Among patients with undetectable HCV
Journal of Hepatology 20
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tively. Relapse rates were 17.8%, 16.3%, and 29.3%, respectively.
Treatment-emergent serious adverse events were highest in
group A and lowest in group C, and adverse events leading to dis-
continuation were similar across treatment arms.
Conclusions: For patients with chronic hepatitis C genotype 2/3
infection, 24 weeks of peginterferon alfa-2b (1.5 lg/kg/wk) plus
weight-based ribavirin remains a standard-of-care therapy; how-
ever, treatment for 16 weeks may be considered for patients with
undetectable HCV RNA at week 4 of the treatment.
� 2011 Published by Elsevier B.V. on behalf of the European
Association for the Study of the Liver.
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Introduction

Chronic hepatitis C (CHC) genotype (G) 2 or 3 infection responds
readily to interferon-based antiviral therapy. Peginterferon (PEG-
IFN) alfa-2b (1.5 lg/kg/wk) plus ribavirin (800–1400 mg/d) or
PEG-IFN alfa-2a (180 lg/wk) plus ribavirin (800 mg/d) for 24
weeks are established as the current standard of care for patients
with CHC G2/3 [1,2].

With these standard-of-care regimens now achieving sus-
tained virological response (SVR) rates of up to 80% in G2/3
patients [1,2], it is becoming increasingly unlikely that further
substantial efficacy gains can be made through regimen refine-
ments. Therefore, interest has focused on identifying patient sub-
groups in which it is possible to lower the therapeutic burden
without compromising levels of efficacy. A number of studies
have examined the efficacy of lower PEG-IFN alfa doses [1,3,4]
while others have evaluated a shortened treatment duration of
12–16 weeks [3,5–8]. Although this area of research has yielded
11 vol. xxx j xxx–xxx
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some interesting findings, current data suggest that treatment
duration can only be reduced in patients who attain a rapid viro-
logical response (RVR, undetectable hepatitis C virus [HCV] RNA
at week 4). An increased risk of relapse also appears to be a com-
mon consequence of reduced treatment durations [8].

Herein, we report the final analysis of the International
reduced dose and duration of peginterferon alfa-2b and weight-
based ribavirin in European and Asian genotype 2 and 3 CHC
patients (REDD 2/3).
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Methods

This was an open-label, multicentre, randomized, parallel-group study con-
ducted at 51 centers in Europe and Asia. This study started in 2003 as an inves-
tigator-initiated open-label, multicentre, randomized study conducted in
Germany by Hep-Net (the ‘‘Hep-Net’’ cohort), the German network of compe-
tence on viral hepatitis [9]. In January 2005, Schering–Plough Corporation
assumed sponsorship of the study and expanded it to include additional centers
in Europe and Asia (the ‘‘International’’ cohort).

Participants

All patients provided written informed consent. Patients were eligible for enroll-
ment if they had CHC G2 or G3 infection and were treatment naive. All patients
had detectable hepatitis C virus (HCV) RNA, abnormal alanine aminotransferase,
and compensated liver disease, and were eligible for treatment according to cur-
rent consensus guidelines [10,11]. Patients were required to have hemoglobin
levels P11 g/dl (women) or P12 g/dl (men), platelet count P100,000 cells/
mm3, neutrophil count P1500 cells/mm3, and thyroid stimulating hormone lev-
els within normal limits. Patients were excluded if they had human immunode-
ficiency virus (HIV) or hepatitis B coinfection, creatinine clearance <50 ml/min,
cause of liver disease other than CHC, evidence of advanced liver disease, pre-
existing psychiatric conditions or history of severe psychiatric disorder. Patients
with a history of substance abuse were required to have remained abstinent for
6 months prior to study entry and patients receiving buprenorphine were
required to have been stable for 6 months.

Study design

The trial was conducted in accordance with the Declaration of Helsinki, current
guidelines on Good Clinical Practices and local ethical and legal requirements.
Eligible patients were randomized in a 1:1:1 ratio to three treatment arms:
standard treatment (group A), consisting of PEG-IFN alfa-2b (1.5 lg/kg/wk;
PegIntron, Schering–Plough Corporation, Now Merck & Co., Inc., Whitehouse
Station, NJ) plus ribavirin (800–1200 mg/d: 800 mg/d for patients with body
weight <65 kg; 1000 mg/d for those weighing 65–85 kg; and 1200 mg/d for
those weighing >85 kg) for 24 weeks; reduced-dose treatment (group B), con-
sisting of PEG-IFN alfa-2b (1.0 lg/kg/wk) plus ribavirin (800–1200 mg/d) for
24 weeks; and reduced-duration treatment (group C), consisting of PEG-IFN
alfa-2b (1.5 lg/kg/wk) plus ribavirin (800–1200 mg/d) for 16 weeks (Fig. 1A).

