
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
Peginterferon plus ribavirin versus interferon plus ribavirin for
chronic hepatitis C (Review)

 

  Hauser G, Awad T, Brok J, Thorlund K, Štimac D, Mabrouk M, Gluud C, Gluud LL  

  Hauser G, Awad T, Brok J, Thorlund K, Štimac D, Mabrouk M, Gluud C, Gluud LL. 
Peginterferon plus ribavirin versus interferon plus ribavirin for chronic hepatitis C. 
Cochrane Database of Systematic Reviews 2014, Issue 2. Art. No.: CD005441. 
DOI: 10.1002/14651858.CD005441.pub3.

 

  www.cochranelibrary.com  

Peginterferon plus ribavirin versus interferon plus ribavirin for chronic hepatitis C (Review)
 

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD005441.pub3
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

SUMMARY OF FINDINGS.............................................................................................................................................................................. 4

BACKGROUND.............................................................................................................................................................................................. 6

OBJECTIVES.................................................................................................................................................................................................. 6

METHODS..................................................................................................................................................................................................... 6

RESULTS........................................................................................................................................................................................................ 10

Figure 1.................................................................................................................................................................................................. 11

Figure 2.................................................................................................................................................................................................. 12

Figure 3.................................................................................................................................................................................................. 14

Figure 4.................................................................................................................................................................................................. 15

Figure 5.................................................................................................................................................................................................. 16

Figure 6.................................................................................................................................................................................................. 17

Figure 7.................................................................................................................................................................................................. 18

DISCUSSION.................................................................................................................................................................................................. 19

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 21

ACKNOWLEDGEMENTS................................................................................................................................................................................ 21

REFERENCES................................................................................................................................................................................................ 23

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 30

DATA AND ANALYSES.................................................................................................................................................................................... 66

Analysis 1.1. Comparison 1 Peginterferon plus ribavirin versus non-pegylated interferon plus ribavirin, Outcome 1 Liver-related
morbidity plus all-cause mortality.......................................................................................................................................................

66

Analysis 1.2. Comparison 1 Peginterferon plus ribavirin versus non-pegylated interferon plus ribavirin, Outcome 2 Adverse
events leading to treatment discontinuation.....................................................................................................................................

66

Analysis 1.3. Comparison 1 Peginterferon plus ribavirin versus non-pegylated interferon plus ribavirin, Outcome 3 Sustained
virological response..............................................................................................................................................................................

67

Analysis 2.1. Comparison 2 Adverse events, Outcome 1 Haematological eBects............................................................................. 69

Analysis 2.2. Comparison 2 Adverse events, Outcome 2 Fatigue and flu-like symptoms................................................................. 70

Analysis 2.3. Comparison 2 Adverse events, Outcome 3 Psychiatric symptoms............................................................................... 72

Analysis 2.4. Comparison 2 Adverse events, Outcome 4 Dermatological symptoms....................................................................... 73

Analysis 2.5. Comparison 2 Adverse events, Outcome 5 Thyroid malfunction................................................................................. 74

Analysis 2.6. Comparison 2 Adverse events, Outcome 6 Gastrointestinal symptoms...................................................................... 74

Analysis 3.1. Comparison 3 Subgroup and sensitivity analysis, Outcome 1 Sustanied virological response according to trial
methodological quality.........................................................................................................................................................................

77

Analysis 3.2. Comparison 3 Subgroup and sensitivity analysis, Outcome 2 Sustanied virological response according to baseline
treatment history..................................................................................................................................................................................

78

Analysis 3.3. Comparison 3 Subgroup and sensitivity analysis, Outcome 3 Sustained virological response according to
genotype................................................................................................................................................................................................

79

Analysis 3.4. Comparison 3 Subgroup and sensitivity analysis, Outcome 4 Sustained virological response according to baseline
viral load................................................................................................................................................................................................

80

Analysis 3.5. Comparison 3 Subgroup and sensitivity analysis, Outcome 5 Sustained virological response according to the type
of peginterferon....................................................................................................................................................................................

82

Analysis 3.6. Comparison 3 Subgroup and sensitivity analysis, Outcome 6 Sustained virological response according to the type
of peginterferon and the type of interferon........................................................................................................................................

82

Analysis 3.7. Comparison 3 Subgroup and sensitivity analysis, Outcome 7 Sustained virological response in trials with or without
amantadine............................................................................................................................................................................................

84

APPENDICES................................................................................................................................................................................................. 85

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 87

DECLARATIONS OF INTEREST..................................................................................................................................................................... 87

SOURCES OF SUPPORT............................................................................................................................................................................... 87

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 87

INDEX TERMS............................................................................................................................................................................................... 88

Peginterferon plus ribavirin versus interferon plus ribavirin for chronic hepatitis C (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Intervention Review]

Peginterferon plus ribavirin versus interferon plus ribavirin for chronic
hepatitis C

Goran Hauser1,2, Tahany Awad2, Jesper Brok3, Kristian Thorlund4, Davor Štimac1, Mahasen Mabrouk5, Christian Gluud2, Lise Lotte

Gluud6

1Department of Gastroenterology, Clinical Hospital Centre Rijeka, Rijeka, Croatia. 2The Cochrane Hepato-Biliary Group, Copenhagen
Trial Unit, Centre for Clinical Intervention Research, Department 7812, Rigshospitalet, Copenhagen University Hospital, Copenhagen,

Denmark. 3Paediatric Department 4072, Rigshospitalet, Copenhagen, Denmark. 4Department of Clinical Epidemiology and Biostatistics,

McMaster University, Hamilton, Canada. 5Endemic Medicine and Liver Department, Faculty of Medicine, Cairo University, Cairo, Egypt.
6Gastro Unit, Medical Division, Copenhagen University Hospital Hvidovre, Hvidovre, Denmark

Contact: Goran Hauser, Department of Gastroenterology, Clinical Hospital Centre Rijeka, Kresimirova 42, Rijeka, 51 000, Croatia.
ghauser@medri.hr.

Editorial group: Cochrane Hepato-Biliary Group.
Publication status and date: New, published in Issue 2, 2014.

Citation:  Hauser G, Awad T, Brok J, Thorlund K, Štimac D, Mabrouk M, Gluud C, Gluud LL. Peginterferon plus ribavirin versus
interferon plus ribavirin for chronic hepatitis C. Cochrane Database of Systematic Reviews 2014, Issue 2. Art. No.: CD005441. DOI:
10.1002/14651858.CD005441.pub3.

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Pegylated interferon (peginterferon) plus ribavirin is the recommended treatment for patients with chronic hepatitis C, but systematic
assessment of the eBect of this treatment compared with interferon plus ribavirin is needed.

Objectives

To systematically evaluate the benefits and harms of peginterferon plus ribavirin versus interferon plus ribavirin for patients with chronic
hepatitis C.

Search methods

We searched the Cochrane Hepato-Biliary Group Controlled Trials Register, the Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE, EMBASE, Science Citation Index-Expanded, and LILACS. We also searched conference abstracts, journals, and grey literature. The
last searches were conducted in September 2013.

Selection criteria

We included randomised clinical trials comparing peginterferon plus ribavirin versus interferon plus ribavirin with or without co-
intervention(s) (e.g., other antiviral drugs) for chronic hepatitis C. Quasi-randomised and observational studies retrieved through the
searches for randomised clinical trials were also considered for reports of harms. Our primary outcomes were liver-related morbidity, all-
cause mortality, serious adverse events, adverse events leading to treatment discontinuation, other adverse events, and quality of life. Our
secondary outcome was sustained virological response in serum, that is, undetectable hepatitis C virus RNA in serum by sensitive tests six
months aKer the end of treatment.

Data collection and analysis

Two review authors independently used a standardised data collection form. We meta-analysed data with both fixed-eBect and random-
eBects models. For each outcome, we calculated the odds ratio (OR) (for liver-related morbidity or all-cause mortality) or the risk ratio (RR)
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along with 95% confidence interval (CI) based on intention-to-treat analysis. We used domains of the trials to assess the risk of systematic
errors (bias) and trial sequential analyses to assess the risk of random errors (play of chance).

For each outcome, we calculated the RR with 95% CI based on intention-to-treat analysis. EBects of interventions on outcomes were
assessed according to GRADE.

Main results

We included 27 randomised trials with 5938 participants. All trials had high risk of bias. We considered that the risk of bias did not impact
on the quality of evidence for liver-related mortality and adverse event outcomes, but it did for virological response. All trials compared
peginterferon alpha-2a or peginterferon alpha-2b plus ribavirin versus interferon plus ribavirin for participants with chronic hepatitis
C. Three trials administered co-interventions (amantadine hydrochloride 200 mg daily to both intervention groups), and 24 trials were
conducted without co-interventions. The eBect observed between the two intervention groups regarding liver-related morbidity plus all-
cause mortality (5/907 (0.55%) versus 4/882 (0.45%) was imprecise: OR 1.14 ( 95% CI 0.38 to 3.42; five trials; low quality of evidence),
as was the risk of adverse events leading to treatment discontinuation (332/2692 (12.3%) versus 409/2176 (18.8%); RR 0.86, 95% CI 0.68
to 1.09; 15 trials; low quality of evidence) or regarding adverse events leading to treatment discontinuation (332/2692 (12.3%) versus
409/2176 (18.8%); RR 0.86, 95% CI 0.66 to 1.12; 17 trials; low quality of evidence). However, peginterferon plus ribavirin versus interferon
plus ribavirin significantly increased the risk of neutropenia (332/2202 (15.1%) versus 117/1653 (7.1%); RR 2.15, 95% CI 1.76 to 2.61; 13
trials), thrombocytopenia (65/1113 (5.8%) versus 23/1082 (2.1%); RR 2.63, 95% CI 1.68 to 4.11; 10 trials), arthralgia (517/1740 (29.7%) versus
282/1194 (23.6%); RR 1.19, 95% CI 1.05 to 1.35; four trials), injection site reaction (627/1168 (53.7%) versus 186/649 (28.7%); RR 1.71, 95% CI
1.50 to 1.93; four trials), and nausea (606/1784 (34.0%) versus 354/1239 (28.6%); RR 1.13, 95% CI 1.01 to 1.26; four trials). The most frequent
adverse event was fatigue, which occurred in 57% of participants (2024/3608). No significant diBerence was noted between peginterferon
plus ribavirin versus interferon plus ribavirin in terms of fatigue (1177/2062 (57.1%) versus 847/1546 (54.8%); RR 1.01, 95% CI 0.96 to 1.07; 12
trials). No significant diBerences were reported between the two treatment groups regarding anaemia, headache, rigours, myalgia, pyrexia,
weight loss, asthenia, depression, insomnia, irritability, alopecia, pruritus, skin rash, thyroid malfunction, decreased appetite, or diarrhoea.
We were unable to identify any data on quality of life. Peginterferon plus ribavirin versus interferon plus ribavirin seemed to significantly
increase the number of participants achieving sustained virological response (1673/3300 participants (50.7%) versus 1081/2804 patients

(36.7%); RR 1.39, 95% CI 1.25 to 1.56; I2 = 64%; 27 trials; very low quality of evidence). However, the risk of bias in the 13/27 (48.1%) trials
reporting on this outcome was high and was considered only 'lower' in the remainder. Because the conventional meta-analysis did not
reach its required information size (n = 14,486 participants), we used trial sequential analysis to control for risks of random errors. Again, in
this analysis, the estimated eBect was statistically significant in favour of peginterferon. Subgroup analyses according to risk of bias, viral
genotype, baseline viral load, past treatment history, and type of intervention yielded similarly significant results favouring peginterferon
over interferon on the outcome of sustained virological response.

Authors' conclusions

Peginterferon plus ribavirin versus interferon plus ribavirin seems to significantly increase the proportion of patients with sustained
virological response, as well as the risk of certain adverse events. However, we have insuBicient evidence to recommend or reject
peginterferon plus ribavirin for liver-related morbidity plus all-cause mortality compared with interferon plus ribavirin. The clinical
consequences of achieved sustained virological response are unknown, as sustained virological response is still an unvalidated surrogate
outcome. We found no evidence of the potential benefits on quality of life in patients with achieved sustained virological response. Further
high-quality research is likely to have an important impact on our confidence in the estimate of patient-relevant outcomes and is likely
to change our estimates.There is very low quality evidence that peginterferon plus ribavirin increases the proportion of patients with
sustained virological response in comparison with interferon plus ribavirin. There is evidence that it also increases the risk of certain
adverse events.

P L A I N   L A N G U A G E   S U M M A R Y

Peginterferon plus ribavirin is more e4ective than interferon plus ribavirin in clearing hepatitis C virus

Importance of the review/background on the condition

Hepatitis C is a disease of the liver caused by the hepatitis C virus. Globally, an estimated 170 million people are chronically infected
with the hepatitis C virus. Chronic hepatitis C can cause liver damage in the form of inflammation and scarring of the liver (cirrhosis).
Liver damage can lead to liver failure and other complications, including liver cancer. The goal of treatment of chronic hepatitis C is
to prevent complications of hepatitis C infection; this could possibly be achieved by clearing the virus from the blood of the patient
(sustained virological response, that is, undetectable hepatitis C virus RNA in serum by sensitivity testing six months aKer the end of
treatment). However, we still need to understand whether the sustained virological response outcome induced by antiviral treatment
has any association with patient-relevant and clinically relevant outcomes. A combination of weekly injections of peginterferon and oral
ribavirin represents the current standard of care.

Main findings of the review

Peginterferon plus ribavirin versus interferon plus ribavirin for chronic hepatitis C (Review)
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The review identified and included 27 randomised clinical trials comparing peginterferon plus ribavirin versus interferon plus ribavirin in
patients with chronic hepatitis C. All trials had high risk of bias, that is, overestimation of benefits and underestimation of harms. If we
disregard bias from lack of blinding and industry support, then 14 trials were considered to have a lower risk of bias. All trials were able
to inform on clearing virus from blood six months aKer the end of treatment (sustained virological response). We could not be certain that
peginterferon plus ribavirin has an eBect on liver-related morbidity plus all-cause mortality when compared with interferon plus ribavirin.
Because so few events occurred, we cannot exclude major beneficial or detrimental eBects. This review shows that peginterferon plus
ribavirin compared with interferon plus ribavirin significantly increases the number of patients with sustained virological response (50.2%
compared with 38.5%), but we do not yet know about any patient-relevant outcomes.

Adverse e�ects

Peginterferon plus ribavirin compared with interferon plus ribavirin significantly increased the risk of adverse events such as neutropenia
(lack of white blood cells in the blood), thrombocytopenia (lack of blood platelets in the blood), arthralgia (joint pain), injection site
reaction, and nausea, but adverse events leading to treatment discontinuation remained comparable for both treatments (12.3% versus
18.7%). Data about the influence of treatment on quality of life are insuBicient.

Limitations of the review

This eBect on virological response seems robust to analysis controlling for the risk of random errors ('play of chance'), but it may be due
to the fact that all trials were considered at high risk of bias. Furthermore, we still need to have proof that sustained virological response
induced by antiviral treatment has any association with patient-relevant and clinically relevant outcomes.
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Summary of findings for the main comparison.   Peginterferon plus ribavirin versus non-pegylated interferon plus ribavirin for chronic hepatitis C

Peginterferon plus ribavirin versus non-pegylated interferon plus ribavirin for chronic hepatitis C

Patient or population: patients with chronic hepatitis C.
Settings: mainly outpatients.
Intervention: peginterferon.
Comparison: non-pegylated.

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Non-pegylated Peginterferon

Relative effect
(95% CI)

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Liver-related morbidity plus
all-cause mortality

Five per 1000 Six per 1000 
(two to 17)

OR 1.14 
(0.38 to 3.42)

1789
(five studies)

⊕⊕⊝⊝

low 1
 

Adverse events leading to
treatment discontinuation

207 per 1000 178 per 1000 
(141 to 226)

RR 0.86 
(0.68 to 1.09)

4571
(15 studies)

⊕⊕⊝⊝

low 2,3

 

Sustained virological re-
sponse

386 per 1000 537 per 1000 
(482 to 602)

RR 1.39 
(1.25 to 1.56)

6104
(27 studies)

⊕⊝⊝⊝4,5 
very low

All trials had high
risks of bias.

Only an unvali-
dated surrogate
outcome.

*The basis for the assumed risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; RR: Risk ratio; OR: Odds ratio.

GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Low due to imprecision and indirectness wide confidence interval. The meta-analysis included only nine events.
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2Low due to imprecision and indirectness.The proportions of observed adverse events diBer substantially across trials, and the direction of eBect is heterogeneous. However,
because the event rate is still relatively low across trials, all of the included trials may be subject to considerable random error, thus explaining the apparent heterogeneity in
the direction of estimates.
3The observed treatment eBects diBer in both direction and magnitude, but most confidence intervals have considerable overlap. Low due to indirectness.
4Sustained virological response does not seem to be a valid surrogate marker for assessing hepatitis C virus treatment eBicacy of interferon treatment. Very low due to high risk
of bias in all trials and imprecision and indirectness due to surrogate
5Only randomised clinical trials were included.
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B A C K G R O U N D

Description of the condition

Globally, an estimated 170 million people are chronically infected
with hepatitis C virus, and three to four million persons are infected
each year (WHO 1999). In most patients, hepatitis C infection is
asymptomatic in the initial phase. Hepatitis C infection generally
is first recognised in the chronic phase (Hodgson 2003). Around
85% of patients who become infected with hepatitis C fail to
clear the virus and become chronic carriers. A number of these
individuals are reported to develop cirrhosis over a period of
approximately 20 to 25 years (SeeB 2002; SeeB 2009). Patients with
advanced fibrosis or cirrhosis develop liver complications such as
hepatocellular carcinoma at the annual rate of approximately 2%
to 4% (Benvegnu 2001; Fattovich 2002). Chronic hepatitis C is the
single most common indication for liver transplantation (OPTN
2008). Chronic hepatitis C is expected to become a greater burden
during the next decades.

Hepatitis C virus is an enveloped RNA virus that constitutes the
genus Hepacivirus within the Flaviviridae family (van Regenmortel
2000; Penin 2004). Hepatitis C virus is divided into six genotypes,
which diBer from each other by up to 30% in the nucleotide
sequence (Rosenberg 2001). Furthermore, hepatitis C virus
genotypes diBer by geographic region (Davis 1999). Although a
genotype does not predict the outcome of the infection, it does
predict the likelihood of virological response to treatment and in
many cases determines the duration of treatment (Manns 2001;
Fried 2002; Hadziyannis 2004).

Description of the intervention

The goal of treatment of chronic hepatitis C is to prevent
complications of hepatitis C infection; this is principally sought by
eradication of the infection (Ghany 2009). Accordingly, treatment is
aimed at achieving a virological response, defined as the absence of
hepatitis C virus RNA in serum by sensitive testssix months aKer the
end of treatment (sustained virological response). It is not known
whether this outcome bears any relevance to the patient regarding
mortality, morbidity, or quality of life (Gluud 2007).

How the intervention might work

Interferons work through complicated cellular mechanisms,
leading to a reduction of viral load in patients with chronic hepatitis
C. Monotherapy with interferon produces sustained virological
response in less than 20% of study participants (Myers 2002). The
introduction of combination therapy with interferon plus ribavirin
was considered a major advance because of its increased eBect
on sustained virological response. Combination therapy produces
sustained virological response in approximately 40% of previously
untreated participants, that is, participants who were previously
naive to antiviral drugs (Brok 2009a). A combination of weekly
subcutaneous injections of long-acting peginterferon alpha plus
oral ribavirin has achieved the highest overall sustained virological
response of 56% of participants (Ghany 2009). This represents the
current standard of treatment according to the guidelines of the
American Association for the Study of Liver Diseases (Ghany 2009)
and the European Association for the Study of the Liver (EASL 2012).

Pegylation involves the addition of polyethylene glycol molecules
to the interferon molecule, thus altering metabolism, decreasing
renal clearance, and increasing the half-life of the peginterferon

molecule in the circulation, thereby necessitating fewer doses
(Reddy 2001). Currently, two licenced products of peginterferon are

available: peginterferon alpha-2a (Pegasys®, Roche), which consists
of a 40-kDa branched pegylated chain linked to the interferon

molecule (Bailon 2001), and peginterferon alpha-2b (Peg-Intron®,
Merck Corporation), which consists of a 12-kDa linear pegylated
chain linked to the interferon molecule (Glue 2000). The two
forms of peginterferon diBer substantially in terms of chemical
and structural characteristics, as well as pharmacokinetic and
pharmacodynamic properties (Foster 2004; Awad 2010; Hauser
2014). In the present systematic review, we consider peginterferon
alpha-2a and peginterferon alpha-2b as a single intervention, but
in a subgroup analysis, we analyse them separately.

Why it is important to do this review

Previous reviews, including narrative reviews, meta-analyses,
and health technology assessments, have compared pegylated
interferon versus interferon given with or without co-interventions
(Chander 2002; Zaman 2003; Khuroo 2004; Shepherd 2005; Siebert
2005). The overall conclusion of these review authors was that
the combination of pegylated interferon plus ribavirin was more
eBicient than interferon plus ribavirin in obtaining sustained
virological response. However, these reviews relied on a sparse
number of included trials. Intervention research for hepatitis C is
high-paced, and new trials have emerged since these reviews were
completed. This Cochrane systematic review aimed to include and
critically assess evidence obtained through extensive searches for
randomised clinical trials.

O B J E C T I V E S

To systematically evaluate the benefits and harms of peginterferon
plus ribavirin versus interferon plus ribavirin for patients with
chronic hepatitis C.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised clinical trials, irrespective of language,
publication status, sample size, or year of publication, for
assessment of benefits and harms. We also included for assessment
of harms quasi-randomised studies and observational studies that
were identified during our searches for randomised trials.

Types of participants

We included patients with chronic hepatitis C. The diagnosis
was based on the presence of hepatitis C virus RNA for longer
than six months, or the presence of hepatitis C virus RNA
plus elevated transaminases in the blood for longer than six
months, or histological evidence of chronic hepatitis C. Based
on history of previous antiviral treatment, included patients
were classified as treatment-naive (not previously treated with
antiviral drugs), relapsers (patients with a transient response
to previous treatment), or non-responders (patients without
response to previous treatment). Patients who had undergone
liver transplantation and patients with hepatitis B or human
immunodeficiency virus coinfection were excluded.

Peginterferon plus ribavirin versus interferon plus ribavirin for chronic hepatitis C (Review)
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Types of interventions

This review included randomised clinical trials comparing
peginterferon alpha-2a or peginterferon alpha-2b plus ribavirin
versus interferon plus ribavirin for participants with chronic
hepatitis C. Trials were included regardless of the type, the dose, or
the duration of the interventions. Cointerventions were permitted
if they were received by and applied equally to all intervention
groups.

Types of outcome measures

Primary outcomes

• Liver-related morbidity plus all-cause mortality: number of
participants who developed cirrhosis, ascites, variceal bleeding,
hepatic encephalopathy, or hepatocellular carcinoma, or who
died.

• Adverse events leading to treatment discontinuation.
◦ Numbers and types of adverse events, defined as participants

with any untoward medical occurrence not necessarily
having a causal relationship to the treatment. We reported
separately on adverse events that led to treatment
discontinuation and those that did not lead to treatment
discontinuation. We defined a serious adverse event
according to the guidelines of the International Conference
on Harmonisation (ICH-GCP 1997) as any event that leads to
death, is life threatening, requires in-patient hospitalisation
or prolongation of existing hospitalisation, or results in
persistent or significant disability, as well as any important
medical event that may have jeopardised the participant
or required an intervention to prevent it. All other adverse
events were considered non-serious.

◦ Other adverse events: haematological eBects, fatigue,
flu-like symptoms, psychiatric symptoms, dermatological
symptoms, thyroid malfunction, gastrointestinal symptoms
(other than liver related).

• Quality of life.

Secondary outcomes

• Sustained virological response: number of participants with
undetectable hepatitis C virus RNA in serum by sensitive tests six
months aKer the end of treatment.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Hepato-Biliary Group Controlled Trials
Register (Gluud 2013), the Cochrane Central Register of Controlled
Trials (CENTRAL), MEDLINE, EMBASE, Science Citation Index-
Expanded (Royle 2003), and LILACS, using the search strategies and
time spans given in Appendix 1. The searches were conducted until
September 2013.

