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Abstract

Background: Many studies have been published on the association between single nucleotide polymorphisms (SNP) near
the IL28B gene and response to the combined treatments of pegylated-interferon (PegIFN) and ribavirin (RBV) in chronic
HCV-infected patients, but without identical conclusions. The aim of this study was to assess impact of the IL28B
polymorphisms on the effect of HCV standard treatment using meta-analysis based method.

Methods: Association studies between polymorphisms of rs12979860 or rs8099917 and response to PegIFN/RBV treatment
in chronic HCV patients were retrieved from PubMed. Data of qualified studies on sustained virological response (SVR) in
different genotypes were extracted and analyzed using meta-analysis method in Stata 10 software.

Results: Thirty-four papers, containing 46 independent studies, were included in the analysis. In the HCV G1/4 patients
without treatment history, individuals carrying rs12979860 CC genotype were more likely to achieve SVR (OR 3.97, 95%CI
3.29–4.80) compared to those carrying CT/TT genotypes. Similar results were observed in the HCV G1/4 patients with
unsuccessful or unknown treatment history (OR 3.76, 95%CI 2.67–5.28) or in the patients co-infected with human
immunodeficiency virus (OR 5.20, 95%CI 3.04–8.90). However, associations could not be observed in HCV G2/3 patients. For
rs8099917, similar results were obtained for genotype TT compared to genotypes TG/GG, indicating that TT genotype was
significantly associated with better treatment response in patients infected with genotype 1 or 4 HCV, but not genotype 2
or 3 HCV.

Conclusion: Polymorphisms of rs12979860 and rs8099917 near IL28B only associate with the treatment response to PegIFN/
RBV in patients infected with HCV genotype 1 or 4 but not with genotype 2 or 3, irrespective of the previous treatment
history or HIV co-infected status. Therefore, identification of IL28B genotypes is necessary only in patients infected with
relatively difficult-to-treat genotype 1 or 4 HCV.
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Introduction

About 170 million people are affected with hepatitis C virus

(HCV) throughout the world and 70% of them develop chronic

infection which may progress to cirrhosis and hepatocellular

carcinoma [1]. The current recommended treatment for chronic

HCV infection is a combination of pegylated interferon (PegIFN

a-2a or PegIFN a-2b) plus body-weighted ribavirin (RBV) for a

duration of 24 weeks or 48 weeks depending on the HCV viral

genotypes. However, only about 50% genotype 1 or 4 patients

treated and 80% genotype 2 or 3 patients treated could respond

completely and achieve sustained virological response (SVR) [2].

Moreover, side effects from the therapy such as influenza-like

symptoms, psychiatric symptoms and hematological abnormali-

ties, could result in the dose reduction or even the premature

discontinuation of the treatment [3]. To avoid these potential

adverse events in patients who do not benefit from the treatment

and to reduce the cost of therapy, it is necessary to predict an

individual’s response before or at the early stage of the treatment.

Several factors, viral or host, such as HCV genotypes, baseline

viral load, liver fibrosis, and mutations of interferon sensitivity

determining region (ISDR), have been reported to be linked to the

treatment outcomes [3–5]. However, these factors still could not

fully predict the therapy response.

In 2009, three studies which were published almost at the same

time reported that single nucleotide polymorphisms (SNP) near

IL28B gene region were associated with the treatment effect of

pegylated-interferon and ribavirin (PegIFN/RBV) in HCV-infect-

ed patients using genome-wide association study (GWAS) method
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[4,6,7]. Thereafter, a number of studies were published on the

association between SNPs near IL28B and the clearance of HCV

with or without treatments in HCV infected subjects in different

ethnicities and HCV genotypes [8–12]. The most studied two

SNPs, rs12979860 and rs8099917, are located upstream to the

IL28B gene [4]. The CC genotype of rs12979860 or TT of

rs8099917 was considered to be associated with a better treatment

response. However, results were not consistent from different

studies. The aim of this study was to summarize the associations

between SNPs (rs12979860 and rs8099917) near IL28B gene and

outcome of the combination therapy of PegIFN plus RBV in

chronic HCV infected patients from public data.

Methods

Study search and selection
Studies on the associations between SNPs of rs12979860 or

rs8099917 and the treatment response in HCV infected patients

were retrieved from PubMed using the following strategy:

(‘‘IL28B’’ OR ‘‘IL-28B’’ OR ‘‘interleukin 28B’’ OR ‘‘interleu-

kin-28B’’ OR ‘‘interferon lambda 3’’ OR ‘‘IFN lambda 3’’ OR

‘‘rs12979860’’ OR ‘‘rs8099917’’) AND (‘‘Hepatitis C’’ OR

‘‘HCV’’). No language or time restrictions were applied and

database searching for the last time was November 20, 2011.

Papers retrieved were reviewed by two reviewers (Jia and Ding)

independently following the including and excluding criteria (File

S1). References of retrieved publications were also screened

manually to search potential articles fitted the criteria.

Research studies met the following inclusion criteria were

included in the analysis. (1) chronic HCV-infected patients with

detectable HCV RNA before treatment and received the

combined therapy of peginterferon and ribavirin only; (2) the

clear outcomes defined as sustained virological response (SVR), i.e.

undetectable HCV RNA 24 weeks or 6 months after the cessation

of treatment, or non-SVR, which was detectable HCV RNA at the

end of follow-up or premature discontinuation of treatment

because of the poor response; (3) relevant data of therapeutic

effect stratified by HCV genotypes as different HCV genotypes

respond differently to the therapy.

