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A B S T R A C T

Background

The widely-accepted treatment outcome for chronic hepatitis C is the sustained viral response (that is, no measurable viral RNA in

blood six months after treatment). However, this surrogate outcome (as well as the previously employed biochemical and histologic

ones) has never been validated. This situation exists because there are very few randomized clinical trials that have used clinical events

(mortality or manifestations of decompensated cirrhosis) as outcomes, because those clinical events only occur after many years of

infection. Patients in whom initial therapy fails to produce sustained viral responses do become potential candidates for retreatment;

some of these individuals are not candidates for ribavirin or protease inhibitors and consideration could be given to retreatment with

interferon alone.

Objectives

To assess the benefits and harms of interferon monotherapy retreatment in chronic hepatitis C patients and to validate the currently

employed surrogate outcomes in this group of patients.

Search methods

We searched The Cochrane Hepato-Biliary Group Controlled Trials Register, the Cochrane Central Register of Controlled Trials

(CENTRAL) in The Cochrane Library, MEDLINE, EMBASE, and Science Citation Index Expanded until 16 August 2012.

Selection criteria

Randomized trials comparing interferon versus placebo or no treatment in chronic hepatitis C nonresponders and relapsers to previous

interferon.
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Data collection and analysis

The primary outcomes were mortality (all-cause and hepatic), quality of life, and adverse events. Secondary outcomes were liver-related

morbidity, sustained viral responses, biochemical responses, histologic improvements, and costs. We used both fixed-effect and random-

effects model meta-analyses, reporting only the former if no difference existed.

Main results

Seven trials were identified. Two of them were at low risk of bias (the HALT-C and EPIC3 trials) and included 1676 patients. Both of

these trials addressed the role of long-term low-dose pegylated interferon therapy in patients with severe fibrosis (demonstrated on liver

biopsy) and were designed to assess the clinical outcomes. The remaining five trials included 300 patients and were at high risk of bias.

Based on all trials reporting the outcomes, no significant difference was observed in either all-cause mortality (78/843 (9.3%) versus

62/867 (7.2%); risk ratio (RR) 1.30, 95% confidence interval (CI) 0.95 to 1.79; 3 trials) or hepatic mortality (41/532 (7.7%) versus

40/552 (7.2%); RR 1.07, 95% CI 0.70 to 1.63; 2 trials); however, when only the two trials at low risk of bias were combined, all-cause

mortality was significantly higher in the recipients of the pegylated interferon (78/828 (9.4%) versus 57/848 (6.7%); RR 1.41, 95%

CI 1.02 to 1.96) although trial sequential analysis could not exclude the possibility of random error. There was less variceal bleeding

in the recipients of the interferon (4/843 (0.5%) versus 18/867 (2.1%); RR 0.24, 95% CI 0.09 to 0.67; 3 trials), although again trial

sequential analysis could not exclude the presence of a type I error and the effect could not be confirmed in a random-effects model

meta-analysis. No significant differences were seen with regard to the development of ascites, encephalopathy, hepatocellular carcinoma,

or the need for liver transplantation. One trial reported quality of life data; the pain score was significantly worse in the recipients of

the pegylated interferon. Adverse effects tended to be more common in the interferon recipients; the ones that were significantly more

common included hematologic complications, infections, flu-like symptoms, and rash. The recipients of interferon had significantly

more sustained viral responses (20/557 (3.6%) versus 1/579 (0.2%); RR 15.38, 95% CI 2.93 to 80.71; 4 trials) and a type I error was

excluded by trial sequential analysis. The METAVIR activity score also improved (36/55 (65%) versus 20/46 (43.5%); RR 1.49, 95%

CI 1.02 to 2.18; 2 trials). No significant differences were seen with regard to histologic fibrosis assessments.

Authors’ conclusions

The clinical data were limited to patients with histologic evidence of severe fibrosis who were retreated with pegylated interferon. In

this scenario, retreatment with interferon did not appear to provide significant clinical benefit and, when only the trials at low risk of

bias were considered, retreatment for several years may even have increased all-cause mortality. Such treatment also produced adverse

events. On the other hand, the treatment did result in improvement in some surrogate outcomes, namely sustained viral responses

and histologic evidence of inflammation. Interferon monotherapy retreatment cannot be recommended for these patients. No clinical

data are available for patients with less severe fibrosis. The sustained viral response cannot be used as a surrogate marker for hepatitis C

treatment in this clinical setting with low sustained viral response rates and needs to be validated in others in which higher sustained

viral response rates are reported.

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

Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Antiviral treatment for chronic hepatitis C infections is currently judged as being successful if, at least six months after therapy, blood

tests for hepatitis C viral RNA are negative; this has been called a sustained viral response. In the past, other outcomes for treatment

have included improvements in biochemical tests (especially liver enzyme tests such as the serum alanine aminotransferase) or evidence

of reduced inflammation and/or fibrosis on subsequent liver biopsies. All of these outcomes are tests, and it has been assumed that if the

test gets better the patient will as well. However, there is no direct evidence that has proven that these outcomes are valid because there

have been no long-term trials that have shown that an improvement in these tests translates into reduced mortality or morbidity. Patients

who fail to have sustained viral responses after an initial course of therapy do become potential candidates for retreatment; some of them

may be intolerant to ribavirin, and possibly even the newer protease inhibitors, so retreatment would have to be with interferon alone.

It has also been speculated that long-term treatment (namely treatment for several years) might be beneficial; such long-term therapy

would be further complicated if multiple drugs were used because of the additional drug toxicities and costs, so interferon alone could

be considered. This review addressed the ability of interferon monotherapy to favorably alter the clinical course of chronic hepatitis C

when it is used to retreat patients who failed at least one previous course of therapy. Seven trials were identified, including two large

ones (a total of 1676 patients), known as “HALT-C” and “EPIC3”, that specifically were designed to use low-dose pegylated interferon

for three to five years in patients with evidence on liver biopsy of severe fibrosis and who had failed to have a sustained viral response to
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a course of standard combination (pegylated interferon plus ribavirin) therapy in the past. Both trials were at low risk of bias. A third

trial designed to address the use of pegylated interferon monotherapy for 48 weeks in improving survival in patients with cirrhosis

(Childs A or B) was terminated early because of the results of the HALT-C and EPIC3 trials, so three trials have provided mortality

and hepatic morbidity data. When all three trials were considered, there was no significant effect of the treatment on either all-cause

mortality (78/843 (9.3%) versus 62/867 (7.2%); risk ratio (RR) 1.30, 95% confidence interval (CI) 0.95 to 1.79; 3 trials) or hepatic

mortality (41/532 (7.7%) versus 40/552 (7.2%); RR 1.07, 95% CI 0.70 to 1.63; 2 trials); however, all-cause mortality was higher in

the recipients of the pegylated interferon (78/828 (9.4%) versus 5 7/848 (6.7%); RR 1.41, 95% CI 1.02 to 1.96) when only the two

low risk of bias trials were considered. The excess deaths appeared to be from non-liver causes. Variceal bleeding occurred less often

in the treated patients (4/843 (0.5%) versus 18/867 (2.1%); RR 0.24, 95% CI 0.09 to 0.67), but there were no differences seen with

regard to the subsequent development of other manifestations of end-stage liver disease (that is, encephalopathy, ascites, hepatocellular

carcinoma, liver transplantation). One trial reported quality of life data; the treated patients had increases in their pain scores. No cost

data were available. The recipients of the pegylated interferon generally had more adverse events; statistically significant differences

were seen for the occurrence of hematologic complications, infections, flu-like symptoms, and rashes. Those receiving interferon were

more likely to have sustained viral responses (20/557 (3.6%) versus 1/579 (0.2%); RR 15.38, 95% CI 2.93 to 80.71) and were also

more likely to have improvements in markers of inflammation. No difference was demonstrated regarding the effect of the treatment

on markers of fibrosis. The use of longer-term (several years) interferon monotherapy in patients with severe underlying hepatic fibrosis

who have failed previous courses of treatment is not supported by the evidence; no trials providing data regarding clinical outcomes

were identified in other potential treatment scenarios. Two of the commonly employed surrogate markers, sustained viral response and

markers of inflammation, failed to be validated since they improved even though the clinical outcomes did not (or may even have

become worse). This failure to validate the sustained viral response in this group of patients with a low sustained viral response rate

suggests that the presumed validity of the use of sustained viral responses in other groups of patients with chronic hepatitis C viral

infections who receive treatment must be formally validated.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Maintenance interferon monotherapy compared with no therapy for patients with chronic hepatitis C and severe histologic disease (grade 3 or 4 fibrosis) who have failed

previous antiviral therapy

Patient or population: patients with chronic hepatitis C who have failed prior antiviral therapy and who have severe histologic disease (grade 3 or 4 fibrosis) but compensated

liver disease.

Settings: outpatients.

Intervention: maintenance (usually half dose) pegylated interferon monotherapy for 3.5 and 5 years in the two large, low risk of bias trials (Di Bisceglie 2008; Bruix 2011)

and 48 weeks of standard dose in the third trial (Tanwar 2012)

Comparison: no treatment.

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

No treatment Pegylated interferon

monotherapy

All- cause mortality

5 years

Low risk populat ion: no data available RR 1.3 (0.95 to 1.79) 1710

(3 studies)

⊕⊕⊕©

moderate1

When only the two low

risk of bias trials were

considered, the treated

group had a signif i-

cant ly higher mortality

(RR 1.41, 95% conf i-

dence interval 1.02 to

1.45)

Medium risk populat ion: no data available

High risk populat ion

72 per 1000 93 per 1000

(68 to 128)

Liver related mortality

5 years

Low risk populat ion:no data available RR 1.07 (0.7 to 1.63) 1084

(2 studies)

⊕⊕⊕©

moderate2

No ef fect on liver-re-

lated mortality was ob-

served in one trial with

low risk of bias or when

that trial was combined

with a trial with high risk

of bias
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Medium risk populat ion: no data available

High risk populat ion

72 per 1000 78 per 1000

(51 to 118)

* The basis for the assumed risk (e.g. the median control group risk across studies) is calculated f rom the data by the sof tware program. The corresponding risk (and its 95%

conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).

CI: Conf idence interval; RR: Risk Ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Two of the three trials were at low risk of bias; one of them showed a signif icant increase in all-cause mortality in the treated

group and the other showed no dif ference. The third trial, which was at high risk of bias, showed a trend for better survival

in the treated group.
2 One large trial with no risk of bias showed nonsignif icant increase in hepat ic mortality in the treated group and one trial with

high risk of bias showed nonsignif icant decreased hepat ic mortality in the treated group.
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B A C K G R O U N D

Infection with the hepatitis C virus (HCV) affects an estimated

170 million people worldwide (Lauer 2001). Once infection oc-

curs, spontaneous clearance of the virus is infrequent, occurring in

only about 15% to 25% of patients, although this rate varies de-

pending on age, sex, race, and immune status (Hoofnagle 2002).

Chronic hepatitis C is defined as the continued demonstration of

HCV-RNA in the blood for at least six months after the onset of

infection. The major long-term complications of chronic hepatitis

C are decompensated cirrhosis and/or hepatocellular carcinoma,

although it should be appreciated that the large majority of patients

who are infected do not develop these problems (Kenny-Walsh

1999; Seeff 1999; Vogt 1999; Wiese 2000; Barrett 2001; Seeff

2001; Casaraghi 2004). On the other hand, because of the large

number of infected patients, even though only a minority of them

will get into trouble, HCV infection causes 27% of cirrhosis and

25% of hepatocellular carcinoma worldwide (Perz 2006). Once

cirrhosis is established, the ultimate prognosis is poor (Fattovich

1997). At that point, the mortality associated with chronic hep-

atitis C is usually due to end-stage liver disease (Poynard 2003a),

namely portal hypertension, hepatocellular failure, and/or hepa-

tocellular carcinoma, the latter perhaps being the most frequent

cause of death (Benvegnu 2004). It has been postulated that the

best strategy to prevent hepatocellular carcinoma in HCV-infected

patients is to prevent cirrhosis or, if cirrhosis is already present, to

suppress viral replication and hepatocyte necroinflammation and

thereby inhibit, or at least delay, further progression (Nishiguchi

1995).

In the late 1980s, reports emerged describing the treatment of

non-A, non-B, presumably viral-infected patients (subsequently

largely found to be HCV infections) with alfa-interferon (Davis

1989). This treatment improved biochemical and histologic mark-

ers of inflammation, resulting in alfa-interferon becoming the first

licensed treatment for this disorder. Indeed, interferon monother-

apy has proven effective in normalising liver biochemistry and im-

proving histology in up to half of treatment-naive patients (Myers

2002). While antiviral treatment has, as its primary objective, the

reduction in the subsequent incidence of hepatic morbidity and

mortality, randomized trials comparing treatment with no treat-

ment using these outcomes have never been done in the average-

risk patient because of the long period of time that is required

before the clinical manifestations become apparent. Instead, the

efficacy of treatment with interferon is measured by its ability to

achieve viral clearance with cessation of disease activity (Marcellin

1997), referred to as the “sustained virologic response” (SVR). The

SVR is defined by the absence of detectable HCV-RNA in serum

24 weeks after the end of treatment. It has even been suggested that

patients with chronic hepatitis C who do not achieve HCV-RNA

clearance after interferon therapy but have a sustained biochemical

response, defined as normalisation of serum alanine aminotrans-

ferase during interferon therapy and for at least six months after

the end of the therapy, could have a lower risk of hepatocellular

carcinoma (Alric 2001; Arase 2007).

Assessing the capacity for interferon monotherapy to achieve clini-

cal benefit is limited in three major respects. First, as we just noted,

the outcomes of treatment that are employed are all surrogate or

intermediate ones that have never been validated, so it is only a hy-

pothesis that achieving them will translate into improved clinical

outcomes (Gluud 2007). Second, even if these surrogate outcomes

are important, the rate of virologic response at the end of treat-

ment is suboptimal. Although approximately 30% of all patients

clear the virus at the end of 48 weeks of therapy with interferon

monotherapy, the response rate in patients infected with geno-

type 1, which comprise approximately 70% of infected patients in

North America and Western Europe, is much lower, about 10%

(McHutchison 1998; Poynard 1998). Third, in patients who do

manifest a response at the end of treatment, the rate of relapse

upon discontinuation of therapy is extremely high (approximately

50%) (McHutchison 1998; Poynard 1998; Brok 2005a). Thus,

only 15% to 20% of patients treated with interferon monotherapy

ultimately achieve SVRs.

The advent of interferon and ribavirin combination therapy led to

a doubling of SVR rates in treatment-naive patients with chronic

hepatitis C (McHutchison 1998; Poynard 1998; Brok 2005b).

Data from several large clinical trials have shown that pegylated

interferons (peg-interferon) are more effective than standard inter-

feron with or without ribavirin (Lindsay 2001). The addition of

ribavirin to peg-interferon increases the SVR rate to 60% (Manns

2001; Fried 2002). As a result, the combination of peg-interferon

plus ribavirin has been the standard therapy since 2001 (Manns

2001) and, in general, this combination is recommended for treat-

ing hepatitis C. However, many patients still do not achieve SVRs

despite these improvements, and their disease presumably contin-

ues to progress; these individuals may be the ones who are most

at risk of developing cirrhosis and hepatocellular carcinoma. Pa-

tients with cirrhosis clear serum HCV-RNA less frequently, and

this impaired response is further confounded by their more ad-

vanced age and by greater difficulty in achieving optimal dosing

(Wright 2002).

Several approaches for the retreatment of the remaining patients,

so-called “nonresponders” and “relapsers”, have been tested in ran-

domized clinical trials. Retreatment with the same doses of alfa-

interferon is rarely effective (Alberti 1997). This has prompted

trials with higher doses, prolonged treatment duration, and dif-

ferent formulations of interferon, but responses have been vari-

able (Bonkovsky 1996; Gaeta 1997; Poynard 1999). The achieve-

ment of higher response rates with combination therapy with in-

terferon and ribavirin, as well as with the use of peg-interferon in

naive patients, has led to using this combination in nonresponders

(Cheng 2001) and relapsers (Davis 1998; Camma 1999). Never-

theless, ribavirin therapy frequently causes anemia and should be

used carefully in the elderly, in anemic or pregnant young patients,
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and in those who require long-term treatment (Maddrey 1999;

McHutchison 2002). More recently, a third class of antiviral agents

(protease inhibitors) have become available, and their usage has

resulted in still higher SVR rates (Jacobson 2011; Poordad 2011);

however, these agents are expensive and some patients do not tol-

erate them. Finally, given the model of the human immunodefi-

ciency virus (HIV) and AIDS, one might speculate that treatment,

regardless of the regimen, should be lifelong rather than just for

24 or 48 weeks.

Thus, while interferon monotherapy is not a primary choice for

most clinicians, there are a small number of patients who will

not be candidates for either ribavirin or protease inhibitors at this

time; in such patients interferon would remain as the only option.

Furthermore, if one is going to consider long-term maintenance

treatment, it may be desirable from the perspectives of both cost

and toxicity to consider only using one agent. In fact, two large

randomized trials comparing several years of peg-interferon ther-

apy to no treatment have been completed, the HALT-C trial (Di

Bisceglie 2008) and the EPIC3 trial (Bruix 2011). Both of these

trials focused on the effect of the treatment on clinical outcomes.

The purpose of this review is to update a previous systematic re-

view (Myers 2002) to analyse the beneficial and harmful effects

of interferon monotherapy in the retreatment of patients with

chronic hepatitis C who failed to achieve SVRs in the past. Also,

since we will have both clinical and surrogate outcomes, this review

will consider the validation of the surrogate ones (Gluud 2007).

The previous version of this systematic review included trials that

compared interferon to no therapy as well as trials that compared

different regimens of interferon therapy to each other. The latter

trials cannot establish the absolute efficacy of the intervention. In

fact, they were done primarily to find the optimal dosing of inter-

feron that would result in better surrogate outcomes and virtually

no clinical information was available. Since the primary outcomes

of interest in this review are the effect of treatment on mortality

and morbidity, it was decided to remove the comparative trials

from this review. For historical purposes, as well as potential future

clinical needs (if the surrogate outcomes are validated), the com-

parative trials will be the subject of a separate Cochrane review.

O B J E C T I V E S

To assess the benefits and harms of interferon monotherapy re-

treatment in chronic hepatitis C patients who are nonresponders

and relapsers to previous interferon therapy. The following spe-

cific questions were addressed based on the results of randomized

clinical trials.

• What is the effect of a repeated course of interferon

monotherapy, versus placebo or no intervention, in

nonresponders and relapsers in terms of clinical, virologic,

biochemical, and histologic outcomes?

• Does treatment affect the clinical and surrogate outcomes

in the same direction; in other words, are the surrogate outcomes

valid?

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomized clinical trials, unpublished or published as an article,

abstract, or letter, were included. No language limitations were

used.

Types of participants

Trials that compared interferon monotherapy with no treatment

in nonresponding and relapsing patients with chronic hepatitis

C were included. Patients either had ribavirin contraindications

or intolerance, or ribavirin was deselected due to other reason(s).

Similarly, protease inhibitors were not used, either because they

were not available at the time of the trial or there was some clinical

reason not to use them.

Chronic hepatitis C was defined as the presence of HCV-RNA

by polymerase chain reaction (PCR) assay in serum for more than

six months, or the presence of HCV-RNA in serum with elevated

aminotransferases for more than six months and/or histological

evidence of chronic hepatitis (including cirrhosis).

Patients who had undergone liver transplantation, were coinfected

with HBV and/or HIV, and/or had evidence of hepatic decompen-

sation (for example, ascites, hepatic encephalopathy, esophageal

varices, etc.) were excluded.

The previous version of this review (Myers 2002) only provided

data regarding the impact of treatment on virologic, biochemical,

and histologic (all surrogate) outcomes. In that version, the trials

were divided into two categories, those assessing previous nonre-

sponders and those assessing previous relapsers. This separation of

trials has been abandoned in the present analyses because there is

no evidence that relapsers and nonresponders behave differently

in terms of clinical outcomes and because the current trials did

not provide data in this fashion.

Types of interventions

Only randomized clinical trials comparing interferon monother-

apy with placebo or no treatment were included. Trials assessing

interferon in combination with various cointerventions (for ex-

ample, ribavirin, amantadine, ursodeoxycholic acid, phlebotomy,

etc.) were excluded. There were no exclusions based on the type,

dose, or duration of interferon therapy. Trials comparing different
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regimens of interferon to each other will be included in a separate

systematic review. Since alfa-interferon is the type of interferon

that is commonly employed and commercially available, trials em-

ploying other types of interferon were excluded.

Types of outcome measures

Primary outcome measures

• Mortality (all-cause and liver-related).

• Quality of life: however defined by authors.

• Adverse events: defined as any untoward medical

occurrence not necessarily having a causal relationship with the

treatment, but resulting in a dose reduction or discontinuation

of treatment (ICH-GCP 1997).

Secondary outcome measures

• The development of liver-related morbidity

(decompensated liver disease (gastrointestinal bleeding from

varices, ascites, hepatic encephalopathy), liver transplantation,

hepatocellular carcinoma).

• Achievement of an SVR. (SVR was defined as the

disappearance of HCV-RNA from serum at least six months

following the end of treatment.)

• Achievement of a sustained biochemical response.