Randomization was achieved using an interactive voice response system.
Patients attended clinic visits every 4 weeks until week 24 (groups A and B) or
week 16 (group C), then an additional follow-up visit 24 weeks after completing
the treatment. HCV RNA was measured at baseline, week 4 (International cohort
only), week 12, end of treatment, and 24 weeks after treatment completion. Stan-
dard criteria were employed for dose reduction and treatment discontinuation in
patients experiencing hematological toxicity: use of erythropoietin or colony-
stimulating factors was prohibited. Compliance was assessed by comparing the
amount of study drug administered to the patient with the amount of study drug
returned by the patient at all visits.

End points

The primary end point was SVR, defined as undetectable HCV RNA 24 weeks after
the last dose of therapy. Serum HCV RNA was measured quantitatively by poly-
merase chain reaction with a detection limit of P600 IU/ml at local laboratories.
All values that were below the limit of detection were considered negative. Qual-
itative assays had varying degrees of sensitivity for the lower limit of detection
(10–640 IU/ml).
Please cite this article in press as: Manns M et al. Reduced dose and duration of
type 2 and 3 chronic hepatitis C. J Hepatol (2011), doi:10.1016/j.jhep.2010.12
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Other virological end points included early virological response (EVR;
P2 log10 decline in HCV RNA at week 12), end-of-treatment virological response
(ETVR; undetectable HCV RNA at week 24 in groups A and B and week 16 in group
C), and relapse rate (ETVR and detectable HCV RNA at 24-week follow-up). RVR
was assessed only in the International cohort, because the importance of week-
4 HCV RNA levels was not widely recognized when the Hep-Net protocol was
designed in 2002.

The incidence of adverse events (AEs) was also assessed. Patients who devel-
oped grade 3 AEs (except flu-like symptoms) had doses of both drugs reduced. If
dose reduction was required to maintain a patient with a grade 2 AE or grade 3
flu-like symptoms in the study, the doses of both study drugs were reduced.
Treatment with the full dose was resumed if the AE remitted (mild severity);
however, if the AE persisted despite the use of the reduced dose, both drugs were
interrupted for a maximum period of 2 weeks. After resolution of the AE, treat-
ment was restarted at reduced doses and if these doses were tolerated for at least
2 weeks, therapy was increased to the full dose. If the AE recurred, the patient
was maintained at the reduced doses of both study drugs or was discontinued.
Patients who developed life-threatening grade 4 AEs were discontinued
permanently.

Statistical analysis

Efficacy analyzes were undertaken on the intent-to-treat (ITT) population, which
included all randomized patients who received at least one dose of the study
drug, and repeated in a completers analysis, which included patients with end-
of-treatment and 24-week follow-up results with imputation (if week-24 fol-
low-up was missing and either end-of-treatment or week-4 follow-up was
detectable, then it was assumed that week-24 follow-up was detectable). The
safety population included all patients who received at least one dose of the study
medication and had a safety assessment.

For the primary analyses, the effect of PEG-IFN alfa-2b dose was assessed by
comparing the difference in SVR rates of groups A and B. The null hypothesis was
that the difference in SVR between groups A and B (B–A) was less than or equal to
the prespecified noninferiority margin of �10%. Noninferiority of group B with
respect to group A was to be concluded if the lower bound of the 1-sided 95% con-
fidence interval (CI) of the treatment difference was greater than the noninferior-
ity margin. Similarly, noninferiority of group C with respect to group A was
assessed using a similar comparison (C–A). The Hochberg procedure was used
to adjust for the multiple comparisons. If the lower limits of the 1-sided 95%
CIs were greater than �10% for both comparisons (B–A) and (C–A), then the null
hypothesis was to be rejected for both comparisons.

When the original Hep-Net study was initiated, target enrollment was set
at 900 patients (300 per arm); however, this target was revised later when
Schering–Plough assumed sponsorship of the study. It was then estimated that
600 evaluable patients (200 per group) would be required, assuming an SVR of
around 80%. Under these estimates, there was an 80% probability that the
lower bound of the 1-sided CI would exceed a �10% noninferiority margin.
Assuming a drop-out rate of 10%, 667 patients were the target sample size
for enrollment.