Searching other resources

We identified further trials by searching national and topic-specific
databases, bibliographies, conference abstracts, journals, and grey
literature. Furthermore, we reviewed the reference lists of the
included trials and contacted the principal authors of the identified
trials.

Data collection and analysis

We performed the review and meta-analyses according to the
recommendations of The Cochrane Collaboration (Higgins 2011)
and the Cochrane Hepato-Biliary Group Module (Gluud 2013). The
analyses were performed using Review Manager 5.2 (RevMan 2012)
and Trial Sequential Analysis version 0.9 (CTU 2011; Thorlund 2011).

Selection of studies

We listed the identified trials, and two of the review authors (GH and
TA) independently assessed their fulfilment of the inclusion criteria.
We listed the excluded trials along with the reasons for exclusion.
Disagreements were resolved by discussion and were arbitrated
with a third review author (CG).

Data extraction and management

A standardised template or data collection form was used to
extract data regarding source identification, eligibility, methods,
participants, interventions, outcomes, and results obtained from
published reports or by contact with the study authors. Two
review authors (GH and TA) extracted all the data independently.
Disagreements were resolved by discussion and were arbitrated
with a third review author (CG). Any further information required of
the original authors was requested by written correspondence, and
any relevant information obtained in this manner was included in
the review.

Assessment of risk of bias in included studies

Methodological quality was defined as the level of confidence
that the design and the report of the randomised clinical trial
would restrict bias in the comparison of interventions (Moher
1998). According to empirical evidence (Schulz 1995; Moher 1998;
Kjaergard 2001; Wood 2008; Lundh 2012; Savovic 2012; Savovic
2012a), the methodological quality of the trials, hence the risk of
bias, was based on the following.

Sequence generation

• Low risk of bias: Sequence generation was achieved by using
computer random number generation or a random number
table. Drawing lots, tossing a coin, shuBling cards, and throwing
dice are adequate if performed by an independent person not
otherwise involved in the trial.

• Uncertain risk of bias: The method of sequence generation was
not specified.

• High risk of bias: The sequence generation method was not
random.

Allocation concealment

• Low risk of bias: The participant allocations could not have been
foreseen in advance of, or during, enrolment. Allocation was
controlled by a central and independent randomisation unit.
The allocation sequence was unknown to the investigators (e.g.,
if the allocation sequence was hidden in sequentially numbered,
opaque, and sealed envelopes).

• Uncertain risk of bias: The method used to conceal the allocation
was not described so that intervention allocations may have
been foreseen in advance of, or during, enrolment.

• High risk of bias: The allocation sequence was likely to be known
to the investigators who assigned the participants.
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Blinding of outcome assessors

• Low risk of bias: Blinding was performed adequately, or
assessment of outcomes was not likely to be influenced by lack
of blinding.

• Uncertain risk of bias: Information was insuBicient to permit
assessment of whether blinding was likely to induce bias for the
results.

• High risk of bias: No blinding or incomplete blinding was
performed, and assessment of outcomes was likely to be
influenced by lack of blinding.

Incomplete outcome data

• Low risk of bias: Missing data were unlikely to make treatment
eBects depart from plausible values. SuBicient methods, such as
multiple imputation, were employed in handling missing data.

• Uncertain risk of bias: Information was insuBicient to permit
assessment of whether missing data in combination with the
method used to handle missing data were likely to induce bias
for the results.

• High risk of bias: The results were likely to be biased as the result
of missing data.

Selective outcome reporting

• Low risk of bias: All outcomes were predefined and reported, or
all clinically relevant and reasonably expected outcomes were
reported.

• Uncertain risk of bias: It is unclear whether all predefined
and clinically relevant and reasonably expected outcomes were
reported.

• High risk of bias: One or more clinically relevant and reasonably
expected outcomes were not reported, and data on these
outcomes were likely to have been recorded.

Other sources of bias

• Low risk of bias: The trial appears to be free of other components
(e.g., academic bias) that could put it at risk of bias.

• Uncertain risk of bias: The trial may or may not be free of other
components that could put it at risk of bias.

• High risk of bias: Other factors in the trial could put it at risk of
bias (e.g., authors have conducted trials on the same topic).

The risk of bias of the trials was assessed independently by two
review authors, and disagreements were resolved by discussion
and were arbitrated with a third review author. Trials with adequate
sequence generation and allocation concealment and free of
incomplete outcome data and selective outcome reporting were
considered trials with lower risk of bias, as we expected all or most
trials to be unblinded and to have obtained industry support.

Measures of treatment e4ect

Dichotomous data

Dichotomous data were expressed as risk ratios (RRs) and risk
diBerences (RDs) with 95% confidence intervals (CIs). Furthermore,
the number needed to treat for an additional beneficial outcome
was derived from the RD in meta-analyses in which the 95% CI
did not include zero. Rare events (morbidity and mortality) were
estimated by using the odds ratio (OR) as a measure of eBect.

Dealing with missing data

We planned to perform all analyses according to the intention-to-
treat method, including all participants, irrespective of compliance
or follow-up. However, we performed analyses according to the
intention-to-treat method only for dichotomous outcomes. For
continuous outcomes, we performed available case analyses and
included data only on those whose results were known. Regarding
the primary outcome measures, we planned to include participants
with incomplete or missing data in the sensitivity analyses by
imputing them according to the two scenarios described below
(Hollis 1999; Gluud 2013).

• 'Best-worst' case scenario analyses: Participants with missing
outcomes are considered successes in the experimental group
and failures in the control group. The denominator will include
all participants in the trial.

• 'Worst-best' case scenario analyses: Participants with missing
outcomes data are considered failures in the experimental
group and successes in the control group. The denominator will
include all participants in the trial.

As very few data were available, we decided not to conduct these
extreme case scenario analyses. When suBicient data become
available in the future, we will conduct such analyses.

Assessment of heterogeneity

Heterogeneity was explored by the Chi2 test, and the quantity

of heterogeneity was measured by the I2 statistic (Higgins 2002;
Higgins 2011). Sources of heterogeneity were assessed by subgroup
analyses and meta-regression when possible. Subgroup analyses
were carried out only when data from at least two trials were
available for each subgroup. Meta-regression was carried out only
for meta-analyses that included more than 10 trials. Whether
sensitivity analyses needed to be performed was determined
during the review process.

Assessment of reporting biases

DiBerent types of reporting biases (e.g., publication bias, time
lag bias, outcome reporting bias) were handled according to the
recommendations of The Cochrane Collaboration (Higgins 2011).
For dichotomous outcomes with intervention eBects measured
as odds ratios, the arcsine test proposed by Rücker 2008 was
used to test for funnel plot asymmetry. Nevertheless, asymmetrical
funnel plots are not necessarily caused by publication bias, and
publication bias does not necessarily cause asymmetry in a funnel
plot (Egger 1997).

Data synthesis

Meta-analysis
For all analyses, we used both random-eBects (DerSimonian 1986)
and fixed-eBect models (DeMets 1987). Because of underlying
assumptive diBerences, results from the random-eBects model and
from the fixed-eBect model may diBer to a non-ignorable extent.
In case such discrepancies were observed, P values were ignored,
and results were interpreted according to the implications of the
subgroup and heterogeneity analyses according to confidence
intervals of the two models.

Trial sequential analysis
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Random errors may play an important role in the evaluation
of cumulative meta-analyses as the result of sparse data and
multiplicity from repetitive testing of accumulating data. To assess
the reliability of inferences from our meta-analysis on sustained
virological response, we calculated the diversity-adjusted required
information size (DARIS). We defined DARIS as the required sample
size for the meta-analysis to detect a 10% relative risk reduction
in sustained virological response, assuming an average outcome
proportion of 50% in the control group, a diversity observed
in the meta-analysis, and statistical error levels of alpha = 5%
and beta = 10% (90% power). Meta-analyses conducted before
they surpassed the DARIS are considered analogous to interim
analyses in a single randomised trial, and thus they necessitate
adjustment of the threshold for statistical significance to maintain
the predetermined maximum risk of obtaining a false positive
(set to alpha = 5% in our analysis). Therefore, we substituted the
conventional 5% threshold for statistical significance with those
of Lan-DeMets trial sequential monitoring boundaries (Bangalore
2008; Brok 2008; Wetterslev 2008; Brok 2009; Thorlund 2009,
Wetterslev 2009; Thorlund 2010). To minimise the risk of random
errors, we used trial sequential analysis (CTU 2011; Thorlund 2011).
On the basis of the required information size and the risk for type
I (5%) and type II (10% or 20%) errors, trial sequential monitoring
boundaries were constructed (Wetterslev 2008; CTU 2011; Thorlund
2011). These boundaries determine the statistical inference that
one may draw regarding the cumulative meta-analysis that has
not reached the required information size. If the cumulative Z-
score crosses a trial sequential monitoring boundary before the
required information size is reached in a cumulative meta-analysis,
firm evidence may have been established, and further trials may be
superfluous, provided that systematic errors can be excluded. On
the other hand, if the monitoring boundaries are not surpassed, it is
most probably necessary to continue doing further trials to detect
or reject a certain intervention eBect. We used as default a type I
error of 5%, a type II error of 10%, and adjusted information size for
heterogeneity with diversity, unless otherwise stated (Wetterslev
2008; Wetterslev 2009; CTU 2011; Thorlund 2011). Posthoc, we also
challenged the trial sequential analysis on sustained virological
response by a type I error of 1%.

Subgroup analysis and investigation of heterogeneity

The following subgroup analyses were considered and performed
when feasible.

• Risk of bias: trials assessed to have low risk of bias compared to
trials with high risk of bias.

• Participants: trials with treatment-naive participants compared
to trials with relapsers or non-responders.

• Genotype: comparisons of trials with participants infected with
diBerent hepatitis C virus genotypes.

• Baseline viral load: trials assessed as having high or low risk of
viral load on the basis of 800,000 IU (˜ four million copies/mL)
threshold.

• Type of peginterferon: trials with peginterferon alpha-2a
compared to trials with peginterferon alpha-2b.

We performed a test of interaction between subgroups within
each of the five categories. We performed tests of interaction only
between subgroups that both included at least three trials.

Sensitivity analysis

Suitable sensitivity analyses were identified during the review
process. For example, if zero-event trials occurred, we employed
a number of diBerent continuity corrections according to the
sensitivity analysis proposed by Bradburn 2006 using the TSA
programme (CTU 2011; Thorlund 2011). We also carried out a
sensitivity analysis from which we excluded trials that provided
triple therapy with amantadine.

Summary of findings table

To minimise wrong interpretations of our findings and
recommendations, we planned to rate the available evidence
for all outcomes following the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) guidelines in
order to prepare a Summary of Findings (SoFs) table (Guyatt
2008). A SoFs table consists of three parts: information about
the review, a summary of the statistical results, and the grade of
the quality of evidence. The quality assessment comprises three
parts: the number of studies, the types of studies (randomised
or observational), and the factors that aBect the quality of the
evidence (see below).

Factors that a4ect the quality of the evidence

 

Decrease quality Increase quality

Risk of bias Large magnitude of effect

Inconsistency of results Demonstrated effect reduced by all plausible confounding

Indirectness of evidence Dose-response gradient

Imprecision  

Publication bias  
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R E S U L T S

Description of studies

Results of the search

We identified a total of 8089 references through electronic
searches until September 2013. The Cochrane Hepato-Biliary
Group Controlled Trials Register identified 923 references. We
excluded 2459 duplicates and 3346 clearly irrelevant references
by reading abstracts. Accordingly, 2284 references were retrieved
for further assessment. We excluded 2225 references because they
were not randomised clinical trials or because interventions or
participants did not meet our inclusion criteria.

FiKy-nine references describing a total of 27 randomised clinical
trials fulfilled our inclusion criteria (see the Characteristics of
included studies table) (Manns 2001; Cariti 2002; Fried 2002;
Hinrichsen 2002; Esmat 2003; Shobokshi 2003; Thakeb 2003; Al-
Faleh 2004; Bruno 2004; Fargion 2004; Izumi 2004; Derbala 2005;
Dollinger 2005; Lee 2005; Mangia 2005; Napoli 2005; PRETTY 2005;
Scotto 2005; Tsubota 2005; Derbala 2006; Wakil 2006; Rahman
2007a; Rahman 2007b; Sjögren 2007; Horsmans 2008; RoBi 2008;
Nevens 2010). Accordingly, several of the trials were published
multiple times. Seventeen trials were published as full-paper
articles, and 10 trials were published in abstract form only.

Included studies

Participants

A total of 5938 participants were randomly assigned in the 27
trials. The number of participants in each trial ranged from 40 to
1530. Twenty-three trials included treatment-naive participants,
and four trials included non-responders or relapsers. In 10 trials,
all participants were infected with hepatitis C virus genotype one.
In two trials, all participants were infected with genotype two or
three. In seven trials, all participants were infected with genotype
four. In eight trials, participants infected with diBerent genotypes
were included.

Experimental interventions

The type of peginterferon was alpha-2a (nine trials) or alpha-2b (18
trials).

The dose of peginterferon alpha-2a was 180 μg/wk (Cariti 2002;
Fried 2002; Shobokshi 2003; Thakeb 2003; Fargion 2004; Mangia
2005; PRETTY 2005; Derbala 2006; Nevens 2010).

The dose of peginterferon alpha-2b was 1.0 μg/kg/wk (Hinrichsen
2002; Esmat 2003; Al-Faleh 2004) or 1.5 μg/kg/wk (Manns 2001;
Izumi 2004; Derbala 2005; Dollinger 2005; Lee 2005; Napoli 2005;
Scotto 2005; Tsubota 2005; Wakil 2006; Rahman 2007a; Rahman
2007b; Sjögren 2007). In the Manns 2001 trial, a third intervention
group was given peginterferon alpha-2b 1.5 μg/kg/wk for four
weeks, followed by 0.5 μg/kg/wk for an additional 44 weeks. In
the RoBi 2008 trial, participants were given peginterferon alpha-2b
1.0 μg/kg/wk for four weeks, followed by 0.5 μg/kg/wk for an
additional two weeks.

Control interventions

The type of interferon was alpha-2a (eight trials), alpha-2b (14
trials), consensus interferon (four trials), or leucocyte interferon-
alpha (one trial).

The dose of interferon alpha-2a was 3 MU (Thakeb 2003; Mangia
2005; Derbala 2006), 4.5 MU (Shobokshi 2003), or 6 MU (Cariti
2002; PRETTY 2005), given thrice weekly. In the Fargion 2004 trial,
participants were given interferon alpha-2a 6 MU daily for four
weeks, then 3 MU daily for an additional 20 weeks, and then 3 MU
thrice weekly for an additional 24 weeks. In the Nevens 2010 trial,
participants were given interferon alpha-2a at a dose of 6 MU for
eight weeks, and then 3 MU for an additional 40 weeks.

The dose of interferon alpha-2b was 3 MU (Manns 2001; Fried 2002;
Hinrichsen 2002; Esmat 2003; Al-Faleh 2004; Lee 2005; Scotto 2005;
Wakil 2006), 5 MU (Wakil 2006), or 6 MU (Bruno 2004; Derbala
2005; Scotto 2005), given thrice weekly. In one trial (Izumi 2004),
interferon alpha-2b was given daily at a dose of 3 MU for the first
two weeks, and then thrice weekly for an additional 46 weeks. In the
Tsubota 2005 trial, interferon alpha-2b was given daily at a dose of 6
MU for the first two weeks, and then thrice weekly for an additional
46 weeks. In the Bruno 2004 trial, peginterferon alpha-2b 100 µg
was given to participants weighing 65 kg or more, and 80 µg to those
weighing less than 65 kg, for the first eight weeks, followed by a
fixed dose of 50 µg for the next 40 weeks.

The dose of consensus interferon was 9 µg (Rahman 2007a; Rahman
2007b) or 15 µg (Sjögren 2007) for 48 weeks. In the Dollinger 2005
trial, consensus interferon was given at a dose of 18 µg/d for six
weeks followed by 9 µg/d for 42 weeks.

In the Rahman 2007a trial, consensus interferon was given at a dose
of 27 to 18 µg once a day for 12 weeks followed by 9 µg once a day
for 36 weeks.The dose of leucocyte interferon-alpha was 6 MIU daily
(Napoli 2005).

Two trials (Shobokshi 2003; Horsmans 2008) included three
intervention groups. In the first trial (Shobokshi 2003), group one
was given peginterferon alpha-2a 180 µg plus ribavirin 800 mg for
48 weeks (n = 60); group two was given peginterferon alpha-2a
180 µg (n = 60); and group three was given interferon alpha-2a 4.5
MU plus ribavirin 800 mg for 48 weeks (n = 60). In the second trial
(Horsmans 2008), group one was given daily interferon alpha-2b
at a dose of 4 MIU for participants weighing more than 65 kg, and
0.06 MIU/kg for those weighing 65 kg or less; group two was given
interferon alpha-2b three times a week at a dose of 3 MIU; and group
three was given peginterferon alpha-2b at a dose of 100 mcg/wk
for participants weighing more than 65 kg, and 1.5 mcg/kg/d for
participants weighing 65 kg or less. Participants were followed up
for 24 weeks aKer the end of treatment.

Cointerventions in both intervention groups

The dose of ribavirin was 600 mg, 800 mg, 1000 mg, or 1200
mg daily, based on body weight. Three trials also administered
amantadine hydrochloride 200 mg daily to both intervention
groups (Fargion 2004; Mangia 2005; PRETTY 2005).

Excluded studies

Seven publications were excluded for the reasons shown in the
Characteristics of excluded studies table (APRICOT 2004; Asahina
2004; Gromova 2004; Laguno 2004; RIBAVIC 2004; ACTG 2005; Ali
2010).

Risk of bias in included studies

The risk of bias was unclearly reported in a considerable number
of included trials, hence giving them a high risk of bias (Figure 1;
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Figure 2). Fourteen trials reported adequate sequence generation
(generation of the allocation sequence ) (e.g., computer-generated
random numbers, table of random numbers, minimisation).
Fourteen trials used adequate allocation concealment (e.g., central
independent unit, sealed opaque envelopes). None of the trials
were blinded. It is unclear to what extent the outcome assessors
or the participants were blinded; therefore, a risk of bias might
be present in the registration of subjective outcome measures
(e.g., diagnosis of complications, adverse events). Only one trial
had adequate blinding for the outcome assessors for sustained

virological response (Sjögren 2007). Nineteen trials addressed
incomplete outcome data adequately. Protocols were not available
for any of the included trials, but most trials reported on the
primary outcomes of our review. Several trials had possible vested
interest bias (Manns 2001; Fried 2002; Shobokshi 2003; Al-Faleh
2004; Bruno 2004; Dollinger 2005; Lee 2005; Mangia 2005; Horsmans
2008), and in the remainder, the risk of vested interest bias was
unclear. The risk of bias was high in all of the trials from one or more
domains.

 

Figure 1.   Methodological quality graph: review authors' judgements about all methodological quality items
presented as percentages across all included studies.
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Figure 2.   Methodological quality summary: review authors' judgements about each methodological quality item
for each included study.
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Figure 2.   (Continued)

 
Disregarding the risk of bias from lack of blinding and vested
interests, we considered 14/27 trials (51.9%) as having a lower
risk of bias according to the following domains: generation of the
allocation sequence, allocation concealment, incomplete outcome
reporting, and selective outcome reporting.

E4ects of interventions

See: Summary of findings for the main comparison Peginterferon
plus ribavirin versus non-pegylated interferon plus ribavirin for
chronic hepatitis C

Liver-related morbidity plus all-cause mortality

Four deaths (suicide (suspected drug overdose), ruptured
oesophageal varices, traBic-related, and unexplained) on
peginterferon plus ribavirin versus three deaths (following surgery
for colon cancer, hypertensive heart disease, and brain tumour)
on interferon plus ribavirin were reported (Analysis 1.1). Two
participants developed hepatocellular carcinoma, one on each
intervention. No significant diBerence in liver-related morbidity
or all-cause mortality was noted between participants receiving
peginterferon plus ribavirin versus interferon plus ribavirin (Peto
OR 1.14, 95% CI 0.38 to 3.42; five trials).

Adverse events

Data from 17 trials yielded a non-significant diBerence
regarding adverse events leading to treatment discontinuation of

peginterferon plus ribavirin when compared with interferon plus
ribavirin (332/2692 (12.3%) versus 409/2176 (18.8%); RR 0.86, 95%
CI 0.66 to 1.12; 17 trials). When RR was used as the association
measure of intervention eBect, the Cochrane homogeneity test

statistic yielded a P value of 0.003, and the heterogeneity was I2

= 56% (Analysis 1.2). Funnel plot visual inspection did not reveal
significant evidence of publication bias (Figure 3).

Peginterferon plus ribavirin compared with interferon plus ribavirin
significantly increased the risk of neutropenia (RR 2.15, 95% CI 1.76
to 2.61; 13 trials) (Analysis 2.1), thrombocytopenia (RR 2.63, 95% CI
1.68 to 4.11; 10 trials) (Analysis 2.1), arthralgia (RR 1.19, 95% CI 1.05
to 1.35; four trials) (Analysis 2.4), injection site reaction (RR 1.71,
95% CI 1.50 to 1.93; four trials) (Analysis 2.4; Figure 1), or nausea (RR
1.13, 95% CI 1.01 to 1.26; four trials) (Analysis 2.6).

The most frequent adverse event was fatigue, which overall
occurred in 57% (2024/3608). No significant diBerence was seen
between the eBects of peginterferon plus ribavirin versus interferon
plus ribavirin on fatigue (RR 1.01, 95% CI 0.96 to 1.07; 10 trials)
(Analysis 2.2). No significant diBerences were noted between the
two interventions regarding anaemia (Analysis 2.1), headache,
rigours, myalgia, pyrexia, weight loss, asthenia (Analysis 2.4),
depression, insomnia, irritability (Analysis 2.3), alopecia, pruritus,
skin rash (Analysis 2.4), thyroid malfunction (Analysis 2.5), or
regarding decreased appetite and diarrhoea (Analysis 2.6).
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Figure 3.   Funnel plot of comparison: peginterferon plus ribavirin versus non-pegylated interferon plus ribavirin,
outcome: 1.2 Adverse events leading to treatment discontinuation.

 
Quality of life

Only one trial reported quality of life in the Methods section
(Hinrichsen 2002). This trial is published only as an abstract, and
we could not find the data in the Results section. We contacted the
study authors to ask for further information, but no answer has
been received.

Sustained virological response

Peginterferon plus ribavirin seems to significantly increase the
number of participants achieving sustained virological response

compared with interferon plus ribavirin (1673/3300 (50.7%) versus

1081/2804 (38.6%); RR 1.39, 95% CI 1. 25 to 1.56; I2 = 64%; 27
trials) (Analysis 1.3; Figure 4). When RR was used as the measure of
eBect, the Cochran homogeneity test statistic yielded a P value less

than 0.00001 and the heterogeneity was I2 = 64%. The estimated
number needed to treat for an additional beneficial outcome to
achieve an extra participant with sustained virological response is
seven participants (95% CI 5 to 10 participants) with peginterferon
plus ribavirin versus interferon plus ribavirin. Funnel plot visual
inspection did not reveal significant risk of publication bias (Figure
5).
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Figure 4.   Forest plot of comparison: pegylated interferon plus ribavirin versus interferon plus ribavirin, outcome:
1.1 Sustained virological response.
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Figure 5.   Funnel plot of comparison: pegylated interferon plus ribavirin versus interferon plus ribavirin, outcome:
1.1 Sustained virological response.

 
Because this meta-analysis did not reach its required information
size of 14,486 participants based on the assumption of a maximum
type I error of 5%, we used a trial sequential analysis to
assess the statistical significance. Based on the assumption of a

maximum type I error of 1%, the required information size was
20,513 participants. Again, the estimated eBects were statistically
significant in favour of peginterferon plus ribavirin (Figure 6; Figure
7).
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Figure 6.   Trial sequential analysis (TSA): pegylated interferon plus ribavirin versus interferon plus ribavirin -
sustained virological response.
 