(Sustained biochemical response was defined as the

normalisation of alanine aminotransferase (alanine transaminase)

at least six months following the end of treatment.)

• Progression of liver disease to cirrhosis (as assessed by

histology).

• Histologic response: improvement of the histologic activity

index or fibrosis score (for example, METAVIR score).

• Costs and/or cost-effectiveness (the latter being defined as

cost per quality-adjusted life year gained as a consequence of the

intervention).

• Total hospital admissions during the trial.

Search methods for identification of studies

We searched The Cochrane Hepato-Biliary Group Controlled

Trials Register (Gluud 2012), the Cochrane Central Register of

Controlled Trials (CENTRAL) in The Cochrane Library, MED-

LINE, EMBASE, and Science Citation Index Expanded (Royle

2003) until 16 August 2012. We have given the search strategies

in Appendix 1 with the time spans for the searches.

We also searched the references of the identified trials to identify

further relevant trials.

Data collection and analysis

Trials selection and extraction of data

Identified trials were listed as well as whether inclusion criteria

were fulfilled, as assessed by at least two of four of the authors

(RK, MP, KSG, VA). Excluded trials were listed with the reason

for exclusion. The decision for inclusion or exclusion of studies

was independent of trial results.

Data were extracted by RK and validated by MP or extracted by

MP and validated by VA, PB, or RC. Disagreements were resolved

by discussion between the review authors.

The following characteristics were extracted from each trial.

1. Authors.

2. Year and language of publication.

3. Country.

4. Inclusion and exclusion criteria.

5. Previous response to interferon therapy (nonresponse versus

relapse).

6. Definition of prior nonresponse or relapse (biochemical;

virologic or combined biochemical and virologic).

7. Previous interferon therapy.

8. Retreatment regimens.

9. Duration of follow-up after the end of treatment.

10. Population characteristics such as mean age, percentage of

males, mode and duration of infection, percentage of patients

with cirrhosis, percentage of patients infected with HCV-

genotype 1.

11. Number of patients in the study groups.

12. Outcomes in the study groups (mentioned above).

13. Methodological quality (described below as “risk of bias”).

Assessment of risk of bias

Risk of bias refers to the confidence one can have that the design

and the report of the randomized clinical trial would limit the

introduction of external influences (biases) that could affect the

perceived effect of the intervention (Moher 1998). According to

empirical evidence (Schulz 1995; Moher 1998; Kjaergard 2001;

Wood 2008), the domains of bias that can produce false estimates

of effects include sequence generation, allocation concealment,

blinding (of participants, personnel, and outcome assessors), in-

complete outcome data, selective outcome reporting, and others.

Investigators can use various methodologic techniques to guard

against the introduction of such biases. The degree to which the

investigators employed these techniques were assessed as follows.

Generation of the allocation sequence

• Adequate, sequence generation was achieved using

computer random number generation or a random number

table. Drawing lots, tossing a coin, shuffling cards and throwing

dice are adequate if performed by an independent adjudicator.
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• Unclear, the trial is described as randomized but the

method of sequence generation was not specified.

• Inadequate, the sequence generation method is not, or may

not be, random. Quasi-randomized studies, those using dates,

names, or admittance numbers in order to allocate patients, are

inadequate and will be excluded for the assessment of benefits

but not for harms.

Allocation concealment

• Adequate, allocation was controlled by a central and

independent randomisation unit, opaque and sealed envelopes,

or similar, so that intervention allocations could not have been

foreseen in advance of, or during, enrolment.

• Unclear, the trial was described as randomized but the

method used to conceal the allocation was not described, so that

intervention allocations may have been foreseen in advance of, or

during, enrolment.

• Inadequate, if the allocation sequence was known to the

investigators who assigned participants or if the study was quasi-

randomized. Quasi-randomized studies will be excluded for the

assessment of benefits but not for harm

Blinding of participants, personnel, and outcome assessors

It is difficult to blind the patient and healthcare provider to the

allocated treatment. However, it is possible to blind the outcome

assessors to this. We do not expect the trials to have blinding

of the evaluators nor manuscript writers. We do not believe that

lack of blinding influenced the primary outcome of mortality or

the secondary outcome of sustained virologic response. If the trial

authors used objective definitions for other outcomes, even if not

blinded, we do not believe that lack of blinding influenced these

outcomes. So, only the outcome assessor blinding was used as

a measure to assess bias risk for outcomes, such as for adverse

effects, which could be affected by lack of blinding. However, we

obtained information on whether the blinding of any other groups

or outcomes was undertaken.

• Low risk of bias (blinding was performed adequately, or the

outcome measurement is not likely to be influenced by lack of

blinding).

• Uncertain risk of bias (there is insufficient information to

assess whether the type of blinding used is likely to induce bias

on the estimate of effect).

• High risk of bias (no blinding or incomplete blinding, and

the outcome or the outcome measurement is likely to be

influenced by lack of blinding).

Incomplete outcome data

• Low risk of bias (the underlying reasons for missing data are

unlikely to make treatment effects depart from plausible values,

or proper methods have been employed to handle missing data).

• Uncertain risk of bias (there is insufficient information to

assess whether the missing data mechanism in combination with

the method used to handle missing data is likely to induce bias

on the estimate of effect).

• High risk of bias (the crude estimate of effects (eg, complete

case estimate) will clearly be biased due to the underlying reasons

for missing data, and the methods used to handle missing data

are unsatisfactory).

Selective outcome reporting

• Low risk of bias (the trial protocol is available and all of the

trial’s pre-specified outcomes that are of interest in the review

have been reported, or similar).

• Uncertain risk of bias (there is insufficient information to

assess whether the magnitude and direction of the observed

effect is related to selective outcome reporting).

• High risk of bias (not all of the trial’s pre-specified primary

outcomes have been reported, or similar).

Other bias

Baseline imbalance

• Low risk of bias (there was no baseline imbalance in

important characteristics).

• Uncertain risk of bias (the baseline characteristics were not

reported).

• High risk of bias (there was an baseline imbalance due to

chance or due to imbalanced exclusion after randomisation).

Early stopping

• Low risk of bias (sample size calculation was reported and

the trial was not stopped or the trial was stopped early by a

formal stopping rule at a point where the likelihood of observing

an extreme intervention effect due to chance was low).

• Uncertain risk of bias (sample size calculations were not

reported and it is not clear whether the trial was stopped early or

not).

• High risk of bias (the trial was stopped early due to an

informal stopping rule or the trial was stopped early by a formal

stopping rule at a point where the likelihood of observing an

extreme intervention effect due to chance was high).

Academic bias

• Low risk of bias (the author of the trial has not conducted

previous trials addressing the same interventions).

• Uncertain risk of bias (It is not clear if the author has

conducted previous trials addressing the same interventions).

• High risk of bias (the author of the trial has conducted

previous trials addressing the same interventions).
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Source of funding bias

• Low risk of bias (the trial’s source(s) of funding did not

come from any parties that might have a conflicting interest (eg,

drug manufacturer).

• Uncertain risk of bias (the source of funding was not clear).

• High risk of bias (the trial was funded by a manufacturer

with a conflicting interest).

We considered trials which were classified as having a low risk

of bias in sequence generation, allocation concealment, blinding,

incomplete data, and selective outcome reporting as low risk of

bias trials.

Presentation of risk of bias

We tabulated the risk of bias in the ‘Risk of bias’ table as part of the

table ’Characteristics of included studies’. We also illustrated the

risk of bias of each trial using the ‘Risk of bias’ summary (Figure

1) and cross-tabulated all the judgements of risk on a ‘Risk of bias’

graph (Figure 2).
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Figure 1. Risk of bias summary: review authors’ judgments about each risk of bias item for each included

study.
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Figure 2. Risk of bias graph: review authors’ judgments about each risk of bias item presented as

percentages across all included studies.

Statistical methods

We performed the meta-analyses according to the recommenda-

tions of The Cochrane Collaboration (Higgins 2011) and the

Cochrane Hepato-Biliary Group Module (Gluud 2012). We used

the software package Review Manager 5.1 (RevMan 2011) pro-

vided by The Cochrane Collaboration. For dichotomous out-

comes, we calculated the risk ratio (RR) with 95% confidence

interval (CI). For continuous outcomes, we planed to calculate

mean difference (MD) or standardised mean difference (SMD)

with 95% CI. We used a random-effects model (DerSimonian

1986) and a fixed-effect model (DeMets 1987). In case of discrep-

ancy between the two models we reported both results; otherwise

we have reported only the results from the fixed-effect model. Het-

erogeneity was explored by the Chi2 test with significance set at a

P value of 0.10, and the quantity of heterogeneity was measured

by the I2 statistic (Higgins 2002).

We performed the analysis on an ’intention-to-treat’ basis (Newell

1992) whenever possible. Otherwise we adopted the ’available

patient analysis’. A statistical assessment of publication bias was

planned if an adequate number of trials (at least 10) existed (Egger

1997). For significant differences identified in mortality or mor-

bidity outcomes, trial sequential analysis (CTU 2011; Thorlund

2011) was planned to assess for the presence of random error (Brok

2008; Wetterslev 2008; Brok 2009; Thorlund 2009; Wetterslev

2009; Thorlund 2010). In order to avoid the confounding of bias

(systematic error), only trials with low risks of bias were used in

these trial sequential analyses. Because of its wide-spread use, a

trial sequential analysis was done for SVRs.

The following sensitivity analyses were planned to determine the

impact on the primary outcome measure (mortality, quality of

life, adverse events) and the secondary outcome of liver-related

morbidity.

• Risk of bias: comparison of trials with low risk of bias to

those failing to meet the criteria for low risk of bias.

• Publication status: comparison of trials published as

abstracts and letters versus full papers.

R E S U L T S

Description of studies

Search results

We identified 7367 records through the electronic searches. In ad-

dition, we identified five studies (five records) (one of these being

another record from a previously identified study) from other ref-

erences in the electronic searches and five studies (seven records

including two from a previously identified study) from the per-

sonal files of RK. The details of how we ultimately excluded and

included trials are displayed in the study flow diagram (Figure 3).
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Figure 3. Study flow diagram.
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Fifteen trials comparing different regimens of interferon without

an untreated group had been previously included (Arase 1994;

Bonkovsky 1996; Ferenci 1996; Lindsay 1996; Chemello 1997;

Gaeta 1997; Rolachon 1997; Heathcote 1998; Payen 1998; Scotto

1998; Almasio 1999; Gross 1999; Poynard 1999; Arase 2003;

Nomura 2004). An additional nine (Hadziyannis 1997; Wartelle

1997; Davis 1999; Fong 2000; Zeuzem 2000; Suzuki 2001; Iino

2002; Jensen 2009; Neuman Manuela 2010) were identified dur-

ing the updated search. These trials are the ones that are potentially

to be included in another systematic review assessing trials that

compare different regimens of interferon therapy to each other.

Two trials (two records) are awaiting classification (Cho 1992;

Testino 2002).

A total of seven trials (16 records) from these searches met our

inclusion criteria and are included in this present review (Bresci

1995; Vaccaro 1997; Shiffman 1999; Alric 2001; Di Bisceglie

2008; Bruix 2011; Tanwar 2012). These trials included a total of

1976 patients. The duration of treatment was 24 weeks in three

of them (Bresci 1995; Vaccaro 1997: Alric 2001), 48 weeks in

one (Tanwar 2012), 96 weeks in one (Shiffman 1999), and 3.5

years (Di Bisceglie 2008) and 5 years (Bruix 2011) in the other

two. Three trials only randomized patients with severe fibrosis

(Di Bisceglie 2008) or cirrhosis (Di Bisceglie 2008; Bruix 2011;

Tanwar 2012) and were specifically designed to assess the effect of

treatment on clinical outcomes; they were the only trials to report

such data. Two of these trials were the largest ones identified;

the EPIC3 trial contained 626 participants (Bruix 2011) and the

HALT-C trial 1050 participants (Di Bisceglie 2008). One trial

only provided details regarding end-of-treatment responses (Bresci

1995) and did not contribute data to any of the analyses.

One of these trials requires some special discussion (Tanwar 2012).

This trial was designed to assess the utility of full-dose peg-inter-

feron provided for 48 weeks, compared with no treatment, in pa-

tients with cirrhosis. Initially 18 patients were randomized to the

peg-interferon arm and 22 to the control group. The paper indi-

cated that two patients were treatment-naive and five had Childs

class B cirrhosis; such individuals were not eligible for inclusion

in this review. When requested, the investigator provided us with

the pertinent details. The Childs B classification was based, at

least, on the presence of ascites that was controlled with diuretics

in all five patients; one of these individuals was also treatment-

naive. Thus, we excluded six patients from this analysis, three from

each intervention arm. In so doing, we eliminated one treated pa-

tient who had developed an SVR and another treated patient who

had developed hepatocellular carcinoma. In addition, we excluded

two control patients who had either died from a variceal bleeding

episode or required a liver transplant for further decompensation

manifested at least by the development of encephalopathy.

Risk of bias in included studies

Generation of the allocation sequence and concealment of alloca-

tion was adequately performed in three of the trials (Di Bisceglie

2008; Bruix 2011; Tanwar 2012) and was unclear in the others.

While none of the trials were blinded, the assessments of objective

outcomes (death, liver transplantation, biochemical, and virologic

assessments) were believed to be at low risk of bias anyway, so these

trials were all considered to be at low risk of bias. Subjective out-

comes were considered to be adequately protected from potential

bias if the assessors were unaware of what treatment the patient

received; this was the case for all of the outcomes in two trials (Di

Bisceglie 2008; Bruix 2011) and for the histologic interpretations

in two others (Shiffman 1999; Alric 2001).

Incomplete outcome reporting per se was not a problem in any

trial, but for the reasons noted above we wound up with a subgroup

analysis of one of the trials (Tanwar 2012).

Selective outcome reporting was judged to have been adequate

in the three trials that reported details about the primary clinical

outcomes (mortality, adverse events) or hepatic morbidity (Di

Bisceglie 2008; Bruix 2011; Tanwar 2012). In the remaining trials,

selective outcome reporting cannot be excluded.

Four of the trials did provide sufficient details so that it was clear

that the trial was not stopped early (that is, provided a sample size

calculation) (Shiffman 1999; Alric 2001; Di Bisceglie 2008; Bruix

2011); a fifth trial also provided a sample size calculation but it was

stopped early by the overseeing safety committee after the HALT-

C and EPIC3 results became known (Tanwar 2012). In two trials,

no sample size calculation was provided, so it was not clear why

either trial was stopped when it was (Bresci 1995; Vaccaro 1997).

There were no baseline differences in any of the trials. There were

no vested academic or financial interests in four trials (Shiffman

1999; Alric 2001; Di Bisceglie 2008; Tanwar 2012). The other

large trial that intended to assess clinical outcomes primarily did

report a sample size calculation, had no baseline differences be-

tween the two groups, and had no apparent potential academic

interest (Bruix 2011); however, it was funded by one of the com-

panies that manufactures pegylated interferon and was judged to

be unclear with regard to “other biases”.

Since this latter category did not have to be graded as low risk

in order for the trial to be considered such, two trials, which also

enrolled the largest numbers of patients (Di Bisceglie 2008; Bruix

2011), were at low risk of bias. The trial by Tanwar et al (Tanwar

2012), while maintaining good methodology for a number of these

risks of bias, could not be classified as low risk of bias because of

the lack of blinding, the occurrence of early stopping, and the un-

known effect that our subgroup analysis created on the random-

ization (resulting in an unclear assessment of incomplete outcome

reporting). A summary of these risks of bias can be seen in Figure
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1 and Figure 2.

Effects of interventions

See: Summary of findings for the main comparison Summary of

findings - mortality; Summary of findings 2 Summary of findings

- hepatic morbidity

Primary outcomes

Data on all-cause mortality were available from only three trials

(Di Bisceglie 2008; Bruix 2011; Tanwar 2012). When all three

trials were combined to assess all-cause mortality, no significant

difference was observed (RR 1.30, 95% CI 0.95 to 1.79, Analysis

1.1). Two of the trials provided data regarding hepatic mortality

(Di Bisceglie 2008; Tanwar 2012) and no significant difference

was seen (RR 1.07, 95% CI 0.70 to 1.63, Analysis 1.2).

It did appear, from a perusal of the archived database, that quality

of life data were obtained in the HALT-C trial; however, because

of the difficulty in interpreting the coding and abbreviations that

were employed, this information could not be quantitatively ab-

stracted or qualitatively determined. Quality of life scores were

also obtained by Tanwar et al (Tanwar 2012) in the majority of

patients (but data were missing for 1 treated and 8 control partic-

ipants out of the 40 in the trial). Levels of pain were, on average,

“significantly higher, P < 0.001” in the treated patients but no

numerical values were provided.

There was a great deal of information regarding adverse events,

predominantly from the two large trials (Di Bisceglie 2008; Bruix

2011) with some information from a third (Shiffman 1999). An-

other trial did describe some events in the treated patients but

the information was limited because it was not clear that the

controls had been similarly followed for such problems (Tanwar

2012). There was a trend for serious adverse events to occur more

commonly in the pegylated interferon arm (Shiffman 1999; Di

Bisceglie 2008) (RR 1.18, 95% CI 0.99 to 1.41, P = 0.07, Analysis

3.2). Neutropenia and thrombocytopenia more commonly oc-

curred in the pegylated interferon recipients in one trial (Bruix

2011) (RR 2.42, 95% CI 1.43 to 4.10 and RR 2.63, 95% CI

1.61 to 4.30, Analysis 3.3) although there was no significant dif-

ference in “hematological adverse events” in the other large trial

(Di Bisceglie 2008) (Analysis 3.3). No significant differences were

seen in psychiatric adverse events (Di Bisceglie 2008; Bruix 2011)

(Analysis 3.4). Infections were more common in the recipients of

pegylated interferon in both large trials (Di Bisceglie 2008; Bruix

2011) (RR 1.51, 95% CI 1.05 to 2.16, Analysis 3.5). There were

significant differences found in nine of the other 43 categories of

adverse events that were reported. One favored the recipients of

the pegylated interferon (fewer esophageal varices, Analysis 3.6)

and the other eight adverse effects (fatigue, headaches, myalgia,

pyrexia, flu-like illness, irritability, rash, and erythema at the in-

jection site) were more common in the treated patients (Analysis

3.7; Analysis 3.10). No data were provided regarding subsequent

hospital admissions.

Secondary outcomes

No differences were seen between the two groups with regard to

the subsequent development of hepatic encephalopathy (Analysis

4.1), ascites (Analysis 4.3), and spontaneous bacterial peritonitis

(Analysis 4.4). The recipients of the pegylated interferon were less

likely to have a variceal bleeding episode (RR 0.26, 95% CI 0.09

to 0.71, Analysis 4.2). No differences were seen with regard to

the subsequent development of hepatocellular carcinoma (Analysis

4.5) or liver transplantation (Analysis 4.6). One trial provided data

for “decompensated cirrhosis” (which was not clearly defined); no

significant difference was seen (Analysis 4.7) (Tanwar 2012).

Both large trials reported data regarding the development of more

advanced Child-Turcotte-Pugh scores (that is, progression to a

more severe disease state than Childs A) (Di Bisceglie 2008; Bruix

2011); no significant effect was seen (RR 1.12, 95% CI 0.84 to

1.50, Analysis 5.1).

Although four trials assessed SVRs, none occurred in two of them

(Vaccaro 1997; Alric 2001). When the other two trials were com-

bined, SVRs were more commonly seen with interferon (RR

14.73, 95% CI 2.78 to 77.97, Analysis 6.1) (Di Bisceglie 2008;

Tanwar 2012).

One of the two large trials included 622 patients without cirrho-

sis (Di Bisceglie 2008); in this subgroup, pegylated interferon did

not significantly reduce the incidence of subsequent progression

to cirrhosis (as manifested on liver biopsies) (RR 0.93, 95% CI

0.69 to 1.25, Analysis 6.4). Two of the smaller trials, conducted

for 24 and 96 weeks (Shiffman 1999; Alric 2001), provided data

regarding the degree of inflammation and stage of fibrosis on the

pre- and post-treatment liver biopsies; the former was improved

by treatment (RR 1.49, 95% CI 1.02 to 2.18, Analysis 6.3) but

no significant difference was seen in the latter (RR 1.43, 95% CI

0.76 to 2.68, Analysis 6.5). While the data were not presented

in a manner that could be employed in a meta-analysis, one trial

described a significantly greater reduction in the abnormal ala-

nine aminotransferase levels and the histologic necroinflammatory

scores in the recipients of the pegylated interferon (Di Bisceglie

2008). In the other large trial (Bruix 2011), which provided about

2/3s of the weight regarding the calculation for the occurrence of

variceal bleeding, there was also a treatment-associated beneficial

effect on the appearance or enlargement of esophageal varices. In

addition, an abstract from that EPIC3 trial indicated that there

was a beneficial effect of the pegylated interferon treatment on

non-invasive markers of necroinflammatory activity and fibrosis

(Poynard 2009). Finally, one other trial also described (in a quali-

tative manner) a significant improvement in two non-invasive fi-

brosis scores as a result of treatment (Tanwar 2012).