Analysis of the primary end point was also evaluated by cohort. Similar com-
parisons between treatment groups were undertaken for RVR, ETVR, and relapse
rates, but with 2-sided 95% CIs and no hypothesis testing.
Results

Patient demographics

Between July 2003 and March 2006, 361 patients with CHC G2/3
were enrolled and randomized in the Hep-Net cohort, and 347
received study drug. Subsequently, between January 2005 and
March 2007, an additional 335 patients were enrolled and ran-
domized in the International cohort (Fig. 1b). The study popula-
tion comprised 547 (80.2%) G3 patients and 135 (19.8%) G2
patients. Demographics were well balanced across treatment
groups (Table 1); however, the Hep-Net population was com-
posed almost completely of white patients whereas the Interna-
tional cohort included 47.2% white patients and 52.8% Asian
patients (Supplementary data Table 1).
peginterferon alfa-2b and weight-based ribavirin in patients with geno-
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Completed 24
weeks, n = 176
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Completed 16
weeks, n = 185

Randomized patients*
• HepNet cohort, n = 361
• International cohort, n = 335
TOTAL, n = 696Withdrawn prior to

treatment†
N = 14

Arm A
PEG-IFN alfa-2b (1.5 µg/kg/wk)

+ RBV (800-1400 mg/day)
for 24 weeks

N = 230
(HepNet, n = 116; International, n = 114)

Arm B
PEG-IFN alfa-2b (1.0 µg/kg/wk)

+ RBV (800-1400 mg/day)
for 24 weeks

N = 224
(HepNet, n = 115; International, n = 109)

Arm C
PEG-IFN alfa-2b (1.5 µg/kg/wk)

+ RBV (800-1400 mg/day)
for 16 weeks

N = 228
(HepNet, n = 116; International, n = 112)

Withdrawn during 
treatment, n = 42:

• AE, n = 6
• LTFU, n = 14
• Did not continue, n = 8
• Other, n = 14

Withdrawn during 
treatment, n = 25:

• AE, n = 3
• LTFU, n = 9
• Did not continue, n = 10
• Other, n = 3

Withdrawn during 
treatment, n = 27:

• AE, n = 2
• LTFU, n = 9
• Did not continue, n = 7
• Other, n = 9

Completed 16
weeks, n = 205

Completed 16
weeks, n = 199

Completed 24 weeks
of posttreatment FU,

n = 180

Completed 24 weeks
of posttreatment FU,

n = 169

Completed 24 weeks
of posttreatment FU,

n = 167

HepNet Cohort
Randomized N = 361 

Withdrawn prior to treatment
n  = 14

Withdrawn after end of treatment, n = 36
• Lost to follow-up, n = 21
• ‡Did not wish to continue, n = 3
• Other, n = 12

Completed scheduled course of therapy
n = 269

Withdrawn while on therapy n = 78*
• AE, n = 6
• Lost to follow-up, n = 25
• ‡Did not wish to continue, n = 23
• Other, n = 24

Treated
n = 347

International Cohort
Randomized N = 335

Withdrawn after end of treatment, n = 21
• AE, n = 4
• Lost to follow-up, n = 14
• Other, n = 3

Completed scheduled course of therapy
n = 319

Withdrawn while on therapy n = 16†
• AE, n = 5
• Lost to follow-up, n = 7
• ‡Did not wish to continue, n = 2
• Other, n = 2

Treated
n = 335

A

B

Fig. 1. (A) Patient flow diagram. ⁄Due to incomplete reporting on the progress of some patients through the study, 12 patients in arm A, 11 patients in arm B, and 16
patients in arm C were not fully accounted for at all clinic visits. �14 patients from the HepNet cohort were randomized but did not receive study medication (Arm A, n = 7;
Arm B, n = 5; Arm C, n = 2). (B) Patient flow diagram by enrollment cohort. ⁄n = 35, n = 20, and n = 23 in arms A, B, and C, respectively. �n = 7, n = 5, and n = 4 in arms A, B, and
C, respectively. �Decision to discontinue was unrelated to adverse event.
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Table 1. Patient demographics.

(24 wk); n = 230 (24 wk); n = 224 (16 wk); n = 228 

Total  

N = 682

Age, mean (SD), y 38.8 (10.2) 39.9 (11.2) 39.7 (11.1) 39.5 (10.9) 
Male, n (%) 139 (60.4) 146 (65.2) 148 (64.9) 433 (63.5)
Body weight, kg (SD) 73.7 (15.2) 72.8 (13.7) 72.5 (15.0) 73.0 (14.6) 
Time since infection, y (SD) 7.3 (7.04) 7.6 (7.49) 7.3 (8.02) 7.4 (7.52)
Genotype, n (%) 
 2 
 3 

38 (16.5) 
192 (83.5) 

49 (21.9) 
175 (78.1) 

48 (21.1) 
180 (78.9) 

135 (19.8) 
547 (80.2) 

Baseline HCV RNA, n (%) 
≥600,000 IU/ml
<600,000 IU/ml

119 (51.7) 
109 (47.4) 

120 (53.6) 
103 (46.0) 

123 (53.9) 
103 (45.2) 

362 (53.1) 
315 (46.2) 

PEG-IFN alfa-2b  
1.5 µg/kg/wk + 
RBV 800-1400 mg/d

1.0 µg/kg/wk + 
RBV 800-1400 mg/d

PEG-IFN alfa-2b  
1.5 µg/kg/wk + 
RBV 800-1400 mg/d

PEG-IFN alfa-2b  
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Virological outcomes

At treatment week 12, EVR was attained by 88.7%, 87.9%, and
86.8% of patients in groups A, B, and C, respectively. Additionally,
79.6%, 82.1%, and 82.9% of patients in groups A, B, and C attained
ETVR. Overall, compliance was similar between treatment arms
with 77.0%, 84.4%, and 83.3% of patients in arms A, B, and C,
respectively, attending P80% of scheduled visits and being
P80% compliant with both PEG-IFN alfa-2b and ribavirin.