Lan-DeMets statistical monitoring boundaries for assessing statistical significance regarding sustained virological
response to pegylated interferon plus ribavirin versus interferon plus ribavirin. The diversity-adjusted required
information size of n = 14,486 was calculated based on an event proportion of 50.6% of participants in the
interferon-treated group (Pc) with a risk ratio (RR) reduction of 10% in pegylated interferon group; an alpha (a, type
I error) of 5%, a beta (b, type II error) of 10%, and the observed diversity D = 72%.
 
The solid blue curve presents the cumulative meta-analysis test Z-score and the inward sloping red curves
present the adjusted threshold for statistical significance according to the two-sided Lan-DeMets trial sequential
boundaries. The cumulative Z-score crosses the boundaries for superiority, and this corresponds with superiority of
pegylated interferon.
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Figure 7.   Trial sequential analysis (TSA): pegylated interferon plus ribavirin versus interferon plus ribavirin -
sustained virological response.
 
Lan-DeMets statistical monitoring boundaries for assessing statistical significance regarding sustained virological
response to pegylated interferon plus ribavirin versus interferon plus ribavirin. The diversity-adjusted required
information size of n = 20,513 was calculated based on an event proportion of 50.6% of participants in the
interferon-treated group (Pc) with a risk ratio (RR) reduction of 10% in the pegylated interferon group; an alpha (a,
type I error) of 1%, a beta (b, type II error) of 10%, and the observed diversity D = 72%.
 
The solid blue curve presents the cumulative meta-analysis test Z-score and the inward sloping red curves
present the adjusted threshold for statistical significance according to the two-sided Lan-DeMets trial sequential
monitoring boundaries. The cumulative Z-score crosses the boundaries for superiority, and this corresponds with
the superiority of pegylated interferon.

 
Subgroup analyses showed pronounced diBerences in comparative
treatment eBects according to the genotype of the virus (Analysis
3.3). Data from 16 trials (Manns 2001; Cariti 2002; Fried 2002; Bruno
2004; Izumi 2004; Dollinger 2005; Lee 2005; Mangia 2005; Napoli
2005; PRETTY 2005; Scotto 2005; Tsubota 2005; Rahman 2007a;
Sjögren 2007; RoBi 2008; Nevens 2010) for genotype one yielded
RR 1.47, 95% CI 1.27 to 1.70, when the random-eBects model was
used. Data from nine trials (Manns 2001; Fried 2002; Hinrichsen
2002; Fargion 2004; Mangia 2005; Napoli 2005; Rahman 2007b;
Horsmans 2008; RoBi 2008) for genotype two or three yielded RR
1.10, 95% CI 1.03 to 1.19, when the random-eBects model was
used. Data from nine trials (Manns 2001; Fried 2002; Esmat 2003;

Shobokshi 2003; Thakeb 2003; Al-Faleh 2004; Derbala 2005; Derbala
2006; Wakil 2006) for genotype four yielded RR 1.76, 95% CI 1.30 to
2.39, when the random-eBects model was used. These diBerences
were substantiated by tests of interaction that yielded statistically
significant diBerences between genotype one and genotype two or
three (P value < 0.002) and between genotype two or three and
genotype four (P value < 0.029).

Subgroup analyses showed a pronounced diBerence in
comparative treatment eBects by type of peginterferon (Analysis
3.5; Analysis 3.6). Data from nine trials (Cariti 2002; Fried 2002;
Shobokshi 2003; Thakeb 2003; Fargion 2004; Mangia 2005; PRETTY
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2005; Derbala 2006; Nevens 2010) assessing peginterferon alpha-2a
yielded RR 1.85 (95% CI 1.46 to 2.35) by using the random-
eBects model. Data from 18 trials (Manns 2001; Hinrichsen 2002;
Esmat 2003; Al-Faleh 2004; Bruno 2004; Izumi 2004; Derbala
2005; Dollinger 2005; Lee 2005; Napoli 2005; Scotto 2005; Tsubota
2005; Wakil 2006; Rahman 2007a; Rahman 2007b; Sjögren 2007;
Horsmans 2008; RoBi 2008) assessing peginterferon alpha-2b
yielded RR 1.14, 95% CI 1.06 to 1.22, when the random-eBects
model was used. These diBerences were substantiated by tests of
interaction that yielded statistically significant diBerences between
peginterferon alpha-2a plus ribavirin and peginterferon alpha-2b
plus ribavirin (P < 0.001).

Subgroup analyses on risk of bias (Analysis 3.1), treatment history
(Analysis 3.2), and baseline viral load (Analysis 3.4) using RR as the
measure of eBect yielded similar results favouring peginterferon
over interferon. Tests of interactions of the latter subgroup analyses
were non-significant.

A sensitivity analysis from which we excluded the three trials
in which amantadine was used as triple therapy in both the
peginterferon plus ribavirin group and the interferon plus ribavirin
group yielded similar significant results favouring peginterferon
(Analysis 3.7).

Summary of findings table

We prepared a Summary of Findings (SoFs) table for all outcomes
but one, ie, quality of life (Summary of findings for the main
comparison). The SoFs table presents that we can have low
confidence in the current evidence on harms measured as
morbidity plus mortality and adverse events leading to treatment
discontinuation. The meta-analysis on morbidity plus mortality
showed a very serious imprecision because only nine events were
included in the meta-analysis with five trials. In the meta-analysis
on adverse events, serious discrepancies across trials and lack
of precision were evident. The proportions of observed adverse
events diBer substantially across the trials, and the direction of
eBect is heterogeneous. However, because the event proportion
is still relatively low across the trials, all included trials may be
subject to a considerable risk of random errors, thus explaining
the apparent heterogeneity in direction of estimates. The observed
treatment eBects diBer in magnitude as well, but most confidence
intervals show considerable overlap. In addition, we can have a
very low confidence in the current evidence on treatment benefits
measured as sustained virological response.

D I S C U S S I O N

Summary of main results

A major obstacle to treatment and patient compliance is the
association of combined antiviral therapy with frequent and
sometimes serious adverse events. Timely recognition of adverse
events has a crucial role in the continuation of antiviral therapy
with a hope for successful virological treatment results. In clinical
trials, approximately 10% to 15% of participants discontinue
peginterferon and ribavirin therapy because of adverse eBects;
in clinical practice, the rate of treatment discontinuation has
been reported as substantially higher (Sulkowski 2011). The
adverse eBects of combined antiviral therapy are numerous and
can be observed in many organ systems. The most common
adverse eBects are haematological, dermatological, neurological,

immunological, gastrointestinal, pulmonary, cardiovascular, and
ocular (Sulkowski 2011). We are lacking data on direct comparisons
of diBerent types of interferons. Among the most frequent adverse
eBects is myelosuppression. Neutrophil count decreases by an
average of 34% (Soza 2002), and mean platelet drop is around
42% (Roomer 2010). Regarding haemoglobin levels, more than
50% of participants experienced a decrease in haemoglobin
to around 30 g/L. Women are more prone to experiencing a
haemoglobin level less than 100 g/L (Sulkowski 2004). Many
of those adverse eBects usually require only adjustment of
antiviral therapy. In some patients, application of growth factors
is needed because of haematological disturbances. Psychiatric
disturbances and mood alterations associated with long-term
interferon therapy are well described. In some trials (Constant
2005), mood alterations occurred in 32% of participants, and
significant depressive symptoms were noted in 21% to 58% of
participants (Raison 2005). Retinopathy associated with pegylated
interferon therapy has been reported in 21% of participants, but
the vast majority of participants recovered without cessation of
treatment (Lim 2010). Among the rare adverse events that could
be linked to combined antiviral therapy are some potentially fatal
disorders that are usually reported as case reports. Pulmonary
complications such as pneumonitis and pulmonary hypertension
are rare but require early detection and premature cessation of
antiviral therapy (Kumar 2002; Dhillon 2010; Slavenburg 2010). In
one trial, mortality secondary to pneumonitis was seen exclusively
with peginterferon alpha-2b (Slavenburg 2010).

In this systematic review, we have summarised the available
evidence from randomised clinical trials comparing peginterferon
alpha versus interferon alpha, both given in combination with
ribavirin. Because of the high risk of bias in the trials, our results
seem to suggest that the combination of peginterferon plus
ribavirin is associated with a moderate or low beneficial eBect
on sustained virological response when compared with interferon
plus ribavirin. Our results show that evidence on liver-related
morbidity plus all-cause mortality is sparse, and that the meta-
analysis is underpowered to detect any diBerence in risk of liver-
related morbidity plus all-cause mortality. However, regarding
adverse events, the two regimens seem to diBer significantly, with
interferon plus ribavirin causing less harm than peginterferon plus
ribavirin.

Both peginterferon alpha-2a and peginterferon alpha-2b plus
ribavirin were superior in terms of sustained virological response
when compared with interferon plus ribavirin for participants
with chronic hepatitis. Our subgroup analyses demonstrated that
peginterferon alpha-2a was associated with a significantly higher
sustained virological response than peginterferon alpha-2b versus
interferon. This indirect observation is in harmony with our
previous observations from head-to-head trials that peginterferon
alpha-2a leads to sustained virological response in a greater
number of participants than is seen with peginterferon alpha-2b
(Awad 2010; Hauser 2014).

Overall completeness and applicability of evidence

The Summary of Findings table that we have prepared reveals
that, in generalwe can have only low confidence in the current
evidence on harms measured as liver-related morbidity plus all-
cause mortality, and adverse events or adverse events leading
to treatment discontinuation. In addition, we can have very low
confidence in the current evidence on treatment benefits measured
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as sustained virological response (Summary of findings for the main
comparison). All trials had high risks of bias. If we disregarded
bias due to lack of blinding and due to vested interests, about half
of the trials could be considered trials with a lower risk of bias.
Our sensitivity analyses, however, showed no important influence
of bias risk on our estimates of intervention eBects. This may be
due to the fact that we were unable to identify trials with a lower
risk of bias. In our study, trials that adequately reported on the
methodology of trial performance are large trials that dominate
the pooled estimates of eBect. Therefore, it is less likely that the
pooled estimates are biased. In the meta-analysis for sustained
virological response, no serious inconsistencies were seen across
trials, and the meta-analyses crossed the Lan-DeMets monitoring
boundary, leaving out any random error. The only trial with blinded
assessment of sustained virological response showed no significant
diBerences between the two interventions but suBered from the
fact that it was very small (Sjögren 2007).

Subgroup analyses for sustained virological response showed
a pronounced diBerence in comparative treatment eBects by
genotype and type of peginterferon. Data from 16 trials for
genotype one yielded RR 1.5, 95% CI 1.3 to 1.7. Data from nine trials
for genotype two or three yielded RR 1.1, 95% CI 1.0 to 1.2. Data
from nine trials for genotype four yielded RR 1.8, 95% CI 1.3 to 2.4.
These diBerences were substantiated by tests of interaction that
yielded statistically significant diBerences between genotype one
and genotype two or three (P value 0.0002) and between genotype
two or three and genotype four (P value 0.029). The larger eBects of
peginterferons versus interferons on sustained virological response
were observed in participants infected with genotype one and
genotype four, whereas the diBerence between peginterferon and
interferon was least for participants infected with genotype two or
three.

Moreover, peginterferon alpha-2a plus ribavirin seemed
significantly more eBective than peginterferon alpha-2b plus
ribavirin when compared with interferon plus ribavirin in subgroup
analyses. Data from nine trials for peginterferon alpha-2a yielded
RR 1.9, 95% CI 1.5 to 2.4. Data from 18 trials for peginterferon
alpha-2b yielded only RR 1.1, 95% CI 1.1 to 1.2. These
diBerences were substantiated by tests of interaction that yielded
statistically significant diBerences between peginterferon alpha-2a
plus ribavirin and peginterferon alpha-2b plus ribavirin trials (P
< 0.0001). This is in accordance with our previous observations
based on head-to-head randomised clinical trials comparing
peginterferon alpha-2a versus peginterferon alpha-2b (Awad 2010;
Hauser 2014).

All other tests of interaction regarding risk of bias (lower risk of bias
compared with high risk of bias), treatment history, and baseline
viral load yielded non-significant results.

We found three trials that used amantadine cointervention, four
trials that used consensus interferon, and one trial that used
leucocyte interferon. However, the paucity of evidence precludes
any firm conclusions on eBects of triple therapy regimens with the
use of amantadine, leucocyte interferon, or consensus interferon.
Our analyses strengthen the evidence that peginterferon plus
ribavirin increases sustained virological response for participants
with chronic hepatitis C, irrespective of genotype, previous
antiviral status, or viral load, and with or without amantadine as
cointervention.

Quality of the evidence

The methodological quality was unclearly reported in a
considerable number of included trials. Only 14 of the 27
trials (51.9%) reported adequate randomisation and allocation
concealment. Most trial reports described unclearly blinded
outcome assessment. These aspects may be essential in
minimising the risks of selection, performance, and ascertainment
bias in individual trials (Schulz 1995; Moher 1998; Kjaergard 2001;
Wood 2008; Lundh 2012; Savovic 2012; Savovic 2012a). However,
we found no significant association between methodological
quality and trial results ( Analysis 3.1).These findings may support
the robustness of our results but do not exclude the possibility of
bias, especially as we could not assess risk of bias from blinding
and vested interests. Industry support is known to significantly
bias trial results (Lundh 2012). Regarding blinding, only one trial
assessed sustained virological response with blinding and found no
significant eBect of pegylated interferon versus interferon (Sjögren
2007). However, this trial was small, and the confidence interval was
accordingly wide (Sjögren 2007).

Selective outcome reporting was diBicult to assess in this review.
None of the included trials was adequately registered or had its
protocol publicly available before trial completion (Krleza-Jeric
2005; WHO 2009). It is hoped that the initiation of the World Health
Organization International Clinical Trials Registry Platform will
facilitate such assessments for future trials (WHO 2009). Another
limitation in this review was insuBicient design and reporting.
Investigators of future trials therefore are well advised to adhere
to the guidelines of Standard Protocol Items: Recommendations
for Interventional Trials (SPIRIT) (Chan 2013) and the Consolidated
Standards for Reporting of Trials (CONSORT) (Moher 2012) to
improve the quality of trials.

In general, we can have only low confidence in the current evidence
on harms measured as morbidity plus mortality and adverse
events leading to discontinuation, whereas we can have moderate
confidence in the current evidence on treatment benefits measured
as sustained virological response (Summary of findings for the main
comparison). In the meta-analysis for morbidity plus mortality, very
serious imprecision was evident because only nine events were
included in the meta-analysis from five trials (Fried 2002; Esmat
2003; Al-Faleh 2004; Lee 2005; Nevens 2010).

In the meta-analysis on adverse events, serious discrepancies
across trials and lack of precision were noted. The proportions of
observed adverse events diBer substantially across trials, and the
direction of eBect is heterogeneous. However, because the event
rate is still relatively low across trials, all of the included trials
may be subject to considerable random error, thus explaining the
apparent heterogeneity in direction of estimates. The observed
treatment eBects diBer in magnitude as well, but most confidence
intervals show considerable overlap. In the meta-analysis for
sustained virological response, no serious inconsistencies across
studies were evident, and the meta-analyses showed adequate
precision (i.e., the TSA alpha-spending monitoring boundary for
benefit was crossed, favouring pegylated interferon). Nonetheless,
we had some concerns regarding bias (which was high in all
trials) and indirectness, as all included randomised clinical trials
had virological response as the predominant measure of benefit.
Many of the trials measured sustained virological response, which
is currently the commonly used surrogate outcome measure of
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benefit. Recent large cohort studies show a positive correlation
between the presence of viraemia and mortality (Adeel 2009;
Hirofumi 2009). However, it is important to remember that
sustained virological response still is only a putative (unvalidated)
surrogate outcome for the patient-relevant intervention eBects
of antivirals (Gluud 2007; Koretz 2013; Gurusamy 2013). Because
randomised clinical trials need to inform clinical practice, clinical
outcomes such as risk of liver failure, hepatocellular carcinoma,
mortality, and quality of life would be of greater interest to patients
and clinicians. Such measures nevertheless require a follow-up of
maybe up to five years. Currently, no randomised clinical trials
assessing the two pegylated interferons are of such long duration.

Potential biases in the review process

The included meta-analyses had a seemingly reasonable mix of
small and large studies, yielding fairly consistent results, thus
causing little concern about the presence of publication bias.

The strengths of this Cochrane Hepato-Biliary Group systematic
review are that it builds on a peer-reviewed published protocol,
uses extensive searches until recently (Appendix 1), considers risks
of systematic errors (‘bias’) (Schulz 1995; Moher 1998; Kjaergard
2001; Wood 2008; Lundh 2012; Savovic 2012; Savovic 2012a), and
considers risks of random errors (‘play of chance’) by adjusting the
threshold for statistical significance according to the information
and strength of evidence present in the cumulative meta-analysis
(Brok 2008; Wetterslev 2008; Brok 2009; Thorlund 2009, Wetterslev
2009; Thorlund 2010). Furthermore, to avoid publication and
ascertainment bias, we included trials regardless of publication
status and language, and all data were abstracted independently by
at least two review authors to avoid information bias. However, our
review has potential limitations that may lower our confidence in
the estimates of intervention eBect. First, we are aware of possible
inclusion bias in excluding special patient groups (hepatitis B virus,
human immunodeficiency virus, cancer, and liver-transplanted
patients). Future systematic reviews should assess the intervention
eBects of antivirals in these patient groups. Second, a possible
limitation of our review is the lack of availability of full reports of
all included trials. Ten of the 27 included trials were available only
as abstracts. However, including these abstracts in our systematic
review may likely be a strength rather than a limitation. By
including abstracts, we are looking at the complete available
body of evidence. By excluding abstracts, we would have been
looking only at a subset defined through present-day publication
mechanisms, favouring trials that show beneficial eBects. This
would considerably increase the likelihood of publication bias.
Third, in general, adverse events were reported insuBiciently. Most
of the participants treated with peginterferon alpha or interferon
alpha experience one or more adverse eBects (e.g., influenza-
like symptoms, depression, neutropenia, thrombocytopenia). The
proportions of observed adverse events diBered greatly across
trials, and the direction of eBect was heterogeneous.

Agreements and disagreements with other studies or
reviews

By comparing our results with those of the other meta-analyses,
we have found two main diBerences. Our searches of the literature
were much more detailed than searches previously conducted.
In previous meta-analyses, authors usually did not perform grey
literature searches and did not include meeting abstracts. Some
authors excluded trials that were not published in English or used

just two databases (Chander 2002; Zaman 2003), performed only
cost-eBectives analysis (Shepherd 2005; Siebert 2005), or evaluated
only one genotype (Khuroo 2004; Aljumah 2013). Second, we
performed several sensitivity analyses to ensure the robustness
of the results of our systematic review; this procedure is lacking
in previously published meta-analyses. Moreover, our number of
included trials is much higher than the number included in the
meta-analyses mentioned above. Fourth, we considered risk of
bias. FiKh, we also took precautions to interpret the statistical
inference according to the strength of the evidence. In this vein, we
constructed adjusted thresholds for statistical significance by using
TSA.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Moderate evidence shows that pegylated interferon plus ribavirin
compared with interferon plus ribavirin increases sustained
virological response for patients with chronic hepatitis C,
irrespective of genotype, previous antiviral status, or viral load, and
with or without amantadine as cointervention. However, evidence
is insuBicient with regard to the risk of liver-related morbidity plus
all-cause mortality, adverse events, and quality of life. Therefore, in
their best interest, patients must be informed and involved in the
decision to treat and with what to treat. Once started, treatment
should be monitored carefully to minimise the risk of harm for
patients.

Implications for research

We can have very low confidence in the current evidence on
treatment benefits measured as sustained virological response;
thus, further research may not change our confidence in the
estimate of eBect. However, we lack knowledge about the clinical
consequences of obtaining sustained virological response through
antiviral treatment. We have only low confidence in the current
evidence on harms measured as morbidity and mortality and
adverse events leading to discontinuation; thus, further research is
very likely to have an important impact on our confidence in the
estimates of eBect and is likely to change the estimates. Although
we did not find diBerences regarding adverse events leading to
treatment discontinuation between peginterferon plus ribavirin
when compared with interferon plus ribavirin, an obvious trend was
noted toward more adverse events among patients treated with
pegylated interferons. Randomised clinical trials are needed to
confirm or refute the eBect of peginterferon plus ribavirin treatment
in non-responders and relapsers. Longer follow-up assessment on
existing trials and research on the long-term association between
sustained virological response and liver-related morbidity and all-
cause mortality seem warranted. Future trials ought to assess
quality of life as well. Future trials should be designed according
to the SPIRIT guidelines (Chan 2013) and reported according to the
CONSORT guidelines (www.consort-statement.org) (Moher 2012).
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Methods Randomised clinical trial with two parallel-group design.

Sample size calculation: performed, 48 participants estimated for each group.

Intention-to-treat analysis: used. Participants who discontinued treatment or were lost to follow-up
were classified as non-responders.

Participants Country: Saudi Arabia.

Number of participants randomly assigned: 96; 54 men and 42 women.

All participants were treatment-naive.

Genotype: four.

Inclusion criteria.

• Persistently raised ALT for at least six months.

• Serum antibodies to HCV.

• HCV RNA found by PCR.

• Diagnosis of chronic hepatitis on liver biopsy sample taken in the preceding 12 months.

Exclusion criteria.

• Age younger than 18 or older than 70 years.

• Previous treatment with interferon or ribavirin.

• Neutropenia (fewer than 1500 neutrophils/mm3).

• Thrombocytopenia (fewer than 90,000 platelets/mm3).

• Anaemia (less than 12 g of haemoglobin/dL in women and less than 13 g of haemoglobin/dL in men).

• Serum creatinine greater than 1.5 times above the upper limit of normal.
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• Serum alpha-fetoproteins concentration above 25 ng/mL.

• History of alcohol or haemolytic disease.

• Decompensated cirrhosis.

• Autoimmune hepatitis.

• Hepatitis B infection.

• HIV infection.

• Current intravenous drug use; severe depressive illness; severe comorbid disease.

• Organ transplant.

• Pregnancy.

• Unwillingness to practice contraception.

• Hepatocellular cancer.

Interventions Participants were randomly assigned to two groups.

• Group 1: peginterferon alpha-2b 100 µg plus ribavirin 800 mg for 48 weeks (n = 48).

• Group 2: interferon alpha-2b 3 MU plus ribavirin 800 mg for 48 weeks (n = 48).

Participants were followed up for 24 weeks after the end of treatment.

Outcomes Primary outcomes were biochemical and virological responses at the end of treatment and at the end
of follow-up.

Other outcomes reported are adverse events.

Limit for hepatitis C virus RNA detection was 3200 copies/mL.

Notes Author contacted for additional information, but no reply received.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: randomly generated numbers by a computer program.

Allocation concealment
(selection bias)

Low risk Quote: performed in a central unit and were distributed in opaque sealed en-
velopes to individual centres.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comment: It is mentioned only that the pathologists were blinded to the treat-
ment allocation of the participant.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk It is clearly stated that treatment was discontinued in three and eight partic-
ipants in peginterferon plus ribavirin and interferon plus ribavirin groups. In-
tention-to-treat analysis was used when participants who discontinued treat-
ment or were lost to follow-up were classified as non-responders.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk Conflict of interest bias might be present. The study was supported in part by a
grant from Schering-Plough, Saudi Arabia.

Al-Faleh 2004  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.
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Sample size calculation: performed, 151 participants estimated for each group.

Intention-to-treat analysis: not used, although stated.

Participants Country: Italy.

Number of participants randomly assigned: 323; 194 men and 117 women, and 12 excluded from analy-
ses.

All participants were treatment-naive.

All participants were infected with HCV genotype one.

Inclusion criteria.

• Previously untreated HCV RNA positive patients between 18 and 65 years of age with ALT values above
1.5 times the upper normal limit.

• Liver biopsy performed within six months before enrolment and a diagnosis of chronic hepatitis with
any degree of fibrosis.

• Haemoglobin equal to 13 g/dL for males, equal to 12 g/dL for females, WBC count greater than 3000/

mm3, granulocyte count greater than 1500/mm3, platelet count greater than 80,000/mm3, bilirubin,
albumin and serum creatinine levels within normal limits.

Exclusion criteria.

• Advanced cirrhosis, that is, large oesophageal varices (F2 or more), history of gastrointestinal bleed-
ing, ascites or encephalopathy.