Sensitivity analyses

The two trials judged to be at low risk of bias (Di Bisceglie 2008;

Bruix 2011) were the largest ones in the analyses. When only these

two trials were considered, most of the observations remained the
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same. However, the difference in all-cause mortality was now sig-

nificant and identified more deaths in the interferon group (RR

1.41, 95% CI 1.02 to 1.95, Analysis 8.2). However, trial sequen-

tial analysis could not exclude the possibility that this was a chance

finding (Figure 4). While there was still a significant benefit asso-

ciated with the use of interferon with regard to variceal bleeding

in the fixed-effect model (R 0.26, 95% CI 0.09 to 0.76), there

was statistical heterogeneity (I2 = 44%) and when the random-

effects model was employed the significant difference disappeared

(RR 0.27, 95% CI 0.05 to 1.36). Trial sequential analysis could

not exclude the possibility that this was a chance finding either

(Figure 5).

Figure 4. Trial sequential analysis for low risk of bias trials reporting all-cause mortality. Assumptions were

1% mortality in control arm, RR = 0.50, alpha error 5%, power 80%. The required information size was 9349

patients.
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Figure 5. Trial sequential analysis for low risk of bias trials reporting rates of variceal bleeding in both

groups. Assumptions were 2% incidence in control arm, RR = 0.50, alpha error 5%, power 80%.The required

information size was 8537 patients.

The contribution from two of the other trials (Shiffman 1999;

Alric 2001) were largely in analyses that only included them

(Analysis 6.3; Analysis 6.5), so excluding them simply left no trials

to consider. Three of the smaller trials (Vaccaro 1997; Alric 2001;

Tanwar 2012) were included in the analysis of SVRs (Analysis

6.1); no SVRs were observed in any patients in two of these trials

(Vaccaro 1997; Alric 2001) so they did not contribute to the actual

data combination. When the third small trial (Tanwar 2012) was

removed, a significant difference in the occurrence of SVRs re-

mained (RR 18.56, 95% CI 2.49 to 138.54, Analysis 13.1). Even

assuming that the SVR rate was only 3% in the treated patients, the

information size (the number of patients required to be sure that a

significant finding was not due to chance) was 864; the 1050 pa-

tients in the HALT-C trial exceeded that number (Figure 6). The

only other time when a sensitivity analysis was even an issue was in

the single analysis of serious adverse events (Analysis 3.2) in which

one small trial of 53 patients (Shiffman 1999) was combined with

a trial including 1050 patients (Di Bisceglie 2008); removing the

small trial had no material effect on the result (Analysis 11.2).
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Figure 6. Trial sequential analysis in trials reporting sustained viral response rates in both arms.

Assumptions were 0.5% in controls, 3% in treated arms, alpha error 5%, power 80%. However, the required

information size (864) was exceeded and using lower assumption of rate in controls or higher in treated

patients only further reduced the required information size.

Only one trial was published as an abstract (Vaccaro 1997); that

trial only provided data regarding SVRs. Removing it had no ef-

fect on the analysis regarding SVRs (Analysis 6.6). This was not

surprising as there were no SVRs in either intervention group in

this trial.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Maintenance interferon monotherapy compared with no therapy for patients with chronic hepatitis C and severe histologic disease (grade 3 or 4 fibrosis) who have failed

previous antiviral therapy

Patient or population: patients with chronic hepatitis C who have failed prior antiviral therapy and who have severe histologic disease (grade 3 or 4 fibrosis) but compensated

liver disease.

Settings: outpatients.

Intervention: maintenance (usually half dose) pegylated interferon monotherapy for 3.5 and 5 years in the two large, low risk of bias trials (Di Bisceglie 2008; Bruix 2011)

and 48 weeks of standard dose in the third trial (Tanwar 2012)

Comparison: no treatment.

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

No treatment Pegylated interferon

monotherapy

Hepatic encephalopa-

thy

5 years

12 per 1000 11 per 1000

(4 to 27)

RR 0.92 (38 to 2.26) 1676

(2 studies)

⊕⊕⊕⊕

high

No ef fect was seen on

hepat ic encephalopa-

thy in two trials with low

risk of bias

Variceal bleeding

5 years

21 per 1000 5 per 1000

(2 to 15)

RR 0.26 (0.09 to 0.71) 1710

(3 studies)

⊕⊕⊕⊕

high

Since there was no

dif ference in hepat ic

mortality, only non-fatal

variceal bleeding pre-

vented. Since number

needed to treat is 67,

and since cost of treat-

ment is in tens of thou-

sands of dollars per pa-

t ient, this does not ap-

pear to be a cost-ef fec-

t ive intervent ion
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Ascites

5 years

25 per 1000 28 per 1000

(15 to 50)

RR 1.12 (0.62 to 2) 1676

(2 studies)

⊕⊕⊕⊕

high

No ef fect was seen on

ascites in two trials with

low risk of bias

Spontaneous bacterial

peritonitis

5 years

4 per 1000 1 per 1000

(0 to 13)

RR 0.38 (04 to 3.54) 1084

(2 studies)

⊕⊕⊕⊕

high

No ef fect was seen on

spontaneous bacterial

peritonit is in one trial

with low risk of bias

or when that trial was

combined with a trial at

high risk of bias

Hepatocellular carci-

noma

5 years

62 per 1000 50 per 1000

(34 to 74])

RR 0,81 (0.55 to 1.19) 1710

(3 studies)

⊕⊕⊕⊕

high

No ef fect was seen on

the occurrence of hep-

atocellular carcinoma

when the two trials at

low risk of bias were

combined or when all

three trials were com-

bined

Liver transplantation

5years

13 per 1000 6 per 1000

(1 to 35)

RR 0.51 (0.09 to 2.74) 626

(1 study)

⊕⊕⊕⊕

high1

No dif ference in the

need for liver transplan-

tat ion was seen in one

low risk of bias trial

Decompensated cir-

rhosis

3.4 years

53 per 1000 22 per 1000

(1 to 503)

RR 0.42 (0.02 to 9.55) 34

(1 study)

⊕⊕©©

low2

No dif ference was seen

in the total number

of pat ients who devel-

oped at least one man-

ifestat ion of decom-

pensated cirrhosis, but

these data are very lim-

ited and only available

in one high risk of bias

trial
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* The basis for the assumed risk (e.g. the median control group risk across studies) is calculated f rom the data by the sof tware program. The corresponding risk (and its 95%

conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its 95%CI).

CI: Conf idence interval; RR: Risk Ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our conf idence in the est imate of ef fect.

Moderate quality: Further research is likely to have an important impact on our conf idence in the est imate of ef fect and may change the est imate.

Low quality: Further research is very likely to have an important impact on our conf idence in the est imate of ef fect and is likely to change the est imate.

Very low quality: We are very uncertain about the est imate.

1 Data f rom a single trial (the smaller of the two low risk of bias trials).
2 There was no blinding of the assessor, the analysis only considered a subset (34 of 40) of the pat ients who were enrolled,

and the trial was stopped early.
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D I S C U S S I O N

Our review found that peg-interferon monotherapy is not an ef-

fective treatment for patients with chronic hepatitis C and liver

fibrosis who have failed at least one previous course of antiviral

treatment. Of course, interferon monotherapy, whether or not pa-

tients have been previously treated, is widely regarded as a therapy

that no longer has much meaning because of the advent of com-

bination therapy, especially with the availability of the protease

inhibitors. However, three observations from this review have im-

portant implications with regard to any kind of antiviral treatment

program.

The first relates to the observation that the treatment may be effec-

tive in preventing variceal bleeding. This benefit was seen when all

of the trials were combined and, at least in the fixed-effect model,

when only trials with low risk of bias were considered. This bene-

fit was also observed in another long-term maintenance trial, the

COPILOT study (COPILOT 2008), that compared interferon

with colchicine (since there was no true untreated control group,

that trial was not included in this meta-analysis). However, even if

interferon therapy does reduce the incidence of variceal bleeding,

could we justify using it for that reason? The absolute reduction in

the incidence of variceal bleeding appeared to be about 1.5% (an

incidence of 2% falling to an incidence of 0.5%). This translates

into a number needed to treat of about 67. Since no improvement

in mortality was seen, we are considering using an agent that costs

tens of thousands of dollars per year per patient in 67 people just

to prevent one hospitalization for non-fatal variceal bleeding. It is

unlikely that we could make a cost-effective argument for such an

intervention.

The second observation is troubling, namely that when only the

low risk of bias trials were considered (that is, trials which are

likely to provide the best effect estimates), there was an increased

all-cause mortality in the recipients of the peg-interferon. Three

trials provided mortality data (Di Bisceglie 2008; Bruix 2011;

Tanwar 2012) and, when one looks at the actual numbers, it be-

comes clear that three different phenomena were being observed.

The HALT-C trial (Di Bisceglie 2008), which largely drove the

mortality analysis (especially the one when only the low risk of

bias trials were considered), found an increase in the nonhepatic

mortality, perhaps suggesting that there was some long-term ad-

verse effect from peg-interferon alfa-2a when being used in half-

dose quantities for several years. No such effect was seen with a

seemingly comparable use of peg-interferon alfa-2b in the EPIC3

trial (Bruix 2011), although there were slightly more deaths in the

treatment group. When all of the participants in the third trial

(Tanwar 2012), which was not at low risk of bias, were considered,

a significant improvement in both hepatic and all-cause mortality

was observed; the investigators in this trial tried to provide peg-

interferon alfa-2a at full dose for 48 weeks. When the six patients

who were not eligible for inclusion in this review were excluded,

the differences in mortality rates were no longer significant, but

the arithmetical trend was still present. Since trials that are not at

low risk of bias tend to overestimate benefit and/or underestimate

harm, the observation from the meta-analysis of the two low risk

of bias trials should be concerning. However, since this harm was

largely seen in only one of the two low risk of bias trials it is pos-

sible that the HALT-C finding is simply a chance finding or some

effect limited to peg-interferon alfa-2a. Nonetheless, since we are

considering a very consequential outcome (excessive mortality),

this information should be provided to patients who are being

counselled about the risks and benefits of treatment.

The third observation is perhaps the most concerning as it was

a consistent finding in this review. As we have noted, the best

evidence that we have about the clinical impact of interferon

monotherapy is that there is no apparent benefit over the first few

years in patients who have substantial hepatic fibrosis and are being

retreated. Perhaps reflecting the danger of relying on expert opin-

ion, this group was the one that was specifically identified in the

first National Institutes of Health (NIH) Consensus Conference

as being most in need of treatment with interferon (NIH 1997).

Moreover, there is harm with regard to the production of adverse

effects as well as cost considerations. There is even a suggestion

that all-cause mortality may be increased with treatment. In spite

of this overall unfavorable clinical profile, treatment resulted in a

beneficial effect on the surrogate outcomes, especially SVRs and

markers of inflammation. This disconnect between the effect of

treatment on clinical outcomes and laboratory tests represents a

failure of the surrogate outcome to be validated (Gluud 2007),

at least in this clinical scenario. While the SVR may be a useful

surrogate in other scenarios of hepatitis C treatment, the failure

of validation in this setting tells us that the SVR is not universally

reliable and should be validated before being viewed as the goal of

any therapy. SVR can only regain the status of being the goal for

assessing treatment in particular scenarios when it is validated in

those scenarios.

There are several reasons why SVRs might have been expected to

fail as a surrogate marker.

1) Using viral clearance as an outcome has permeated AIDS treat-

ment strategies, perhaps for good reason (if the serum is the means

whereby the AIDS virus reaches its target cell, the lymphocyte).

However, as discussed above, chronic hepatitis C is not analogous

to AIDS with regard to the ultimate mortality rate in infected

individuals who are not treated. In fact, the serum level of the

hepatitis C virus may only be an epiphenomenon, especially if the

hepatocyte is infected directly from its neighbor.

2) It is becoming apparent that some patients who develop SVRs

are still relapsing (Ciancio 2006) or even developing complications

of end-stage liver disease (Chavilitdhamrong 2006; Hung 2006;

Innes 2011); therefore SVRs cannot be considered “’cures”.

3) While observational studies have shown that patients who

develop SVRs have better long-term outcomes than do pa-
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tients who fail to develop SVRs (Marcellin 1997; Camma 2001;

Papatheodoridis 2001; Everson 2008; Maylin 2008), it does not

follow that the treatment actually had anything to do with it. After

all, the patients who did not develop SVRs were also treated. We

know that there are prognostic features regarding who is more or

less likely to have an SVR after treatment; those features associ-

ated with the development of SVRs include little or no fibrosis

on biopsy, female sex, shorter duration of infection, and normal

body weight (Koretz 1995; Zeuzem 2000). These are also factors

that would predict a lower likelihood of developing end-stage liver

disease. If responders simply come from the pool of patients who

were not very likely to get into trouble in the first place, they would

be unlikely to get into trouble just because they received antiviral

agents (that is, the treatment had nothing to do with the better

long-term outcomes).

There have been a number of small randomized clinical trials com-

paring interferon to no therapy in patients with severe fibrosis

(Ikeda 1998; Mura 1999; Valla 1999; Planas 2002; Testino 2002;

Fartoux 2007). These were not included in this review because the

trials were undertaken only in treatment-naive patients or were

not restricted to previously treated individuals and we were not

able to separate out the subgroups that would have been eligible

for this analysis. The failure of the trials in this review to find a

benefit from treatment is consistent with the findings of most of

these smaller trials. One of the trials observed benefit (better sur-

vival, fewer hepatocellular carcinomas, and fewer episodes of hep-

atic decompensation) from the interferon (Mura 1999) and that

trial is still only available as an abstract 13 years later. One other

trial reported that there were fewer patients who developed one or

more of several manifestations of end-stage liver disease (a com-

posite outcome), but the reported percentages were not consistent

with the numbers of patients in the two treatment groups (Planas

2002). There is one other trial that was alleged to be randomized

(Nishiguchi 1995) that found that treatment reduced the subse-

quent incidence of hepatocellular carcinoma; however, a closer in-

spection of the data indicates that the controls, in spite of having

worse outcomes, were followed for longer periods of time (Koretz

1996), a situation that is inconsistent with all patients having been

randomized at the same time.

Interferon therapy is associated with a variety of adverse events

including fatigue, influenza-like symptoms, psychiatric distur-

bances, and cytopenias. Not surprisingly, this harm was demon-

strated in our included trials.

Our systematic review has several limitations. The number of in-

cluded trials is small (n = 7) and only some of them provided any

clinical data. This leaves open the risks of outcome reporting bias.

While the two large trials were at low risk of bias, the included

patients all had advanced fibrosis. Thus, it would not necessarily

follow that the outcomes would be similar in patients with less

severe liver disease. The therapy being assessed, namely interferon

alone, is one that may not be commonly employed in the future,

so its lack of effect on clinical outcomes may be a moot point.

On the other hand, the two lessons that do extrapolate into the

therapeutic arena of today (net harm and a surrogate outcome that

failed validation) should caution us to stop advocating antiviral

interventions of any kind until we have evidence of clinical efficacy

and cost-efficacy.

In conclusion, interferon monotherapy has not been shown to be

effective when used to retreat patients, especially those with severe

fibrosis. In fact, it only caused net harm. The sustained virological

response did not fulfil the criteria needed (Gluud 2007) to be con-

sidered as a valid surrogate outcome that can be used in the treat-

ment of patients with chronic hepatitis C. Interferon monother-

apy has no established role in nonresponders and relapsers and the

alternative treatments still need to be validated with randomized

trials assessing both surrogate (to validate them) and clinical (to

assess efficacy) outcomes.

A U T H O R S ’ C O N C L U S I O N S
Implications for practice

Retreatment with peg-interferon, while possibly reducing the sub-

sequent incidence of variceal bleeding, may increase mortality and

results in the occurrence of a number of other adverse events. As

such, it cannot be recommended. Furthermore, since retreatment

with interferon does improve surrogate outcomes, especially rates

of SVR occurrence and reduction in markers of inflammation,

these surrogates are not adequate outcomes to use for treatment.

Implications for research

Given the failure of low-dose peg-interferon to improve clinical

outcomes, and rather to produce harm (increased adverse events,

even including death), there is little to be gained by undertak-

ing more trials of interferon monotherapy retreatment. Given the

concern about the short- and long-term safety of this agent, we

need long-term randomized trials of other anti-viral regimens to

determine if any efficacy exists and, if so, if the benefit will out-

weigh the harms. The failure of the biochemical and virologic sur-

rogate outcomes to be validated in this scenario challenges the use

of such surrogate outcomes in general and emphasizes the need

to use clinical outcomes (mortality and morbidity) in all trials of

anti-viral therapies in patients with hepatitis C infection.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Alric 2001

Methods Randomized trial comparing interferon versus no treatment

Intention-to-treat analysis: yes

Sample size calculation: yes.

Participants Country: France

Nonresponders (n = 57)

- Previous nonresponse: virologic

- Groups (interferon/C): 29/28

- Excluded: 0/0

- Mean age (y): 46/46

- Male (%): 45/43

- Transfusion (%): N/A

- Drug abuse (%): N/A

- Genotype 1 (%): 45/43

- Cirrhosis (%): 3/4

Inclusion criteria: Chronic hepatitis C (positive Anti-HCV, positive HCV-RNA and

data of chronic hepatitis on liver biopsy), previous treatment with interferon alfa-2b (3

MU three times per week x 48 wk) with normalization of alanine transaminase level and

positive HCV-RNA after the end of the therapy

Exclusion criteria: Other causes of chronic liver disease, HIV positive, active intravenous

drugs use and alcohol intake ≥ 50 g/d

Interventions - Schedule:

Experimental: Interferon alfa-2b x 48 wk (2MU three times per week x 12 wk; 1 MU

three times per week x 12 wk; 1 MU 2/ wk x12 wk; 1 MU / wk x 12 wk)

Control: no treatment

- Follow-up (F/U): 24 wk.

Outcomes - Virologic end of treatment response

- Sustained virologic response

- Histology

- Biochemical sustained response was also reported. But as this trial included only patients

with biochemical response after the first interferon, this outcome was not included for

meta-analysis

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Unclear.

Allocation concealment (selection bias) Unclear risk Unclear.
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Alric 2001 (Continued)

Blinding (performance bias and detection

bias)

Objective outcomes (Biochemical or viro-

logic response)

Low risk The review authors consider that knowl-

edge of the group to which the patient be-

longs to, will not increase the bias as these

outcomes are objective

Blinding (performance bias and detection

bias)

Subjective outcomes (Clinical events other

than mortality, Histology)

Low risk The authors stated: “The pathologist were

unaware of the clinical and biological data

or the biopsy order”

Blinding (performance bias and detection

bias)

Adverse effects

High risk Not reported.

Incomplete outcome data (attrition bias)

All outcomes

Low risk One patient in the treatment group

stopped the therapy for adverse effects

Selective reporting (reporting bias) Unclear risk While it may be that no clinical events oc-

curred in the 24 weeks of the trial, this was

not specified in the paper

Other bias Low risk There was no imbalance in important char-

acteristics. Sample size calculation was re-

ported and the trial was not stopped early.

The author of the trial has not conducted

previous trials addressing the same inter-

vention. The trial’s source of funding did

not come from any parties that might con-

flicting interest

Bresci 1995

Methods Randomized four-groups trial comparing different doses and type of interferon with no

treated control group

Intention-to-treat analysis: yes

Sample size calculation: no.

Participants Country: Italy

Nonresponders (n = 112)

- Previous nonresponse: biochemical

- Groups (interferon/interferon/interferon/C):

- Excluded: 0/0/0/0

- Mean age (y): 47/48/45/46

- Male (%): 64/57/61/54

- Transfusion (%): 32/29/29/25

- Drug abuse (%): N/A

- Genotype 1 (%): N/A

- Cirrhosis (%): 0/0
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Bresci 1995 (Continued)

Inclusion criteria: Chronic hepatitis (clinical, serological and histological data), alanine

transaminase levels at least twice the ULN, positive Anti-HCV, lack of response to

previous interferon-alfa (3 MU three times per week x 24 wk)

Exclusion criteria: Consumption of > 40 g/d of alcohol, drug-induced liver disease,

HBV, HDV, HIV, metabolic disorders, autoimmune factors and histological diagnosis

of cirrhosis

Interventions - Schedule:

Experimental 1: Interferon alfa 3 MU three times per week x 24 wk

Experimental 2: Interferon alfa 6 MU three times per week x 24 wk

Experimental 3: LYMPH interferon alfa 3 MU three times per week x 24 wk

Control: no treatment

- Follow-up (F/U): 24 wk.

Outcomes - Biochemical end of treatment response.

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Unclear.

Allocation concealment (selection bias) Unclear risk Unclear.

Blinding (performance bias and detection

bias)

Objective outcomes (Biochemical or viro-

logic response)

Low risk The review authors consider that knowl-

edge of the group to which the patient be-

longs to, will not increase the bias as these

outcomes are objective

Blinding (performance bias and detection

bias)

Subjective outcomes (Clinical events other

than mortality, Histology)

High risk Not reported.

Blinding (performance bias and detection

bias)

Adverse effects

High risk Not reported.

Incomplete outcome data (attrition bias)

All outcomes

Low risk No patients discontinued the therapy for

adverse events.