In the ITT analysis, SVR rates were 66.5%, 64.3%, and 56.6% in
groups A, B, and C, respectively (Fig. 2). The lower limit of the 1-
sided 95% CI for the treatment comparison between groups B and
A (B–A) for SVR was on the borderline value of the noninferiority
margin at �10%, and this was reflected in the statistically signifi-
cant p value (p = 0.041) at the 5% level. For the treatment compar-
ison between groups C and A (C–A), the lower limit of the 1-sided
95% CI was below �10%; therefore, the Hochberg procedure was
66.5 64.3
56.6 58.6 60

47.4

74.6
68.8 66.1

All Patients 
(n = 628)

HepNet Cohort 
(n = 347)

International Cohort 
(n = 335)
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50

75

100

SV
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, %

ALL PATIENTS:
Grp A – Grp B: -0.02 (-0.10); p = 0.041
Grp A – Grp C: -0.10 (-0.17); p = 0.495

PEG-IFN α-2b (1.5 µg/kg/wk) + RBV for 24 wks
PEG-IFN α-2b (1.0 µg/kg/wk) + RBV for 24 wks
PEG-IFN α-2b (1.5 µg/kg/wk) + RBV for 16 wks

A B

Fig. 2. Sustained virological response. (A) Intent-to-treat analysis and (B) completers an
24-week follow-up results with imputation (if 24-week follow-up was missing and eithe
was assumed to be detectable).
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applied to adjust for the multiple treatment comparisons of
(B–A) and (C–A), and 2-sided 95% CIs were produced. As the lower
limits of the 2-sided 95% CIs for both of these treatment compari-
sons were less than �10%, noninferiority could not be concluded
for either treatment comparison.

Overall, SVR was generally higher in the International cohort
than in the Hep-Net cohort. In addition, the number of patients
who completed therapy was higher in the International cohort
(89.0% vs. 68.4%). In the completers analysis, the treatment differ-
ence between groups A and C was �0.14 (p = 0.798) with a 1-
sided CI of �0.21, greater than the noninferiority margin of
�10% (Fig. 2).

In the ITT analysis of the Hep-Net cohort, treatment differences
were 0.01 for groups A and B, and �0.11 for groups A and C;
respective 1-sided CIs were �0.09 and �0.22. For the ITT analysis
of the International cohort, treatment differences were �0.06 for
A versus B and �0.08 for A versus C with 1-sided CIs of �0.16
0
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Fig. 3. Relapse rates according to (A) enrollment cohort, (B) within the
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and �0.18, respectively. Thus, ITT analysis of each individual
cohort also failed to demonstrate noninferiority. Similar outcomes
were reported for each cohort in the completers analysis.

Relapse

Relapse was higher in patients treated for 16 weeks compared
with 24 weeks (Fig. 3). Within the International cohort, relapse
rates were numerically higher in Asian patients compared with
white patients; and relapse rates were lower in patients with
G2 compared with G3 infection within group A. In addition,
among patients receiving PEG-IFN alfa-2b (1.5 lg/kg/wk) plus
ribavirin for 24 weeks, relapse was higher in patients with G3
infection than in those with G2 infection (18% versus 0%); how-
ever, this difference was not evident in either of the other treat-
ment arms.
Please cite this article in press as: Manns M et al. Reduced dose and duration of
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Subgroup analyzes

Among G3 patients, SVR was generally higher in the International
compared with the Hep-Net cohort (Table 2); however, this likely
reflects the differences in study design (clinical trial vs. real-
world setting), rather than any intrinsic differences in response
to therapy. Among G3 patients in both cohorts, SVR was consis-
tently lower in the 16-week compared with the 24-week treat-
ment arms while results for the 24-week treatment arms in
both cohorts were generally similar (Table 2). Within group A,
SVR rates were highest in patients with G2 infection and low
baseline viral load (82.3%) and lowest in those with G3 infection
and high baseline viral load (61.2%; Table 2). Furthermore, even
among patients with low baseline viral load, SVR rates were
lower in group C compared with group A (G2: 57.9% vs. 82.3%;
G3: 57.1% vs. 68.5%).