Studies were excluded if patients suffered from other compli-

cated liver diseases such as hepatocellular carcinoma or underwent

liver transplantation. If more than one articles reported overlap-

ping subjects, the one with more detailed descriptions of baseline

information and effect data was selected. When results were

stratified by races or HCV genotypes in the article, each part was

considered as an independent study. However, HCV genotypes

were classified into two categories, G2/3 (genotype 2 or 3) and

G1/4 (genotype 1, 4 and others), according to response to the

combined treatment [2,13]. When results of treatment per

protocol (TPP) analysis and intention to treatment (ITT) analysis

were both reported, only ITT data were extracted for the analysis.

The following information was extracted from each study using

the assessment form for data collection (File S1): the first author,

date of publication, area of the study, demographic data of

subjects, HCV genotype, duration of therapy, and the effect data

of each IL28B genotype.

Data analysis
Meta-analysis was used to summarize associations across studies

between IL28B genotypes and SVR of the combined treatment.

Though studies performed in Asian populations reported a strong

linkage disequilibrium between rs12979860 and rs8099917 [14–

16], results from Caucasians showed a weaker linkage disequilib-

rium [4,17,18]. Therefore, we summarized effects of two SNPs

separately. For each SNP, a recessive model was applied (for

rs12979860, CC vs CT+TT; and for rs8099917, TT vs TG+GG).

OR (odds ratio) of each study with its 95% CI (confidence interval)

was calculated and displayed in a forest plot. Heterogeneity across

studies was tested by Cochran’s Q statistic and quantified by I2, a

transformation of Q that estimates the percentage of variation in

effect size that is due to heterogeneity. However, the pooled ORs

were summarized using random effect model (DerSimonian and

Laird method) even in absence of heterogeneity, given the diversity

of the study design.

If patients fail in previous interferon-based treatment or are co-

infected with human immunodeficiency virus (HIV), they respond

differently to the therapy compared to patients with HCV mono-

infection and treatment naı̈ve [3]. Therefore, separate analyses

were performed to reduce the potential heterogeneity. Further-

more, in treatment-naı̈ve patients, summarized ORs stratified by

races were calculated separately in G1/4 patients and G2/3

patients. Potential publication bias was assessed by Egger method

and Peter method separately. All analyses were carried out in Stata

software (version 10, Package sbe24_3 and sbe19_6) and a two-

tailed P value less than 0.05 was considered as a statistical

significance.

Results

Literature retrieved
The process of literature selection is showed in figure 1. Two

hundred and forty-nine articles met the keyword selection and the

full texts of 77 were gone through thoroughly after initially

screening titles and abstracts. Forty three of 77 were excluded

according to the inclusion and exclusion criteria. Table 1 shows

the detailed information of 34 articles, including 46 independent

studies [4,8,14–17,19–46]. Since only one study was conducted in

Hispanic patients [4], we incorporated it into the Caucasian

group. Among those studies, 30 were on patients with HCV G1/4

and the summarized SVR rate was 45.3% (3600/7944). In

contrast, the SVR rate in the rest 16 studies on patients infected

with HCV G2/3 was much higher (80.1%, 1831/2287), as

expected.

Figure 1. Flow chart summarizing the process of study
selection.
doi:10.1371/journal.pone.0045698.g001

SNPs of IL28B Predict Response Only in HCV G1/4
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Treatment-naı̈ve patients
Studies on the HCV G1/4 and the HCV G2/3 treatment-naı̈ve

patients were analyzed separately both for rs12979860 and

rs8099917. The summarized SVR rate was 48.5% (2984/6151)

for G1/4 group and 80.6% (1517/1881) for G2/3 group.

Seventeen studies evaluated the association between response of

combined therapy and SNP of rs12979860 in HCV G1/4 patients

(Figure 2). When data from Caucasian were combined, the CC

genotype showed a favorable effect compared to CT/TT (SVR:

73.1% vs 40.5%; OR 4.08, 95%CI 3.23–5.15; P,0.001). The

favorable effects of CC genotype were also observed in Asian

(SVR: 57.8% vs 24.8%; OR 3.77, 95%CI 2.73–5.22; P,0.001)

and African patients (SVR: 48.0% vs 21.0%; OR 3.42, 95%CI

1.40–8.34; P = 0.007). The summarized OR from all studies

indicated that rs12979860 CC genotype was associated with an

increased possibility of SVR in the treatment-naı̈ve patients with

HCV genotype 1 or 4 infection, when they received the PegIFN/

RBV treatment (OR 3.97, 95%CI 3.29–4.80, P,0.001; Figure 2).

For patients of HCV G2/3, associations could not be observed

either in Caucasian (SVR: 78.5% vs 77.5%; OR 1.04, 95%CI

0.74–1.47; P = 0.811) or Asian patients (SVR: 78.3% vs 66.7%;

OR 1.80, 95%CI 0.69–4.74; P = 0.231). Neither was a significant

association found in the pooled estimation (OR 1.10, 95%CI

0.79–1.52, P = 0.572; Figure 3).

We next grouped studies on Caucasian patients with complete

SVR data for each rs12979860 genotype (Table 2). There was no

Asian aggregation due to the limited number of studies. The SVR

rates declined as the frequencies of C allele within HCV G1/4 or

Figure 2. Forrest plots for association between polymorphisms and response to PegIFN/RBV in treatment-naı̈ve HCV G1/4 patients.
A. rs12979860 (CC vs CT/TT). B. rs8099917 (TT vs TG/GG).
doi:10.1371/journal.pone.0045698.g002
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