Selective reporting (reporting bias) Unclear risk While it may be that no clinical events oc-

curred in the 24 weeks of the trial, this was

not specified in the paper

Other bias Unclear risk Unclear.
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Bruix 2011

Methods Randomized trial comparing pegylated interferon with no therapy in 626 patients who

were still hepatitis C positive after prior therapy

Intention to treat analysis - unclear (Dropouts who had not had an event were assumed

not to have had one afterward (modified ITT); however, 116 and 118 patients in the

treatment and control arms failed to complete the trial. Even so, not all of the patients

could be counted because 5 were excluded from the analyses because of the failure of the

two sites to comply with “Good Clinical Practice”; according to an abstract published

in Gastroenterology in 2009, there were actually 631 patients randomized.) (All of the

tables indicated that 626 were analysed.)

Sample size calculation - yes (Trial was to stop when 98 events had occurred (90% power

to detect hazard ratio of 2.0); however, the trial was stopped after 5 years when only 63

patients had experienced a clinical event, as the other decision to stop was after 5 years.)

Participants Countries: Spain, France, Italy, United States, Canada, Germany, Mexico, Brazil, Ar-

gentina

Participants - Both nonresponders and relapsers included. Previous lack of sustained viral

response was to combination therapy (pegylated interferon plus ribavirin)

- Previous relapse or nonresponse: Virologic.

- Groups (interferon/interferon): 311/315

- Excluded: 0/0

- Mean age (y): 52.3 (7.5 SD)/52.0 (7.6 SD)

- Male (%): 66/68

- Transfusion (%): N/A

- Drug abuse (%): N/A

- Genotype 1 (%): 89/90

- Cirrhosis (%): 100/100

Inclusion criteria: HCV-RNA positive, age 18-65, biopsy confirmed cirrhosis that was

clinically compensated (Childs-Pugh A), failure to respond to combination therapy in

past, no hepatocellular carcinoma (AFP < 100 ng/ml and no evidence of HCC on

ultrasound). Some patients failed treatment with combination therapy just prior to

randomisation; these patients had to have neutrophil count > 750 and platelet count >

50,000 at end of treatment. The remaining patients were directly enrolled into the trial;

this cohort had to have hemoglobin > 9 gm%, neutrophil count > 1200, WBC count >

2500, and platelet count > 70,000.

Exclusion criteria: Hepatitis B HIV coinfection, status post liver transplant, decompen-

sated cirrhosis,hepatocellular carcinoma, prothrombin time prolonged > 3 seconds over

control, ascites, encephalopathy, other liver disease, “certain pre-existing psychiatric con-

ditions, use of medications known to decrease portal hypertension

Interventions - Schedule:

Experimental 1: Pegylated Interferon alfa-2b, 0.5 mcg weekly up to 5 years (up to 130

mcg) (average duration of exposure 31.4 months)

Experimental 2: No treatment (average duration of “exposure” 30.2 months)

- Follow-up (F/U): Up to 5 years.

Outcomes - Mortality (all-cause and hepatic)

- Liver morbidity (ascites, variceal bleeding, encephalopathy, hepatocellular carcinoma)

- Liver transplantation

- Childs-Pugh-Turcotte score

- Adverse events

40Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Bruix 2011 (Continued)

- Noninvasive markers of necroinflammation.

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Computer-generated code stratified ac-

cording to age (more than 50 or not) and

retreatment/direct enrollee status)

Allocation concealment (selection bias) Low risk Centralized.

Blinding (performance bias and detection

bias)

Objective outcomes (Biochemical or viro-

logic response)

Low risk Trial was not blinded, but outcomes were

objective.

Blinding (performance bias and detection

bias)

Subjective outcomes (Clinical events other

than mortality, Histology)

Low risk Committee of experts adjudicated out-

comes; they were blinded to the treatment

arm. (The same was true for the clinical

outcomes.)

Blinding (performance bias and detection

bias)

Adverse effects

Low risk Committee of experts adjudicated out-

comes; they were blinded to the treatment

arm

Incomplete outcome data (attrition bias)

All outcomes

Low risk See comments above regarding intention-

to-treat analysis.

Selective reporting (reporting bias) Low risk Pertinent clinical outcomes reported.

Other bias Unclear risk Sample size calculation performed, no

baseline differences between groups, and

no apparent academic bias. Study spon-

sored by Schering-Plough

Di Bisceglie 2008

Methods Randomized trial comparing pegylated interferon with no therapy in 1150 patients who

were still hepatitis C positive after prior therapy

Intention to treat analysis - yes

Sample size calculation - yes.

Participants Country: USA

Participants - Both nonresponders and relapsers included (63.7% treatment/62.5% con-

trol nonresponders, 13.7% treatment/15.0% control relapsers, 22.6% treatment/22.5%

41Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Di Bisceglie 2008 (Continued)

control “express’ [only known not to have had SVR to prior therapy in NEJM paper, but

Cont Clin Trials paper suggests that these were all nonresponders; however, the official

protocol states, in section E7B, that the HCV-RNA test may be positive after treatment,

suggesting that some of these individuals in the express group could have been relapsers])

. Previous lack of sustained viral response was to combination therapy (pegylated inter-

feron plus ribavirin)

- Previous relapse or nonresponse: Virologic

- Groups (interferon/interferon): 517/533

- Excluded: 0/0

- Mean age (y): 51.1 (7.3 SD) in interferon arm, 50.1 (7.0 SD) in controls

- Male (%): 70/71.9

- Transfusion (%): N/A

- Drug abuse (%): N/A

- Genotype 1 (%): 95.2/91.6

- Cirrhosis (%): 40.2/41.3

Inclusion criteria: HCV-RNA positive after at least 12 weeks of anti-viral therapy,Ishak

fibrosis score >3, age >18 years.

Exclusion criteria: Hepatitis B HIV coinfection, status post liver transplant, decom-

pensated cirrhosis,hepatocellular carcinoma, other coexistent liver disease, other uncon-

trolled medical or psychiatric condition, contraindication to (or intolerance to) inter-

feron, unwillingness to use contraception, WBC count <1000, platelet count <50,000,

anemia (hct/hgb < 33/11), use of immunosuppressive medication or coumadin, preg-

nancy or breast-feeding (or their partners), illicit drug use within past 2 years, inability

to provide informed consent, participation in another trial

Interventions - Schedule:

Experimental 1: Interferon alfa-2a (Pegasys®, Roche). 90 mcg weekly up to 3.5 years

(up to 16380 mcg)

Experimental 2: No treatment

- Follow-up (F/U): Initial plan for 1400 days, but trial follow up continued for up to 6.

1 years from time of randomisation

Outcomes - Mortality (all-cause and hepatic)

- Liver morbidity (ascites, variceal bleeding, encephalopathy, hepatocellular carcinoma,

spontaneous bacterial peritonitis

- Childs-Pugh-Turcotte score

- Adverse events

- Virologic response (SVR)

- Histologic progression to cirrhosis (in subgroup without cirrhosis at time of entry)

- Quality of life (see Notes)

Notes Archived data set received from NIDDK at request of RLK. However, because of difficul-

ties in interpreting abbreviations and coding, as well as changes in upper limits of normal

for some laboratory tests during the trial, the data could not be extracted. Thus, only

published data used in analyses. In adverse events, “drug reaction” included as “rash”.

Quality of life data available in archived data set, but could not be interpreted due to

abbreviations and coding

Risk of bias
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Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Central computer using permuted blocks

of random size; stratified by center and

presence/absence cirrhosis

Allocation concealment (selection bias) Low risk Centralized allocation.

Blinding (performance bias and detection

bias)

Objective outcomes (Biochemical or viro-

logic response)

Low risk Trial was not blinded to investigators or

subjects, but outcomes were objective

Blinding (performance bias and detection

bias)

Subjective outcomes (Clinical events other

than mortality, Histology)

Low risk Outcomes assessed by independent com-

mittee whose members were unaware of

treatment assignment; this same situation

existed for the assessment of the clinical

outcomes

Blinding (performance bias and detection

bias)

Adverse effects

Low risk Outcomes assessed by independent com-

mittee whose members were unaware of

treatment assignment

Incomplete outcome data (attrition bias)

All outcomes

Low risk There were patient dropouts, but inten-

tion-to-treat analyses performed by carry-

ing last value forward

Selective reporting (reporting bias) Low risk All outcomes described in protocol were re-

ported and no pertinent ones were not re-

ported

Other bias Low risk Sample size calculation performed, trial

funded by government agency (National

Institutes of Health), no baseline differ-

ences between groups, no apparent aca-

demic bias

Shiffman 1999

Methods Randomized trial comparing maintenance treatment with interferon versus no treatment

Intention-to-treat analysis: yes

Sample size calculation: yes.

Participants Country: USA

Nonresponders (n = 53)

- Previous nonresponse: virologic

- Groups (interferon/C): 26/27

- Excluded: 0/0
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Shiffman 1999 (Continued)

- Mean age (y): 48/49

- Male (%): 58/52

- Transfusion (%): N/A

- Drug abuse (%): N/A

- Genotype 1 (%): N/A

- Cirrhosis (%): 27/22

Inclusion criteria: Chronic hepatitis C (alanine transaminase > ULN, positive anti-HCV,

positive HCV-RNA and histological evidence of chronic hepatitis), virological nonre-

sponse to previous interferon alfa-2b (5 MU three times per week x 24 wk), histological

response to previous treatment with interferon, histological evidence of cirrhosis

Exclusion criteria: Other cause of chronic hepatitis, positive HBsAg, positive HIV, ele-

vated antinuclear or antismooth muscle antibodies, abnormal alfa1-antitrypsin or ceru-

loplasmin levels, significant stainable iron in biopsy, significant cytopenia, abnormal

bilirubin, prothrombin time, albumin or alfa-fetoprotein levels, active use of intravenous

drugs, regular alcohol consumption, chronic renal failure, previous organ transplant

Interventions - Schedule:

Experimental 1: Interferon alfa-2b 3 MU three times per week x 96 wk

Control: No treatment for 96 wk

- Follow-up (F/U): 0 to 96 wk.

Outcomes - Biochemical end of treatment response

- Adverse events (number of patients having to discontinue therapy considered as serious

adverse events)

- Histology.

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Unclear.

Allocation concealment (selection bias) Unclear risk Unclear.

Blinding (performance bias and detection

bias)

Objective outcomes (Biochemical or viro-

logic response)

Low risk The review authors consider that knowl-

edge of the group to which the patient be-

longs to, will not increase the bias as these

outcomes are objective

Blinding (performance bias and detection

bias)

Subjective outcomes (Clinical events other

than mortality, Histology)

Low risk The authors stated: “The histological spec-

imens were scored by two pathologist who

were blinded to the patient´ s participation

in this study”
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Blinding (performance bias and detection

bias)

Adverse effects

High risk No.

Incomplete outcome data (attrition bias)

All outcomes

Low risk The treatment was terminated in 5/26

(19%) and 2/27 (7%) patients in the inter-

feron and control group respectively

Selective reporting (reporting bias) Unclear risk While it may be that no clinical events oc-

curred in the 96 weeks of the trial, this was

not specified in the paper

Other bias Low risk There was no imbalance in important char-

acteristics. Sample size calculation was re-

ported and the trial was not stopped early.

The author of the trial has not conducted

previous trials addressing the same inter-

vention. The trial’s source of funding did

not come from any parties that might con-

flicting interest

Tanwar 2012

Methods Randomized trial comparing pegylated interferon for 48 weeks with no treatment

Intention-to-treat analysis - Yes for most outcomes, no for QOL and adverse events

Sample size calculation - yes, but trial stopped early by Safety Committee because of

results from HALT-C and EPIC-3 trials

Participants Country: UK

Participants - Both nonresponders and relapsers included (9/18 nonresponders and 7/

18 relapsers in treatment arm with an additional 2 patients in treatment arm who were

treatment naive/13/22 nonresponder and 9/22 relapsers in control arm. Previous lack of

sustained viral response was to any therapy and not specified

- Previous relapse or nonresponse: Virologic in the 38 who were previously treated

- Groups (interferon/no treatment): 18/22

- Excluded: 0/0 (1 patient in interferon arm withdrew before any treatment received,

but appears to have been accounted for in most of outcomes

- Mean age (y): 54.9 (8.5 SD) in interferon arm, 52.1 (8.5 SD) in controls

- Male (%): 72/77

- Transfusion (%): N/A

- Drug abuse (%): N/A

- Genotype 1 (%): 50/54.9

- Cirrhosis (%): 100 (16 Child A/2 Child B)/100 (19 Child A/3 Child B)

Inclusion criteria: Anti-HCV and HCV-RNA positive, age > 18 years, previous failure

to therapy or unwilling take ribavirin or were believed not to be able to tolerate ribavirin,

Child’s A or B cirrhosis (see above), no evidence hepatocellular carcinoma on imaging

of AFP monitoring

Exclusion criteria: Other forms of liver disease, hepatitis B infection, severe pre-existing
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depression or other conditions preventing se of interferon (including psychiatric disease,

cardiac disease, renal disease, seizure disorders, pregnancy, severe retinopathy), neutrophil

count < 1000, platelet count < 60,000

Interventions Interferon arm: Peginterferon α-2a 90 mcg/week on weeks 1-4, then dose escalated to

135 mcg/week X 4 weeks, then 180 mcg/week for 40 additional weeks (a total of 48

weeks) - If intolerant, dose decreased by 45 mcg/week intervals until tolerated. Patients

then followed for 48 weeks in formal trial, but total follow-up almost 4 years

Controls - Standard care (unclear if seen as often during the first 48 weeks or if monitored

as closely for toxicity-like events)

Outcomes Primary outcomes: SVR, all-cause and hepatic mortalities.

Secondary outcomes: Liver related events (variceal hemorrhage, new ascites and SBP,

HCC and, although not listed in Methods, “decompensated cirrhosis”), quality of life

scores (SF-36 and Fatigue Severity Scale)

Notes RLK sent an e-mail to the first author at sudeep.tanwar@nhs.net on 4/12/12 with follow-

ing questions:1. What were outcomes in two patients who were treatment naive [since

plan was to eliminate those two from data]; 2. How was decompensation defined in Child

B patients; 3. How often were controls seen, especially in first 48 weeks; 4-6. How was

randomisation sequence generated, allocation concealed, and any blinding performed;

7. Obtaining copy of protocol; 8. Details about support from Roche. A response was

received on 4/16/12 indicating that records were all in storage and that it would be a

few days before Dr Tanwar could get answers. We responded back to him on 4/16/12

asking a further question about how the patient who dropped out before receiving any

treatment was followed so long-term data could be obtained (or if it was just a matter

of the last observation being carried forward). Upon rereading the protocol on 4/17/12,

RLK was reminded of the provision that patients with decompensated cirrhosis also were

to be excluded, and 5 patients in this trial were Childs B; an email was sent to Dr Tanwar

requesting the outcome details on these five patients as well. Dr Tanwar responded back

on 4/17/12; he sent us a protocol for the trial as well as information that allowed us

to consider both the generation of the randomisation sequence and the concealment of

allocation to be adequate. The details about the excluded patients are in the text

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk “Randmization was stratified on the ba-

sis of HCV genotype. Patients were ran-

domised...” Further details indicated that

the sequence was constructed using a ran-

dom number generator

Allocation concealment (selection bias) Low risk Subsequent details from the investigator in-

dicated that patients were assigned via a

central computer, and the allocation was

concealed from the investigator and patient
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Blinding (performance bias and detection

bias)

Objective outcomes (Biochemical or viro-

logic response)

Low risk Trial was not blinded to investigators or

subjects, but outcomes were objective

Blinding (performance bias and detection

bias)

Subjective outcomes (Clinical events other

than mortality, Histology)

High risk No blinding done (confirmed by investiga-

tor in his response to us)

Blinding (performance bias and detection

bias)

Adverse effects

High risk No blinding done (confirmed by the inves-

tigator in his response to us)

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Alhough there was one dropout in treat-

ment arm, that patient was still followed

in accordance with the protocol. Most of

data presented as outcomes in all random-

ized patients; high risk of bias for qual-

ity of life scores and adverse events, as the

data were incomplete and patients in the

treatment arm were seen more frequently

than the patients in the control group for

the first 48 weeks of the trial. Most im-

portantly, the trial was not limited to pre-

viously-treated patients with compensated

cirrhosis (see text), resulting in the removal

of 6 patients from the original database,

with an unknown effect on the randomisa-

tion

Selective reporting (reporting bias) Low risk All pertinent outcomes were reported (as

documented in the trial protocol provided

by the investigator)

Other bias Unclear risk Sample size calculation done, but trial

stopped early by Safety Committee after

HALT-C and EPIC3 trials available. No

important differences in baseline character-

istics. As noted earlier, there was more in-

tense follow up of the treated patients than

the controls during the first year. Some sup-

port from Roche was obtained but, accord-

ing to the information received from the

author, it did not appear to be such that

there was any industry influence
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Vaccaro 1997

Methods Randomized trial comparing treatment with interferon versus no treatment in 38 non-

responders

Intention-to-treat analysis: yes

Sample size calculation: no.

Participants Country: Italy

Nonresponders (n = 38)

- Previous nonresponse: N/A

- Groups (interferon/C): 19/19

- Excluded: 0/0

- Mean age (y): N/A

- Male (%): N/A

- Transfusion (%): N/A

- Drug abuse (%): N/A

- Genotype 1 (%): N/A

- Cirrhosis (%): 0/0

Inclusion criteria: Chronic hepatitis C in the liver biopsy, positive HCV-RNA and non-

response to previous interferon alfa-2b (6 MU three times per week x 24 wk)

Exclusion criteria: N/A.

Interventions - Schedule:

Experimental: LEUK-interferon x 24 wk

Control: No treatment

- Follow-up (F/U): 24 wk.

Outcomes - Virologic end of treatment response

- Sustained virologic response.

Notes Although the primary outcome sustained response (defined as sustained virologic and

biochemical response), we have included it as sustained virologic response

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Unclear.

Allocation concealment (selection bias) Unclear risk Unclear.

Blinding (performance bias and detection

bias)

Objective outcomes (Biochemical or viro-

logic response)

Low risk The review authors consider that knowl-

edge of the group to which the patient be-

longs to, will not increase the bias as these

outcomes are objective

Blinding (performance bias and detection

bias)

Subjective outcomes (Clinical events other

than mortality, Histology)

High risk Not reported.
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Blinding (performance bias and detection

bias)

Adverse effects

High risk No.

Incomplete outcome data (attrition bias)

All outcomes

Low risk All patients completed the intended course

of retreatment.

Selective reporting (reporting bias) Unclear risk While it may be that no clinical events oc-

curred in the 24 weeks of the trial, this was

not specified in the paper

Other bias Unclear risk Unclear.

y = years

d = days

wk = weeks

F/U = follow-up

N/A = not available

MU = million international units

LYMPH = lymphoblastoid

LEUK = leukocyte

CON = consensus

ULN = upper limit of normal.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Adinolfi 2003 RCT comparing different ribavirin plus interferon regimens.

Aghemo 2012 Editorial review of Lok paper from HALT-C trial

Akham 2011 Uncontrolled trial.

Alaimo 2006 RCT comparing different ribavirin plus interferon regimens.

Alberti 1997 Meta-analysis.

Almasio 1999 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Andreone 1999 RCT comparing interferon versus interferon and ribavirin regimen

Andreone 2000 RCT comparing interferon versus interferon and ribavirin regimen
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Arase 1994 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Arase 2003 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

August-Jörg 2003 RCT comparing different ribavirin plus interferon regimens.

Azzaroli 2004 RCT comparing combination therapy to no treatment in treatment naive patients

Bapin 2004 RCT comparing different ribavirin plus interferon regimens.

Barbaro 1998 RCT comparing interferon versus interferon and ribavirin regimen

Barbaro 1999 RCT comparing interferon versus interferon and ribavirin regimen

Barbaro 1999 b RCT comparing interferon versus interferon and ribavirin regimen

Bekkering 1998 Uncontrolled study.

Bell 1999 RCT comparing interferon versus interferon and ribavirin regimen

Bellobuono 1997 RCT comparing interferon versus interferon and ribavirin regimen

Berg 2006 RCT comparing interferon plus ribavirin in treatment-naive patients

Bergmann 2007 RCT comparing different ribavirin plus interferon regimens.

Bernardinello 1999 RCT comparing beta-interferon to no therapy.

Bonkovsky 1996 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Bresci 2000 RCT comparing interferon versus interferon and ribavirin regimen

Bresci 2000b RCT comparing interferon versus interferon and ribavirin regimen

Brillanti 1994 RCT comparing interferon versus interferon and ribavirin regimen

Brillanti 1995 RCT comparing interferon versus interferon and ribavirin regimen

Buti 2000 RCT comparing different ribavirin plus interferon regimens.

Böcher 2006 RCT comparing different ribavirin plus interferon regimen.

Cagnoni 1999 Uncontrolled study.
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Carr 2007 Two RCTs comparing different ribavirin plus interferon regimens

Carrara 1998 Uncontrolled study.

Cavalletto 2000 RCT comparing interferon versus interferon and ribavirin regimen

Chapman 2001 RCT comparing interferon versus interferon and ribavirin regimen

Chemello 1997 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Chousterman 2003 RCT comparing different ribavirin plus interferon regimen.

COPILOT 2008 COPILOT RCT; however, control group received colchicine, not no therapy or placebo

Cornberg 2006 RCT comparing different ribavirin plus interferon regimens.

Cotler 1997 Observational study.

Cuccorese 2000 Uncontrolled study.