RVR was attained by 85.1%, 72.5%, and 77.7% of patients in
groups A, B, and C, respectively (p = 0.06 for A vs. B and
p = 0.58 for A vs. C). Among patients with RVR, SVR was consis-
tently high across all treatment arms (Arm A = 75.3%, Arm
B = 75.9%, Arm C = 72.4%; p = 0.53 for A vs. B; p = 0.94 for A
vs. C; Table 2). However, among those patients who failed to
attain RVR, SVR was lower in groups B and C, compared with
group A (50.0% and 44.0% vs. 70.6%); however, for both com-
parisons the difference failed to reach statistical significance
(group B–group A, �0.21 [�0.49, 0.08]; group C–group A,
�0.27 [�0.56, 0.03]).

Within the International cohort, SVR was similar in Asian and
white patients (Table 3). Likewise, SVR was similar in G3 Asian
and white patients in the International cohort (75% vs. 74.5%).
Interestingly, in the 24-week treatment arms relapse was appre-
ciably higher in Asian patients than in white patients (PEG-IFN
1.5: 20.4% vs. 12.5% and PEG-IFN 1.0: 24.1% vs. 8.6%); however,
in the 16-week arm relapse was high in both Asian and white
patients (26.4% vs. 24.4%).

Safety and tolerability

Anemia was markedly lower in patients receiving PEG-IFN alfa-
2b 1.0 lg/kg/wk than in those receiving 1.5 lg/kg/wk (4.9% vs.
10% and 11%) (Table 4). In addition, the incidence of anorexia
and depression appeared higher in patients receiving PEG-IFN
1.5 lg/kg/wk for 24 weeks than in those receiving 1.0 lg/kg/wk.
Fatigue and alopecia were more common in patients receiving
PEG-IFN 1.5 lg/kg/wk for 24 weeks versus 16 weeks. Treat-
ment-emergent serious adverse events (SAEs) were highest in
patients receiving PEG-IFN alfa-2b (1.5 lg/kg/wk) for 24 weeks
and lower in those receiving 16 weeks of therapy and PEG-IFN
alfa-2b 1.0 lg/kg/wk. AEs leading to discontinuation of therapy
were similar in all treatment arms. Dose reductions or interrup-
tions due to anemia were reported in 14 (6.1%), 2 (0.9%), and
11 (4.8%) patients in arms A, B, and C, respectively.

Overall, tolerability was similar in Asian and white patients
within the International cohort (Table 5). Of note, myalgia and
arthralgia appeared to be more common among white compared
with Asian patients, whereas pain and dyspepsia were more com-
mon among Asian patients. A total of 28 SAEs were reported in 15
patients in the International cohort. SAEs were reported by six
patients receiving PEG-IFN alfa-2b for 24 weeks (four Asian and
two white), three patients receiving low-dose PEG-IFN alfa-2b
(one Asian and two white), and six patients in the 16-week arm
(five Asian and one white).
peginterferon alfa-2b and weight-based ribavirin in patients with geno-
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Table 2. Subgroup analyzes.

SVR, n (%) 

Genotype 2 
Hep-Net (n = 84) 
International (n = 51) 

Genotype 3 
Hep-Net (n = 263) 
International (n = 284) 

Baseline viral load
All patients <600,000 IU/ml 
All patients ≥600,000 IU/ml
G2 <600,000 IU/ml 
G2 ≥600,000 IU/nl 
G3 <600,000 IU/ml 
G3 ≥600,000 IU/ml 

Body weight
gk56

 >65 to <75 kg 
≥75 to ≤85 kg 
>85 to ≤105 kg 
>105 kg 

PEG-IFN alfa-2b  
1.5 µg/kg/wk + 
RBV 800-1200 mg/d

(24 wk) 

21/27 (77.8) 
8/11 (72.7) 

47/89 (52.8) 
77/103 (74.8) 

77/109 (70.6) 
75/119 (63) 
14/17 (82.3) 
15/21 (71.4) 
63/92 (68.5) 
60/98 (61.2) 

46/70 (65.7) 
36/59 (61.0) 
42/55 (76.4) 
24/39 (61.5) 
5/7 (71.4) 

1.0 µg/kg/wk + 
RBV 800-1200 mg/d

PEG-IFN alfa-2b  

(24 wk) 

19/31 (61.3) 
12/18 (66.7) 

50/84 (59.5) 
63/91 (69.2) 

70/103 (68.0) 
74/120 (61.7) 
16/22 (72.7) 
15/27 (55.6) 
54/81 (66.7) 
59/93 (63.4) 

46/75 (61.3) 
38/58 (65.5) 
35/52 (67.3 
24/36 (66.7) 
1/3 (33.3) 

1.5 µg/kg/wk + 
RBV 800-1200 mg/d

PEG-IFN alfa-2b  

(16 wk) 

14/26 (53.8) 
16/22 (72.7) 

41/90 (45.6) 
58/90 (64.4) 

59/103 (57.3) 
69/123 (56.1) 
11/19 (57.9) 
19/29 (65.5) 
48/84 (57.1) 
50/94 (53.2) 

45/78 (57.7) 
26/54 (48.1) 
32/57 (56.1)
22/34 (64.7) 
4/5 (80.0) 

Rapid virological responsea

Yesb 73/97 (75.3) 60/79 (75.9) 63/87 (72.4) 
oN 12/17 (70.6) 15/30 (50.0) 11/25 (44.0) 

aRapid virological response data are presented for the International cohort only.
bp = 0.526 for A vs. B, and p = 0.938 for A vs. C.