• Hepatocellular carcinoma.

• Anti-HIV or HBsAg positivity.

• Alcohol abuse (equal to 80 mg/d).

• Parenteral drug addiction if not abstaining for at least two years; and any other contraindications to
interferon or ribavirin.

Interventions Participants were randomly assigned to two groups.

• Group 1: peginterferon alpha-2b 100 µg for weight 65 kg or greater and 80 µg for weight below 65 kg,
for the first eight weeks, followed by a fixed dose of 50 µg for the next 40 weeks plus ribavirin for 48
weeks (n = 163).

• Group 2: non-pegylated interferon alpha-2b 6 MU plus ribavirin for 48 weeks (n = 148).

For both groups, ribavirin was given at a dose of 1000 mg for participants weighting 75 kg or less and
1200 mg for those weighing more than 75 kg.

Participants were withdrawn from treatment if they did not achieve a virological response that was de-
fined as undetectable serum HCV RNA by PCR 24 weeks after starting treatment.

Outcomes Primary outcome was sustained virological response, defined as the absence of detectable HCV RNA by
PCR 24 weeks after the end of treatment.

Other outcomes reported are end of treatment biochemical and virological response, sustained bio-
chemical response, and frequency of discontinuations and dose reductions with causes.

Limit for hepatitis C virus RNA detection was 50 IU/mL.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Bruno 2004  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk Quote: computer-generated scheme. Patients were stratified according to cen-
tre and randomised in blocks of four to the peginterferon plus ribavirin or in-
terferon plus ribavirin group.

Allocation concealment
(selection bias)

Low risk Comment: central randomisation centre.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comment: It is mentioned only that the slides of liver biopsy specimens were
coded and read by a single pathologist, who was unaware of clinical data.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: The number of participants lost to follow-up is mentioned. Treat-
ment was discontinued in 31 and 46 participants in peginterferon plus rib-
avirin and interferon plus ribavirin groups.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk Comment: Conflict of interest bias might be present. Schering-Plough Italy
supplied peginterferon alpha-2b, and the other drugs were provided by the
National Health System.

Bruno 2004  (Continued)

 
 

Methods Study design: randomised clinical trial.

Inclusion criteria: biopsy proven chronic hepatitis C, persistently elevated ALT, HCV RNA positive.

Participants Country: Italy.

Total number (sample size): 117.

Age: 46.7 group A; 43.7 group B.

Sex (male): group A 73%, group B 76%.

Genotype: one.

Previous HCV treatment: naive.

Interventions Group A.

• Drug: peginterferon alpha-2a.
◦ Dosage: 180 µg/wk.

◦ Duration: 48 weeks.

• Ribavirin
◦ Dose: 800 to 1000 mg weight-based.

◦ Duration: 48 weeks.

Group B.

• Drug: Interferon alpha-2a.
◦ Dosage: 6 MU thrice weekly.

◦ Duration: 48 weeks.

• Ribavirin
◦ Dose: 800 mg to 1000 mg weight-based.

◦ Duration: 48 weeks.

Cariti 2002 
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Outcomes Sustained virological response.

Notes Abstract form, study authors were contacted, but we received no reply. It is not clear whether Inten-
tion-to-treat analysis was used when participants discontinued treatment or were lost to follow-up.
The trial included 150 participants, but data from only 117 are available.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "patients where randomised".

Comments: Method used to perform sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comment: Method of allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comment: It is mentioned only that the pathologists were blinded to the treat-
ment allocation of the participant.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: It is not clear whether Intention-to-treat analysis was used when
participants discontinued treatment or were lost to follow-up. The trial includ-
ed 150 participants, but the data from only 117 are available.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The trial seems to be free of other sources of bias.

Cariti 2002  (Continued)

 
 

Methods Study design: randomised clinical trial.

Participants Country: Egypt.

Total number (sample size): 70.

Age, years: 42.6 group A; 38.7 group B.

Sex (male): group A 27, group B 26.

Genotype: four.

Previous HCV treatment: naive.

Inclusion criteria: biopsy proven chronic hepatitis C, persistently elevated ALT, HCV RNA positive.

Interventions Group A: 35 participants

• Drug: peginterferon alpha-2b.

• Dosage: 1.5 µg/kg.

• Duration: 48 weeks.

Group B: 35 participants.

• Drug: interferon alpha-2b.

• Dosage: 6 MU thrice weekly.

Derbala 2005 
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• Duration: 48 weeks.

Ribavirin was given to both groups at a weight-based dose ranging from 800 mg to 1000 mg.

• 1200 mg (more than 75 kg).

• 1000 mg (less than 75 kg but more than 65 kg).

• 800 (less than 65 kg).

Outcomes Sustained virological response.

Adverse events.

Notes Abstract only, no data about inclusion and exclusion criteria are provided.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method used to perform sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comment: Method of allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comment: It is not mentioned whether outcome assessors were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: The number and reasons for participant dropout were clearly spec-
ified. Intention-to-treat analysis did not change the estimates for sustained vi-
rological response.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The trial seems to be free of other sources of bias.

Derbala 2005  (Continued)

 
 

Methods Study design: randomised clinical trial.

Participants Country: Egypt.

Total number: 73 (seven participants did not continue the treatment).

Age, years: 45.5.

Sex (male): 31% to 33%.

Comorbidity: bilharziasis.

Genotype: four.

Previous HCV treatment: naïve.

Inclusion criteria: chronic active hepatitis C as evidenced by the following.

• Positive serological test for HCV-Ab.

Derbala 2006 
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• Detectable serum HCV-RNA.

• Elevated serum alanine transaminases.

• Histopathological criteria of chronic active hepatitis.

Exclusion criteria.

• Patient with hepatocellular carcinoma.

• Positive serum pregnancy test and breast feeders.

• Coinfected patients with HBV, HIV.

• Patient with other chronic liver disease.

Interventions Group A (n = 38).

• Drug: peginterferon alpha-2a.

• Dosage: 180 µg.

• Ribavirin dose: 1200 mg daily.

Group B (n = 35).

• Drug: INF 2a.

• Dosage: 3 MU three times.

• Ribavirin dose: 1200 mg daily.

Outcomes Primary outcomes: end of treatment response, sustained virological response, adverse events.

Notes Published article.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method used to perform sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to the outcome assessor is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The trial seems to be free of other sources of bias.

Derbala 2006  (Continued)

 
 

Methods Study design: randomised multicentre trial.

ITT analysis: performed.
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Sample size calculation: not mentioned.

Participants Country: Germany.

Total number (sample size): 40.

Age: not mentioned.

Sex (male): not mentioned.

Comorbidity: not mentioned.

Genotype: one-b.

Previous HCV treatment: non-responders to previous combination treatment with IFN and RBV.

Inclusion criteria: chronic hepatitis C diagnosed by the following.

• Histologically proven chronic hepatitis.

• Hepatitis C, positive HCV-RNA.

• Elevated transaminases.

Interventions Group A (n = 22).

• Drug: peginterferon alpha-2b.
◦ 1.5 µg/kg body weight.

◦ Once weekly.

Group B (n = 18).

• Drug: consensus interferon (CIFN)
◦ 18 mcg/d CIFN for six weeks followed by 9 µg/d CIFN for 42 weeks.

• Ribavirin
◦ Dose: > 10.6 mg/kg body weight daily.

Outcomes Early response rate (24 weeks of treatment); end-of-treatment response rate (52 weeks of treatment);
sustained response rate (six months after treatment); adverse events.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method of sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to outcome assessors is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Dollinger 2005  (Continued)
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Other bias Unclear risk Quote: "The study was supported by a grant of Yamanouchi and Essexpharma,
Germany".

Comments: The study may contain conflict of interest risk of bias.

Dollinger 2005  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.

Sample size calculation: unclear, not described.

Intention-to-treat analysis: used.

Participants Country: Egypt.

Number of participants randomly assigned: 200; 158 men and 42 women.

All participants were treatment-naive.

Mean inflammatory histological activity index score was 7/18 ± 2 and fibrosis stage 2.7/6 ± 1.3 in both
arms.

90% of participants were infected with HCV genotype four.

Inclusion and exclusion criteria: none stated.

Interventions Participants were randomly assigned to two groups:

• Group 1: peginterferon alpha-2b 100 µg with weight-based ribavirin 800 mg or 1000 mg for 48 weeks
(n = 100).

• Group 2: interferon alpha-2b 3 MU with weight-based ribavirin 800 mg or 1000 mg for 48 weeks (n =
100).

If HCV RNA was detectable at week 24, the treatment was stopped. Participants were followed-up for
an additional 24 weeks after the end of treatment.

Outcomes Primary outcome was HCV RNA status at week 72 (end of follow-up).

Other outcomes reported were end of treatment virological response and adverse events.

Limit for hepatitis C virus RNA detection was 50 copies/mL.

Notes The report is abstract. Abstract only, no data about inclusion and exclusion criteria are provided.

Additional data were obtained through personal communication with the study author.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: A computer programme randomly allocated participants to one of
the two treatment groups in blocks of 10.

Allocation concealment
(selection bias)

Low risk Comment: The group assignment was concealed in opaque sealed envelopes
that were not opened until all study entry criteria were met.

Blinding (performance
bias and detection bias) 

Unclear risk Comment: Participants were not blinded; however, it is mentioned whether
outcome assessors were blinded.

Esmat 2003 
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All outcomes

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: The number of participants lost to follow-up is stated. 67 partici-
pants discontinued treatment in peginterferon plus ribavirin group and 69 in
interferon plus ribavirin group. Intention-to-treat analysis was employed.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comments: The trial seem to be free of other sources of bias.

Esmat 2003  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.

Samlpe size calculation: not described.

Participants Country: Italy.

Number of participants randomly assigned: 185.

All participants were non-responders to previous interferon plus ribavirin treatment.

Inclusion and exclusion criteria: none stated.

Interventions Participants were randomly assigned to two groups.

• Group 1: peginterferon alpha-2a 180 µg plus ribavirin 800 mg to 1000 mg plus amantadine hydrochlo-
ride 200 mg for 48 weeks.

• Group 2: interferon alpha 2a 6 MU daily for four weeks, then 3 MU daily for additional 20 weeks, and
then 3 MU thrice weekly for additional 24 weeks plus ribavirin 800 mg to 1000 mg plus amantadine
hydrochloride 200 mg for 48 weeks.

Participants with detectable HCV RNA after 24 weeks of treatment were considered non-responders
and therapy discontinued. Participants were followed-up for 24 weeks after the end of treatment.

Outcomes Primary outcome was sustained virological response, defined as undetectable HCV RNA 24 weeks after
the end of treatment.

Other outcome reported was end of treatment virological response.

Notes The report is abstract; because the study has not been published yet, no data about inclusion and ex-
clusion criteria are provided.

Data were extracted from the primary reference and the previous abstract: Fargion S et al. End of treat-
ment and sustained response to peginterferon alfa-2a (40 kD) (Pegasys) plus ribavirin (RBV) (Copegus)
and amantadine (AMA), and to induction therapy with interferon (IFN) alfa-2A (Roferon-A) plus RBV and
AMA in INF/RBV non-responders with chronic hepatitis C (CHC) [AASLD abstract]. Hepatology 2003;38(4,
Suppl 1):733A.

Number of participants in each group is not reported, so we provisionally divided the total number of
participants by two.

Study author contacted for additional information, but no data were obtained.

Risk of bias

Bias Authors' judgement Support for judgement

Fargion 2004 
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Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method of sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to outcome assessors is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: No post randomisation dropouts were reported.

Selective reporting (re-
porting bias)

Unclear risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comments: The trial seem to be free of other sources of bias.

Fargion 2004  (Continued)

 
 

Methods Randomised clinical trial with three-group design.

Sample size calculation: unclear, not described.

Intention-to-treat analysis: not used, although stated (28 participants who were randomly assigned
and did not receive allocated intervention were excluded from analyses). All participants who received
at least one dose of study medication were included in all efficacy analyses, and if they had undergone
at least one safety assessment after baseline, they were included in the safety analysis. All participants
with follow-up of less than 20 weeks were considered to have had no response to treatment.

Participants Country: 81 centres worldwide.

Number of participants randomly assigned: 1149; 800 men and 321 women, and 28 excluded from
analyses.

All participants were treatment-naive.

Genotype: one.

Inclusion criteria.

• Adult patients who had never received interferon and who had at least 2000 copies of HCV RNA per
millilitre of serum according to a PCR assay.

• Serum ALT activity above the upper limit of normal within six months before entry into the study;

• Liver biopsy result consistent with the diagnosis of chronic hepatitis C.

Exclusion criteria.

• Neutropenia (fewer than 1500 neutrophils per cubic millimetre).

• Thrombocytopenia (fewer than 90,000 platelets per cubic millimetre).

• Anaemia (less than 12 g of haemoglobin per decilitre in women and less than 13 g of haemoglobin per
decilitre in men).

• HIV infection.

• Decompensated liver disease.

• Serum creatinine level greater than 1.5 times the upper limit of normal.

• Poorly controlled psychiatric disease.

Fried 2002 
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• Alcohol or drug dependence within one year before entry into the study.

• Substantial coexisting medical conditions.

Interventions Participants were randomly assigned to three groups.

• Group 1: peginterferon alpha-2a 180 µg plus ribavirin for 48 weeks (n = 453).

• Group 2: interferon alpha-2b 3 MU plus ribavirin for 48 weeks (n = 444).

• Group 3: peginterferon alpha-2a 180 µg plus placebo for 48 weeks (n = 224).

For two arms, ribavirin was given at a dose of 1000 mg for participants weighing 75 kg or less and 1200
mg for those weighing more than 75 kg.

Participants were withdrawn from treatment if they continued to have viraemia at week 24, if they
missed four consecutive doses, or at the discretion of the investigator. Participants were followed for
24 weeks after the end of treatment.

Outcomes Primary outcome was sustained virological response, defined as the absence of detectable HCV RNA at
the end of follow-up according to a PCR assay.

Other outcomes reported are end of treatment virological response, incidence of treatment discontinu-
ation, dose modification, and adverse events.

Limit for hepatitis C virus RNA detection was 50 IU/mL (100 copies/mL).

Notes The study was designed by the sponsor in collaboration with expert hepatologists. Data were collected
by the Pegasys International Study Group. Data analysis was performed by the sponsor and the authors
of the report; the authors had full access to the data, and the decision to publish was not limited by the
sponsor.

Data were extracted from the primary reference and Hassanein T, et al. The impact of peginterferon al-
fa-2a plus ribavirin combination therapy on health-related quality of life in chronic hepatitis C. Journal
of Hepatology 2004;40:675-81.

Study author contacted for additional information, but no reply obtained.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comments: Sequence generation was performed by a computer programme.

Allocation concealment
(selection bias)

Low risk Comments: Central allocation concealment.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments:Method of blinding was not described.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: No postrandomisation dropouts were reported.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk The trial was sponsored by Roche. Designed by the sponsor in collaboration
with expert hepatologists. Data were collected by the Pegasys International
Study Group. Data analysis was performed by the sponsor and the authors of

Fried 2002  (Continued)
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the report; the authors had full access to the data, and the decision to publish
was not limited by the sponsor. This trial may contain conflict of interest bias.

Fried 2002  (Continued)

 
 

Methods Randomised clinical trial with two-group design.

Samlpe size calculation: unclear, not described.

Intention-to-treat analysis: used.

Participants Country: Germany.

Number of participants randomly assigned: 72; 41 men and 31 women.

All participants were treatment-naive.

All participants were infected with HCV genotype two and three.

Inclusion and exclusion criteria: none stated.

Interventions Participants were randomly assigned to two groups.

• Group 1: peginterferon alpha-2b 100 µg with ribavirin 800 mg for 24 weeks (n = 36).

• Group 2: interferon alpha-2b 3 MU with ribavirin 1000 mg to 1200 mg for 24 weeks (n = 36).

Outcomes Primary outcomes were sustained and end of treatment virological responses.

Other outcome reported is quality of life.

Limit for hepatitis C virus RNA detection was 50 IU/mL.

Notes The report is abstract; because the study has not been published yet, no data about inclusion and ex-
clusion criteria are provided.

Study author contacted for additional information, but no data obtained.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comments: Method used to perform sequence generation is not mentioned.

Allocation concealment
(selection bias)

Low risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: The trial seems to have addressed incomplete outcome data ade-
quately.

Selective reporting (re-
porting bias)

Unclear risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Hinrichsen 2002 
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Other bias Low risk Comment: The trial seems to be free of other sources of bias.

Hinrichsen 2002  (Continued)

 
 

Methods Study design: multi-centre, controlled randomised trial comparing three groups.

ITT analysis: performed.

Participants Country: Belgium.

Total number (sample size): 258 (initially 336, but 78 had not commenced treatment).

Age, years (STD) : 45, 46, and 45.

Sex (male, number): 63, 62, and 36.

Genotype: one, two, and three.

Previous HCV treatment: naive.

Inclusion criteria: chronic hepatitis C diagnosed by the following.

• Elevated alanine aminotransferase (ALT) activity.

• Presence of HCV RNA in serum.

Exclusion criteria.

• Patients with decompensated liver cirrhosis.

• Patients with other chronic liver disease (e.g., HBV).

• Patients coinfected with HIV.

• Active alcohol abuse and intravenous drug abuse.

• Patients with contraindication to RBV.

Interventions Group 1 (n = 101).

• Drug: interferon alpha-2b (daily) 4 MIU sc for participants > 65 kg or 0.06 MIU/kg ≤ 65 kg.

Group 2 (n = 98).

• Drug:  peginterferon alpha-2b 100 µg/wk for participants > 65 kg or 1.5 µg/kg/d for participants ≤ 65 kg.

Group 3 (n = 59).

• Drug: IFN-2b.

• Dosage: 3 MIU three times a week.

• Ribavirin.

• Dose: 1000 mg/d for participants weighing less than 75 kg or 1200 mg/d for participants weighing
more than 75 kg.

Outcomes End of treatment response; sustained virological response; adverse events.

Notes Inconsistency in the figures across the study report is evident: total number (sample size): 258 (initially
336, but 78 had not commenced treatment).

Risk of bias

Bias Authors' judgement Support for judgement

Horsmans 2008 
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Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method of sequence generation is not mentioned. Randomisation
process is not well described.

Allocation concealment
(selection bias)

Unclear risk Comments: The allocation concealment process is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Coments: open-label trial.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Comment: 78 participants had not commenced treatment; it is not clear
whether the trial adhered to the intention-to-treat analysis.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk All medication was provided by Schering-Plough.

Horsmans 2008  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.

Sample size calculation: unclear, not described.

Intention-to-treat analysis: unclear, not described.

Participants Country: Japan.

Number of participants randomly assigned: 49; 23 men and 26 women.

63% of participants were treatment-naive and 37% were retreated.

None of the participants had cirrhosis.

All participants were infected with HCV genotype one. Limit for hepatitis C virus RNA detection was 10
copies/mL.

Mean HCV RNA levels (kIU/mL) were 720 in peginterferon plus ribavirin group and 640 in interferon plus
ribavirin group.

Inclusion criteria.

• Biopsy-proven chronic hepatitis C.

• Genotype one-b infection.

• HCV RNA greater than 100 kIU/mL by Amplicore Monitor assay; Roche Molecular Diagnostics Co.,
Tokyo, Japan.

Exclusion criteria.

• Cirrhosis.

• Autoimmune hepatitis.

• Alcoholic liver injury.

• HBsAg or HIV antibody in serum.

• Immunomodulatory therapy before enrolment in the study.

• History of excessive alcohol drinking (more than 80 g/d).

Interventions Participants were randomly assigned to two groups.

Izumi 2004 
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• Group 1: peginterferon alpha-2b 1.5 µg/kg for 48 weeks (n = 23).

• Group 2: interferon alpha-2b 6 MU intramuscularly, daily for the first two weeks and then thrice weekly
for additional 46 weeks (n = 26).

Both arms received ribavirin 600 mg for participants who weighed less than 60 kg, 800 mg for partici-
pants who weighed between 60 and 80 kg, and 1000 mg for participants who weighed more than 80 kg.

Outcomes Primary outcome was HCV RNA dynamics.

No other outcomes were reported.

Notes Data were obtained through personal communication with the study author.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method used to perform sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to outcome assessors is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comments: The trial seems to be free of other sources of bias.

Izumi 2004  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.

Sample size calculation: performed, 70 participants estimated for each group.

Intention-to-treat analysis: used (14 and five participants discontinued treatment in peginterferon plus
ribavirin and interferon plus ribavirin groups).

Participants Country: Taiwan.

Number of participants randomly assigned: 153; 105 men and 48 women.

All participants were treatment-naive.

Genotype: one, two, three, four.

Inclusion criteria.

• HCV RNA detectable in serum by PCR assay.

• Had undergone a liver biopsy within one year before entry that was consistent with chronic hepatitis.

Lee 2005 
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• Elevated serum ALT defined as two (upper limit of normal) for at least two measurements within six
months preceding trial entry.

Exclusion criteria.

• Positive HBsAg.

• Previous liver transplantation.

• Neutropenia (fewer than 1500/mm3).

• Thrombocytopenia (fewer than 100,000/mm3).

• Anaemia (less than 13 g/dL for men and less than 12 g/dL for women).

• HIV infection.

• Decompensated liver disease.

• Other causes of liver disease.

• Abnormal serum creatinine or alpha-fetoprotein level.

• Abnormal thyroid function test.

• Preexisting psychiatric disorders.

• Haemoglobinopathies.

• Autoimmune-type disease.

• Poorly controlled coexisting medical conditions.

• Unable to use contraception.

Interventions Participants were randomly assigned to two arms.

• Group 1: peginterferon alpha-2b 1.5 µg/kg plus ribavirin 1000 mg to 1200 mg (n = 76).

• Group 2: interferon alpha-2b 3 MU plus ribavirin 1000 mg to 1200 mg (n = 77).

The dose of ribavirin was based on body weight (1000 mg for weight 75 kg, and 1200 mg for weight
greater than 75 kg). Participants were treated for 24 weeks and were followed for another 24 weeks af-
ter the end of treatment.

Outcomes Primary outcomes were biochemical response, virological response, which was defined as the persis-
tent disappearance of serum HCV RNA, and degree of histological improvement.

Other outcomes reported are adverse events.

Limit for hepatitis C virus RNA detection was 50 IU/mL.

Notes The trial was supported by research grants from Schering-Plough Limited, Taiwan.

Additional data were obtained through personal communication with the study author.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comments: Sequence generation was performed by a computer programme.

Allocation concealment
(selection bias)

Low risk Comments: Central allocation concealment.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comment: It is mentioned only that the liver histology was analysed by a sin-
gle pathologist, who was unaware of the participant's identity, treatment regi-
men, response or timing of the biopsy relative to treatment.

Incomplete outcome data
(attrition bias) 

Low risk Comments: Incomplete outcome data were addressed adequately.

Lee 2005  (Continued)
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All outcomes

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk Comment: The trial was supported by research grants from Schering-Plough
Limited, Taiwan. The study may have conflict of interest bias.

Lee 2005  (Continued)

 
 

Methods Randomised clinical trial with three parallel-group design.

Sample size calculation: performed, 118 participants estimated for each group.

Intention-to-treat analysis: used. Participants who discontinued treatment or were lost during fol-
low-up were considered to be virological non-responders (i.e., no sustained virological response). 39
participants discontinued treatment in peginterferon plus ribavirin plus amantadine group, 46 in inter-
feron plus ribavirin plus amantadine group, and 54 in interferon plus ribavirin group.

Participants Country: Italy.

Number of participants randomly assigned: 362; 215 men and 147 women.

All participants were treatment-naive.

Genotype: one, two, three.

Mean HCV RNA levels (UI/mL × 1000) were 2817 ± 4318. 618 in peginterferon plus ribavirin plus amanta-
dine group and 1998 ± 2255. 631 in interferon plus ribavirin plus amantadine group.

Inclusion criteria.

• Previously untreated patients

• Aged 18 to 70 years.

• Histologically proven chronic hepatitis C.

• Positive for anti-HCV and HCV RNA by PCR.

• At least a 1.5-fold increase in ALT levels for at least six months before the start of the study.

• Haemoglobin levels at least 13 g/dL in men and 12 g/dL in women.