Davis 1998 RCT comparing interferon versus interferon and ribavirin regimen

Davis 1999 Selected subpopulation of patients randomized (only complete and partial responders to a repeat course

of interferon were randomized; nonresponders were not randomized)

Di Biceglie 2000 RCT comparing interferon plus iron reduction versus interferon

Di Bisceglie 2001 RCT comparing different ribavirin plus interferon regimens.

Di Marco 2000 RCT comparing different ribavirin plus interferon regimens.

Diago 2007 RCT comparing different ribavirin plus interferon regimens.

Dollinger 2005 RCT comparing different ribavirin plus interferon regimens.

Enriquez 2000 RCT comparing different ribavirin plus interferon regimens.

Erdem 2002 RCT comparing different ribavirin plus interferon regimens.

Fargion 2006 RCT comparing different ribavirin and amantadine plus interferon regimens

Fartoux 2007 RCT comparing IFN to no treatment, but not all patients were being retreated and unable to obtain

information regarding data just for retreated ones

Fattovich 2003 RCT comparing different ribavirin plus interferon regimens.
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Ferenci 1996 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Fong 2000 Insufficient data for inclusion. The dose and duration of previous interferon therapy is not described. Also,

only 12-week response rates are reported, but no end of treatment (48-week) data are available

Fontagnes 2007 Non-randomized trial.

Gaeta 1997 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Gerken 1995 Uncontrolled study.

Getachew 2004 RCT comparing different ribavirin plus interferon regimens.

Giudici-Cipriani 1993 Non-randomized study.

Gross 1999 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Guerret 1999 Observational study.

Hadziyannis 1997 Insufficient data for inclusion. The dose and duration of previous interferon therapy are not described,

nor is the number of patients in each intervention group

Hasan 2001 Uncontrolled study.

Hass 2005 Uncontrolled study.

Heathcote 1998 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Horiike 1994 Non-randomized study.

Iino 2002 RCT including both naive patients and patients who had previously received interferon

Ikeda 1998 Not all patients were being retreated and unable to obtain information regarding data just for retreated

ones

Ikeda 2000 RCT including both naive and relapsers.

Imai 1997 Randomized trial of treatment-naive patients only.

Iyoda 2000 Uncontrolled study.

Jensen 2009 Randomized trial comparing different regimens of peginterferon
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Kakumu 1994 Non-randomized study.

Katayama 2001 Uncontrolled study.

Kishihara 1995 Non-randomized trial.

Kumar 2001 RCT comparing different ribavirin plus interferon regimens.

Le 1996 Uncontrolled study.

Leroy 2001 RCT comparing different ribavirin plus interferon regimens.

Lindsay 1996 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Lodato 2005 RCT comparing different ribavirin plus interferon regimens.

Mangia 2005 RCT comparing different ribavirin and amantadine plus interferon regimens

Mangia 2008 Trial compared interferon plus ribavirin.

Marcellin 1994 Uncontrolled study.

Marco 2000 RCT comparing different ribavirin plus interferon regimens.

Marriott 1992 Uncontrolled study.

Mathew 2006 RCT comparing different ribavirin plus interferon regimens.

Milella 1999 RCT comparing interferon versus interferon and ribavirin regimen

Min 2001 RCT comparing different ribavirin plus interferon regimens.

Moreno-Otero 2003 RCT comparing different ribavirin plus interferon regimens.

Mura 1999 RCT comparing interferon to no treatment, but not stated if patients treatment-naive or previously treated

or both; communication with Dr. Realdi indicated that records were not available so information could

not be retrieved

Neuman Manuela 2010 Different does of peg-interferon compared; no untreated control group

Nevens 2005 RCT comparing different ribavirin plus interferon regimens.

Nishiguchi 1995 Probably non-randomized trial, did not necessarily include previously treated patients only, and subgroups

could not be differentiated
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Nomura 2004 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Pardo 1994 Uncontrolled study.

Payen 1998 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Perasso 1999 Uncontrolled study.

Picciotto 1997 Non-randomized study.

Planas 2002 Prior treatment was reason for exclusion

Pockros 2007 RCT of gamma-interferon.

Pol 1999 RCT comparing interferon versus interferon and ribavirin regimen

Portal 2003 RCT comparing different ribavirin plus interferon regimens.

Poynard 1999 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Poynard 2003 RCT comparing different ribavirin plus interferon regimens.

Puoti 2001 RCT comparing different ribavirin plus interferon regimens.

Qu 2012 Meta-analysis of trials comparing interferon to no therapy and describing HCC outcome; not all trials in

this meta-analysis included retreated patients and one of the trials was probably not even randomized

Reichard 1994 Observational study.

Rodriguez-Torres 2011 Trial compares interferon lambda to interferon alfa in treatment naive individuals

Rolachon 1997 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Romero-Gomez 2012 Meta-analysis of trials comparing interferon alfa2a to alfa2b; unclear if patients treatment naive or previ-

ously treated

Rustgi 2005 RCT comparing different ribavirin plus interferon regimens.

Salmeron 1999 RCT comparing interferon versus interferon and ribavirin regimen

Saracco 1994 Uncontrolled study.

Saracco 2001 RCT comparing different ribavirin plus interferon regimens.
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Saracco 2002 RCT comparing different ribavirin plus interferon regimens.

Sarrazin 2007 RCT comparing different SCH 503034 plus interferon regimen.

Scotto 1996 RCT comparing interferon versus interferon and ribavirin regimen

Scotto 1998 Previously included but moved because only RCTs comparing IFN to no treatment with clinical data now

being considered

Shiffman 2000 RCT comparing different ribavirin plus interferon regimens.

Singal 2010 Meta-analysis.

Soza 2005 Trial of gamma interferon.

Sporea 2006 Quasi-randomized trial comparing different ribavirin plus interferon regimens

Steindl-Munda 2003 RCT comparing different ribavirin plus interferon regimens.

Suzuki 2001 RCT including naive patients and patients who had received interferon previously

Tassopoulos 2003 RCT comparing different ribavirin plus interferon regimens.

Toyota 2002 RCT comparing interferon versus interferon and ribavirin regimen

Valla 1999 Randomized trial comparing interferon to no interferon, but unclear if patients previously treated or not;

further information requested from Dr. Valla via email (dominique.valla@bjn.ap-hop-paris.fr) on 4/22/

12. Received response on April 24, 2012 indicating that all of the patients in the trial were treatment-

naive, so trial excluded

Wartelle 1997 Insufficient data for inclusion. The dose and duration of previous interferon therapy are not described

Weiland 1993 Uncontrolled study.

Yao 1997 RCT comparing consensus interferon to alfa-interferon; unclear if patients were previously treated or not

Zeuzem 2000 Trial compared different regimens of interferon; no untreated control group

Zeuzem 2005 RCT comparing different ribavirin plus interferon regimens.

RCT = randomized controlled trial.
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Characteristics of studies awaiting assessment [ordered by study ID]

Cho 1992

Methods

Participants

Interventions

Outcomes

Notes Trial identified in October 2011 search, but journal not readily available

Testino 2002

Methods

Participants

Interventions

Outcomes

Notes Randomized trial comparing interferon to no interferon; unknown if any patients previously treated. Article in Italian

and not readily available
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D A T A A N D A N A L Y S E S

Comparison 1. Interferon versus control mortality

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 All-cause mortality 3 1710 Risk Ratio (M-H, Fixed, 95% CI) 1.30 [0.95, 1.79]

2 Liver-related mortality 2 1084 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.70, 1.63]

Comparison 3. Interferon versus control - adverse events

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Any adverse events 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.02 [0.99, 1.05]

2 Serious adverse events 2 1103 Risk Ratio (M-H, Fixed, 95% CI) 1.18 [0.99, 1.41]

3 Hematologic 2 2302 Risk Ratio (M-H, Fixed, 95% CI) 2.41 [1.71, 3.39]

3.1 Neutropenia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 2.42 [1.43, 4.10]

3.2 Thrombocytopenia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 2.63 [1.61, 4.30]

3.3 “Hematologic” 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.44 [0.46, 4.52]

4 Psychiatric events 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.44 [0.94, 2.19]

5 Infections 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.51 [1.05, 2.16]

6 Gastrointestinal 2 11733 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.87, 1.14]

6.1 Nausea 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.24 [0.84, 1.81]

6.2 Diarrhea 1 627 Risk Ratio (M-H, Fixed, 95% CI) 1.49 [0.92, 2.38]

6.3 Abdominal pain 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.59 [0.94, 2.69]

6.4 Dyspepsia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.65, 1.38]

6.5 Esophageal varices 1 626 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.42, 0.92]

6.6 Hepatomegaly 1 626 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.62, 1.29]

6.7 Splenomegaly 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.81, 1.57]

6.8 Non-variceal bleeding 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.46 [0.14, 1.48]

6.9 Hernia or obstruction 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.57 [0.19, 1.70]

6.10 Gallbladder 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.43, 1.86]

6.11 Other pancreatico-biliary 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.44 [0.46, 4.52]

6.12 Other gastrointestinal 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.35, 1.63]

6.13 Other liver 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.06, 16.44]

6.14 Liver biopsy

complications

1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.75 [0.30, 1.85]

7 Systemic symptoms 1 6260 Risk Ratio (M-H, Fixed, 95% CI) 1.82 [1.61, 2.05]

7.1 Fatigue 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.34 [1.04, 1.72]

7.2 Headache 1 626 Risk Ratio (M-H, Fixed, 95% CI) 2.22 [1.63, 3.02]

7.3 Myalgia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 4.05 [2.51, 6.53]

7.4 Arthralgia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.09 [0.81, 1.48]

7.5 Pyrexia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 3.92 [2.27, 6.76]

7.6 Insomnia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.78, 1.63]

7.7 Flu-like illness 1 626 Risk Ratio (M-H, Fixed, 95% CI) 11.65 [4.24, 31.97]

7.8 Asthenia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.23 [0.82, 1.85]
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7.9 Irritability 1 626 Risk Ratio (M-H, Fixed, 95% CI) 2.44 [1.42, 4.21]

7.10 Pruritus 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.58 [1.00, 2.49]

8 Cardiopulmonary 2 4402 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.74, 1.25]

8.1 Atherosclerosis 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.45, 1.67]

8.2 Arrhythmia 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.39 [0.10, 1.45]

8.3 “Other cardiovascular” 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.22, 3.05]

8.4 Hypertension 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.75, 1.67]

8.5 Cough 1 626 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.63, 1.55]

9 Musculoskeletal 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.82, 1.56]

9.1 “Musculoskeletal” 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.16 [0.68, 1.98]

9.2 Back pain 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.75, 1.66]

10 Dermatologic 2 2928 Risk Ratio (M-H, Fixed, 95% CI) 2.78 [1.95, 3.97]

10.1 Rash 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 3.05 [1.61, 5.77]

10.2 Injection erythema 1 626 Risk Ratio (M-H, Fixed, 95% CI) 73.94 [4.56, 1199.

35]

10.3 Alopecia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.35 [0.84, 2.17]

11 Metabolic 1 3150 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.35, 2.03]

11.1 Electrolyte/water 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.30, 2.61]

11.2 Diabetes 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.05, 5.67]

11.3 Thyroid 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.15, 7.29]

12 Neoplasms 1 2100 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.33, 1.65]

12.1 Benign neoplasm 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.34 [0.04, 3.29]

12.2 Cancer 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.35, 2.02]

13 Other system adverse events 1 4200 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.47, 1.41]

13.1 Genitourinary 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.42 [0.57, 3.50]

13.2 Gynecologic 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.08, 2.12]

13.3 Neurologic 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.33, 3.18]

13.4 Injury 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.13, 1.31]

14 Hospital admission 0 0 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 4. Interferon versus control - liver-related morbidity

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Hepatic encephalopathy 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.38, 2.26]

2 Variceal bleeding 3 1710 Risk Ratio (M-H, Fixed, 95% CI) 0.26 [0.09, 0.71]

3 Ascites 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.62, 2.00]

4 Spontaneous bacterial peritonitis 2 1084 Risk Ratio (M-H, Fixed, 95% CI) 0.38 [0.04, 3.54]

5 Hepatocellular carcinoma 3 1710 Risk Ratio (M-H, Fixed, 95% CI) 0.81 [0.55, 1.19]

6 Liver transplantation 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

7 Decompensated cirrhosis 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
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Comparison 5. Interferon versus control - progression of Child-Pugh-Turcotte score

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Progression of score 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.84, 1.50]

Comparison 6. Interferon versus control - surrogate outcomes

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Sustained viral response 4 1175 Risk Ratio (M-H, Fixed, 95% CI) 14.73 [2.78, 77.97]

2 Failure to achieve a sustained

biochemical response

0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Improvement in METAVIR

activity score

2 101 Risk Ratio (M-H, Fixed, 95% CI) 1.49 [1.02, 2.18]

4 Progression to cirrhosis 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

5 Improvement in METAVIR

fibrosis score

2 110 Risk Ratio (M-H, Fixed, 95% CI) 1.43 [0.76, 2.68]

6 Sustained viral response - only

full papers

3 1137 Risk Ratio (M-H, Fixed, 95% CI) 14.73 [2.78, 77.97]

Comparison 8. Interferon versus control mortality - low risk of bias trials

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Liver-related mortality 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

2 All-cause mortality 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.41 [1.02, 1.95]

Comparison 9. Interferon versus control - liver-related morbidity - low risk of bias trials

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Hepatic encephalopathy 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.38, 2.26]

2 Variceal bleeding 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 0.26 [0.09, 0.76]

3 Ascites 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.62, 2.00]

4 Spontaneous bacterial peritonitis 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.34 [0.01, 8.42]

5 Hepatocellular carcinoma 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 0.78 [0.53, 1.15]

6 Liver transplantation 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
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Comparison 11. Interferon versus control - adverse events - low risk of bias trials

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Any adverse events 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

2 Serious adverse events 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

3 Haematologic 2 2302 Risk Ratio (M-H, Fixed, 95% CI) 2.41 [1.71, 3.39]

3.1 Neutropenia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 2.42 [1.43, 4.10]

3.2 Thrombocytopenia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 2.63 [1.61, 4.30]

3.3 “Haematologic” 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.44 [0.46, 4.52]

4 Psychiatric events 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.44 [0.94, 2.19]

5 Infections 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.51 [1.05, 2.16]

6 Gastrointestinal 2 11733 Risk Ratio (M-H, Fixed, 95% CI) 0.99 [0.87, 1.14]

6.1 Nausea 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.24 [0.84, 1.81]

6.2 Diarrhea 1 627 Risk Ratio (M-H, Fixed, 95% CI) 1.49 [0.92, 2.38]

6.3 Abdominal pain 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.59 [0.94, 2.69]

6.4 Dyspepsia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.65, 1.38]

6.5 Esophageal varices 1 626 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.42, 0.92]

6.6 Hepatomegaly 1 626 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.62, 1.29]

6.7 Splenomegaly 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.81, 1.57]

6.8 Non-variceal bleeding 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.46 [0.14, 1.48]

6.9 Hernia or obstruction 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.57 [0.19, 1.70]

6.10 Gallbladder 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.43, 1.86]

6.11 Other pancreatico-biliary 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.44 [0.46, 4.52]

6.12 Other gastrointestinal 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.35, 1.63]

6.13 Other liver 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.06, 16.44]

6.14 Liver biopsy

complications

1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.75 [0.30, 1.85]

7 Systemic symptoms 1 6260 Risk Ratio (M-H, Fixed, 95% CI) 1.82 [1.61, 2.05]

7.1 Fatigue 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.34 [1.04, 1.72]

7.2 Headache 1 626 Risk Ratio (M-H, Fixed, 95% CI) 2.22 [1.63, 3.02]

7.3 Myalgia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 4.05 [2.51, 6.53]

7.4 Arthralgia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.09 [0.81, 1.48]

7.5 Pyrexia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 3.92 [2.27, 6.76]

7.6 Insomnia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.78, 1.63]

7.7 Flu-like illness 1 626 Risk Ratio (M-H, Fixed, 95% CI) 11.65 [4.24, 31.97]

7.8 Asthenia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.23 [0.82, 1.85]

7.9 Irritability 1 626 Risk Ratio (M-H, Fixed, 95% CI) 2.44 [1.42, 4.21]

7.10 Pruritus 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.58 [1.00, 2.49]

8 Cardiopulmonary 2 4402 Risk Ratio (M-H, Fixed, 95% CI) 0.96 [0.74, 1.25]

8.1 Atherosclerosis 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.45, 1.67]

8.2 Arrhythmia 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.39 [0.10, 1.45]

8.3 “Other cardiovascular” 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.22, 3.05]

8.4 Hypertension 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.75, 1.67]

8.5 Cough 1 626 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.63, 1.55]

9 Musculoskeletal 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.82, 1.56]

9.1 “Musculoskeletal” 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.16 [0.68, 1.98]

9.2 Back pain 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.75, 1.66]

10 Dermatologic 2 2928 Risk Ratio (M-H, Fixed, 95% CI) 2.78 [1.95, 3.97]

10.1 Rash 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 3.05 [1.61, 5.77]
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10.2 Injection erythema 1 626 Risk Ratio (M-H, Fixed, 95% CI) 73.94 [4.56, 1199.

35]

10.3 Alopecia 1 626 Risk Ratio (M-H, Fixed, 95% CI) 1.35 [0.84, 2.17]

11 Metabolic 1 3150 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.35, 2.03]

11.1 Electrolyte/water 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.30, 2.61]

11.2 Diabetes 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.52 [0.05, 5.67]

11.3 Thyroid 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.15, 7.29]

12 Neoplasms 1 2100 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.33, 1.65]

12.1 Benign neoplasm 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.34 [0.04, 3.29]

12.2 Cancer 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.35, 2.02]

13 Other system adverse events 1 4200 Risk Ratio (M-H, Fixed, 95% CI) 0.82 [0.47, 1.41]

13.1 Genitourinary 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.42 [0.57, 3.50]

13.2 Gynecologic 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.08, 2.12]

13.3 Neurologic 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.33, 3.18]

13.4 Injury 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 0.41 [0.13, 1.31]

14 Hospital admission 0 0 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

Comparison 12. Interferon versus control - progression of Child-Pugh-Turcotte score - low risk of bias trials

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Progression of score 2 1676 Risk Ratio (M-H, Fixed, 95% CI) 1.12 [0.84, 1.50]

Comparison 13. Interferon versus control - surrogate outcomes - low risk of bias trials

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Sustained viral response 1 1050 Risk Ratio (M-H, Fixed, 95% CI) 18.56 [2.49, 138.50]

2 Failure to achieve a sustained

biochemical response

0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3 Improvement in METAVIR

activity score

0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Progression to cirrhosis 1 622 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.69, 1.25]

5 Improvement in METAVIR

fibrosis score

0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
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Analysis 1.1. Comparison 1 Interferon versus control mortality, Outcome 1 All-cause mortality.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 1 Interferon versus control mortality

Outcome: 1 All-cause mortality

Study or subgroup Interferon Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 7/311 6/315 9.8 % 1.18 [ 0.40, 3.48 ]

Di Bisceglie 2008 71/517 51/533 82.2 % 1.44 [ 1.02, 2.01 ]

Tanwar 2012 0/15 5/19 8.0 % 0.11 [ 0.01, 1.91 ]

Total (95% CI) 843 867 100.0 % 1.30 [ 0.95, 1.79 ]

Total events: 78 (Interferon), 62 (Control)

Heterogeneity: Chi2 = 3.22, df = 2 (P = 0.20); I2 =38%

Test for overall effect: Z = 1.65 (P = 0.099)

Test for subgroup differences: Not applicable
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Analysis 1.2. Comparison 1 Interferon versus control mortality, Outcome 2 Liver-related mortality.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 1 Interferon versus control mortality

Outcome: 2 Liver-related mortality

Study or subgroup Interferon Control Risk Ratio Weight Risk Ratio

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

Di Bisceglie 2008 41/517 36/533 89.9 % 1.17 [ 0.76, 1.81 ]

Tanwar 2012 0/15 4/19 10.1 % 0.14 [ 0.01, 2.39 ]

Total (95% CI) 532 552 100.0 % 1.07 [ 0.70, 1.63 ]

Total events: 41 (Interferon), 40 (Control)

Heterogeneity: Chi2 = 2.16, df = 1 (P = 0.14); I2 =54%

Test for overall effect: Z = 0.31 (P = 0.75)

Test for subgroup differences: Not applicable
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Analysis 3.1. Comparison 3 Interferon versus control - adverse events, Outcome 1 Any adverse events.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 1 Any adverse events

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Di Bisceglie 2008 486/517 492/533 100.0 % 1.02 [ 0.99, 1.05 ]

Total (95% CI) 517 533 100.0 % 1.02 [ 0.99, 1.05 ]

Total events: 486 (Experimental), 492 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.09 (P = 0.28)

Test for subgroup differences: Not applicable
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Analysis 3.2. Comparison 3 Interferon versus control - adverse events, Outcome 2 Serious adverse events.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 2 Serious adverse events

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Di Bisceglie 2008 175/517 155/533 98.7 % 1.16 [ 0.97, 1.39 ]

Shiffman 1999 5/26 2/27 1.3 % 2.60 [ 0.55, 12.22 ]

Total (95% CI) 543 560 100.0 % 1.18 [ 0.99, 1.41 ]