Table 3. International cohort ethnicity analyzes.

INTERNATIONAL COHORT (N = 335)

SVR 
Relapse* 
Completers SVR 
SVR by genotype 
    2 
    3 

White 
(n = 57) 

42/57 (73.7) 
5/40 (12.5) 
35/46 (76.1) 

07
74.5 

Asian 
(n = 57) 

43/57 (75.4) 
11/54 (20.4) 
38/46 (82.6) 

001
75 

White 
(n = 50) 

34/50 (68.0) 
3/35 (8.6) 
29/42 (69.1) 

3.85
71.1 

Asian 
(n = 59) 

41/59 (69.5) 
13/54 (24.1) 
40/53 (75.5) 

3.38
67.9 

White 
(n = 51) 

34/51 (66.7) 
10/41 (24.4) 
31/44 (70.5) 

6.07
64.7 

Asian 
(n = 61) 

40/61 (65.6)
14/53 (26.4)
33/49 (67.4)

08
64.3 

(24 wk) [n = 114]

PEG-IFN alfa-2b  
1.5 µg/kg/wk + 
RBV 800-1400 mg/d

(24 wk) [n = 109] 

1.0 µg/kg/wk + 
RBV 800-1400 mg/d

PEG-IFN alfa-2b  

(16 wk) [n = 112]

1.5 µg/kg/wk + 
RBV 800-1400 mg/d

PEG-IFN alfa-2b  

⁄Relapse was defined as HCV-RNA negative at the end of treatment and HCV-RNA positive at week 24 follow-up. Relapse rates were calculated using patients who were
HCV-RNA negative at the end of treatment and had HCV RNA tested at week 24 follow-up. Patients with positive or missing HCV RNA at the end of treatment and negative
HCV RNA at 24 weeks follow-up were not included in the relapse calculation.
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Table 4. Safety and tolerability.

severe/life threatening AE

Deaths  <1  <1 0 
AE leading to interruption, 
reduction, or increase  

15.7  9.4 3.21

AE leading to discontinuation 1.3 3.1 2.2

Events, % (24 wk); n = 230 (24 wk); n = 224 (16 wk); n = 228 
Pyrexia 37.8 37.1 44.3 
Fatigue 22.6 22.3 15.8 
Headache 22.6 25.4 25.4 
Alopecia 20.9 16.1 13.6 
Asthenia 19.1 27.7 19.7 
Myalgia 15.2 12.1 14.9 
Influenza-like illness 12.6 9.4 10.1 
Pruritus 12.6 19.6 10.1 
Weight decrease 12.6 10.7 13.6 
Anorexia 12.2 4.9 9.6
Nausea 11.7 11.6 14.0 
Injection-site erythema 11.3 13.8 7.5 
Depressed mood 11.3 7.1 8.3 
Arthralgia 10.9 7.6 10.5 
Anaemia 10.0 4.9 11.0 
Diarrhea 9.6 12.1 7.0 
Dry skin 5.7 11.2 6.6 
Treatment-emergent SAE 6.1 4.9 3.1 
Treatment-emergent 7.0 4.5 5.3 

PEG-IFN alfa-2b  
1.5 µg/kg/wk + 
RBV 800-1400 mg/d

1.0 µg/kg/wk + 
RBV 800-1400 mg/d

PEG-IFN alfa-2b  
1.5 µg/kg/wk + 
RBV 800-1400 mg/d

PEG-IFN alfa-2b  
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Discussion

In this large randomized study, reducing treatment from 24 to
16 weeks for patients with CHC G2 or G3 was associated with
a lower SVR rate, which occurred secondary to an increase in
relapse. These observations support recent guideline updates
which state that a 24-week treatment duration should be con-
sidered standard of care in this population [12]. The noninferi-
ority design of this study does not permit direct comparison of
any two individual arms; however, in concluding that noninfe-
riority cannot be claimed for either treatment comparison (A
vs. B or A vs. C), these data reinforce the use of a 24-week
treatment duration in this population. Nevertheless, as a gen-
eral observation, there was little difference between PEG-IFN
alfa-2b 1.5 and 1.0 lg/kg/wk and while 1.0 lg/kg/wk does not
appear much worse in terms of efficacy, 1.5 lg/kg/wk is not
much worse in terms of tolerability. Similar observations were
recently reported in the IDEAL study with SVR rates of 40% and
38% in US G1 patients receiving PEG-IFN alfa-2b 1.5 or 1.0 lg/
kg/wk in combination with weight-based ribavirin for 48 weeks
[13]. Thus, data from REDD 2/3 and IDEAL indicate that while
PEG-IFN alfa-2b 1.5 lg/kg/wk should be regarded as the stan-
dard approved dosage, clinicians can feel confident that the
Please cite this article in press as: Manns M et al. Reduced dose and duration of
type 2 and 3 chronic hepatitis C. J Hepatol (2011), doi:10.1016/j.jhep.2010.12
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dose can be reduced to 1.0 lg/kg/wk in patients with safety
concerns without any marked decline in efficacy.