• Leukocyte counts at least 3000/mm3.

• Platelet counts higher than 70,000/mm3.

Exclusion criteria.

• Contraindications to interferon, ribavirin, and amantadine.

• Immune suppression.

• Concomitant liver disease; attributable to a cause other than HCV infection.

• Severe systemic diseases.

• Intravenous drug use.

• Alcohol abuse.

Interventions Participants were randomly assigned to three groups.

• Group 1: peginterferon alpha-2a 180 µg and amantadine hydrochloride 200 mg for 48 weeks (n = 121).

• Group 2: interferon alpha-2a 3 MU and amantadine hydrochloride 200 mg for 48 weeks (n = 120).

• Group 3: interferon alpha-2a 3 MU for 48 weeks (n = 121).

Mangia 2005 
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All participants received ribavirin 1000 mg (body weight less than 75 kg) or 1200 mg (body weight
greater than 75 kg).

Participaants were evaluated for virological response at 24 weeks of treatment. Therapy was continued
only in participants with undetectable HCV RNA at this time.

Outcomes Primary outcome was sustained virological response, defined as undetectable HCV RNA 24 weeks after
the end of treatment (study week 72).

Other outcomes reported included end of treatment virological response, sustained and end of treat-
ment biochemical responses, and adverse events.
Limit for hepatitis C virus RNA detection was 50 copies/mL.

Notes The study was conducted by the Al-liver Study Group.

Data were extracted from the primary reference, and additional data were obtained through personal
communication with the study author.

Dose reductions are reported only if they were greater than 20% of the prescribed drugs and for longer
than 20% of the prescribed duration.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comments: Sequence generation was performed by a computer programme.

Allocation concealment
(selection bias)

Low risk Comments: Central allocation concealment.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comment: It is mentioned only that the liver histology was analysed by a sin-
gle pathologist, who was unaware of the participant's identity, treatment regi-
men, response, or timing of the biopsy relative to treatment.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk Comment: No conflict of interest statement was provided.

Mangia 2005  (Continued)

 
 

Methods Randomised clinical trial with three parallel-group design.

Sample size calculation: performed. This study was designed to include 525 participants per group.

Intention-to-treat analysis: used. As prospectively specified in the protocol, all safety and efficacy
analyses, except for changes from baseline in the histological scores, were based on all participants
who received at least one dose of study medication. Participants who were missing HCV RNA values
during follow-up were classified as non-responders. Analyses of changes from baseline in histological
scores were based on participants who had both a pretreatment and a post-treatment biopsy sample.
72 participants discontinued treatment in higher-dose peginterferon plus ribavirin group, 67 in low-
er-dose peginterferon plus ribavirin group, and 66 in interferon plus ribavirin group.

Manns 2001 
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Participants Country: 62 centres in Europe, Canada, Argentina, and the USA.

Number of participants randomly assigned: 1530; 1003 men and 527 women.

All participants were treatment-naive.

Genotype: one, two, three.

Geometric mean HCV RNA levels (copies/mL × 1,000,000) were 2.7 in both peginterferon plus ribavirin
arms, and 2.8 in interferon plus ribavirin group. Limit for hepatitis C virus RNA detection was 100
copies/mL.

Inclusion criteria.

• Previously untreated adults.

• HCV RNA detectable in serum by PCR.

• Liver biopsy within one year before entry that was consistent with chronic hepatitis.

• High serum values of ALT (above the upper limit of normal more than 43 IU/L for men, more than 34
IU/L for women).

• Minimum haematological and biochemical values of: haemoglobin 120 g/L for women and 130 g/L for
men; WBC count 3000 × 1,000,000/L; neutrophil count 1.5 × 1,000,000/L; platelet count 100 × 1,000,000/
L.

• Bilirubin, albumin, and creatinine within normal limits.

Exclusion criteria.

• Decompensated cirrhosis.

• Serum alpha-fetoprotein concentration greater than 50 µg/L.

• HIV infection.

• Previous organ transplantation.

• Other causes of liver disease.

• Preexisting psychiatric disease.

• Seizure disorders.

• Cardiovascular disease.

• Haemoglobinopathies.

• Haemophilia.

• Poorly controlled diabetes.

• Autoimmune-type disease.

• Inability to use contraception.

Interventions Participants were randomly assigned to three groups.

• Group 1: peginterferon alpha-2b 1.5 µg/kg plus ribavirin 800 mg for 48 weeks (n = 511).

• Group 2: peginterferon alpha-2b 1.5 µg/kg for the first four weeks, followed by 0.5 µg/kg for the next
44 weeks plus ribavirin 1000 mg to 1200 mg for 48 weeks (n = 514).

• Group 3: interferon alpha-2b 3 MU plus ribavirin 1000 mg to 1200 mg for 48 weeks (n = 505).

In the two arms receiving 1000 mg to 1200 mg of ribavirin, the dose was adjusted according to body
weight (1000 mg for weight below 75 kg and 1200 mg for weight 75 kg or more).

Both drugs were started and stopped at the same time.

Participants were followed-up for 24 weeks after the end of treatment.

Outcomes Primary outcome was sustained virological response, defined as undetectable HCV RNA in serum at the
end of follow-up.

Manns 2001  (Continued)
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Other outcomes reported included end of treatment virological response, sustained and end of treat-
ment biochemical responses, histological response, and rates of discontinuation of treatment, dose re-
ductions, and adverse events.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: computer generated. Eligible participants were randomly assigned
the three study treatments in equal proportions, stratified by HCV genotype
(one versus others) and the presence or absence of cirrhosis. The randomisa-
tion 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).

Allocation concealment
(selection bias)

Low risk Comment: Randomisation of participants to treatment was done by an inde-
pendent central randomisation centre (Information Management Systems, Sil-
ver Springs, MD, USA). When a participant was found to be eligible for partici-
pation in the study, the study site sent a fax to the randomisation centre doc-
umenting the participant's eligibility; the centre sent a return fax with the par-
ticipant's treatment assignment and identification number for the study.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comment: It is mentioned only that the liver histology was analysed by a sin-
gle pathologist, who was unaware of the participant's identity, treatment regi-
men, response, or timing of the biopsy relative to treatment.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comment: As prospectively specified in the protocol, all safety and efficacy
analyses, except for changes from baseline in histological scores, were based
on all participants who received at least one dose of study medication. Par-
ticipants who were missing HCV RNA values during follow-up were classified
as non-responders. Analyses of changes from baseline in histological scores
were based on participants who had both a pretreatment and a post-treat-
ment biopsy sample.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk Comment: The study may contain conflict of interest bias. The study was sup-
ported by research grants from Schering Plough Research Institute, Kenil-
worth, NJ, and by clinical research centre grants from Massachusetts Gener-
al Hospital, Scripps Clinic, and University of Florida. Study authors received
grants from Schering Corp as part of their participation in current clinical tri-
als. The study was conducted by International Hepatitis Interventional Thera-
py Group.

Manns 2001  (Continued)

 
 

Methods Randomised clinical trial with two-group design.

Sample size calculation: unclear, not described.

Intention-to-treat analysis: used.

Participants Country: Italy.

Number of participants randomly assigned: 64; 45 men and 19 women.

Napoli 2005 
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All participants were treatment-naive.

Inclusion criteria.

• Positive for HCV RNA by PCR.

• Serum levels of ALT above the upper limit of normal values for at least six months before treatment.

• Histopathological confirmation of chronic hepatitis.

Exclusion criteria.

• Decompensated liver cirrhosis.

• Haematological abnormalities (haemoglobin level less than 12 g/dL in women and less than 13 g/dL
in men; neutrophil count fewer than 1.5 × 1000 cells/mL; platelet count fewer than 90 × 1.000 cells/mL).

• Preexisting severe psychiatric conditions.

• Severe cardiac disease.

• Haemoglobinopathies.

• Haemophilia.

• Autoimmune diseases.

• HIV coinfection.

• Previous liver transplantation.

• Other causes of liver disease.

• Women unable or unwilling to practice contraception.

Interventions Participants were randomly assigned to two arms:

• Group 1: peginterferon alpha-2b 1.5 µg/kg plus ribavirin 800 mg to 1200 mg (n = 32).

• Group 2: non-pegylated leucocyte interferon alpha 6 MU plus ribavirin 800 mg to 1200 mg (n = 32).

Dose of ribavirin depended on pretreatment body weight: 800 mg for weight less than 60 kg; 1000 mg
for weight greater than and equal to 60 kg and less than 75 kg; 1200 mg for weight greater than and
equal to 75 kg.

Duration of treatment was 48 weeks for participants infected with HCV genotype one and 24 weeks for
participants infected with genotypes two and three.

Outcomes Primary outcomes were end of treatment and sustained virological responses, defined as the absence
of detectable HCV-RNA in the serum at the end of treatment and at week 24 of post-treatment fol-
low-up.

Other outcomes reported are adverse events and dose reductions.

Limit for hepatitis C virus RNA detection was 3200 copies/mL.

Notes The study was supported by grants from Ministero dell Universita e della Ricerca Scientifica e Tecnolog-
ica, Rome, Italy.

Additional data were obtained through personal communication with the study author.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comments: Sequence generation was performed by a computer programme.

Allocation concealment
(selection bias)

Low risk Comments: central allocation concealment.

Napoli 2005  (Continued)
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Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The study seems to be free of other sources of bias.

Napoli 2005  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.

Sample size calculation: unclear, not described.

Intention-to-treat analysis: used. All participants who received at least one dose of study medication
were included in the analysis (ITT/e = exposed). Participants without measurements at the end of the
24-week untreated follow-up period were considered as non-responders.

Participants Country: Belgium.

Number of participants randomly assigned: 443; 241 men and 202 women.

78% of participants were treatment-naive and 22% were relapsers.

Inclusion criteria.

• Patients 18 years of age or older.

• Serologically proven chronic hepatitis C.

• Quantifiable HCV RNA (more than 1000 IU/mL).

• Compensated liver disease (Child-Pugh Grade A).

• Naive to any therapy or had a relapse after previous interferon-based treatment.

Exclusion criteria: none stated.

Interventions Participants were randomly assigned to two groups.

• Group 1: peginterferon alpha-2a 180 µg plus ribavirin 1000 mg to 1200 mg for 48 weeks (n = 230).

• Group 2: interferon alpha-2a 6 MU for eight weeks, and then 3 MU for additional 40 weeks plus ribavirin
1000 mg to 1200 mg for 48 weeks (n = 213).

Participants were followed-up for 24 weeks after the end of treatment.

Outcomes Primary outcome was sustained virological response, defined as undetectable HCV RNA at the end of
follow-up.

Other outcomes reported are sustained biochemical response and adverse events.

Limit for hepatitis C virus RNA detection was 50 IU/mL.

Notes Follow-up: 71 and 119 participants discontinued treatment in peginterferon plus ribavirin and inter-
feron plus ribavirin groups. Additional data were obtained through personal communication with the
study author.

Nevens 2010 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: “Randomisation was stratified according to pre-treatment status
(treatment naïve versus relapse) and presence of cirrhosis”.

Allocation concealment
(selection bias)

Low risk Comment: no data about allocation concealment.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comment: open-label study.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The study seems to be free of other sources of bias.

Nevens 2010  (Continued)

 
 

Methods Randomised clinical trial with two-group design.

Sample size calculation: unclear, not described.

Intention-to-treat analysis: unclear, not described.

Participants Country: Italy.

Number of participants randomly assigned: 178; 119 men and 59 women.

Genotype: one, two, three.

All participants were non-responders to previous interferon plus ribavirin treatment.

Inclusion and exclusion criteria: none stated.

Interventions Participants were randomly assigned to two arms:

• Group 1: peginterferon alpha-2a 180 µg plus ribavirin 1000 mg to 1200 mg and amantadine hydrochlo-
ride 200 mg for 48 weeks.

• Group 2: interferon alpha-2a 6 MU plus ribavirin 1000 mg to 1200 mg and amantadine hydrochloride
200 mg for 48 weeks.

Outcomes Primary outcomes were biochemical and virological responses.

Other outcome reported was dose reduction.

Notes The report is abstract; because the study has not been published yet, no data about inclusion and ex-
clusion criteria were provided.

We calculated sustained virological response based on reported proportions of participants because
no absolute numbers of participants with sustained virological response were reported.

PRETTY 2005 
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Number of participants in each group is not reported, so we provisionally divided the total number of
participants by two.

Study author contacted for additional informations, but no reply obtained.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method used to perform sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to outcome assessors is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: Information was insufficient to permit assessment of whether miss-
ing data in combination with the method used to handle missing data were
likely to induce bias on the results.

Selective reporting (re-
porting bias)

Unclear risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk Comment: It was not possible to assess whether the trial was free of other
sources of bias.

PRETTY 2005  (Continued)

 
 

Methods Study design: randomised controlled trial.

ITT analysis: yes.

Sample size calculation: not mentioned.

Participants Country: not known.

Total number (sample size): 310.

Genotype: one.

Previous HCV treatment: naive.

Inclusion criteria: chronic hepatitis C infection.

Exclusion criteria: not mentioned.

Interventions Group 1: peginterferon alpha-2b induction plus ribavirin.

• Dosage: induction two weeks interferon alpha-2b 10 -> 5 MU qd followed by 36 weeks peginterferon
alpha-2b 1.5 µg/kg,weekly.

Group 2: peginterferon alpha-2b  standard plus ribavirin.

• Dosage: 1.5 µg/kg weekly.

Group 3: CIFN induction plus ribavirin.

Rahman 2007a 
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• Dosage: 12 weeks CIFN 27 -18 µg qd followed by 36 weeks CIFN 9 µg qd.

Group 4: CIFN plus ribavirin.

• Dosage: 9 µg qd.

Outcomes Sustained virological response.

Adverse events.

Notes Only published abstract; no data about inclusion and exclusion criteria were provided.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method used to perform sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to outcome assessors is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: Information was insufficient to permit assessment of whether miss-
ing data in combination with the method used to handle missing data were
likely to induce bias on the results.

Selective reporting (re-
porting bias)

Unclear risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The trial seems to be free of other sources of bias.

Rahman 2007a  (Continued)

 
 

Methods Study design: randomised clinical trial.

ITT analysis: yes.

Sample size calculation: not mentioned.

Participants Country: not known.

Total number (sample size): 262.

Genotype: two, three.

Previous HCV treatment: naive.

Inclusion criteria: chronic hepatitis C infection.

Exclusion criteria: not mentioned.

Interventions Group 1: peginterferon alpha-2b  plus ribavirin.

• Dosage: 1.5 µg/kg weekly.

Rahman 2007b 
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Group 2: consensus interferon plus ribavirin.

• Dosage: 9 µg qd.

Outcomes Sustained virological response.

Adverse events.

Notes Only published abstract; no data about inclusion and exclusion criteria provided.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method used to perform sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to outcome assessors is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: Information was insufficient to permit assessment of whether miss-
ing data in combination with the method used to handle missing data were
likely to induce bias on the results.

Selective reporting (re-
porting bias)

Unclear risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The trial seems to be free of other sources of bias.

Rahman 2007b  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.

Sample size calculation: yes.

Intention-to-treat analysis: yes.

Participants Country: Italy.

Number of participants randomly assigned: 91; 64 men and 27 women.

Participant status regarding previous antiviral therapy not described.

Genotype: one, two, three

All participants had bridging fibrosis or cirrhosis.

Inclusion criteria.

• Participants with chronic hepatitis C.

• Liver biopsy performed within 12 months before entry to the protocol.

• Pathology report confirming a histological diagnosis of advanced disease: stage greater than four sec.
Ishak; stage greater than three sec. Knodell.

• Compensated liver disease.

Ro4i 2008 
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• Minimum biochemical criteria: haemoglobin 13 g/dL for men, 12 g/dL for women, WBC greater than

3000/mm3, granulocyte greater than 1500/mm3, platelets greater than 80,000/mm3, bilirubin within
normal limits.

Exclusion criteria.

• Decompensated.

• Child-Pugh class B or C cirrhosis.

• Medium-sized or large varices.

• Coinfection with hepatitis B or HIV.

Interventions Participants were randomly assigned to two groups (n = 93):

• Group 1: peginterferon alpha-2b 1.0 µg for four weeks, then 50 µg for up to 24 weeks plus ribavirin for
24 weeks (n = 57).

• Group 2: interferon alpha-2b 3 MU plus ribavirin for 24 weeks (n = 36).

Ribavirin

• Dose: 800 mg/d for participants weighing less than 65 kg, 1000 mg/d for participants weighing be-
tween 65 kg and 75 kg, or 1200 mg/d for participants weighing more than 75 kg.

Participants were followed-up for 48 weeks after the end of treatment.

Outcomes Primary outcomes were end of treatment and sustained virological responses.

Other outcome reported is treatment discontinuation.

Notes Follow-up: Six and five participants discontinued treatment in peginterferon plus ribavirin and interfer-
on plus ribavirin groups.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comments: Sequence generation was performed by a computer programme.

Allocation concealment
(selection bias)

Low risk Comments: central allocation concealment.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: It is mentioned only that the pathologists reviewed the biopsy
specimens in a blinded manner.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The study seems to be free of other sources of bias.

Ro4i 2008  (Continued)

 
 

Methods Randomised clinical trial with three parallel-group design.

Scotto 2005 
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Sample size calculation: not described.

Intention-to-treat analysis: used.

Participants Country: Italy.

Number of participants randomly assigned: 78; 36 men and 42 women.

All participants were treatment-naive.

All participants were infected with HCV genotype one-b.

Mean histological activity index score was 13.7 ± 2.9 in peginterferon plus ribavirin group, 13.7 ± 3.8 in
lower-dose interferon plus ribavirin group, and 13.9 ± 3.2 in higher-dose interferon plus ribavirin group.

Inclusion criteria.

• Serum ALT levels at least twice the upper normal limit for at least six months before treatment.

• Presence of anti-HCV antibodies determined by means of a third-generation enzyme-linked im-
munosorbent assay (HCV ELISA, Ortho Diagnostic System, Raritan, NJ, USA) and confirmed by addi-
tional third-generation recombinant immunoblot assay (RIBA, Ortho Diagnostic System, Raritan, NJ,
USA).

• Presence of measurable serum HCV RNA (Cobas Amplicor HCV Monitor test, Roche Molecular System,
Basel, Suisse).

• HCV genotype one-b (Inno-Lipa HCV II Kits, Innogenetics, Zwijmaarden, Belgium).

• Leukocyte counts greater than 3000/mm3.

• Platelet counts greater than 75,000/mm3.

• Haemoglobin concentration greater than 13 g/dL for men and greater than 12 g/dL for women.

• Liver biopsy performed within one year of the start of treatment with histological diagnosis of chronic
hepatitis based on the histological activity index score as described by Knodell et al. and modified by
Ishak et al.

Exclusion criteria.

• Previous episodes of decompensated liver disease (i.e., ascites, bleeding from oesophageal varicose
veins, encephalopathy).

• HIV coinfection.

• Active intravenous drug use.

• Potential cause of liver disease other than HCV.

Interventions Participants were randomly assigned to three groups.:

• Group 1: peginterferon alpha-2b 1.5 µg/kg for 52 weeks (n = 26).

• Group 2: interferon alpha-2b 6 MU for 52 weeks (n = 26).

• Group 3: interferon alpha-2b 3 MU daily for 52 weeks (n = 26).

All participants also received ribavirin at 800 to 1000 to 1200 mg according to body weight (less than 65
kg, 65 to 85 kg, and more than 85 kg).

Participants were followed up for 24 weeks after the end of treatment.

Outcomes Primary outcomes were early, end of treatment, and sustained biochemical and virological responses.

Other outcomes reported are histological changes, adverse events, and treatment discontinuations.

Notes Follow-up: Three participants discontinued treatment in peginterferon plus ribavirin group, four in low-
er-dose interferon plus ribavirin group, and eight in higher-dose interferon plus ribavirin group. Study
author contacted for additional information, but no reply obtained.

Risk of bias

Scotto 2005  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: Randomisation was performed using a matrix of casual numbers,
which generated the random allocation sequence table.

Allocation concealment
(selection bias)

Low risk Comments: central allocation concealment.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to the outcome assessor is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The study seems to be free of other sources of bias.

Scotto 2005  (Continued)

 
 

Methods Randomised clinical trial with three parallel-group design.

Sample size calculation: unclear, not described.

Intention-to-treat analysis: unclear, not described.

Participants Country: Saudi Arabia.

Number of participants randomly assigned: 180; 119 men and 61 women.

Participant status regarding previous antiviral therapy not described.

Histological activity index (22) mean was 6.9 in peginterferon plus ribavirin group and 8.1 in interferon
plus ribavirin group.

All participants were infected with HCV genotype four.

Mean HCV RNA levels (UI/mL) were 459,590 in peginterferon plus ribavirin group and 411,028 in interfer-
on plus ribavirin group.

Inclusion and exclusion criteria: none stated.

Interventions Participants were randomly assigned in three groups to receive the following.

• Group 1: peginterferon alpha-2a 180 µg plus ribavirin 800 mg for 48 weeks (n = 60).

• Group 2: peginterferon alpha-2a 180 µg (n = 60).

• Group 3: interferon alpha 2a 4.5 MU plus ribavirin 800 mg for 48 weeks (n = 60).

Participants were followed up for 24 weeks after the end of treatment.

Outcomes Primary outcomes were sustained and end of treatment virological responses.

Other outcomes reported are sustained and end of treatment biochemical responses.

Notes The report is abstract because the study has not been published yet.

Shobokshi 2003 
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The study was conducted by MOH PEG-IFN Clinical Trial Group.

Data were extracted from the primary reference and abstracts: Shobokshi, et al. Peginterferon alfa-2a
(40KDA) as a monotherapy or in combination with ribavirin significantly improves end of treatment
response rate in hepatitis C virus genotype 4 chronic active hepatitis patients. Saudi Medical Journal
2003;24(Suppl 2):S92-3; and Shobokshi et al. Early virological response at week 12 has positive predic-
tive value for end of treatment response for hepatitis C virus genotype 4 chronic active hepatitis cases
treated with combination therapy of peginterferon plus ribavirin. Saudi Medical Journal 2003;24(Suppl
2):S92-3.

Follow-up: Seven participants discontinued treatment in peginterferon plus ribavirin group, four in
peginterferon group, and one in interferon plus ribavirin group.

Study author contacted for additional information, but no reply obtained.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: Method of sequence generation was not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: Blinding to the outcome assessor is not mentioned.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: Information was insufficient to permit assessment of whether miss-
ing data in combination with the method used to handle missing data were
likely to induce bias on the results.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Unclear risk Comment: The trial may have conflict of interest bias.

Shobokshi 2003  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.

Intention-to-treat analysis: used.

Participants Country: USA.

Number of participants randomly assigned: 59.

All participants are treatment-naive.

All participants are infected with HCV genotype one.

Inclusion criteria: HCV RNA positive patients with liver biopsy compatible with chronic HCV infection

Exclusion criteria: minimum haemoglobin 12g/L for women and 13g/L for men, WBC < 3x103/mm3,

Neutrophil count < 1,5x103/mm3, platelet count < 75x103/mm3, prothrombin time > 2 sec above the up-
per limit of normal, severe psychiatric conditions, other causes of liver disease than HCV infection

Interventions Participants are randomly assigned to two groups.

Sjögren 2007 
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• Group 1: peginterferon 1.5 µg/kg and ribavirin 1000 mg or 1200 mg (n = 29).

• Group 2: non-pegylated consensus interferon 15 µg and ribavirin 1000 mg or 1200 mg (n = 30).

Treatment is planned for 48 weeks if serum HCV RNA is undetectable at week 24; otherwise, drugs are
to be discontinued.

Outcomes Primary outcome is sustained virological response, which will be determined at week 72.

Other outcomes reported include end of treatment virological response and adverse events.

Notes An ongoing study with interim results. No new publications regarding this data.

Study author contacted for additional information, but no reply obtained.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Patients were randomised using a computerized system".

Allocation concealment
(selection bias)

Low risk Comments: central allocation concealment.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Quote: "HCV RNA and HCV genotype were tested at a central laboratory". How-
ever, it is not clear whether adverse event outcome assessors were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Low risk Comment: All clinically relevant and reasonably expected outcomes were re-
ported.