Total events: 180 (Experimental), 157 (Control)

Heterogeneity: Chi2 = 1.02, df = 1 (P = 0.31); I2 =2%

Test for overall effect: Z = 1.84 (P = 0.065)

Test for subgroup differences: Not applicable
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Analysis 3.3. Comparison 3 Interferon versus control - adverse events, Outcome 3 Hematologic.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 3 Hematologic

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Neutropenia

Bruix 2011 43/311 18/315 41.9 % 2.42 [ 1.43, 4.10 ]

Subtotal (95% CI) 311 315 41.9 % 2.42 [ 1.43, 4.10 ]

Total events: 43 (Experimental), 18 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.28 (P = 0.0010)

2 Thrombocytopenia

Bruix 2011 52/311 20/315 46.6 % 2.63 [ 1.61, 4.30 ]

Subtotal (95% CI) 311 315 46.6 % 2.63 [ 1.61, 4.30 ]

Total events: 52 (Experimental), 20 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.86 (P = 0.00011)

3 ”Hematologic”

Di Bisceglie 2008 7/517 5/533 11.5 % 1.44 [ 0.46, 4.52 ]

Subtotal (95% CI) 517 533 11.5 % 1.44 [ 0.46, 4.52 ]

Total events: 7 (Experimental), 5 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

Total (95% CI) 1139 1163 100.0 % 2.41 [ 1.71, 3.39 ]

Total events: 102 (Experimental), 43 (Control)

Heterogeneity: Chi2 = 0.90, df = 2 (P = 0.64); I2 =0.0%

Test for overall effect: Z = 5.04 (P < 0.00001)

Test for subgroup differences: Chi2 = 0.90, df = 2 (P = 0.64), I2 =0.0%
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Analysis 3.4. Comparison 3 Interferon versus control - adverse events, Outcome 4 Psychiatric events.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 4 Psychiatric events

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 35/311 26/315 76.6 % 1.36 [ 0.84, 2.21 ]

Di Bisceglie 2008 13/517 8/533 23.4 % 1.68 [ 0.70, 4.01 ]

Total (95% CI) 828 848 100.0 % 1.44 [ 0.94, 2.19 ]

Total events: 48 (Experimental), 34 (Control)

Heterogeneity: Chi2 = 0.16, df = 1 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 1.68 (P = 0.093)

Test for subgroup differences: Not applicable
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Analysis 3.5. Comparison 3 Interferon versus control - adverse events, Outcome 5 Infections.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 5 Infections

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 25/311 3/315 6.4 % 8.44 [ 2.57, 27.67 ]

Di Bisceglie 2008 44/517 44/533 93.6 % 1.03 [ 0.69, 1.54 ]

Total (95% CI) 828 848 100.0 % 1.51 [ 1.05, 2.16 ]

Total events: 69 (Experimental), 47 (Control)

Heterogeneity: Chi2 = 11.56, df = 1 (P = 0.00068); I2 =91%

Test for overall effect: Z = 2.25 (P = 0.025)

Test for subgroup differences: Not applicable
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Analysis 3.6. Comparison 3 Interferon versus control - adverse events, Outcome 6 Gastrointestinal.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 6 Gastrointestinal

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Nausea

Bruix 2011 50/311 41/315 11.3 % 1.24 [ 0.84, 1.81 ]

Subtotal (95% CI) 311 315 11.3 % 1.24 [ 0.84, 1.81 ]

Total events: 50 (Experimental), 41 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.08 (P = 0.28)

2 Diarrhea

Bruix 2011 38/311 26/316 7.2 % 1.49 [ 0.92, 2.38 ]

Subtotal (95% CI) 311 316 7.2 % 1.49 [ 0.92, 2.38 ]

Total events: 38 (Experimental), 26 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.64 (P = 0.10)

3 Abdominal pain

Bruix 2011 33/311 21/315 5.8 % 1.59 [ 0.94, 2.69 ]

Subtotal (95% CI) 311 315 5.8 % 1.59 [ 0.94, 2.69 ]

Total events: 33 (Experimental), 21 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.74 (P = 0.082)

4 Dyspepsia

Bruix 2011 45/311 48/315 13.2 % 0.95 [ 0.65, 1.38 ]

Subtotal (95% CI) 311 315 13.2 % 0.95 [ 0.65, 1.38 ]

Total events: 45 (Experimental), 48 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.27 (P = 0.79)

5 Esophageal varices

Bruix 2011 35/311 57/315 15.7 % 0.62 [ 0.42, 0.92 ]

Subtotal (95% CI) 311 315 15.7 % 0.62 [ 0.42, 0.92 ]

Total events: 35 (Experimental), 57 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 2.38 (P = 0.017)

6 Hepatomegaly

Bruix 2011 45/311 51/315 14.1 % 0.89 [ 0.62, 1.29 ]

0.05 0.2 1 5 20

Favours experimental Favours control

(Continued . . . )

67Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Subtotal (95% CI) 311 315 14.1 % 0.89 [ 0.62, 1.29 ]

Total events: 45 (Experimental), 51 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.60 (P = 0.55)

7 Splenomegaly

Bruix 2011 60/311 54/315 14.9 % 1.13 [ 0.81, 1.57 ]

Subtotal (95% CI) 311 315 14.9 % 1.13 [ 0.81, 1.57 ]

Total events: 60 (Experimental), 54 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.70 (P = 0.49)

8 Non-variceal bleeding

Di Bisceglie 2008 4/517 9/533 2.5 % 0.46 [ 0.14, 1.48 ]

Subtotal (95% CI) 517 533 2.5 % 0.46 [ 0.14, 1.48 ]

Total events: 4 (Experimental), 9 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.31 (P = 0.19)

9 Hernia or obstruction

Di Bisceglie 2008 5/517 9/533 2.5 % 0.57 [ 0.19, 1.70 ]

Subtotal (95% CI) 517 533 2.5 % 0.57 [ 0.19, 1.70 ]

Total events: 5 (Experimental), 9 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.01 (P = 0.31)

10 Gallbladder

Di Bisceglie 2008 13/517 15/533 4.1 % 0.89 [ 0.43, 1.86 ]

Subtotal (95% CI) 517 533 4.1 % 0.89 [ 0.43, 1.86 ]

Total events: 13 (Experimental), 15 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.30 (P = 0.76)

11 Other pancreatico-biliary

Di Bisceglie 2008 7/517 5/533 1.4 % 1.44 [ 0.46, 4.52 ]

Subtotal (95% CI) 517 533 1.4 % 1.44 [ 0.46, 4.52 ]

Total events: 7 (Experimental), 5 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

12 Other gastrointestinal

Di Bisceglie 2008 11/517 15/533 4.1 % 0.76 [ 0.35, 1.63 ]

Subtotal (95% CI) 517 533 4.1 % 0.76 [ 0.35, 1.63 ]

Total events: 11 (Experimental), 15 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.71 (P = 0.48)

13 Other liver
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(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Di Bisceglie 2008 1/517 1/533 0.3 % 1.03 [ 0.06, 16.44 ]

Subtotal (95% CI) 517 533 0.3 % 1.03 [ 0.06, 16.44 ]

Total events: 1 (Experimental), 1 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.02 (P = 0.98)

14 Liver biopsy complications

Di Bisceglie 2008 8/517 11/533 3.0 % 0.75 [ 0.30, 1.85 ]

Subtotal (95% CI) 517 533 3.0 % 0.75 [ 0.30, 1.85 ]

Total events: 8 (Experimental), 11 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

Total (95% CI) 5796 5937 100.0 % 0.99 [ 0.87, 1.14 ]

Total events: 355 (Experimental), 363 (Control)

Heterogeneity: Chi2 = 17.57, df = 13 (P = 0.17); I2 =26%

Test for overall effect: Z = 0.09 (P = 0.93)

Test for subgroup differences: Chi2 = 17.57, df = 13 (P = 0.17), I2 =26%
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Analysis 3.7. Comparison 3 Interferon versus control - adverse events, Outcome 7 Systemic symptoms.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 7 Systemic symptoms

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Fatigue

Bruix 2011 103/311 78/315 22.2 % 1.34 [ 1.04, 1.72 ]

Subtotal (95% CI) 311 315 22.2 % 1.34 [ 1.04, 1.72 ]

Total events: 103 (Experimental), 78 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 2.29 (P = 0.022)

2 Headache

Bruix 2011 103/311 47/315 13.4 % 2.22 [ 1.63, 3.02 ]

Subtotal (95% CI) 311 315 13.4 % 2.22 [ 1.63, 3.02 ]

Total events: 103 (Experimental), 47 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 5.08 (P < 0.00001)

3 Myalgia

Bruix 2011 76/311 19/315 5.4 % 4.05 [ 2.51, 6.53 ]

Subtotal (95% CI) 311 315 5.4 % 4.05 [ 2.51, 6.53 ]

Total events: 76 (Experimental), 19 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 5.74 (P < 0.00001)

4 Arthralgia

Bruix 2011 68/311 63/315 17.9 % 1.09 [ 0.81, 1.48 ]

Subtotal (95% CI) 311 315 17.9 % 1.09 [ 0.81, 1.48 ]

Total events: 68 (Experimental), 63 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

5 Pyrexia

Bruix 2011 58/311 15/315 4.3 % 3.92 [ 2.27, 6.76 ]

Subtotal (95% CI) 311 315 4.3 % 3.92 [ 2.27, 6.76 ]

Total events: 58 (Experimental), 15 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 4.90 (P < 0.00001)

6 Insomnia

Bruix 2011 50/311 45/315 12.8 % 1.13 [ 0.78, 1.63 ]

Subtotal (95% CI) 311 315 12.8 % 1.13 [ 0.78, 1.63 ]

Total events: 50 (Experimental), 45 (Control)
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(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Heterogeneity: not applicable

Test for overall effect: Z = 0.62 (P = 0.53)

7 Flu-like illness

Bruix 2011 46/311 4/315 1.1 % 11.65 [ 4.24, 31.97 ]

Subtotal (95% CI) 311 315 1.1 % 11.65 [ 4.24, 31.97 ]

Total events: 46 (Experimental), 4 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 4.77 (P < 0.00001)

8 Asthenia

Bruix 2011 45/311 37/315 10.5 % 1.23 [ 0.82, 1.85 ]

Subtotal (95% CI) 311 315 10.5 % 1.23 [ 0.82, 1.85 ]

Total events: 45 (Experimental), 37 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.01 (P = 0.31)

9 Irritability

Bruix 2011 41/311 17/315 4.8 % 2.44 [ 1.42, 4.21 ]

Subtotal (95% CI) 311 315 4.8 % 2.44 [ 1.42, 4.21 ]

Total events: 41 (Experimental), 17 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.22 (P = 0.0013)

10 Pruritus

Bruix 2011 42/311 27/315 7.7 % 1.58 [ 1.00, 2.49 ]

Subtotal (95% CI) 311 315 7.7 % 1.58 [ 1.00, 2.49 ]

Total events: 42 (Experimental), 27 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.95 (P = 0.051)

Total (95% CI) 3110 3150 100.0 % 1.82 [ 1.61, 2.05 ]

Total events: 632 (Experimental), 352 (Control)

Heterogeneity: Chi2 = 61.04, df = 9 (P<0.00001); I2 =85%

Test for overall effect: Z = 9.84 (P < 0.00001)

Test for subgroup differences: Chi2 = 59.03, df = 9 (P = 0.00), I2 =85%
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Analysis 3.8. Comparison 3 Interferon versus control - adverse events, Outcome 8 Cardiopulmonary.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 8 Cardiopulmonary

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Atherosclerosis

Di Bisceglie 2008 16/517 19/533 18.0 % 0.87 [ 0.45, 1.67 ]

Subtotal (95% CI) 517 533 18.0 % 0.87 [ 0.45, 1.67 ]

Total events: 16 (Experimental), 19 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.42 (P = 0.67)

2 Arrhythmia

Di Bisceglie 2008 3/517 8/533 7.6 % 0.39 [ 0.10, 1.45 ]

Subtotal (95% CI) 517 533 7.6 % 0.39 [ 0.10, 1.45 ]

Total events: 3 (Experimental), 8 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.41 (P = 0.16)

3 ”Other cardiovascular”

Di Bisceglie 2008 4/517 5/533 4.7 % 0.82 [ 0.22, 3.05 ]

Subtotal (95% CI) 517 533 4.7 % 0.82 [ 0.22, 3.05 ]

Total events: 4 (Experimental), 5 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.29 (P = 0.77)

4 Hypertension

Bruix 2011 43/311 39/315 37.2 % 1.12 [ 0.75, 1.67 ]

Subtotal (95% CI) 311 315 37.2 % 1.12 [ 0.75, 1.67 ]

Total events: 43 (Experimental), 39 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

5 Cough

Bruix 2011 33/311 34/315 32.5 % 0.98 [ 0.63, 1.55 ]

Subtotal (95% CI) 311 315 32.5 % 0.98 [ 0.63, 1.55 ]

Total events: 33 (Experimental), 34 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.07 (P = 0.94)

Total (95% CI) 2173 2229 100.0 % 0.96 [ 0.74, 1.25 ]

Total events: 99 (Experimental), 105 (Control)

Heterogeneity: Chi2 = 2.51, df = 4 (P = 0.64); I2 =0.0%

Test for overall effect: Z = 0.31 (P = 0.76)

Test for subgroup differences: Chi2 = 2.50, df = 4 (P = 0.64), I2 =0.0%
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Analysis 3.9. Comparison 3 Interferon versus control - adverse events, Outcome 9 Musculoskeletal.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 9 Musculoskeletal

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 ”Musculoskeletal”

Di Bisceglie 2008 27/517 24/533 37.3 % 1.16 [ 0.68, 1.98 ]

Subtotal (95% CI) 517 533 37.3 % 1.16 [ 0.68, 1.98 ]

Total events: 27 (Experimental), 24 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

2 Back pain

Bruix 2011 44/311 40/315 62.7 % 1.11 [ 0.75, 1.66 ]

Subtotal (95% CI) 311 315 62.7 % 1.11 [ 0.75, 1.66 ]

Total events: 44 (Experimental), 40 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.53 (P = 0.59)

Total (95% CI) 828 848 100.0 % 1.13 [ 0.82, 1.56 ]

Total events: 71 (Experimental), 64 (Control)

Heterogeneity: Chi2 = 0.01, df = 1 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 0.75 (P = 0.45)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.91), I2 =0.0%
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Analysis 3.10. Comparison 3 Interferon versus control - adverse events, Outcome 10 Dermatologic.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 10 Dermatologic

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Rash

Bruix 2011 32/311 10/315 25.3 % 3.24 [ 1.62, 6.48 ]

Di Bisceglie 2008 4/517 2/533 5.0 % 2.06 [ 0.38, 11.21 ]

Subtotal (95% CI) 828 848 30.3 % 3.05 [ 1.61, 5.77 ]

Total events: 36 (Experimental), 12 (Control)

Heterogeneity: Chi2 = 0.23, df = 1 (P = 0.63); I2 =0.0%

Test for overall effect: Z = 3.42 (P = 0.00064)

2 Injection erythema

Bruix 2011 36/311 0/315 1.3 % 73.94 [ 4.56, 1199.35 ]

Subtotal (95% CI) 311 315 1.3 % 73.94 [ 4.56, 1199.35 ]

Total events: 36 (Experimental), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.03 (P = 0.0025)

3 Alopecia

Bruix 2011 36/311 27/315 68.4 % 1.35 [ 0.84, 2.17 ]

Subtotal (95% CI) 311 315 68.4 % 1.35 [ 0.84, 2.17 ]

Total events: 36 (Experimental), 27 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.24 (P = 0.21)

Total (95% CI) 1450 1478 100.0 % 2.78 [ 1.95, 3.97 ]

Total events: 108 (Experimental), 39 (Control)

Heterogeneity: Chi2 = 14.59, df = 3 (P = 0.002); I2 =79%

Test for overall effect: Z = 5.67 (P < 0.00001)

Test for subgroup differences: Chi2 = 10.72, df = 2 (P = 0.00), I2 =81%
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Analysis 3.11. Comparison 3 Interferon versus control - adverse events, Outcome 11 Metabolic.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 11 Metabolic

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Electrolyte/water

Di Bisceglie 2008 6/517 7/533 63.6 % 0.88 [ 0.30, 2.61 ]

Subtotal (95% CI) 517 533 63.6 % 0.88 [ 0.30, 2.61 ]

Total events: 6 (Experimental), 7 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.22 (P = 0.82)

2 Diabetes

Di Bisceglie 2008 1/517 2/533 18.2 % 0.52 [ 0.05, 5.67 ]

Subtotal (95% CI) 517 533 18.2 % 0.52 [ 0.05, 5.67 ]

Total events: 1 (Experimental), 2 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

3 Thyroid

Di Bisceglie 2008 2/517 2/533 18.2 % 1.03 [ 0.15, 7.29 ]

Subtotal (95% CI) 517 533 18.2 % 1.03 [ 0.15, 7.29 ]

Total events: 2 (Experimental), 2 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.03 (P = 0.98)

Total (95% CI) 1551 1599 100.0 % 0.84 [ 0.35, 2.03 ]

Total events: 9 (Experimental), 11 (Control)

Heterogeneity: Chi2 = 0.21, df = 2 (P = 0.90); I2 =0.0%

Test for overall effect: Z = 0.38 (P = 0.70)

Test for subgroup differences: Chi2 = 0.21, df = 2 (P = 0.90), I2 =0.0%
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Analysis 3.12. Comparison 3 Interferon versus control - adverse events, Outcome 12 Neoplasms.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 12 Neoplasms

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Benign neoplasm

Di Bisceglie 2008 1/517 3/533 21.4 % 0.34 [ 0.04, 3.29 ]

Subtotal (95% CI) 517 533 21.4 % 0.34 [ 0.04, 3.29 ]

Total events: 1 (Experimental), 3 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.93 (P = 0.35)

2 Cancer

Di Bisceglie 2008 9/517 11/533 78.6 % 0.84 [ 0.35, 2.02 ]

Subtotal (95% CI) 517 533 78.6 % 0.84 [ 0.35, 2.02 ]

Total events: 9 (Experimental), 11 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.38 (P = 0.70)

Total (95% CI) 1034 1066 100.0 % 0.74 [ 0.33, 1.65 ]

Total events: 10 (Experimental), 14 (Control)

Heterogeneity: Chi2 = 0.53, df = 1 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 0.75 (P = 0.46)

Test for subgroup differences: Chi2 = 0.53, df = 1 (P = 0.47), I2 =0.0%
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Analysis 3.13. Comparison 3 Interferon versus control - adverse events, Outcome 13 Other system adverse

events.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 3 Interferon versus control - adverse events

Outcome: 13 Other system adverse events

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Genitourinary

Di Bisceglie 2008 11/517 8/533 27.6 % 1.42 [ 0.57, 3.50 ]

Subtotal (95% CI) 517 533 27.6 % 1.42 [ 0.57, 3.50 ]

Total events: 11 (Experimental), 8 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.76 (P = 0.45)

2 Gynecologic

Di Bisceglie 2008 2/517 5/533 17.2 % 0.41 [ 0.08, 2.12 ]

Subtotal (95% CI) 517 533 17.2 % 0.41 [ 0.08, 2.12 ]

Total events: 2 (Experimental), 5 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.06 (P = 0.29)

3 Neurologic

Di Bisceglie 2008 6/517 6/533 20.7 % 1.03 [ 0.33, 3.18 ]

Subtotal (95% CI) 517 533 20.7 % 1.03 [ 0.33, 3.18 ]

Total events: 6 (Experimental), 6 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.05 (P = 0.96)

4 Injury

Di Bisceglie 2008 4/517 10/533 34.5 % 0.41 [ 0.13, 1.31 ]

Subtotal (95% CI) 517 533 34.5 % 0.41 [ 0.13, 1.31 ]

Total events: 4 (Experimental), 10 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.51 (P = 0.13)

Total (95% CI) 2068 2132 100.0 % 0.82 [ 0.47, 1.41 ]

Total events: 23 (Experimental), 29 (Control)

Heterogeneity: Chi2 = 3.62, df = 3 (P = 0.31); I2 =17%

Test for overall effect: Z = 0.73 (P = 0.47)

Test for subgroup differences: Chi2 = 3.61, df = 3 (P = 0.31), I2 =17%
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Analysis 4.1. Comparison 4 Interferon versus control - liver-related morbidity, Outcome 1 Hepatic

encephalopathy.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 4 Interferon versus control - liver-related morbidity

Outcome: 1 Hepatic encephalopathy

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 4/311 3/315 30.2 % 1.35 [ 0.30, 5.98 ]

Di Bisceglie 2008 5/517 7/533 69.8 % 0.74 [ 0.24, 2.31 ]

Total (95% CI) 828 848 100.0 % 0.92 [ 0.38, 2.26 ]

Total events: 9 (Experimental), 10 (Control)

Heterogeneity: Chi2 = 0.40, df = 1 (P = 0.53); I2 =0.0%

Test for overall effect: Z = 0.18 (P = 0.86)

Test for subgroup differences: Not applicable
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Analysis 4.2. Comparison 4 Interferon versus control - liver-related morbidity, Outcome 2 Variceal bleeding.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 4 Interferon versus control - liver-related morbidity