The relapse rates in this study are likely attributable to the
unique characteristics of the enrolled patient population. The
majority of patients were G3 and more than half of all patients
had baseline viral load >600,000 IU/ml; both of these factors
are indicative of a relatively difficult-to-treat patient popula-
tion. Indeed, there is some evidence that patients with G3
infection and high baseline viral load may require longer treat-
ment duration than the standard 24 weeks [14]. Furthermore,
because patients were not randomized based on RVR, relapse
rates in the 16-week treatment arm are higher than would
otherwise be expected when treating patients who are selected
for shortened treatment based on week-4 HCV RNA
levels.

Overall, tolerability was similar between treatment arms and
consistent with the known safety profile of these agents. However,
the incidence of anorexia, depression, and anemia appeared higher
in patients receiving PEG-IFN 1.5 lg/kg/wk for 24 weeks than in
those receiving 1.0 lg/kg/wk. In addition, fatigue and alopecia
were more common in patients receiving PEG-IFN 1.5 lg/kg/wk
for 24 weeks versus 16 weeks. Thus, as would be expected, there
appear to be some tolerability benefits associated with reducing
peginterferon alfa-2b and weight-based ribavirin in patients with geno-
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Table 5. Adverse events in the International cohort.

Discontinuation due to an 
AE, n (%)  
SAE, n (%)b

Asian 
(n = 57) 

1 (1.7) 
4 (7.0) 

White 
(n = 57) 

1 (1.7) 
2 (3.5) 

Asian 
(n = 59) 

3 (5.1) 
1 (1.7) 

White 
(n = 50) 

1 (2.0) 
2 (4.0) 

Asian 
(n = 61) 

3 (4.9) 
5 (8.2) 

White 
(n = 51)

Any AE, n (%)a 54 (94.7) 51 (89.5) 57 (96.6) 45 (90.0) 59 (96.7) 46 (90.2)
Pyrexia 37 (64.9) 28 (49.1) 44 (74.6) 24 (48.0) 40 (65.6) 35 (68.6)
Asthenia 22 (38.6) 17 (29.8) 25 (42.4) 25 (50.0) 24 (39.3) 19 (37.3)
Pain 16 (28.1) 0 (0.0) 13 (22.0) 0 (0.0) 12 (19.7) 0 (0.0)
Alopecia 15 (26.3) 12 (21.1) 11 (18.6) 6 (12.0) 10 (16.4) 10 (19.6)
Headache 12 (21.1) 18 (31.6) 12 (20.3) 14 (28.0) 14 (23.0) 16 (31.4)
Cough 12 (21.1) 5 (8.8) 12 (20.3) 2 (4.0) 11 (18.0) 8 (15.7)
Diarrhea 10 (17.5) 4 (7.0) 12 (20.3) 1 (2.0) 5 (8.2) 7 (13.7)
Dyspepsia 8 (14.0) 1 (1.8) 20 (33.9) 0 (0.0) 11 (18.0) 2 (3.9)
Myalgia 8 (14.0) 18 (31.6) 7 (11.9) 16 (32.0) 5 (8.2) 21 (41.2)
Irritability 3 (5.3) 5 (8.8) 2 (3.4) 11 (22.0) 0 (0.0) 10 (19.6)
Arthralgia 3 (5.3) 12 (21.1) 3 (5.1) 8 (16.0) 1 (1.6) 7 (13.7)

0 (0.0)
1 (2.0)

INTERNATIONAL COHORT (N = 335)

(24 wk) [n = 114]

PEG-IFN alfa-2b  
1.5 µg/kg/wk + 
RBV 800-1400 mg/d

(24 wk) [n = 109] 

1.0 µg/kg/wk + 
RBV 800-1400 mg/d

PEG-IFN alfa-2b  

(16 wk) [n = 112]

1.5 µg/kg/wk + 
RBV 800-1400 mg/d

PEG-IFN alfa-2b  

aAdverse events reported in P20% of patients in any treatment arm.
bA total of 28 serious adverse events were reported in 15 patients.
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the intensity of treatment either through dose reduction or
decreasing treatment duration.