Other bias Low risk Comment: The trial seems to be free of other sources of bias.

Sjögren 2007  (Continued)

 
 

Methods Study design: randomised clinical trial.

ITT analysis: performed.

Participants Country: not known.

Total number (sample size): 100.

Genotype: four.

Previous HCV treatment.

Interventions Group A (n = 51).

• Drug: peginterferon alpha-2a.

• Dosage: 180 µg.

Group B (n = 49).

Thakeb 2003 

Peginterferon plus ribavirin versus interferon plus ribavirin for chronic hepatitis C (Review)

Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

61



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Drug: IFN-2a.

• Dosage: 3 MU.

Ribavirin.

• 1000 or 1200 mg depending on body weight.

Outcomes Sustained virological response.

Adverse events.

Notes Published abstract only; no data about inclusion and exclusion criteria were provided.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method of sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Method of allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: It is not mentioned whether outcome assessors were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: Information was insufficient to permit assessment of whether miss-
ing data in combination with the method used to handle missing data were
likely to induce bias on the results.

Selective reporting (re-
porting bias)

Unclear risk Comment: It is unclear whether all predefined and clinically relevant and rea-
sonably expected outcomes were reported.

Other bias Low risk Comment: The study seems to be free of other sources of bias.

Thakeb 2003  (Continued)

 
 

Methods Randomised clinical trial with two parallel-group design.

Sample size calculation: not described.

Intention-to-treat analysis: used.

Participants Country: Japan.

Number of participants randomly assigned: 48; 31 men and 17 women.

All participants were treatment-naive.

None of the participants had cirrhosis.

All participants were infected with HCV genotype one.

Mean HCV RNA levels (kIU/mL) were 540 (120 to 2100) in peginterferon plus ribavirin group and 700 (250
to 2800) in interferon plus ribavirin group.

Inclusion criteria.

Tsubota 2005 
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• HCV genotype one-b confirmed by PCR.

• Serum HCV RNA levels greater than 100,000 IU/mL on quantitative PCR assay (defined as ‘‘high’’ viral
load, Amplicor HCV Monitor Version 2.0, Roche Diagnostics, Tokyo, Japan).

• Serum ALT concentrations above the upper limit of normal (greater than 45 IU/L).

• Diagnosis of chronic hepatitis on a liver biopsy specimen obtained within the preceding year, using
the ranking system for grading of necrotic inflammation activity and staging of fibrosis.

• Haemoglobin concentration 12.0 g/dL.

• Neutrophil count 1500/mL.

• Platelet count greater than 100,000/mL.

• Creatinine clearance greater than 51 mL/min.

• Body weight between 40 and 100 kg.

• Older than 20 years of age.

Exclusion criteria.

• Liver cancer or severe liver failure.

• Other forms of liver disease.

• Coexisting serious psychiatric or medical illness, including seizure disorders, diabetes mellitus, car-
diovascular or lung disease, and autoimmune-type disease.

• Previous organ transplantation.

• Treatment with any other antiviral or immunomodulatory agent administered within the previous 180
days.

• History of interferon monotherapy or combination therapy with ribavirin.

• Positive test for HBsAg.

• Hypersensitivity to interferon, peginterferon, or ribavirin.

• Pregnancy or lactation, including patients’ partners.

• Inability to use contraception.

Interventions Participants were randomly assigned to two groups.

• Group 1: peginterferon alpha-2b 1.5 µg/kg plus ribavirin for 48 weeks (n = 28).

• Group 2: interferon alpha-2b 6 MU intramuscularly, daily with ribavirin for the initial two weeks, fol-
lowed thrice weekly for 46 weeks (n = 20).

For both treatment groups, ribavirin at the total dose of 600 mg to 1000 mg was administered for 48
weeks; the dose was adjusted according to body weight (600 mg for weight 60 kg or less, 800 mg for
weight 60 kg to 80 kg, and 1000 mg for weight 80 kg to 100 kg).

Both non-pegylated peginterferon and ribavirin were concurrently initiated.

Treatment was provided for 48 weeks, with a subsequent 24-weeks follow-up period.

Outcomes Primary outcome was viral kinetics.

Other outcomes reported include biochemical and virological responses.

Limit for hepatitis C virus RNA detection was 50 IU/mL.

Notes Additional data were obtained through personal communication with the study author.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Comment: Randomisation was achieved through computer-generated ran-
dom numbers.

Tsubota 2005  (Continued)
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Allocation concealment
(selection bias)

Low risk Comment: Randomisation of eligible participants to treatment was carried out
by an independent randomisation centre.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: It is not mentioned whether outcome assessors were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Comments: Incomplete outcome data were addressed adequately.

Selective reporting (re-
porting bias)

Unclear risk Comment: It is unclear whether all predefined and clinically relevant and rea-
sonably expected outcomes were reported.

Other bias Low risk Comment: The study seems to be free of other sources of bias.

Tsubota 2005  (Continued)

 
 

Methods Study design: randomised trial.

ITT analysis: not mentioned.

Participants County: Egypt.

Total number (sample size): 50.

Age, years: 38.24 ± 8.56.

Sex (male): not stated.

Genotype: four.

Previous HCV treatment: naive.

Inclusion criteria: treatment-naive chronic hepatitis C patients.

Exclusion criteria: not mentioned.

Interventions Group 1 (n = 18).

• Drug: peginterferon alpha-2b.

• Dosage: 1.5 µg/kg weekly.

Group 2 (n = 17).

• Drug: IFN alpha-2b.

• Dosage: 3 MU thrice weekly.

Group 3 (n = 15).

• Drug: IFN alpha-2b.

• Dosage: 5 MU thrice weekly.

All three groups were given weight-based ribavirin (1000 mg to 1200 mg).

Outcomes Sustanied virological response.

Adverse events.

Wakil 2006 
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Notes Published abstract only; no data about inclusion and exclusion criteria were provided.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comments: Method of sequence generation is not mentioned.

Allocation concealment
(selection bias)

Unclear risk Comments: Method of allocation concealment is not mentioned.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Comments: It is not mentioned whether outcome assessors were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Comment: Information was insufficient to permit assessment of whether miss-
ing data in combination with the method used to handle missing data were
likely to induce bias on the results.

Selective reporting (re-
porting bias)

Unclear risk Comment: It is unclear whether all predefined and clinically relevant and rea-
sonably expected outcomes were reported.

Other bias Low risk Comment: The study seems to be free of other sources of bias.

Wakil 2006  (Continued)

ALT = alanine aminotransferase.
CIFN = consensus interferon.
HCV = hepatitis C virus.
HIV = human immunodeficiency virus.
IFN = interferon.
ITT = intention-to-treat analysis.
MU = mega units.
PCR = polymerase chain reaction.
PEG IFN = pegylated interferon.
WBC = white blood cells.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

ACTG 2005 Randomised clinical trial in HIV co-infected participants.

Ali 2010 Not a randomised clinical trial.

APRICOT 2004 Randomised clinical trial in HIV co-infected participants.

Asahina 2004 Not reported whether the trial was randomised.
First study author contacted for additional information, but no reply obtained.

Gromova 2004 Pilot study.

Laguno 2004 Randomised clinical trial in HIV co-infected participants.

RIBAVIC 2004 Randomised clinical trial in HIV co-infected participants.
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Peginterferon plus ribavirin versus non-pegylated interferon plus ribavirin

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Liver-related morbidity plus all-cause
mortality

5 1789 Odds Ratio (M-H, Fixed, 95%
CI)

1.14 [0.38, 3.42]

2 Adverse events leading to treatment
discontinuation

17 4868 Risk Ratio (M-H, Random,
95% CI)

0.86 [0.66, 1.12]

3 Sustained virological response 27 6104 Risk Ratio (M-H, Random,
95% CI)

1.39 [1.25, 1.56]

 
 

Analysis 1.1.   Comparison 1 Peginterferon plus ribavirin versus non-pegylated
interferon plus ribavirin, Outcome 1 Liver-related morbidity plus all-cause mortality.

Study or subgroup PEGINF+RBV INF+RBV Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Fried 2002 0/453 1/444 25.32% 0.33[0.01,8.02]

Esmat 2003 1/100 1/100 16.57% 1[0.06,16.21]

Al-Faleh 2004 0/48 2/48 41.41% 0.19[0.01,4.1]

Lee 2005 1/76 0/77 8.15% 3.08[0.12,76.79]

Nevens 2010 3/230 0/213 8.55% 6.57[0.34,127.93]

   

Total (95% CI) 907 882 100% 1.14[0.38,3.42]

Total events: 5 (PEGINF+RBV), 4 (INF+RBV)  

Heterogeneity: Tau2=0; Chi2=3.6, df=4(P=0.46); I2=0%  

Test for overall effect: Z=0.23(P=0.81)  

Favours PEG + RBV 1000.01 100.1 1 Favours INF + RBV

 
 

Analysis 1.2.   Comparison 1 Peginterferon plus ribavirin versus non-pegylated interferon
plus ribavirin, Outcome 2 Adverse events leading to treatment discontinuation.

Study or subgroup PEGINF+RBV INF+RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Al-Faleh 2004 3/48 8/48 3.31% 0.38[0.11,1.33]

Bruno 2004 31/163 46/160 11.41% 0.66[0.44,0.99]

Cariti 2002 16/99 1/60 1.52% 9.7[1.32,71.27]

Derbala 2005 5/35 4/35 3.46% 1.25[0.37,4.27]

Derbala 2006 2/40 5/40 2.29% 0.4[0.08,1.94]

Dollinger 2005 1/22 6/18 1.48% 0.14[0.02,1.03]

Esmat 2003 8/100 6/100 4.56% 1.33[0.48,3.7]

Fried 2002 85/453 95/444 13.51% 0.88[0.68,1.14]

Horsmans 2008 36/114 67/182 12.49% 0.86[0.62,1.19]

Favours PEGINF+RBV 1000.01 100.1 1 Favours INF+RBV
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Study or subgroup PEGINF+RBV INF+RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Izumi 2004 3/23 3/26 2.51% 1.13[0.25,5.06]

Lee 2005 14/76 5/77 4.89% 2.84[1.07,7.49]

Mangia 2005 14/121 14/120 7.35% 0.99[0.49,1.99]

Manns 2001 27/1025 13/505 7.85% 1.02[0.53,1.97]

Nevens 2010 71/230 119/213 13.99% 0.55[0.44,0.69]

Roffi 2008 6/57 6/36 4.37% 0.63[0.22,1.81]

Scotto 2005 3/26 10/52 3.58% 0.6[0.18,1.99]

Shobokshi 2003 7/60 1/60 1.43% 7[0.89,55.17]

   

Total (95% CI) 2692 2176 100% 0.86[0.66,1.12]

Total events: 332 (PEGINF+RBV), 409 (INF+RBV)  

Heterogeneity: Tau2=0.11; Chi2=36.61, df=16(P=0); I2=56.3%  

Test for overall effect: Z=1.13(P=0.26)  

Favours PEGINF+RBV 1000.01 100.1 1 Favours INF+RBV

 
 

Analysis 1.3.   Comparison 1 Peginterferon plus ribavirin versus non-
pegylated interferon plus ribavirin, Outcome 3 Sustained virological response.

Study or subgroup PEG INF+RBV INF+RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Al-Faleh 2004 21/48 14/48 2.74% 1.5[0.87,2.59]

Bruno 2004 67/163 44/148 4.88% 1.38[1.02,1.88]

Cariti 2002 41/60 17/57 3.59% 2.29[1.48,3.54]

Derbala 2005 10/35 8/35 1.56% 1.25[0.56,2.79]

Derbala 2006 25/40 9/40 2.28% 2.78[1.49,5.18]

Dollinger 2005 5/22 4/18 0.84% 1.02[0.32,3.26]

Esmat 2003 45/100 38/100 4.62% 1.18[0.85,1.65]

Fargion 2004 22/92 18/93 2.69% 1.24[0.71,2.15]

Fried 2002 255/453 197/444 6.99% 1.27[1.11,1.45]

Hinrichsen 2002 24/36 22/36 4.43% 1.09[0.77,1.55]

Horsmans 2008 51/98 73/160 5.54% 1.14[0.88,1.47]

Izumi 2004 10/23 8/26 1.77% 1.41[0.67,2.97]

Lee 2005 51/76 49/77 5.83% 1.05[0.84,1.33]

Mangia 2005 79/121 40/120 5.17% 1.96[1.47,2.6]

Manns 2001 518/1025 235/505 7.19% 1.09[0.97,1.21]

Napoli 2005 21/32 12/32 2.96% 1.75[1.05,2.92]

Nevens 2010 120/230 58/213 5.57% 1.92[1.49,2.47]

PRETTY 2005 19/89 13/89 2.19% 1.46[0.77,2.78]

Rahman 2007a 62/156 51/154 5.03% 1.2[0.89,1.61]

Rahman 2007b 88/132 85/130 6.53% 1.02[0.86,1.21]

Roffi 2008 25/57 12/36 2.72% 1.32[0.76,2.27]

Scotto 2005 13/26 19/52 2.87% 1.37[0.81,2.31]

Shobokshi 2003 30/60 18/60 3.35% 1.67[1.05,2.65]

Sjögren 2007 12/29 11/30 2.2% 1.13[0.6,2.14]

Thakeb 2003 35/51 8/49 2.1% 4.2[2.17,8.14]

Tsubota 2005 12/28 8/20 1.99% 1.07[0.54,2.13]

Wakil 2006 12/18 10/32 2.36% 2.13[1.16,3.92]

   

Total (95% CI) 3300 2804 100% 1.39[1.25,1.56]

Favours INF+RBV 100.1 50.2 20.5 1 Favours PEG INF+RBV
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Study or subgroup PEG INF+RBV INF+RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 1673 (PEG INF+RBV), 1081 (INF+RBV)  

Heterogeneity: Tau2=0.04; Chi2=71.53, df=26(P<0.0001); I2=63.65%  

Test for overall effect: Z=5.8(P<0.0001)  

Favours INF+RBV 100.1 50.2 20.5 1 Favours PEG INF+RBV

 
 

Comparison 2.   Adverse events

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Haematological ef-
fects

13   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

1.1 Anaemia 13 3854 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.98, 1.27]

1.2 Neutropenia 13 3855 Risk Ratio (M-H, Fixed, 95% CI) 2.15 [1.76, 2.61]

1.3 Thrombocytopenia 10 2195 Risk Ratio (M-H, Fixed, 95% CI) 2.63 [1.68, 4.11]

2 Fatigue and flu-like
symptoms

13   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 General fatigue 11 3608 Risk Ratio (M-H, Fixed, 95% CI) 1.01 [0.96, 1.07]

2.2 Headache 6 3146 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.93, 1.07]

2.3 Rigours 4 2641 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.88, 1.08]

2.4 Arthralgia 4 2934 Risk Ratio (M-H, Fixed, 95% CI) 1.19 [1.05, 1.35]

2.5 Myalgia 5 3087 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.90, 1.06]

2.6 Pyrexia 6 3180 Risk Ratio (M-H, Fixed, 95% CI) 1.08 [0.99, 1.18]

2.7 Weight loss 6 2524 Risk Ratio (M-H, Fixed, 95% CI) 1.17 [0.98, 1.39]

2.8 Asthenia 3 2126 Risk Ratio (M-H, Fixed, 95% CI) 1.05 [0.88, 1.25]

3 Psychiatric symptoms 12   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

3.1 Depression 12 3743 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.82, 1.02]

3.2 Insomnia 5 3087 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.91, 1.10]

3.3 Irritability 3 2491 Risk Ratio (M-H, Fixed, 95% CI) 0.97 [0.86, 1.09]

4 Dermatological symp-
toms

8   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

4.1 Alopecia 5 3087 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.88, 1.09]

4.2 Pruritus 5 3027 Risk Ratio (M-H, Fixed, 95% CI) 1.10 [0.96, 1.25]
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Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

4.3 Skin rash 5 2740 Risk Ratio (M-H, Fixed, 95% CI) 1.08 [0.93, 1.25]

4.4 Injection site reac-
tion

4 1817 Risk Ratio (M-H, Fixed, 95% CI) 1.71 [1.50, 1.93]

5 Thyroid malfunction 8 1222 Risk Ratio (M-H, Fixed, 95% CI) 1.20 [0.73, 2.00]

6 Gastrointestinal
symptoms

6   Risk Ratio (M-H, Fixed, 95% CI) Subtotals only

6.1 Decreased appetite 6 3136 Risk Ratio (M-H, Fixed, 95% CI) 1.05 [0.93, 1.19]

6.2 Nausea 4 3023 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [1.01, 1.26]

6.3 Diarrhoea 3 2126 Risk Ratio (M-H, Fixed, 95% CI) 1.15 [0.93, 1.41]

 
 

Analysis 2.1.   Comparison 2 Adverse events, Outcome 1 Haematological e4ects.

Study or subgroup PEG + RBV INF+ RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.1.1 Anaemia  

Al-Faleh 2004 35/48 27/48 8.54% 1.3[0.96,1.76]

Bruno 2004 46/163 33/160 10.54% 1.37[0.93,2.02]

Derbala 2005 4/35 4/35 1.27% 1[0.27,3.69]

Derbala 2006 13/40 12/40 3.8% 1.08[0.57,2.08]

Esmat 2003 28/100 12/99 3.82% 2.31[1.25,4.28]

Fried 2002 103/453 96/444 30.68% 1.05[0.82,1.34]

Izumi 2004 1/23 1/26 0.3% 1.13[0.07,17.07]

Lee 2005 26/76 18/77 5.66% 1.46[0.88,2.44]

Mangia 2005 8/121 5/120 1.59% 1.59[0.53,4.71]

Manns 2001 108/1025 66/505 27.98% 0.81[0.61,1.07]

Napoli 2005 3/32 2/32 0.63% 1.5[0.27,8.38]

Roffi 2008 15/57 7/36 2.71% 1.35[0.61,2.99]

Sjögren 2007 4/29 8/30 2.49% 0.52[0.17,1.53]

Subtotal (95% CI) 2202 1652 100% 1.12[0.98,1.27]

Total events: 394 (PEG + RBV), 291 (INF+ RBV)  

Heterogeneity: Tau2=0; Chi2=16.27, df=12(P=0.18); I2=26.26%  

Test for overall effect: Z=1.62(P=0.11)  

   

2.1.2 Neutropenia  

Al-Faleh 2004 6/48 4/48 3.03% 1.5[0.45,4.98]

Bruno 2004 14/163 8/160 6.12% 1.72[0.74,3.98]

Derbala 2005 5/35 3/35 2.27% 1.67[0.43,6.45]

Derbala 2006 21/40 19/40 14.4% 1.11[0.71,1.72]

Esmat 2003 5/99 5/99 3.79% 1[0.3,3.35]

Fried 2002 97/453 25/444 19.14% 3.8[2.5,5.79]

Izumi 2004 0/23 1/26 1.07% 0.38[0.02,8.78]

Lee 2005 17/76 5/77 3.77% 3.44[1.34,8.87]

Mangia 2005 8/121 3/120 2.28% 2.64[0.72,9.73]

Favours PEG + RBV 200.05 50.2 1 Favours INF + RBV
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Study or subgroup PEG + RBV INF+ RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Manns 2001 143/1025 40/505 40.63% 1.76[1.26,2.46]

Napoli 2005 6/32 3/32 2.27% 2[0.55,7.31]

Roffi 2008 2/57 0/36 0.46% 3.19[0.16,64.6]

Sjögren 2007 8/30 1/31 0.75% 8.27[1.1,62.15]

Subtotal (95% CI) 2202 1653 100% 2.15[1.76,2.61]

Total events: 332 (PEG + RBV), 117 (INF+ RBV)  

Heterogeneity: Tau2=0; Chi2=23.55, df=12(P=0.02); I2=49.05%  

Test for overall effect: Z=7.61(P<0.0001)  

   

2.1.3 Thrombocytopenia  

Al-Faleh 2004 4/48 3/48 11.96% 1.33[0.32,5.64]

Bruno 2004 2/163 4/160 16.09% 0.49[0.09,2.64]

Derbala 2006 0/40 2/40 9.96% 0.2[0.01,4.04]

Esmat 2003 9/100 3/99 12.02% 2.97[0.83,10.65]

Fried 2002 20/453 1/444 4.03% 19.6[2.64,145.44]

Izumi 2004 1/23 0/26 1.88% 3.38[0.14,79]

Lee 2005 20/76 8/77 31.67% 2.53[1.19,5.4]

Mangia 2005 3/121 0/120 2% 6.94[0.36,132.98]

Napoli 2005 2/32 2/32 7.97% 1[0.15,6.67]

Roffi 2008 4/57 0/36 2.43% 5.74[0.32,103.56]

Subtotal (95% CI) 1113 1082 100% 2.63[1.68,4.11]

Total events: 65 (PEG + RBV), 23 (INF+ RBV)  

Heterogeneity: Tau2=0; Chi2=13.11, df=9(P=0.16); I2=31.36%  

Test for overall effect: Z=4.24(P<0.0001)  

Favours PEG + RBV 200.05 50.2 1 Favours INF + RBV

 
 

Analysis 2.2.   Comparison 2 Adverse events, Outcome 2 Fatigue and flu-like symptoms.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.2.1 General fatigue  

Al-Faleh 2004 19/48 16/48 1.69% 1.19[0.7,2.02]

Derbala 2005 31/35 30/35 3.17% 1.03[0.86,1.24]

Derbala 2006 40/40 40/40 4.28% 1[0.95,1.05]

Fried 2002 242/453 244/444 26.04% 0.97[0.86,1.1]

Izumi 2004 0/23 1/26 0.15% 0.38[0.02,8.78]

Mangia 2005 54/121 60/120 6.37% 0.89[0.68,1.17]

Manns 2001 646/1025 303/505 42.9% 1.05[0.96,1.14]

Napoli 2005 18/32 16/32 1.69% 1.13[0.71,1.79]

Nevens 2010 85/230 77/213 8.45% 1.02[0.8,1.31]

Scotto 2005 15/26 29/52 2.04% 1.03[0.69,1.56]

Sjögren 2007 27/29 31/31 3.22% 0.93[0.83,1.05]

Subtotal (95% CI) 2062 1546 100% 1.01[0.96,1.07]

Total events: 1177 (PEG + RBV), 847 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=5.3, df=10(P=0.87); I2=0%  

Test for overall effect: Z=0.45(P=0.65)  

   

2.2.2 Headache  

Fried 2002 211/453 230/444 31.02% 0.9[0.79,1.03]
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Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Lee 2005 37/76 22/77 2.92% 1.7[1.12,2.6]

Manns 2001 615/1025 293/505 52.42% 1.03[0.95,1.13]

Napoli 2005 19/32 17/32 2.27% 1.12[0.72,1.72]

Nevens 2010 69/230 64/213 8.87% 1[0.75,1.33]

Sjögren 2007 11/29 19/30 2.49% 0.6[0.35,1.03]

Subtotal (95% CI) 1845 1301 100% 1[0.93,1.07]

Total events: 962 (PEG + RBV), 645 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=12.84, df=5(P=0.02); I2=61.04%  

Test for overall effect: Z=0.01(P=0.99)  

   

2.2.3 Rigours  

Fried 2002 106/453 157/444 34.83% 0.66[0.54,0.82]

Lee 2005 24/76 19/77 4.15% 1.28[0.77,2.13]

Manns 2001 476/1025 207/505 60.92% 1.13[1,1.28]

Sjögren 2007 1/30 0/31 0.11% 3.1[0.13,73.16]

Subtotal (95% CI) 1584 1057 100% 0.98[0.88,1.08]

Total events: 607 (PEG + RBV), 383 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=20.48, df=3(P=0); I2=85.35%  

Test for overall effect: Z=0.44(P=0.66)  

   

2.2.4 Arthralgia  

Fried 2002 121/453 112/444 34.1% 1.06[0.85,1.32]

Manns 2001 349/1025 141/505 56.94% 1.22[1.04,1.44]

Napoli 2005 12/32 10/32 3.01% 1.2[0.61,2.37]

Nevens 2010 35/230 19/213 5.95% 1.71[1.01,2.89]

Subtotal (95% CI) 1740 1194 100% 1.19[1.05,1.35]

Total events: 517 (PEG + RBV), 282 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=2.96, df=3(P=0.4); I2=0%  