Outcome: 2 Variceal bleeding

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 1/311 10/315 55.0 % 0.10 [ 0.01, 0.79 ]

Di Bisceglie 2008 3/517 6/533 32.7 % 0.52 [ 0.13, 2.05 ]

Tanwar 2012 0/15 2/19 12.3 % 0.25 [ 0.01, 4.85 ]

Total (95% CI) 843 867 100.0 % 0.26 [ 0.09, 0.71 ]

Total events: 4 (Experimental), 18 (Control)

Heterogeneity: Chi2 = 1.78, df = 2 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 2.62 (P = 0.0089)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours experimental Favours control

78Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 4.3. Comparison 4 Interferon versus control - liver-related morbidity, Outcome 3 Ascites.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 4 Interferon versus control - liver-related morbidity

Outcome: 3 Ascites

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 10/311 13/315 62.1 % 0.78 [ 0.35, 1.75 ]

Di Bisceglie 2008 13/517 8/533 37.9 % 1.68 [ 0.70, 4.01 ]

Total (95% CI) 828 848 100.0 % 1.12 [ 0.62, 2.00 ]

Total events: 23 (Experimental), 21 (Control)

Heterogeneity: Chi2 = 1.59, df = 1 (P = 0.21); I2 =37%

Test for overall effect: Z = 0.38 (P = 0.71)

Test for subgroup differences: Not applicable
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Analysis 4.4. Comparison 4 Interferon versus control - liver-related morbidity, Outcome 4 Spontaneous

bacterial peritonitis.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 4 Interferon versus control - liver-related morbidity

Outcome: 4 Spontaneous bacterial peritonitis

Study or subgroup Favours experimental Control Risk Ratio Weight Risk Ratio

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

Di Bisceglie 2008 0/517 1/533 52.6 % 0.34 [ 0.01, 8.42 ]

Tanwar 2012 0/15 1/19 47.4 % 0.42 [ 0.02, 9.55 ]

Total (95% CI) 532 552 100.0 % 0.38 [ 0.04, 3.54 ]

Total events: 0 (Favours experimental), 2 (Control)

Heterogeneity: Chi2 = 0.01, df = 1 (P = 0.93); I2 =0.0%

Test for overall effect: Z = 0.85 (P = 0.39)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours experimental Favours control

80Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 4.5. Comparison 4 Interferon versus control - liver-related morbidity, Outcome 5 Hepatocellular

carcinoma.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 4 Interferon versus control - liver-related morbidity

Outcome: 5 Hepatocellular carcinoma

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bresci 1995 4/311 3/315 5.6 % 1.35 [ 0.30, 5.98 ]

Di Bisceglie 2008 37/517 51/533 93.6 % 0.75 [ 0.50, 1.12 ]

Tanwar 2012 1/15 0/19 0.8 % 3.75 [ 0.16, 85.98 ]

Total (95% CI) 843 867 100.0 % 0.81 [ 0.55, 1.19 ]

Total events: 42 (Experimental), 54 (Control)

Heterogeneity: Chi2 = 1.52, df = 2 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 1.10 (P = 0.27)

Test for subgroup differences: Not applicable
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Analysis 4.6. Comparison 4 Interferon versus control - liver-related morbidity, Outcome 6 Liver

transplantation.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 4 Interferon versus control - liver-related morbidity

Outcome: 6 Liver transplantation

Study or subgroup Experimental Control Risk Ratio Risk Ratio

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

Bruix 2011 2/311 4/315 0.51 [ 0.09, 2.74 ]
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Analysis 4.7. Comparison 4 Interferon versus control - liver-related morbidity, Outcome 7 Decompensated

cirrhosis.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 4 Interferon versus control - liver-related morbidity

Outcome: 7 Decompensated cirrhosis

Study or subgroup Experimental Control Risk Ratio Risk Ratio

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

Tanwar 2012 0/15 1/19 0.42 [ 0.02, 9.55 ]
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Analysis 5.1. Comparison 5 Interferon versus control - progression of Child-Pugh-Turcotte score, Outcome

1 Progression of score.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 5 Interferon versus control - progression of Child-Pugh-Turcotte score

Outcome: 1 Progression of score

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 41/311 38/315 47.7 % 1.09 [ 0.72, 1.65 ]

Di Bisceglie 2008 47/517 42/533 52.3 % 1.15 [ 0.77, 1.72 ]

Total (95% CI) 828 848 100.0 % 1.12 [ 0.84, 1.50 ]

Total events: 88 (Experimental), 80 (Control)

Heterogeneity: Chi2 = 0.03, df = 1 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 0.80 (P = 0.42)

Test for subgroup differences: Not applicable
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Analysis 6.1. Comparison 6 Interferon versus control - surrogate outcomes, Outcome 1 Sustained viral

response.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 6 Interferon versus control - surrogate outcomes

Outcome: 1 Sustained viral response

Study or subgroup Interferon Control Risk Ratio Weight Risk Ratio

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

Alric 2001 0/26 0/27 Not estimable

Di Bisceglie 2008 18/517 1/533 68.9 % 18.56 [ 2.49, 138.50 ]

Tanwar 2012 2/15 0/19 31.1 % 6.25 [ 0.32, 121.14 ]

Vaccaro 1997 0/19 0/19 Not estimable

Total (95% CI) 577 598 100.0 % 14.73 [ 2.78, 77.97 ]

Total events: 20 (Interferon), 1 (Control)

Heterogeneity: Chi2 = 0.37, df = 1 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 3.16 (P = 0.0016)

Test for subgroup differences: Not applicable
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Analysis 6.3. Comparison 6 Interferon versus control - surrogate outcomes, Outcome 3 Improvement in

METAVIR activity score.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 6 Interferon versus control - surrogate outcomes

Outcome: 3 Improvement in METAVIR activity score

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Alric 2001 19/29 11/28 51.3 % 1.67 [ 0.98, 2.84 ]

Shiffman 1999 17/26 9/18 48.7 % 1.31 [ 0.76, 2.24 ]

Total (95% CI) 55 46 100.0 % 1.49 [ 1.02, 2.18 ]

Total events: 36 (Experimental), 20 (Control)

Heterogeneity: Chi2 = 0.40, df = 1 (P = 0.53); I2 =0.0%

Test for overall effect: Z = 2.07 (P = 0.038)

Test for subgroup differences: Not applicable
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Analysis 6.4. Comparison 6 Interferon versus control - surrogate outcomes, Outcome 4 Progression to

cirrhosis.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 6 Interferon versus control - surrogate outcomes

Outcome: 4 Progression to cirrhosis

Study or subgroup Treatment Control Risk Ratio Risk Ratio

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

Di Bisceglie 2008 64/309 70/313 0.93 [ 0.69, 1.25 ]
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Analysis 6.5. Comparison 6 Interferon versus control - surrogate outcomes, Outcome 5 Improvement in

METAVIR fibrosis score.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 6 Interferon versus control - surrogate outcomes

Outcome: 5 Improvement in METAVIR fibrosis score

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

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

Alric 2001 6/29 5/28 42.6 % 1.16 [ 0.40, 3.37 ]

Shiffman 1999 11/26 7/27 57.4 % 1.63 [ 0.75, 3.56 ]

Total (95% CI) 55 55 100.0 % 1.43 [ 0.76, 2.68 ]

Total events: 17 (Treatment), 12 (Control)

Heterogeneity: Chi2 = 0.26, df = 1 (P = 0.61); I2 =0.0%

Test for overall effect: Z = 1.12 (P = 0.26)

Test for subgroup differences: Not applicable
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Analysis 6.6. Comparison 6 Interferon versus control - surrogate outcomes, Outcome 6 Sustained viral

response - only full papers.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 6 Interferon versus control - surrogate outcomes

Outcome: 6 Sustained viral response - only full papers

Study or subgroup Interferon Control Risk Ratio Weight Risk Ratio

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

Alric 2001 0/26 0/27 Not estimable

Di Bisceglie 2008 18/517 1/533 68.9 % 18.56 [ 2.49, 138.50 ]

Tanwar 2012 2/15 0/19 31.1 % 6.25 [ 0.32, 121.14 ]

Total (95% CI) 558 579 100.0 % 14.73 [ 2.78, 77.97 ]

Total events: 20 (Interferon), 1 (Control)

Heterogeneity: Chi2 = 0.37, df = 1 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 3.16 (P = 0.0016)

Test for subgroup differences: Not applicable
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Analysis 8.1. Comparison 8 Interferon versus control mortality - low risk of bias trials, Outcome 1 Liver-

related mortality.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 8 Interferon versus control mortality - low risk of bias trials

Outcome: 1 Liver-related mortality

Study or subgroup Interferon Control Risk Ratio Risk Ratio

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

Di Bisceglie 2008 41/517 36/533 1.17 [ 0.76, 1.81 ]
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Analysis 8.2. Comparison 8 Interferon versus control mortality - low risk of bias trials, Outcome 2 All-cause

mortality.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 8 Interferon versus control mortality - low risk of bias trials

Outcome: 2 All-cause mortality

Study or subgroup Favours interferon Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 7/311 6/315 10.6 % 1.18 [ 0.40, 3.48 ]

Di Bisceglie 2008 71/517 51/533 89.4 % 1.44 [ 1.02, 2.01 ]

Total (95% CI) 828 848 100.0 % 1.41 [ 1.02, 1.95 ]

Total events: 78 (Favours interferon), 57 (Control)

Heterogeneity: Chi2 = 0.11, df = 1 (P = 0.74); I2 =0.0%

Test for overall effect: Z = 2.08 (P = 0.038)

Test for subgroup differences: Not applicable
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Analysis 9.1. Comparison 9 Interferon versus control - liver-related morbidity - low risk of bias trials,

Outcome 1 Hepatic encephalopathy.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 9 Interferon versus control - liver-related morbidity - low risk of bias trials

Outcome: 1 Hepatic encephalopathy

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 4/311 3/315 30.2 % 1.35 [ 0.30, 5.98 ]

Di Bisceglie 2008 5/517 7/533 69.8 % 0.74 [ 0.24, 2.31 ]

Total (95% CI) 828 848 100.0 % 0.92 [ 0.38, 2.26 ]

Total events: 9 (Experimental), 10 (Control)

Heterogeneity: Chi2 = 0.40, df = 1 (P = 0.53); I2 =0.0%

Test for overall effect: Z = 0.18 (P = 0.86)

Test for subgroup differences: Not applicable
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Analysis 9.2. Comparison 9 Interferon versus control - liver-related morbidity - low risk of bias trials,

Outcome 2 Variceal bleeding.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 9 Interferon versus control - liver-related morbidity - low risk of bias trials

Outcome: 2 Variceal bleeding

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 1/311 10/315 62.7 % 0.10 [ 0.01, 0.79 ]

Di Bisceglie 2008 3/517 6/533 37.3 % 0.52 [ 0.13, 2.05 ]

Total (95% CI) 828 848 100.0 % 0.26 [ 0.09, 0.76 ]

Total events: 4 (Experimental), 16 (Control)

Heterogeneity: Chi2 = 1.77, df = 1 (P = 0.18); I2 =44%

Test for overall effect: Z = 2.45 (P = 0.014)

Test for subgroup differences: Not applicable
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Analysis 9.3. Comparison 9 Interferon versus control - liver-related morbidity - low risk of bias trials,

Outcome 3 Ascites.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 9 Interferon versus control - liver-related morbidity - low risk of bias trials

Outcome: 3 Ascites

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 10/311 13/315 62.1 % 0.78 [ 0.35, 1.75 ]

Di Bisceglie 2008 13/517 8/533 37.9 % 1.68 [ 0.70, 4.01 ]

Total (95% CI) 828 848 100.0 % 1.12 [ 0.62, 2.00 ]

Total events: 23 (Experimental), 21 (Control)

Heterogeneity: Chi2 = 1.59, df = 1 (P = 0.21); I2 =37%

Test for overall effect: Z = 0.38 (P = 0.71)

Test for subgroup differences: Not applicable
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Analysis 9.4. Comparison 9 Interferon versus control - liver-related morbidity - low risk of bias trials,

Outcome 4 Spontaneous bacterial peritonitis.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 9 Interferon versus control - liver-related morbidity - low risk of bias trials

Outcome: 4 Spontaneous bacterial peritonitis

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Di Bisceglie 2008 0/517 1/533 100.0 % 0.34 [ 0.01, 8.42 ]

Total (95% CI) 517 533 100.0 % 0.34 [ 0.01, 8.42 ]

Total events: 0 (Experimental), 1 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.65 (P = 0.51)

Test for subgroup differences: Not applicable
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Analysis 9.5. Comparison 9 Interferon versus control - liver-related morbidity - low risk of bias trials,

Outcome 5 Hepatocellular carcinoma.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 9 Interferon versus control - liver-related morbidity - low risk of bias trials

Outcome: 5 Hepatocellular carcinoma

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bresci 1995 4/311 3/315 5.6 % 1.35 [ 0.30, 5.98 ]

Di Bisceglie 2008 37/517 51/533 94.4 % 0.75 [ 0.50, 1.12 ]

Total (95% CI) 828 848 100.0 % 0.78 [ 0.53, 1.15 ]

Total events: 41 (Experimental), 54 (Control)

Heterogeneity: Chi2 = 0.56, df = 1 (P = 0.45); I2 =0.0%

Test for overall effect: Z = 1.24 (P = 0.22)

Test for subgroup differences: Not applicable
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Analysis 9.6. Comparison 9 Interferon versus control - liver-related morbidity - low risk of bias trials,

Outcome 6 Liver transplantation.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 9 Interferon versus control - liver-related morbidity - low risk of bias trials

Outcome: 6 Liver transplantation

Study or subgroup Experimental Control Risk Ratio Risk Ratio

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

Bruix 2011 2/311 4/315 0.51 [ 0.09, 2.74 ]
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Analysis 11.1. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 1

Any adverse events.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 1 Any adverse events

Study or subgroup Experimental Control Risk Ratio Risk Ratio

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

Di Bisceglie 2008 486/517 492/533 1.02 [ 0.99, 1.05 ]
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Analysis 11.2. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 2

Serious adverse events.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 2 Serious adverse events

Study or subgroup Experimental Control Risk Ratio Risk Ratio

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

Di Bisceglie 2008 175/517 155/533 1.16 [ 0.97, 1.39 ]
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Analysis 11.3. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 3

Haematologic.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 3 Haematologic

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Neutropenia

Bruix 2011 43/311 18/315 41.9 % 2.42 [ 1.43, 4.10 ]

Subtotal (95% CI) 311 315 41.9 % 2.42 [ 1.43, 4.10 ]

Total events: 43 (Experimental), 18 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.28 (P = 0.0010)

2 Thrombocytopenia

Bruix 2011 52/311 20/315 46.6 % 2.63 [ 1.61, 4.30 ]

Subtotal (95% CI) 311 315 46.6 % 2.63 [ 1.61, 4.30 ]

Total events: 52 (Experimental), 20 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.86 (P = 0.00011)

3 ”Haematologic”

Di Bisceglie 2008 7/517 5/533 11.5 % 1.44 [ 0.46, 4.52 ]

Subtotal (95% CI) 517 533 11.5 % 1.44 [ 0.46, 4.52 ]

Total events: 7 (Experimental), 5 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

Total (95% CI) 1139 1163 100.0 % 2.41 [ 1.71, 3.39 ]

Total events: 102 (Experimental), 43 (Control)

Heterogeneity: Chi2 = 0.90, df = 2 (P = 0.64); I2 =0.0%

Test for overall effect: Z = 5.04 (P < 0.00001)

Test for subgroup differences: Chi2 = 0.90, df = 2 (P = 0.64), I2 =0.0%

0.05 0.2 1 5 20

Favours experimental Favours control

92Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 11.4. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 4

Psychiatric events.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 4 Psychiatric events

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 35/311 26/315 76.6 % 1.36 [ 0.84, 2.21 ]

Di Bisceglie 2008 13/517 8/533 23.4 % 1.68 [ 0.70, 4.01 ]

Total (95% CI) 828 848 100.0 % 1.44 [ 0.94, 2.19 ]

Total events: 48 (Experimental), 34 (Control)

Heterogeneity: Chi2 = 0.16, df = 1 (P = 0.69); I2 =0.0%

Test for overall effect: Z = 1.68 (P = 0.093)

Test for subgroup differences: Not applicable
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Analysis 11.5. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 5

Infections.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 5 Infections

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 25/311 3/315 6.4 % 8.44 [ 2.57, 27.67 ]

Di Bisceglie 2008 44/517 44/533 93.6 % 1.03 [ 0.69, 1.54 ]

Total (95% CI) 828 848 100.0 % 1.51 [ 1.05, 2.16 ]

Total events: 69 (Experimental), 47 (Control)

Heterogeneity: Chi2 = 11.56, df = 1 (P = 0.00068); I2 =91%

Test for overall effect: Z = 2.25 (P = 0.025)

Test for subgroup differences: Not applicable
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Analysis 11.6. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 6

Gastrointestinal.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 6 Gastrointestinal

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Nausea

Bruix 2011 50/311 41/315 11.3 % 1.24 [ 0.84, 1.81 ]

Subtotal (95% CI) 311 315 11.3 % 1.24 [ 0.84, 1.81 ]

Total events: 50 (Experimental), 41 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.08 (P = 0.28)

2 Diarrhea

Bruix 2011 38/311 26/316 7.2 % 1.49 [ 0.92, 2.38 ]

Subtotal (95% CI) 311 316 7.2 % 1.49 [ 0.92, 2.38 ]

Total events: 38 (Experimental), 26 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.64 (P = 0.10)

3 Abdominal pain

Bruix 2011 33/311 21/315 5.8 % 1.59 [ 0.94, 2.69 ]

Subtotal (95% CI) 311 315 5.8 % 1.59 [ 0.94, 2.69 ]

Total events: 33 (Experimental), 21 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.74 (P = 0.082)

4 Dyspepsia

Bruix 2011 45/311 48/315 13.2 % 0.95 [ 0.65, 1.38 ]

Subtotal (95% CI) 311 315 13.2 % 0.95 [ 0.65, 1.38 ]

Total events: 45 (Experimental), 48 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.27 (P = 0.79)

5 Esophageal varices

Bruix 2011 35/311 57/315 15.7 % 0.62 [ 0.42, 0.92 ]

Subtotal (95% CI) 311 315 15.7 % 0.62 [ 0.42, 0.92 ]

Total events: 35 (Experimental), 57 (Control)

0.05 0.2 1 5 20

Favours experimental Favours control

(Continued . . . )

94Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Heterogeneity: not applicable

Test for overall effect: Z = 2.38 (P = 0.017)

6 Hepatomegaly

Bruix 2011 45/311 51/315 14.1 % 0.89 [ 0.62, 1.29 ]

Subtotal (95% CI) 311 315 14.1 % 0.89 [ 0.62, 1.29 ]

Total events: 45 (Experimental), 51 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.60 (P = 0.55)

7 Splenomegaly

Bruix 2011 60/311 54/315 14.9 % 1.13 [ 0.81, 1.57 ]

Subtotal (95% CI) 311 315 14.9 % 1.13 [ 0.81, 1.57 ]

Total events: 60 (Experimental), 54 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.70 (P = 0.49)

8 Non-variceal bleeding

Di Bisceglie 2008 4/517 9/533 2.5 % 0.46 [ 0.14, 1.48 ]

Subtotal (95% CI) 517 533 2.5 % 0.46 [ 0.14, 1.48 ]

Total events: 4 (Experimental), 9 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.31 (P = 0.19)

9 Hernia or obstruction

Di Bisceglie 2008 5/517 9/533 2.5 % 0.57 [ 0.19, 1.70 ]

Subtotal (95% CI) 517 533 2.5 % 0.57 [ 0.19, 1.70 ]

Total events: 5 (Experimental), 9 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.01 (P = 0.31)

10 Gallbladder

Di Bisceglie 2008 13/517 15/533 4.1 % 0.89 [ 0.43, 1.86 ]

Subtotal (95% CI) 517 533 4.1 % 0.89 [ 0.43, 1.86 ]

Total events: 13 (Experimental), 15 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.30 (P = 0.76)

11 Other pancreatico-biliary

Di Bisceglie 2008 7/517 5/533 1.4 % 1.44 [ 0.46, 4.52 ]

Subtotal (95% CI) 517 533 1.4 % 1.44 [ 0.46, 4.52 ]

Total events: 7 (Experimental), 5 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

12 Other gastrointestinal

Di Bisceglie 2008 11/517 15/533 4.1 % 0.76 [ 0.35, 1.63 ]

Subtotal (95% CI) 517 533 4.1 % 0.76 [ 0.35, 1.63 ]
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(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Total events: 11 (Experimental), 15 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.71 (P = 0.48)

13 Other liver

Di Bisceglie 2008 1/517 1/533 0.3 % 1.03 [ 0.06, 16.44 ]

Subtotal (95% CI) 517 533 0.3 % 1.03 [ 0.06, 16.44 ]

Total events: 1 (Experimental), 1 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.02 (P = 0.98)

14 Liver biopsy complications

Di Bisceglie 2008 8/517 11/533 3.0 % 0.75 [ 0.30, 1.85 ]

Subtotal (95% CI) 517 533 3.0 % 0.75 [ 0.30, 1.85 ]

Total events: 8 (Experimental), 11 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