The present study is unique, with features of both an investi-
gator-initiated study and an industry-sponsored study. Data
collected from the Hep-Net cohort reflect the ‘‘real-world’’ treat-
ment of CHC with many patients lost to follow-up. By contrast,
within the International cohort >85% of patients completed ther-
apy. The high rates of discontinuation in the Hep-Net cohort are
also consistent with other real-world studies, such as the WIN-R
trial [15], where patient retention is frequently subject to influ-
ences that do not necessarily affect the recruitment of patients
in clinical trials. These data highlight the need for optimized
patient management in a real-world setting.

Race and ethnicity are well-described predictors of treatment
outcome for hepatitis C. The present study represents the largest
evaluation of G3-infected Asian patients to date and showed no
difference in treatment response for Asian versus white European
patients. Demographic differences between Asian and white
patients may render these populations differentially sensitive to
therapy and affect treatment outcomes; however, further study
is required to determine whether tailored treatment algorithms
are needed for patients of differing ethnic origins.

Several smaller studies have suggested that shorter treatment
durations are effective in patients who attain RVR [3,6,7]. In the
present study, SVR rates were uniformly high among patients
who attained RVR in all treatment arms, but declined with reduced
PEG-IFN alfa-2b dose and treatment duration in patients who
Please cite this article in press as: Manns M et al. Reduced dose and duration of
type 2 and 3 chronic hepatitis C. J Hepatol (2011), doi:10.1016/j.jhep.2010.12
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failed to attain RVR. These data, therefore, support using shortened
treatment duration of 16 weeks in patients with G2/3 infection
receiving PEG-IFN plus weight-based ribavirin who have unde-
tectable HCV RNA at week 4 of therapy. Consistent with these data,
there appears to be a consensus that reduced treatment duration
should only be considered in patients who attain RVR [12]. In
the present study, reduced treatment duration was associated
with lower rates of SVR in unselected patients, even among those
patients with low baseline viral load. It is also worth noting that
body mass index >30 kg/m2 and platelet count 6140,000 cells/
mm3 are significantly associated with relapse in G2/3 patients
treated for 12 weeks [16]. Furthermore, shortened treatment
duration has not been prospectively investigated in certain diffi-
cult-to-treat groups such as G3 patients with high baseline viral
load, African-Americans, those with cirrhosis, and those with
HCV-HIV coinfection, and thus caution should be exercised when
considering truncated therapy for these patients [12]. Finally, riba-
virin dosing also appears to be an important factor: Mangia and
colleagues reported that in G2/3 patients with RVR receiving
PEG-IFN plus ribavirin 1000–1200 mg/d, SVR rates were 85% and
91% when treated for 12 or 24 weeks, respectively [3]. Similarly
in the NORTH-C study, SVR rates were 81% and 91% in G2/3
patients with RVR receiving PEG-IFN alfa-2b plus ribavirin (800–
1400 mg/d) when treated for 14 or 24 weeks [7]. Although in the
latter study, the difference between SVR rates failed to meet the
predefined statistical criteria for noninferiority, the authors con-
cluded that the SVR rate in the shortened treatment arm remained
peginterferon alfa-2b and weight-based ribavirin in patients with geno-
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a favorable option. By contrast, G2/3 patients with RVR receiving a
fixed 800-mg/d ribavirin dose showed a significant decline in effi-
cacy when treatment was stopped at week 12 or 16 [5,8]. Thus,
these studies, considered collectively and in concert with data
regarding the inverse relationship between ribavirin dose and
relapse rates taken from other settings [17], strongly suggest that
weight-based ribavirin dosing is a key consideration in mitigating
the risk of relapse. This is particularly relevant to physicians con-
sidering shortened treatment options where the risk of relapse is
high: in this setting all appropriate measures to mitigate relapse
should be implemented, and we would advocate that shortened
therapy should not be considered in patients who are not candi-
dates for weight-based ribavirin treatment.

In conclusion, these data show that PEG-IFN alfa-2b (1.5 lg/
kg/wk) plus weight-based ribavirin for 24 weeks remains a stan-
dard of care for patients with CHC G2/3. In addition, a shortened
treatment duration of 16 weeks may be considered for patients
who have undetectable HCV RNA at week 4 of treatment: this
strategy may be particularly suitable for patients who are not
otherwise predisposed to relapse, such as those on weight-based
ribavirin, those compliant with medication, those who do not
have other characteristics associated with poor response (African
American ethnicity, cirrhosis, or high baseline viral load) and for
those in whom treatment shortening may be appropriate for
other reasons like drug toxicity. PEG-IFN alfa-2b (1.5 lg/kg/wk)
plus weight-based ribavirin offers favorable treatment outcomes
for both Asian and white patients and is equally effective in G2
and G3 patients.
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