Test for overall effect: Z=2.75(P=0.01)  

   

2.2.5 Myalgia  

Fried 2002 189/453 220/444 34.26% 0.84[0.73,0.97]

Lee 2005 22/76 22/77 3.37% 1.01[0.62,1.67]

Manns 2001 533/1025 252/505 52.06% 1.04[0.94,1.16]

Napoli 2005 19/32 16/32 2.47% 1.19[0.76,1.86]

Nevens 2010 58/230 49/213 7.84% 1.1[0.79,1.53]

Subtotal (95% CI) 1816 1271 100% 0.98[0.9,1.06]

Total events: 821 (PEG + RBV), 559 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=6.74, df=4(P=0.15); I2=40.69%  

Test for overall effect: Z=0.48(P=0.63)  

   

2.2.6 Pyrexia  

Fried 2002 195/453 247/444 43.94% 0.77[0.68,0.89]

Lee 2005 59/76 44/77 7.7% 1.36[1.08,1.71]

Manns 2001 461/1025 167/505 39.41% 1.36[1.18,1.57]

Napoli 2005 16/32 17/32 2.99% 0.94[0.59,1.51]

Nevens 2010 41/230 32/213 5.85% 1.19[0.78,1.81]

Roffi 2008 3/57 0/36 0.11% 4.47[0.24,83.99]

Subtotal (95% CI) 1873 1307 100% 1.08[0.99,1.18]

Total events: 775 (PEG + RBV), 507 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=39.14, df=5(P<0.0001); I2=87.23%  

Test for overall effect: Z=1.78(P=0.07)  
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Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

2.2.7 Weight loss  

Lee 2005 17/76 15/77 7.9% 1.15[0.62,2.13]

Mangia 2005 12/121 6/120 3.19% 1.98[0.77,5.11]

Manns 2001 235/1025 101/505 71.73% 1.15[0.93,1.41]

Napoli 2005 13/32 10/32 5.3% 1.3[0.67,2.52]

Nevens 2010 23/230 21/213 11.56% 1.01[0.58,1.78]

Roffi 2008 1/57 0/36 0.32% 1.91[0.08,45.74]

Subtotal (95% CI) 1541 983 100% 1.17[0.98,1.39]

Total events: 301 (PEG + RBV), 153 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=1.67, df=5(P=0.89); I2=0%  

Test for overall effect: Z=1.74(P=0.08)  

   

2.2.8 Asthenia  

Lee 2005 33/76 24/77 12.25% 1.39[0.92,2.12]

Manns 2001 174/1025 91/505 62.66% 0.94[0.75,1.19]

Nevens 2010 58/230 47/213 25.08% 1.14[0.82,1.6]

Subtotal (95% CI) 1331 795 100% 1.05[0.88,1.25]

Total events: 265 (PEG + RBV), 162 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=2.85, df=2(P=0.24); I2=29.77%  

Test for overall effect: Z=0.53(P=0.6)  
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Analysis 2.3.   Comparison 2 Adverse events, Outcome 3 Psychiatric symptoms.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.3.1 Depression  

Al-Faleh 2004 4/48 3/48 0.65% 1.33[0.32,5.64]

Derbala 2006 1/40 1/40 0.22% 1[0.06,15.44]

Esmat 2003 13/100 9/99 1.96% 1.43[0.64,3.19]

Fried 2002 100/453 134/444 29.26% 0.73[0.58,0.91]

Izumi 2004 1/23 0/26 0.1% 3.38[0.14,79]

Lee 2005 21/76 10/77 2.15% 2.13[1.07,4.21]

Manns 2001 307/1025 172/505 49.82% 0.88[0.75,1.03]

Napoli 2005 9/32 7/32 1.51% 1.29[0.55,3.03]

Nevens 2010 46/230 38/213 8.53% 1.12[0.76,1.65]

Roffi 2008 8/57 10/36 2.65% 0.51[0.22,1.16]

Scotto 2005 9/26 13/52 1.87% 1.38[0.68,2.81]

Sjögren 2007 9/30 6/31 1.28% 1.55[0.63,3.82]

Subtotal (95% CI) 2140 1603 100% 0.91[0.82,1.02]

Total events: 528 (PEG + RBV), 403 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=18.33, df=11(P=0.07); I2=39.99%  

Test for overall effect: Z=1.57(P=0.12)  

   

2.3.2 Insomnia  

Fried 2002 168/453 174/444 32.99% 0.95[0.8,1.12]

Lee 2005 35/76 20/77 3.73% 1.77[1.13,2.78]

Manns 2001 410/1025 207/505 52.06% 0.98[0.86,1.11]
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  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Napoli 2005 12/32 11/32 2.06% 1.09[0.57,2.1]

Nevens 2010 53/230 47/213 9.16% 1.04[0.74,1.48]

Subtotal (95% CI) 1816 1271 100% 1[0.91,1.1]

Total events: 678 (PEG + RBV), 459 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=6.95, df=4(P=0.14); I2=42.47%  

Test for overall effect: Z=0.09(P=0.93)  

   

2.3.3 Irritability  

Fried 2002 109/453 123/444 33.97% 0.87[0.7,1.08]

Manns 2001 354/1025 172/505 63.02% 1.01[0.87,1.18]

Napoli 2005 12/32 11/32 3.01% 1.09[0.57,2.1]

Subtotal (95% CI) 1510 981 100% 0.97[0.86,1.09]

Total events: 475 (PEG + RBV), 306 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=1.42, df=2(P=0.49); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  
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Analysis 2.4.   Comparison 2 Adverse events, Outcome 4 Dermatological symptoms.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.4.1 Alopecia  

Fried 2002 128/453 151/444 34.06% 0.83[0.68,1.01]

Lee 2005 38/76 30/77 6.66% 1.28[0.9,1.84]

Manns 2001 333/1025 162/505 48.47% 1.01[0.87,1.18]

Napoli 2005 10/32 9/32 2.01% 1.11[0.52,2.37]

Nevens 2010 46/230 38/213 8.81% 1.12[0.76,1.65]

Subtotal (95% CI) 1816 1271 100% 0.98[0.88,1.09]

Total events: 555 (PEG + RBV), 390 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=5.65, df=4(P=0.23); I2=29.15%  

Test for overall effect: Z=0.36(P=0.72)  

   

2.4.2 Pruritus  

Fried 2002 101/453 88/444 27.61% 1.12[0.87,1.45]

Manns 2001 282/1025 141/505 58.69% 0.99[0.83,1.17]

Napoli 2005 5/32 4/32 1.24% 1.25[0.37,4.23]

Nevens 2010 64/230 38/213 12.26% 1.56[1.09,2.23]

Roffi 2008 1/57 0/36 0.19% 1.91[0.08,45.74]

Subtotal (95% CI) 1797 1230 100% 1.1[0.96,1.25]

Total events: 453 (PEG + RBV), 271 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=5.47, df=4(P=0.24); I2=26.87%  

Test for overall effect: Z=1.42(P=0.16)  

   

2.4.3 Skin rash  

Al-Faleh 2004 10/48 5/48 1.89% 2[0.74,5.42]

Fried 2002 95/453 80/444 30.59% 1.16[0.89,1.52]

Lee 2005 18/76 17/77 6.39% 1.07[0.6,1.92]

Manns 2001 236/1025 116/505 58.85% 1[0.82,1.22]

Napoli 2005 7/32 6/32 2.27% 1.17[0.44,3.09]
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  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 1634 1106 100% 1.08[0.93,1.25]

Total events: 366 (PEG + RBV), 224 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=2.36, df=4(P=0.67); I2=0%  

Test for overall effect: Z=1(P=0.32)  

   

2.4.4 Injection site reaction  

Derbala 2005 6/35 0/35 0.2% 13[0.76,222.31]

Lee 2005 8/76 0/77 0.2% 17.22[1.01,293.2]

Manns 2001 599/1025 182/505 97.99% 1.62[1.43,1.84]

Napoli 2005 14/32 4/32 1.61% 3.5[1.29,9.49]

Subtotal (95% CI) 1168 649 100% 1.71[1.5,1.93]

Total events: 627 (PEG + RBV), 186 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=7.13, df=3(P=0.07); I2=57.9%  

Test for overall effect: Z=8.31(P<0.0001)  
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Analysis 2.5.   Comparison 2 Adverse events, Outcome 5 Thyroid malfunction.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Roffi 2008 0/57 0/36   Not estimable

Derbala 2006 2/40 3/40 11.62% 0.67[0.12,3.78]

Esmat 2003 6/81 9/85 34.02% 0.7[0.26,1.88]

Derbala 2005 2/35 2/35 7.75% 1[0.15,6.71]

Bruno 2004 4/163 3/160 11.73% 1.31[0.3,5.76]

Mangia 2005 6/121 4/120 15.56% 1.49[0.43,5.14]

Lee 2005 3/76 2/77 7.7% 1.52[0.26,8.84]

Al-Faleh 2004 8/48 3/48 11.62% 2.67[0.75,9.45]

   

Total (95% CI) 621 601 100% 1.2[0.73,2]

Total events: 31 (PEG + RBV), 26 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=3.35, df=6(P=0.76); I2=0%  

Test for overall effect: Z=0.72(P=0.47)  
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Analysis 2.6.   Comparison 2 Adverse events, Outcome 6 Gastrointestinal symptoms.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.6.1 Decreased appetite  

Fried 2002 96/453 98/444 26.3% 0.96[0.75,1.23]

Izumi 2004 0/23 1/26 0.38% 0.38[0.02,8.78]

Lee 2005 42/76 31/77 8.18% 1.37[0.98,1.93]

Manns 2001 313/1025 136/505 48.42% 1.13[0.96,1.35]

Napoli 2005 12/32 10/32 2.66% 1.2[0.61,2.37]

Nevens 2010 41/230 51/213 14.07% 0.74[0.52,1.07]

Subtotal (95% CI) 1839 1297 100% 1.05[0.93,1.19]
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  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 504 (PEG + RBV), 327 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=7.6, df=5(P=0.18); I2=34.19%  

Test for overall effect: Z=0.82(P=0.41)  

   

2.6.2 Nausea  

Fried 2002 130/453 145/444 35.45% 0.88[0.72,1.07]

Lee 2005 23/76 16/77 3.85% 1.46[0.84,2.53]

Manns 2001 405/1025 167/505 54.16% 1.19[1.03,1.38]

Nevens 2010 48/230 26/213 6.54% 1.71[1.1,2.65]

Subtotal (95% CI) 1784 1239 100% 1.13[1.01,1.26]

Total events: 606 (PEG + RBV), 354 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=11.01, df=3(P=0.01); I2=72.75%  

Test for overall effect: Z=2.11(P=0.03)  

   

2.6.3 Diarrhoea  

Lee 2005 10/76 7/77 4.83% 1.45[0.58,3.6]

Manns 2001 194/1025 86/505 80.03% 1.11[0.88,1.4]

Nevens 2010 28/230 21/213 15.14% 1.23[0.72,2.11]

Subtotal (95% CI) 1331 795 100% 1.15[0.93,1.41]

Total events: 232 (PEG + RBV), 114 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=0.39, df=2(P=0.82); I2=0%  

Test for overall effect: Z=1.3(P=0.19)  
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Comparison 3.   Subgroup and sensitivity analysis

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Sustanied virological response ac-
cording to trial methodological qual-
ity

27   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

1.1 Lower risk of bias trials 14 4285 Risk Ratio (M-H, Random,
95% CI)

1.33 [1.17, 1.51]

1.2 High risk of bias trials 13 1819 Risk Ratio (M-H, Random,
95% CI)

1.55 [1.23, 1.95]

2 Sustanied virological response ac-
cording to baseline treatment history

26   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

2.1 Naive participants 22 5223 Risk Ratio (M-H, Random,
95% CI)

1.42 [1.25, 1.62]

2.2 Non-responders and relapsers 4 389 Risk Ratio (M-H, Random,
95% CI)

1.24 [0.96, 1.61]

2.3 Unknown 1 49 Risk Ratio (M-H, Random,
95% CI)

1.41 [0.67, 2.97]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3 Sustained virological response ac-
cording to genotype

27   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

3.1 Genotype one 16 3548 Risk Ratio (M-H, Random,
95% CI)

1.47 [1.27, 1.70]

3.2 Genotypes two and three 9 1659 Risk Ratio (M-H, Random,
95% CI)

1.10 [1.03, 1.19]

3.3 Genotype four 9 721 Risk Ratio (M-H, Random,
95% CI)

1.76 [1.30, 2.39]

4 Sustained virological response ac-
cording to baseline viral load

27   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

4.1 High viral load 5 1777 Risk Ratio (M-H, Random,
95% CI)

1.33 [1.01, 1.75]

4.2 Low viral Load 5 1027 Risk Ratio (M-H, Random,
95% CI)

1.29 [1.05, 1.58]

4.3 Predominantly high viral load
(more than 65% of total participants)

1 96 Risk Ratio (M-H, Random,
95% CI)

1.5 [0.87, 2.59]

4.4 Predominantly low viral load
(more than 65% of total participants)

6 920 Risk Ratio (M-H, Random,
95% CI)

1.58 [1.22, 2.06]

4.5 Similar proportions of high and
low baseline viral loads

4 607 Risk Ratio (M-H, Random,
95% CI)

1.31 [1.01, 1.70]

4.6 Unknown baseline viral load 11 1690 Risk Ratio (M-H, Random,
95% CI)

1.38 [1.11, 1.71]

5 Sustained virological response ac-
cording to the type of peginterferon

27   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

5.1 Peginterferon alpha-2a 9 2361 Risk Ratio (M-H, Random,
95% CI)

1.85 [1.46, 2.35]

5.2 Peginterferon alpha-2b 18 3534 Risk Ratio (M-H, Random,
95% CI)

1.14 [1.06, 1.22]

6 Sustained virological response ac-
cording to the type of peginterferon
and the type of interferon

27   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

6.1 Peginterferon alpha-2a versus in-
terferon alpha-2a

8 1464 Risk Ratio (M-H, Random,
95% CI)

1.98 [1.63, 2.40]

6.2 Peginterferon alpha-2a versus in-
terferon alpha-2b

1 897 Risk Ratio (M-H, Random,
95% CI)

1.27 [1.11, 1.45]

6.3 Peginterferon alpha-2b versus in-
terferon alpha-2b

13 2799 Risk Ratio (M-H, Random,
95% CI)

1.15 [1.06, 1.25]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.4 Peginterferon alpha-2b versus
consensus interferon

4 671 Risk Ratio (M-H, Random,
95% CI)

1.07 [0.92, 1.23]

6.5 Peginterferon alpha-2b versus
leucocyte interferon

1 64 Risk Ratio (M-H, Random,
95% CI)

1.75 [1.05, 2.92]

7 Sustained virological response in
trials with or without amantadine

27   Risk Ratio (M-H, Random,
95% CI)

Subtotals only

7.1 Trial without amantadine 24 5500 Risk Ratio (M-H, Random,
95% CI)

1.37 [1.22, 1.53]

7.2 Trial with amantadine 3 604 Risk Ratio (M-H, Random,
95% CI)

1.68 [1.26, 2.23]

 
 

Analysis 3.1.   Comparison 3 Subgroup and sensitivity analysis, Outcome 1
Sustanied virological response according to trial methodological quality.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.1.1 Lower risk of bias trials  

Manns 2001 518/1025 235/505 13.55% 1.09[0.97,1.21]

Hinrichsen 2002 24/36 22/36 7.1% 1.09[0.77,1.55]

Fried 2002 255/453 197/444 13.01% 1.27[1.11,1.45]

Esmat 2003 45/100 38/100 7.49% 1.18[0.85,1.65]

Al-Faleh 2004 21/48 14/48 4.02% 1.5[0.87,2.59]

Bruno 2004 67/163 44/148 8.02% 1.38[1.02,1.88]

Mangia 2005 79/121 40/120 8.63% 1.96[1.47,2.6]

Lee 2005 51/76 49/77 10.11% 1.05[0.84,1.33]

Tsubota 2005 12/28 8/20 2.81% 1.07[0.54,2.13]

Scotto 2005 13/26 19/52 4.24% 1.37[0.81,2.31]

Napoli 2005 21/32 12/32 4.39% 1.75[1.05,2.92]

Sjögren 2007 12/29 11/30 3.15% 1.13[0.6,2.14]

Roffi 2008 25/57 12/36 3.99% 1.32[0.76,2.27]

Nevens 2010 120/230 58/213 9.5% 1.92[1.49,2.47]

Subtotal (95% CI) 2424 1861 100% 1.33[1.17,1.51]

Total events: 1263 (PEG + RBV), 759 (INF + RBV)  

Heterogeneity: Tau2=0.03; Chi2=32.84, df=13(P=0); I2=60.41%  

Test for overall effect: Z=4.35(P<0.0001)  

   

3.1.2 High risk of bias trials  

Cariti 2002 41/60 17/57 9.02% 2.29[1.48,3.54]

Shobokshi 2003 30/60 18/60 8.65% 1.67[1.05,2.65]

Thakeb 2003 35/51 8/49 6.33% 4.2[2.17,8.14]

Fargion 2004 22/92 18/93 7.51% 1.24[0.71,2.15]

Izumi 2004 10/23 8/26 5.57% 1.41[0.67,2.97]

Derbala 2005 10/35 8/35 5.05% 1.25[0.56,2.79]

PRETTY 2005 19/89 13/89 6.52% 1.46[0.77,2.78]

Dollinger 2005 5/22 4/18 3.03% 1.02[0.32,3.26]
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Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Derbala 2006 25/40 9/40 6.71% 2.78[1.49,5.18]

Wakil 2006 12/18 10/32 6.87% 2.13[1.16,3.92]

Rahman 2007b 62/156 51/154 10.91% 1.2[0.89,1.61]

Rahman 2007a 88/132 85/130 12.39% 1.02[0.86,1.21]

Horsmans 2008 51/98 73/160 11.45% 1.14[0.88,1.47]

Subtotal (95% CI) 876 943 100% 1.55[1.23,1.95]

Total events: 410 (PEG + RBV), 322 (INF + RBV)  

Heterogeneity: Tau2=0.1; Chi2=39.36, df=12(P<0.0001); I2=69.51%  

Test for overall effect: Z=3.76(P=0)  
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Analysis 3.2.   Comparison 3 Subgroup and sensitivity analysis, Outcome
2 Sustanied virological response according to baseline treatment history.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.2.1 Naive participants  

Al-Faleh 2004 21/48 14/48 3.36% 1.5[0.87,2.59]

Bruno 2004 67/163 44/148 5.71% 1.38[1.02,1.88]

Cariti 2002 41/60 17/57 4.32% 2.29[1.48,3.54]

Derbala 2005 10/34 8/35 1.98% 1.29[0.58,2.87]

Derbala 2006 25/40 9/40 2.83% 2.78[1.49,5.18]

Esmat 2003 45/100 38/100 5.43% 1.18[0.85,1.65]

Fried 2002 255/453 197/444 7.8% 1.27[1.11,1.45]

Hinrichsen 2002 24/36 22/36 5.23% 1.09[0.77,1.55]

Horsmans 2008 10/23 8/26 2.22% 1.41[0.67,2.97]

Lee 2005 51/76 49/77 6.67% 1.05[0.84,1.33]

Mangia 2005 79/121 40/120 6% 1.96[1.47,2.6]

Manns 2001 518/1025 235/505 7.99% 1.09[0.97,1.21]

Napoli 2005 21/32 12/32 3.61% 1.75[1.05,2.92]

Nevens 2010 97/178 45/166 6.02% 2.01[1.51,2.67]

Rahman 2007a 62/156 51/154 5.86% 1.2[0.89,1.61]

Rahman 2007b 88/132 85/130 7.36% 1.02[0.86,1.21]

Roffi 2008 25/57 12/36 3.34% 1.32[0.76,2.27]

Scotto 2005 13/26 19/52 3.51% 1.37[0.81,2.31]

Sjögren 2007 12/29 11/30 2.74% 1.13[0.6,2.14]

Thakeb 2003 35/51 8/49 2.62% 4.2[2.17,8.14]

Tsubota 2005 12/28 8/20 2.48% 1.07[0.54,2.13]

Wakil 2006 12/18 10/32 2.92% 2.13[1.16,3.92]

Subtotal (95% CI) 2886 2337 100% 1.42[1.25,1.62]

Total events: 1523 (PEG + RBV), 942 (INF + RBV)  

Heterogeneity: Tau2=0.05; Chi2=69.02, df=21(P<0.0001); I2=69.57%  

Test for overall effect: Z=5.36(P<0.0001)  

   

3.2.2 Non-responders and relapsers  

Dollinger 2005 5/22 4/18 5.08% 1.02[0.32,3.26]

Fargion 2004 24/36 22/36 56.17% 1.09[0.77,1.55]

Nevens 2010 23/52 13/47 22.19% 1.6[0.92,2.78]

PRETTY 2005 19/89 13/89 16.56% 1.46[0.77,2.78]
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  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Subtotal (95% CI) 199 190 100% 1.24[0.96,1.61]

Total events: 71 (PEG + RBV), 52 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=1.83, df=3(P=0.61); I2=0%  

Test for overall effect: Z=1.63(P=0.1)  

   

3.2.3 Unknown  

Izumi 2004 10/23 8/26 100% 1.41[0.67,2.97]

Subtotal (95% CI) 23 26 100% 1.41[0.67,2.97]

Total events: 10 (PEG + RBV), 8 (INF + RBV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.91(P=0.36)  

Favours INF + RBV 500.02 100.1 1 Favours PEG + RBV

 
 

Analysis 3.3.   Comparison 3 Subgroup and sensitivity analysis,
Outcome 3 Sustained virological response according to genotype.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.3.1 Genotype one  

Manns 2001 263/697 114/343 13.17% 1.14[0.95,1.36]

Cariti 2002 41/60 17/57 6.74% 2.29[1.48,3.54]

Fried 2002 138/298 103/285 12.62% 1.28[1.05,1.56]

Izumi 2004 10/23 8/26 3.17% 1.41[0.67,2.97]

Bruno 2004 67/163 44/148 9.5% 1.38[1.02,1.88]

Dollinger 2005 5/22 4/18 1.47% 1.02[0.32,3.26]

Scotto 2005 13/26 19/52 5.3% 1.37[0.81,2.31]

PRETTY 2005 13/69 8/77 2.7% 1.81[0.8,4.11]

Tsubota 2005 12/28 8/20 3.59% 1.07[0.54,2.13]

Mangia 2005 37/67 18/79 6.29% 2.42[1.53,3.84]

Lee 2005 25/38 16/39 6.62% 1.6[1.03,2.49]

Napoli 2005 12/21 3/19 1.61% 3.62[1.2,10.9]

Rahman 2007a 62/156 51/154 9.82% 1.2[0.89,1.61]

Sjögren 2007 12/29 11/30 4% 1.13[0.6,2.14]

Roffi 2008 8/33 7/28 2.38% 0.97[0.4,2.34]

Nevens 2010 120/230 58/213 11.03% 1.92[1.49,2.47]

Subtotal (95% CI) 1960 1588 100% 1.47[1.27,1.7]

Total events: 838 (PEG + RBV), 489 (INF + RBV)  

Heterogeneity: Tau2=0.03; Chi2=29.14, df=15(P=0.02); I2=48.52%  

Test for overall effect: Z=5.09(P<0.0001)  

   

3.3.2 Genotypes two and three  

Manns 2001 243/300 115/146 42.57% 1.03[0.93,1.14]

Fried 2002 106/140 88/145 18.56% 1.25[1.06,1.47]

Hinrichsen 2002 24/36 22/36 4.23% 1.09[0.77,1.55]

Fargion 2004 22/92 18/93 1.7% 1.24[0.71,2.15]

Napoli 2005 9/11 9/13 2.47% 1.18[0.75,1.87]

Mangia 2005 42/54 22/41 5.05% 1.45[1.05,1.99]

Rahman 2007b 88/132 85/130 16.14% 1.02[0.86,1.21]

Roffi 2008 17/24 5/8 1.47% 1.13[0.63,2.05]
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  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Horsmans 2008 51/98 73/160 7.81% 1.14[0.88,1.47]

Subtotal (95% CI) 887 772 100% 1.1[1.03,1.19]