Total (95% CI) 5796 5937 100.0 % 0.99 [ 0.87, 1.14 ]

Total events: 355 (Experimental), 363 (Control)

Heterogeneity: Chi2 = 17.57, df = 13 (P = 0.17); I2 =26%

Test for overall effect: Z = 0.09 (P = 0.93)

Test for subgroup differences: Chi2 = 17.57, df = 13 (P = 0.17), I2 =26%
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Analysis 11.7. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 7

Systemic symptoms.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 7 Systemic symptoms

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Fatigue

Bruix 2011 103/311 78/315 22.2 % 1.34 [ 1.04, 1.72 ]

Subtotal (95% CI) 311 315 22.2 % 1.34 [ 1.04, 1.72 ]

Total events: 103 (Experimental), 78 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 2.29 (P = 0.022)

2 Headache

Bruix 2011 103/311 47/315 13.4 % 2.22 [ 1.63, 3.02 ]

Subtotal (95% CI) 311 315 13.4 % 2.22 [ 1.63, 3.02 ]

Total events: 103 (Experimental), 47 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 5.08 (P < 0.00001)

3 Myalgia

Bruix 2011 76/311 19/315 5.4 % 4.05 [ 2.51, 6.53 ]

Subtotal (95% CI) 311 315 5.4 % 4.05 [ 2.51, 6.53 ]

Total events: 76 (Experimental), 19 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 5.74 (P < 0.00001)

4 Arthralgia

Bruix 2011 68/311 63/315 17.9 % 1.09 [ 0.81, 1.48 ]

Subtotal (95% CI) 311 315 17.9 % 1.09 [ 0.81, 1.48 ]

Total events: 68 (Experimental), 63 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

5 Pyrexia

Bruix 2011 58/311 15/315 4.3 % 3.92 [ 2.27, 6.76 ]

Subtotal (95% CI) 311 315 4.3 % 3.92 [ 2.27, 6.76 ]

Total events: 58 (Experimental), 15 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 4.90 (P < 0.00001)

6 Insomnia

Bruix 2011 50/311 45/315 12.8 % 1.13 [ 0.78, 1.63 ]

Subtotal (95% CI) 311 315 12.8 % 1.13 [ 0.78, 1.63 ]
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(. . . Continued)
Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Total events: 50 (Experimental), 45 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.62 (P = 0.53)

7 Flu-like illness

Bruix 2011 46/311 4/315 1.1 % 11.65 [ 4.24, 31.97 ]

Subtotal (95% CI) 311 315 1.1 % 11.65 [ 4.24, 31.97 ]

Total events: 46 (Experimental), 4 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 4.77 (P < 0.00001)

8 Asthenia

Bruix 2011 45/311 37/315 10.5 % 1.23 [ 0.82, 1.85 ]

Subtotal (95% CI) 311 315 10.5 % 1.23 [ 0.82, 1.85 ]

Total events: 45 (Experimental), 37 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.01 (P = 0.31)

9 Irritability

Bruix 2011 41/311 17/315 4.8 % 2.44 [ 1.42, 4.21 ]

Subtotal (95% CI) 311 315 4.8 % 2.44 [ 1.42, 4.21 ]

Total events: 41 (Experimental), 17 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.22 (P = 0.0013)

10 Pruritus

Bruix 2011 42/311 27/315 7.7 % 1.58 [ 1.00, 2.49 ]

Subtotal (95% CI) 311 315 7.7 % 1.58 [ 1.00, 2.49 ]

Total events: 42 (Experimental), 27 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.95 (P = 0.051)

Total (95% CI) 3110 3150 100.0 % 1.82 [ 1.61, 2.05 ]

Total events: 632 (Experimental), 352 (Control)

Heterogeneity: Chi2 = 61.04, df = 9 (P<0.00001); I2 =85%

Test for overall effect: Z = 9.84 (P < 0.00001)

Test for subgroup differences: Chi2 = 59.03, df = 9 (P = 0.00), I2 =85%
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Analysis 11.8. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 8

Cardiopulmonary.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 8 Cardiopulmonary

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Atherosclerosis

Di Bisceglie 2008 16/517 19/533 18.0 % 0.87 [ 0.45, 1.67 ]

Subtotal (95% CI) 517 533 18.0 % 0.87 [ 0.45, 1.67 ]

Total events: 16 (Experimental), 19 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.42 (P = 0.67)

2 Arrhythmia

Di Bisceglie 2008 3/517 8/533 7.6 % 0.39 [ 0.10, 1.45 ]

Subtotal (95% CI) 517 533 7.6 % 0.39 [ 0.10, 1.45 ]

Total events: 3 (Experimental), 8 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.41 (P = 0.16)

3 ”Other cardiovascular”

Di Bisceglie 2008 4/517 5/533 4.7 % 0.82 [ 0.22, 3.05 ]

Subtotal (95% CI) 517 533 4.7 % 0.82 [ 0.22, 3.05 ]

Total events: 4 (Experimental), 5 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.29 (P = 0.77)

4 Hypertension

Bruix 2011 43/311 39/315 37.2 % 1.12 [ 0.75, 1.67 ]

Subtotal (95% CI) 311 315 37.2 % 1.12 [ 0.75, 1.67 ]

Total events: 43 (Experimental), 39 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

5 Cough

Bruix 2011 33/311 34/315 32.5 % 0.98 [ 0.63, 1.55 ]

Subtotal (95% CI) 311 315 32.5 % 0.98 [ 0.63, 1.55 ]

Total events: 33 (Experimental), 34 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.07 (P = 0.94)

Total (95% CI) 2173 2229 100.0 % 0.96 [ 0.74, 1.25 ]

Total events: 99 (Experimental), 105 (Control)

Heterogeneity: Chi2 = 2.51, df = 4 (P = 0.64); I2 =0.0%

Test for overall effect: Z = 0.31 (P = 0.76)

Test for subgroup differences: Chi2 = 2.50, df = 4 (P = 0.64), I2 =0.0%
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Analysis 11.9. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome 9

Musculoskeletal.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 9 Musculoskeletal

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 ”Musculoskeletal”

Di Bisceglie 2008 27/517 24/533 37.3 % 1.16 [ 0.68, 1.98 ]

Subtotal (95% CI) 517 533 37.3 % 1.16 [ 0.68, 1.98 ]

Total events: 27 (Experimental), 24 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

2 Back pain

Bruix 2011 44/311 40/315 62.7 % 1.11 [ 0.75, 1.66 ]

Subtotal (95% CI) 311 315 62.7 % 1.11 [ 0.75, 1.66 ]

Total events: 44 (Experimental), 40 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.53 (P = 0.59)

Total (95% CI) 828 848 100.0 % 1.13 [ 0.82, 1.56 ]

Total events: 71 (Experimental), 64 (Control)

Heterogeneity: Chi2 = 0.01, df = 1 (P = 0.91); I2 =0.0%

Test for overall effect: Z = 0.75 (P = 0.45)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.91), I2 =0.0%
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Analysis 11.10. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome

10 Dermatologic.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 10 Dermatologic

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Rash

Bruix 2011 32/311 10/315 25.3 % 3.24 [ 1.62, 6.48 ]

Di Bisceglie 2008 4/517 2/533 5.0 % 2.06 [ 0.38, 11.21 ]

Subtotal (95% CI) 828 848 30.3 % 3.05 [ 1.61, 5.77 ]

Total events: 36 (Experimental), 12 (Control)

Heterogeneity: Chi2 = 0.23, df = 1 (P = 0.63); I2 =0.0%

Test for overall effect: Z = 3.42 (P = 0.00064)

2 Injection erythema

Bruix 2011 36/311 0/315 1.3 % 73.94 [ 4.56, 1199.35 ]

Subtotal (95% CI) 311 315 1.3 % 73.94 [ 4.56, 1199.35 ]

Total events: 36 (Experimental), 0 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 3.03 (P = 0.0025)

3 Alopecia

Bruix 2011 36/311 27/315 68.4 % 1.35 [ 0.84, 2.17 ]

Subtotal (95% CI) 311 315 68.4 % 1.35 [ 0.84, 2.17 ]

Total events: 36 (Experimental), 27 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.24 (P = 0.21)

Total (95% CI) 1450 1478 100.0 % 2.78 [ 1.95, 3.97 ]

Total events: 108 (Experimental), 39 (Control)

Heterogeneity: Chi2 = 14.59, df = 3 (P = 0.002); I2 =79%

Test for overall effect: Z = 5.67 (P < 0.00001)

Test for subgroup differences: Chi2 = 10.72, df = 2 (P = 0.00), I2 =81%
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Analysis 11.11. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome

11 Metabolic.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 11 Metabolic

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Electrolyte/water

Di Bisceglie 2008 6/517 7/533 63.6 % 0.88 [ 0.30, 2.61 ]

Subtotal (95% CI) 517 533 63.6 % 0.88 [ 0.30, 2.61 ]

Total events: 6 (Experimental), 7 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.22 (P = 0.82)

2 Diabetes

Di Bisceglie 2008 1/517 2/533 18.2 % 0.52 [ 0.05, 5.67 ]

Subtotal (95% CI) 517 533 18.2 % 0.52 [ 0.05, 5.67 ]

Total events: 1 (Experimental), 2 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

3 Thyroid

Di Bisceglie 2008 2/517 2/533 18.2 % 1.03 [ 0.15, 7.29 ]

Subtotal (95% CI) 517 533 18.2 % 1.03 [ 0.15, 7.29 ]

Total events: 2 (Experimental), 2 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.03 (P = 0.98)

Total (95% CI) 1551 1599 100.0 % 0.84 [ 0.35, 2.03 ]

Total events: 9 (Experimental), 11 (Control)

Heterogeneity: Chi2 = 0.21, df = 2 (P = 0.90); I2 =0.0%

Test for overall effect: Z = 0.38 (P = 0.70)

Test for subgroup differences: Chi2 = 0.21, df = 2 (P = 0.90), I2 =0.0%
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Analysis 11.12. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome

12 Neoplasms.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 12 Neoplasms

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Benign neoplasm

Di Bisceglie 2008 1/517 3/533 21.4 % 0.34 [ 0.04, 3.29 ]

Subtotal (95% CI) 517 533 21.4 % 0.34 [ 0.04, 3.29 ]

Total events: 1 (Experimental), 3 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.93 (P = 0.35)

2 Cancer

Di Bisceglie 2008 9/517 11/533 78.6 % 0.84 [ 0.35, 2.02 ]

Subtotal (95% CI) 517 533 78.6 % 0.84 [ 0.35, 2.02 ]

Total events: 9 (Experimental), 11 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.38 (P = 0.70)

Total (95% CI) 1034 1066 100.0 % 0.74 [ 0.33, 1.65 ]

Total events: 10 (Experimental), 14 (Control)

Heterogeneity: Chi2 = 0.53, df = 1 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 0.75 (P = 0.46)

Test for subgroup differences: Chi2 = 0.53, df = 1 (P = 0.47), I2 =0.0%
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Analysis 11.13. Comparison 11 Interferon versus control - adverse events - low risk of bias trials, Outcome

13 Other system adverse events.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 11 Interferon versus control - adverse events - low risk of bias trials

Outcome: 13 Other system adverse events

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

1 Genitourinary

Di Bisceglie 2008 11/517 8/533 27.6 % 1.42 [ 0.57, 3.50 ]

Subtotal (95% CI) 517 533 27.6 % 1.42 [ 0.57, 3.50 ]

Total events: 11 (Experimental), 8 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.76 (P = 0.45)

2 Gynecologic

Di Bisceglie 2008 2/517 5/533 17.2 % 0.41 [ 0.08, 2.12 ]

Subtotal (95% CI) 517 533 17.2 % 0.41 [ 0.08, 2.12 ]

Total events: 2 (Experimental), 5 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.06 (P = 0.29)

3 Neurologic

Di Bisceglie 2008 6/517 6/533 20.7 % 1.03 [ 0.33, 3.18 ]

Subtotal (95% CI) 517 533 20.7 % 1.03 [ 0.33, 3.18 ]

Total events: 6 (Experimental), 6 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.05 (P = 0.96)

4 Injury

Di Bisceglie 2008 4/517 10/533 34.5 % 0.41 [ 0.13, 1.31 ]

Subtotal (95% CI) 517 533 34.5 % 0.41 [ 0.13, 1.31 ]

Total events: 4 (Experimental), 10 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 1.51 (P = 0.13)

Total (95% CI) 2068 2132 100.0 % 0.82 [ 0.47, 1.41 ]

Total events: 23 (Experimental), 29 (Control)

Heterogeneity: Chi2 = 3.62, df = 3 (P = 0.31); I2 =17%

Test for overall effect: Z = 0.73 (P = 0.47)

Test for subgroup differences: Chi2 = 3.61, df = 3 (P = 0.31), I2 =17%
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Analysis 12.1. Comparison 12 Interferon versus control - progression of Child-Pugh-Turcotte score - low

risk of bias trials, Outcome 1 Progression of score.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 12 Interferon versus control - progression of Child-Pugh-Turcotte score - low risk of bias trials

Outcome: 1 Progression of score

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

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

Bruix 2011 41/311 38/315 47.7 % 1.09 [ 0.72, 1.65 ]

Di Bisceglie 2008 47/517 42/533 52.3 % 1.15 [ 0.77, 1.72 ]

Total (95% CI) 828 848 100.0 % 1.12 [ 0.84, 1.50 ]

Total events: 88 (Experimental), 80 (Control)

Heterogeneity: Chi2 = 0.03, df = 1 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 0.80 (P = 0.42)

Test for subgroup differences: Not applicable
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Analysis 13.1. Comparison 13 Interferon versus control - surrogate outcomes - low risk of bias trials,

Outcome 1 Sustained viral response.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 13 Interferon versus control - surrogate outcomes - low risk of bias trials

Outcome: 1 Sustained viral response

Study or subgroup Interferon Control Risk Ratio Weight Risk Ratio

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

Di Bisceglie 2008 18/517 1/533 100.0 % 18.56 [ 2.49, 138.50 ]

Total (95% CI) 517 533 100.0 % 18.56 [ 2.49, 138.50 ]

Total events: 18 (Interferon), 1 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 2.85 (P = 0.0044)

Test for subgroup differences: Not applicable
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Analysis 13.4. Comparison 13 Interferon versus control - surrogate outcomes - low risk of bias trials,

Outcome 4 Progression to cirrhosis.

Review: Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C

Comparison: 13 Interferon versus control - surrogate outcomes - low risk of bias trials

Outcome: 4 Progression to cirrhosis

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

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

Di Bisceglie 2008 64/309 70/313 100.0 % 0.93 [ 0.69, 1.25 ]

Total (95% CI) 309 313 100.0 % 0.93 [ 0.69, 1.25 ]

Total events: 64 (Treatment), 70 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.50 (P = 0.62)

Test for subgroup differences: Not applicable
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A P P E N D I C E S

Appendix 1. Search strategies

Database Period of Search Search Strategy

Cochrane Hepato-Biliary Group Con-

trolled Trials Register

August 16, 2012. (interferon and ’chronic hepatitis C’) AND NOT (’hep-

atitis B’ or HIV or ’human immune deficiency virus’ or

’human immunodeficiency virus’ or ’liver transplant*’)

Cochrane Central Register of Controlled

Trials (CENTRAL) in The Cochrane Li-
brary

Issue 8, 2012. #1 MeSH descriptor Interferons explode all trees

#2 (interferon*)

#3 (#1 OR #2)

#4 MeSH descriptor Hepatitis C, Chronic explode all

trees

#5 (chronic hepatitis c)

#6 (#4 OR #5)

#7 (#3 AND #6)

#8 (HIV) or (human immunodeficiency virus) or (hepati-

tis B) or (liver transplant*) or(human immune deficiency

virus)

#9 (#7 AND NOT #8)

106Interferon for interferon nonresponding and relapsing patients with chronic hepatitis C (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(Continued)

MEDLINE (OvidSP) 1950 to August 16, 2012. 1. exp Interferons/

2. interferon*.mp. [mp=title, original title, abstract, name

of substance word, subject heading word]

3. 1 or 2

4. exp Hepatitis C, Chronic/

5. chronic hepatitis c.mp. [mp=title, original title, abstract,

name of substance word, subject heading word]

6. 4 or 5

7. 6 and 3

8. (hepatitis B or HIV or human immune deficiency virus

or human immunodeficiency virus or liver transplant*).mp.

[mp=title, original title, abstract, name of substance word,

subject heading word]

9. 7 not 8

10. (random* or blind* or placebo* or meta-analysis).mp.

[mp=title, original title, abstract, name of substance word,

subject heading word]

11. 10 and 9

EMBASE (OvidSP) 1945 to August 16, 2012. 1. exp Interferon/

2. interferon*.mp. [mp=title, abstract, subject headings,

heading word, drug trade name, original title, device man-

ufacturer, drug manufacturer name]

3. 1 or 2

4. exp Hepatitis C/

5. chronic hepatitis c.mp. [mp=title, abstract, subject head-

ings, heading word, drug trade name, original title, device

manufacturer, drug manufacturer name]

6. 4 or 5

7. 6 and 3

8. (hepatitis B or HIV or human immune deficiency virus

or human immunodeficiency virus or liver transplant*).

mp. [mp=title, abstract, subject headings, heading word,

drug trade name, original title, device manufacturer, drug

manufacturer name]

9. 7 not 8

10. (random* or blind* or placebo* or meta-analysis).mp.

[mp=title, abstract, subject headings, heading word, drug

trade name, original title, device manufacturer, drug man-

ufacturer name]

11. 10 and 9

Science Citation Index Expanded (http://

apps.isiknowledge.com)

1900 to August 16, 2012. # 7 #6 AND #5

# 6 TS=(random* or blind* or placebo* or meta-analysis)

# 5 #3 NOT #4

# 4 TS=(hepatitis B or HIV or human immune deficiency

virus or human immunodeficiency virus or liver trans-

plant*)

# 3 #2 AND #1
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(Continued)

# 2 TS=(chronic hepatitis C)

# 1 TS=interferon*

W H A T ’ S N E W

Date Event Description

28 August 2012 New search has been performed A new search has been performed. The present update

includes seven randomised trials involving 2070 nonre-

sponders and relapsers

28 August 2012 New citation required and conclusions have changed In the present review clinical outcomes have replaced sur-

rogate ones as the primary outcomes, only interferon ver-

sus no treatment trials have been considered, and the fol-

lowing conclusions have been made:

• Retreatment with interferon does not provide any

benefit but does cause harm, including possibly an

increased mortality.

• The surrogate outcomes, especially sustained viral

response and markers of inflammation, failed to be

validated.

13 January 2009 Amended A new team of authors have prepared this update.
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S O U R C E S O F S U P P O R T

Internal sources

• None, Not specified.

External sources

• None, Not specified.

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

The type of outcome measures in the present updated review differ from the outcome measures listed in the previous review protocol.

Mortality (all-cause, hepatic), quality of life, and adverse events have become the primary outcomes in compliance with Cochrane

Collaboration policies (Higgins 2011). The biochemical, histologic, and virologic outcomes have all become secondary outcomes and

liver-related morbidity (hepatic encephalopathy, variceal bleeding, ascites, spontaneous bacterial peritonitis, hepatocellular carcinoma,

need for liver transplantation) was also added. The effort to validate the surrogate outcomes was also a new objective. The search methods

for identification of studies have been changed: Science Citation Index Expanded (Royle 2003) has been included in the search. As

to the statistical methods, the meta-analyses have been performed according to the recommendations of The Cochrane Collaboration

(Higgins 2011). The software package Review Manager 5 (RevMan 2011) provided by The Cochrane Collaboration has been used.

Heterogeneity was explored by Chi2 test with significance set at P value of 0.10, and the quantity of heterogeneity was measured by I2

(Higgins 2002). Only trials of alfa-interferon were included; other types of interferon (for example, beta, gamma, lambda, consensus)

were excluded because of the issue of heterogeneity and paucity of trials with these agents. Because clinical data became available,

and because the intervention was not shown to provide any clinical benefit, all of the comparisons of different interferon regimens

have been removed from this systematic review; for historical purposes, the comparison of different regimens will be the subject of a

separate review. The plan to deal differently with analyses containing trials with no events was removed since this issue rarely arose. Trial

sequential analysis (Brok 2008; Wetterslev 2008; Brok 2009; Thorlund 2009; Wetterslev 2009; Thorlund 2010; CTU 2011; Thorlund

2011) was performed to explore observations of significant differences in primary outcomes (except for adverse events, since so many

arose and the effect was consistently in favour of the control patients) or the secondary outcomes of hepatic morbidity and sustained

viral response (since this is the principle surrogate outcome used in practice and since observations in this outcome were compared to

the primary outcomes).

I N D E X T E R M S

Medical Subject Headings (MeSH)

Antiviral Agents [adverse effects; ∗therapeutic use]; Hepatitis C, Chronic [∗drug therapy; mortality; virology]; Interferon alpha-2;

Interferon-alpha [therapeutic use]; Interferons [adverse effects; ∗therapeutic use]; Liver Cirrhosis [∗drug therapy; etiology]; Polyethylene

Glycols [therapeutic use]; Randomized Controlled Trials as Topic; Recombinant Proteins [therapeutic use]; Recurrence; Viral Load

MeSH check words

Humans
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