Total events: 602 (PEG + RBV), 437 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=8.34, df=8(P=0.4); I2=4.05%  

Test for overall effect: Z=2.67(P=0.01)  

   

3.3.3 Genotype four  

Manns 2001 12/28 6/16 9.05% 1.14[0.53,2.45]

Shobokshi 2003 30/60 18/60 14.16% 1.67[1.05,2.65]

Fried 2002 10/13 4/11 8.12% 2.12[0.92,4.88]

Thakeb 2003 35/51 8/49 10.56% 4.2[2.17,8.14]

Esmat 2003 40/89 34/85 16.5% 1.12[0.79,1.59]

Al-Faleh 2004 12/28 10/31 10.48% 1.33[0.68,2.59]

Derbala 2005 10/35 8/35 8.53% 1.25[0.56,2.79]

Derbala 2006 25/40 9/40 11.17% 2.78[1.49,5.18]

Wakil 2006 12/18 10/32 11.41% 2.13[1.16,3.92]

Subtotal (95% CI) 362 359 100% 1.76[1.3,2.39]

Total events: 186 (PEG + RBV), 107 (INF + RBV)  

Heterogeneity: Tau2=0.11; Chi2=18.15, df=8(P=0.02); I2=55.91%  

Test for overall effect: Z=3.64(P=0)  

Favours INF + RBV 100.1 50.2 20.5 1 Favours PEG + RBV

 
 

Analysis 3.4.   Comparison 3 Subgroup and sensitivity analysis, Outcome
4 Sustained virological response according to baseline viral load.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.4.1 High viral load  

Fried 2002 156/293 119/292 34.34% 1.31[1.1,1.56]

Mangia 2005 17/24 10/27 15.12% 1.91[1.1,3.33]

Manns 2001 293/696 145/344 35.61% 1[0.86,1.16]

Napoli 2005 20/36 4/21 7.13% 2.92[1.15,7.38]

Sjögren 2007 8/22 6/22 7.81% 1.33[0.55,3.21]

Subtotal (95% CI) 1071 706 100% 1.33[1.01,1.75]

Total events: 494 (PEG + RBV), 284 (INF + RBV)  

Heterogeneity: Tau2=0.05; Chi2=12.54, df=4(P=0.01); I2=68.09%  

Test for overall effect: Z=2.06(P=0.04)  

   

3.4.2 Low viral Load  

Fried 2002 99/159 78/150 29.89% 1.2[0.98,1.46]

Mangia 2005 62/97 30/93 19.61% 1.98[1.42,2.76]

Manns 2001 225/329 90/161 33.36% 1.22[1.05,1.43]

Napoli 2005 9/12 8/11 12.07% 1.03[0.63,1.68]

Sjögren 2007 4/7 5/8 5.07% 0.91[0.4,2.11]

Subtotal (95% CI) 604 423 100% 1.29[1.05,1.58]

Total events: 399 (PEG + RBV), 211 (INF + RBV)  

Heterogeneity: Tau2=0.03; Chi2=9.03, df=4(P=0.06); I2=55.7%  

Test for overall effect: Z=2.48(P=0.01)  
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  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.4.3 Predominantly high viral load (more than 65% of total partici-
pants)

 

Al-Faleh 2004 21/48 14/48 100% 1.5[0.87,2.59]

Subtotal (95% CI) 48 48 100% 1.5[0.87,2.59]

Total events: 21 (PEG + RBV), 14 (INF + RBV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.46(P=0.14)  

   

3.4.4 Predominantly low viral load (more than 65% of total partici-
pants)

 

Derbala 2005 10/35 8/35 8.4% 1.25[0.56,2.79]

Derbala 2006 25/40 9/40 12.29% 2.78[1.49,5.18]

Esmat 2003 45/100 38/100 24.71% 1.18[0.85,1.65]

Izumi 2004 10/23 8/26 9.52% 1.41[0.67,2.97]

Nevens 2010 120/230 58/213 29.67% 1.92[1.49,2.47]

Scotto 2005 13/26 19/52 15.41% 1.37[0.81,2.31]

Subtotal (95% CI) 454 466 100% 1.58[1.22,2.06]

Total events: 223 (PEG + RBV), 140 (INF + RBV)  

Heterogeneity: Tau2=0.04; Chi2=9, df=5(P=0.11); I2=44.46%  

Test for overall effect: Z=3.46(P=0)  

   

3.4.5 Similar proportions of high and low baseline viral loads  

Bruno 2004 67/163 44/148 31.29% 1.38[1.02,1.88]

Lee 2005 51/76 49/77 38.67% 1.05[0.84,1.33]

Roffi 2008 25/57 12/36 16.18% 1.32[0.76,2.27]

Wakil 2006 12/18 10/32 13.86% 2.13[1.16,3.92]

Subtotal (95% CI) 314 293 100% 1.31[1.01,1.7]

Total events: 155 (PEG + RBV), 115 (INF + RBV)  

Heterogeneity: Tau2=0.03; Chi2=5.69, df=3(P=0.13); I2=47.29%  

Test for overall effect: Z=2.03(P=0.04)  

   

3.4.6 Unknown baseline viral load  

Cariti 2002 41/60 17/57 9.72% 2.29[1.48,3.54]

Dollinger 2005 5/22 4/18 2.85% 1.02[0.32,3.26]

Fargion 2004 22/92 18/93 7.81% 1.24[0.71,2.15]

Hinrichsen 2002 24/36 22/36 11.31% 1.09[0.77,1.55]

Horsmans 2008 51/98 73/160 13.11% 1.14[0.88,1.47]

PRETTY 2005 19/89 13/89 6.62% 1.46[0.77,2.78]

Rahman 2007a 62/156 51/154 12.31% 1.2[0.89,1.61]

Rahman 2007b 88/132 85/130 14.53% 1.02[0.86,1.21]

Shobokshi 2003 30/60 18/60 9.23% 1.67[1.05,2.65]

Thakeb 2003 35/51 8/49 6.4% 4.2[2.17,8.14]

Tsubota 2005 12/28 8/20 6.1% 1.07[0.54,2.13]

Subtotal (95% CI) 824 866 100% 1.38[1.11,1.71]

Total events: 389 (PEG + RBV), 317 (INF + RBV)  

Heterogeneity: Tau2=0.08; Chi2=30.52, df=10(P=0); I2=67.23%  

Test for overall effect: Z=2.9(P=0)  
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Analysis 3.5.   Comparison 3 Subgroup and sensitivity analysis, Outcome
5 Sustained virological response according to the type of peginterferon.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.5.1 Peginterferon alpha-2a  

Cariti 2002 41/60 17/57 11.18% 2.29[1.48,3.54]

Shobokshi 2003 30/60 18/60 10.65% 1.67[1.05,2.65]

Fried 2002 255/453 197/444 16.79% 1.27[1.11,1.45]

Thakeb 2003 35/51 8/49 7.53% 4.2[2.17,8.14]

Fargion 2004 22/92 18/93 9.1% 1.24[0.71,2.15]

PRETTY 2005 19/89 13/89 7.78% 1.46[0.77,2.78]

Mangia 2005 79/121 40/120 14.15% 1.96[1.47,2.6]

Derbala 2006 25/40 9/40 8.03% 2.78[1.49,5.18]

Nevens 2010 120/230 58/213 14.79% 1.92[1.49,2.47]

Subtotal (95% CI) 1196 1165 100% 1.85[1.46,2.35]

Total events: 626 (PEG + RBV), 378 (INF + RBV)  

Heterogeneity: Tau2=0.08; Chi2=30.77, df=8(P=0); I2=74%  

Test for overall effect: Z=5.06(P<0.0001)  

   

3.5.2 Peginterferon alpha-2b  

Manns 2001 518/1025 235/505 40.48% 1.09[0.97,1.21]

Hinrichsen 2002 24/36 22/36 4.14% 1.09[0.77,1.55]

Esmat 2003 45/100 38/100 4.58% 1.18[0.85,1.65]

Bruno 2004 67/163 44/148 5.28% 1.38[1.02,1.88]

Izumi 2004 10/23 8/26 0.91% 1.41[0.67,2.97]

Al-Faleh 2004 21/48 14/48 1.69% 1.5[0.87,2.59]

Scotto 2005 13/26 19/52 1.82% 1.37[0.81,2.31]

Derbala 2005 10/35 8/35 0.78% 1.25[0.56,2.79]

Napoli 2005 21/32 12/32 1.91% 1.75[1.05,2.92]

Dollinger 2005 5/22 4/18 0.37% 1.02[0.32,3.26]

Tsubota 2005 12/28 8/20 1.07% 1.07[0.54,2.13]

Lee 2005 51/76 49/77 9.43% 1.05[0.84,1.33]

Wakil 2006 12/18 10/32 1.35% 2.13[1.16,3.92]

Rahman 2007b 88/132 85/130 16.63% 1.02[0.86,1.21]

Sjögren 2007 12/29 11/30 1.23% 1.13[0.6,2.14]

Rahman 2007a 62/156 51/154 5.73% 1.2[0.89,1.61]

Roffi 2008 25/57 12/36 1.68% 1.32[0.76,2.27]

Horsmans 2008 10/23 8/26 0.91% 1.41[0.67,2.97]

Subtotal (95% CI) 2029 1505 100% 1.14[1.06,1.22]

Total events: 1006 (PEG + RBV), 638 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=13.91, df=17(P=0.67); I2=0%  

Test for overall effect: Z=3.57(P=0)  

Favours INF + RBV 100.1 50.2 20.5 1 Favours PEG + RBV

 
 

Analysis 3.6.   Comparison 3 Subgroup and sensitivity analysis, Outcome 6 Sustained
virological response according to the type of peginterferon and the type of interferon.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.6.1 Peginterferon alpha-2a versus interferon alpha-2a  

Cariti 2002 41/60 17/57 13.01% 2.29[1.48,3.54]
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  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Shobokshi 2003 30/60 18/60 11.96% 1.67[1.05,2.65]

Thakeb 2003 35/51 8/49 6.98% 4.2[2.17,8.14]

Fargion 2004 22/92 18/93 9.25% 1.24[0.71,2.15]

PRETTY 2005 19/89 13/89 7.32% 1.46[0.77,2.78]

Mangia 2005 79/121 40/120 20.79% 1.96[1.47,2.6]

Derbala 2006 25/40 9/40 7.66% 2.78[1.49,5.18]

Nevens 2010 120/230 58/213 23.02% 1.92[1.49,2.47]

Subtotal (95% CI) 743 721 100% 1.98[1.63,2.4]

Total events: 371 (PEG + RBV), 181 (INF + RBV)  

Heterogeneity: Tau2=0.03; Chi2=10.83, df=7(P=0.15); I2=35.36%  

Test for overall effect: Z=6.94(P<0.0001)  

   

3.6.2 Peginterferon alpha-2a versus interferon alpha-2b  

Fried 2002 255/453 197/444 100% 1.27[1.11,1.45]

Subtotal (95% CI) 453 444 100% 1.27[1.11,1.45]

Total events: 255 (PEG + RBV), 197 (INF + RBV)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.53(P=0)  

   

3.6.3 Peginterferon alpha-2b versus interferon alpha-2b  

Manns 2001 518/1025 235/505 54.61% 1.09[0.97,1.21]

Hinrichsen 2002 24/36 22/36 5.59% 1.09[0.77,1.55]

Esmat 2003 45/100 38/100 6.18% 1.18[0.85,1.65]

Al-Faleh 2004 21/48 14/48 2.28% 1.5[0.87,2.59]

Bruno 2004 67/163 44/148 7.12% 1.38[1.02,1.88]

Izumi 2004 10/23 8/26 1.23% 1.41[0.67,2.97]

Scotto 2005 13/26 19/52 2.45% 1.37[0.81,2.31]

Tsubota 2005 12/28 8/20 1.44% 1.07[0.54,2.13]

Lee 2005 51/76 49/77 12.72% 1.05[0.84,1.33]

Derbala 2005 10/35 8/35 1.05% 1.25[0.56,2.79]

Wakil 2006 12/18 10/32 1.83% 2.13[1.16,3.92]

Roffi 2008 25/57 12/36 2.26% 1.32[0.76,2.27]

Horsmans 2008 10/23 8/26 1.23% 1.41[0.67,2.97]

Subtotal (95% CI) 1658 1141 100% 1.15[1.06,1.25]

Total events: 818 (PEG + RBV), 475 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=9.32, df=12(P=0.68); I2=0%  

Test for overall effect: Z=3.31(P=0)  

   

3.6.4 Peginterferon alpha-2b versus consensus interferon  

Dollinger 2005 5/22 4/18 1.56% 1.02[0.32,3.26]

Sjögren 2007 12/29 11/30 5.13% 1.13[0.6,2.14]

Rahman 2007a 62/156 51/154 23.9% 1.2[0.89,1.61]

Rahman 2007b 88/132 85/130 69.41% 1.02[0.86,1.21]

Subtotal (95% CI) 339 332 100% 1.07[0.92,1.23]

Total events: 167 (PEG + RBV), 151 (INF + RBV)  

Heterogeneity: Tau2=0; Chi2=0.98, df=3(P=0.81); I2=0%  

Test for overall effect: Z=0.86(P=0.39)  

   

3.6.5 Peginterferon alpha-2b versus leucocyte interferon  

Napoli 2005 21/32 12/32 100% 1.75[1.05,2.92]

Subtotal (95% CI) 32 32 100% 1.75[1.05,2.92]

Total events: 21 (PEG + RBV), 12 (INF + RBV)  
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Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=2.14(P=0.03)  
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Analysis 3.7.   Comparison 3 Subgroup and sensitivity analysis, Outcome
7 Sustained virological response in trials with or without amantadine.

Study or subgroup PEG + RBV INF + RBV Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.7.1 Trial without amantadine  

Al-Faleh 2004 21/48 14/48 2.97% 1.5[0.87,2.59]

Bruno 2004 67/163 44/148 5.45% 1.38[1.02,1.88]

Cariti 2002 41/60 17/57 3.94% 2.29[1.48,3.54]

Derbala 2005 10/35 8/35 1.67% 1.25[0.56,2.79]

Derbala 2006 25/40 9/40 2.47% 2.78[1.49,5.18]

Dollinger 2005 5/22 4/18 0.89% 1.02[0.32,3.26]

Esmat 2003 45/100 38/100 5.14% 1.18[0.85,1.65]

Fried 2002 255/453 197/444 8% 1.27[1.11,1.45]

Hinrichsen 2002 24/36 22/36 4.92% 1.09[0.77,1.55]

Horsmans 2008 51/98 73/160 6.22% 1.14[0.88,1.47]

Izumi 2004 10/23 8/26 1.9% 1.41[0.67,2.97]

Lee 2005 51/76 49/77 6.58% 1.05[0.84,1.33]

Manns 2001 518/1025 235/505 8.25% 1.09[0.97,1.21]

Napoli 2005 21/32 12/32 3.22% 1.75[1.05,2.92]

Nevens 2010 120/230 58/213 6.26% 1.92[1.49,2.47]

Rahman 2007a 62/156 51/154 5.62% 1.2[0.89,1.61]

Rahman 2007b 88/132 85/130 7.43% 1.02[0.86,1.21]

Roffi 2008 25/57 12/36 2.96% 1.32[0.76,2.27]

Scotto 2005 13/26 19/52 3.12% 1.37[0.81,2.31]

Shobokshi 2003 30/60 18/60 3.66% 1.67[1.05,2.65]

Sjögren 2007 12/29 11/30 2.38% 1.13[0.6,2.14]

Thakeb 2003 35/51 8/49 2.27% 4.2[2.17,8.14]

Tsubota 2005 12/28 8/20 2.14% 1.07[0.54,2.13]

Wakil 2006 12/18 10/32 2.55% 2.13[1.16,3.92]

Subtotal (95% CI) 2998 2502 100% 1.37[1.22,1.53]

Total events: 1553 (PEG + RBV), 1010 (INF + RBV)  

Heterogeneity: Tau2=0.04; Chi2=61.53, df=23(P<0.0001); I2=62.62%  

Test for overall effect: Z=5.31(P<0.0001)  

   

3.7.2 Trial with amantadine  

Fargion 2004 22/92 18/93 22.61% 1.24[0.71,2.15]

Mangia 2005 79/121 40/120 59.95% 1.96[1.47,2.6]

PRETTY 2005 19/89 13/89 17.45% 1.46[0.77,2.78]

Subtotal (95% CI) 302 302 100% 1.68[1.26,2.23]

Total events: 120 (PEG + RBV), 71 (INF + RBV)  

Heterogeneity: Tau2=0.01; Chi2=2.48, df=2(P=0.29); I2=19.23%  

Test for overall effect: Z=3.55(P=0)  

Favours INF + RBV 100.1 50.2 20.5 1 Favours PEG + RBV
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A P P E N D I C E S

Appendix 1. Search strategies

 

Database Search date Search strategy

The Cochrane Hepa-
to-Biliary Group Con-
trolled Trials Register

September 2013 (interferon alfa or interferon alpha or intron A or roferon A or pegylated inter-
feron-2a or pegylated interferon-2b or pegasus or pegasys or pegintron or vi-
raferonPeg or peginterferon or peg-ifn) AND (ribavirin OR riba OR copegus OR
rebetol OR ribasphere OR vilona OR virazole) AND (hepatitis C OR hep C OR
HCV)

The Cochrane Central
Register of Controlled
Trials (CENTRAL)

Issue 8, 2013 #1 MeSH descriptor: [Interferon-alpha] explode all trees

#2 interferon al*a or intron or roferon or pegylated interferon-2a or pegylated
interferon-2b or pegas*s or pegintron or viraferonpeg or peginterferon or peg-
ifn

#3 #1 or #2

#4 MeSH descriptor: [Ribavirin] explode all trees

#5 ribavirin or riba or copegus or rebetol or ribasphere or vilona or virazole

#6 #4 or #5

#7 MeSH descriptor: [Hepatitis C, Chronic] explode all trees

#8 hepatitis c or hep c or hcv

#9 #7 or #8

#10 #3 and #6 and #9

MEDLINE (Ovid SP) 1946 to

September 2013

1. exp Interferon-alpha/

2. (interferon al$a or intron or roferon or pegylated interferon-2a or pegylated
interferon-2b or pegas$s or pegintron or viraferonpeg or peginterferon or peg-
ifn).mp. [mp=protocol supplementary concept, rare disease supplementary
concept, title, original title, abstract, name of substance word, subject heading
word, unique identifier]

3. 1 or 2

4. exp Ribavirin/

5. (ribavirin or riba or copegus or rebetol or ribasphere or vilona or vira-
zole).mp. [mp=protocol supplementary concept, rare disease supplementary
concept, title, original title, abstract, name of substance word, subject heading
word, unique identifier]

6. 4 or 5

7. exp Hepatitis C, Chronic/

8. (hepatitis c or hep c or hcv).mp. [mp=protocol supplementary concept, rare
disease supplementary concept, title, original title, abstract, name of sub-
stance word, subject heading word, unique identifier]

9. 7 or 8

10. 3 and 6 and 9
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11. (random* or blind* or placebo* or meta-analysis).mp. [mp=protocol sup-
plementary concept, rare disease supplementary concept, title, original title,
abstract, name of substance word, subject heading word, unique identifier]

12. 10 and 11

EMBASE (Ovid SP) 1974 to

September 2013

1. exp Alpha Interferon/

2. exp peginterferon/ or exp peginterferon alpha2a/ or exp peginterferon al-
pha2b/ or exp recombinant alpha2a interferon/ or exp recombinant alpha2b
interferon/

3. (interferon al$a or intron or roferon or pegylated interferon-2a or pegylated
interferon-2b or pegas$s or pegintron or viraferonpeg or peginterferon or peg-
ifn).mp. [mp=title, abstract, subject headings, heading word, drug trade name,
original title, device manufacturer, drug manufacturer, device trade name,
keyword]

4. 1 or 2 or 3

5. exp Ribavirin/

6. (ribavirin or riba or copegus or rebetol or ribasphere or vilona or vira-
zole).mp. [mp=title, abstract, subject headings, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade
name, keyword]

7. 6 or 5

8. exp Hepatitis C/

9. (hepatitis c or hep c or hcv).mp. [mp=title, abstract, subject headings, head-
ing word, drug trade name, original title, device manufacturer, drug manufac-
turer, device trade name, keyword]

10. 8 or 9

11. 4 and 7 and 10

12. (random* or blind* or placebo* or meta-analysis).mp. [mp=title, abstract,
subject headings, heading word, drug trade name, original title, device manu-
facturer, drug manufacturer, device trade name, keyword]

13. 11 and 12

Science Citation In-
dex-Expanded

1900 to September
2013

#6 #5 AND #4

#5 TS=(random* or blind* or placebo* or meta-analysis)

#4 #3 AND #2 AND #1

#3 TS=(chronic hepatitis c)

#2 TS=(ribavirin OR riba OR copegus OR rebetol OR ribasphere OR vilona OR vi-
razole)

#1 TS=(interferon al*a or intron or roferon or pegylated interferon-2a or pegy-
lated interferon-2b or pegas*s or pegintron or viraferonpeg or peginterferon or
peg-ifn)

LILACS 1980 to September
2013

interferon AND ribavirin AND hepatitis C

  (Continued)
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the European Commission under the auspices of the LLP Erasmus Programme.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

• We redefined risk of bias subgroup analysis as an analysis between trials that are assessed to be at low or high risk of bias instead of trials
that are assessed to be at low, unclear, or high risk of bias. This is in accordance with the recommendation from the Cochrane Handbook
for Systematic Reviews of interventions (Higgins 2011) and previous research on the topic (Wood 2008; Savovic 2012; Savovic 2012a).

• We changed the outcome measure 'failure of sustained virological response' to 'sustained virological response'.

• We changed the sequence of outcomes in accordance with recommendations of the Cochrane Handbook for Systematic Reviews of
interventions (Higgins 2011).

• A Summary of findings table was planned at the review stage as guidelines about rating quality of evidence were issued aKer the protocol
was published.

Outcomes of the protocol were as follows:

• Serum (or plasma) sustained virological response: number of participants with undetectable hepatitis C virus RNA in serum by sensitivity
testing six months aKer the end of treatment.

• Liver-related morbidity plus all-cause mortality: number of participants who developed cirrhosis, ascites, variceal bleeding, hepatic
encephalopathy, or hepatocellular carcinoma, or who died.

• Adverse events: numbers and types of adverse events, defined as participants with any untoward medical occurrence not necessarily
having a causal relationship to the treatment. We will report separately on adverse events that led to treatment discontinuation and
those that did not lead to treatment discontinuation. A serious adverse event is defined according to the guidelines of the International
Conference on Harmonisation (ICH-GCP 1997) as any event that leads to death, is life threatening, requires in-patient hospitalisation
or prolongation of existing hospitalisation, or results in persistent or significant disability, as well as any important medical event that
may have jeopardised the participant or required intervention to prevent it. All other adverse events will be considered non-serious.

Updated outcomes became the following:

• Primary outcomes

• Liver-related morbidity plus all-cause mortality: number of participants who developed cirrhosis, ascites, variceal bleeding, hepatic
encephalopathy, or hepatocellular carcinoma, or who died.

• Adverse events leading to treatment discontinuation.

• Other adverse events: haematological eBects, fatigue and flu-like symptoms, psychiatric symptoms, dermatological symptoms,
thyroid malfunction, gastrointestinal symptoms (other than liver related).

• Quality of life.
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• Secondary outcome

• Sustained virological response: number of participants with undetectable hepatitis C virus RNA in serum by sensitivity testing six
months aKer the end of treatment.

In our protocol, we included baseline imbalance and early stopping as potential bias components. According to updated guidelines from
The Cochrane Collaboration, these two domains should no longer be used (Gluud 2013).

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Amantadine  [therapeutic use];  Antiviral Agents  [*therapeutic use];  Drug Therapy, Combination  [methods];  Hepatitis C, Chronic  [*drug
therapy]  [mortality];  Interferon alpha-2;  Interferon-alpha  [*therapeutic use];  Interferons  [*therapeutic use];  Polyethylene Glycols
 [*therapeutic use];  Randomized Controlled Trials as Topic;  Recombinant Proteins  [therapeutic use];  Ribavirin  [*therapeutic use]

MeSH check words

Humans
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