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SUMMARY

Background
Interleukin (IL) 28B single nucleotide polymorphisms can predict sustained
virological response (SVR) in hepatitis C virus (HCV) patients following
pegylated interferon-alpha (PEG IFN-a) and ribavirin treatment.

Aim
To design a meta-analysis to determine IL28B genotypes’, rs12979860 CC
and rs8099917 TT, correlation with SVR in PEG IFN-a/ribavirin-treated
HCV patients.

Methods
Meta-analysis was performed in 17 studies of rs12979860 CC vs. CT/TT
and 17 of rs8099917 TT vs. TG/GG. Odds ratios (OR) and confidence
intervals (95% CI) were calculated by fixed- or random-effects models. Het-
erogeneity, sensitivity analysis and publication bias were also assessed.

Results
Of 4252 Asian, Caucasian and African HCV patients analysed for rs12979860,
SVR was more frequent in CC (vs. CT/TT; OR = 4.76, 95% CI: 3.15–7.20).
Moreover, CC was associated with SVR for HCV genotype-1 or -4 infections
(ORgenotype 1 = 5.52, 95% CI: 3.74–8.15; ORgenotype 4 = 8.11, 95% CI: 4.13–
15.93), regardless of ethnicity. Of 4549 Caucasian and Asian HCV patients anal-
ysed for rs8099917, SVR was more frequent in TT (vs. TG/GG; OR = 3.31, 95%
CI: 2.39–4.59). Moreover, TT was associated with SVR for HCV-1 (ORgenotype 1 =
4.28, 95% CI: 2.87–6.38). Rs8099917 TT predictive value was stronger in Asians
(ORAsians = 8.09, 95% CI: 5.63–11.61; ORCaucasians = 3.00, 95% CI: 2.03–4.45).
Ethnicity stratification revealed that rs8099917 TT had slight predictive value in
Asian HCV-2/3 patients (OR = 1.99, 95% CI: 1.09–3.62).

Conclusions
IL28B rs12979860 CC and rs8099917 TT are strong SVR predictors for
PEG IFN-a/ribavirin-treated HCV-1 patients, regardless of ethnicity. In
HCV-2/3, rs12979860 CC has no SVR predictive value, but rs8099917 TT
was slightly associated with SVR in Asians.
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INTRODUCTION
Hepatitis C virus (HCV) infection has reached epidemic
proportions worldwide, with the number of chronically
infected persons estimated at 200 million. The long-term
hepatic impact of HCV infection can range from fibrosis
to cirrhosis with or without hepatocellular carcinoma
(HCC).1 Currently, the standard therapy for chronic
HCV infection is a combination regimen of pegylated
interferon-alpha (PEG IFN-a) and ribavirin (RBV).2

Patient response to therapy varies widely, and it is
believed that genetic factors underlie this phenomenon.
The primary goal of any HCV therapy is to achieve a
sustained virological response (SVR), in which HCV
RNA remains undetectable at 24 weeks after therapy
ends. For PEG IFN-a/RBV, 40–50% of patients infected
with HCV genotypes 1 or 4 attain SVR, whereas 70–90%
of patients infected with genotypes 2 or 3 attain SVR.3–8

Unfortunately, the combination therapy produces several
serious side effects, such as a flu-like syndrome, haema-
tological abnormalities and adverse neuropsychiatric
events, which necessitate dose reduction. Between 10%
and 14% of patients suffer such extensive effects that
treatment termination is required.9 Thus, it is important
to identify patients who are ultimately going to be resis-
tant to treatment, to avoid unnecessarily inducing detri-
mental side effects and to reduce the substantial cost of
PEG-IFN-a/RBV treatment. Several studies to date have
aimed to identify accurate and sensitive predictive bio-
markers of treatment response. Besides virus genotype,
several other factors related to the virus (e.g. viral load
at treatment initiation) and host (e.g. race, age, body
weight, insulin resistance, serum lipids, fibrosis stage,
serum vitamin D concentration and treatment compli-
ance) can influence antiviral-induced SVR in chronic
HCV patients.10–15

Host genetic factors have been proposed as mediators
of treatment response. Chronic HCV patients of European
or Asian ancestry6 have a higher rate of SVR than African
ancestry patients,16 reinforcing the theory of genetics as
contributing to SVR risk. Previous studies have investi-
gated many potential genetic factors, including polymor-
phisms of the human leucocyte antigens (HLA) and the
interleukin (IL)10 promoter, but results have been incon-
sistent.17, 18 Recently, several genome-wide association
studies (GWAS) have indicated that single nucleotide
polymorphisms (SNPs) near the interferon-gamma3-
encoding IL28B gene may be associated with SVR after
PEG-IFN-a/RBV therapy.19–22 IL28B rs12979860 and
rs8099917 have particularly strong linkage disequilibrium,
and are considered as the most important predictive

factors for treatment response. The rs12979860 CC geno-
type has a higher incidence of SVR than the CT/TT geno-
types, and the rs8099917 TT genotype has higher SVR
incidence than the TG/GG genotypes. However, the mag-
nitude of the impact of rs12979860 and rs8099917 poly-
morphisms on treatment response remains controversial.
Meta-analysis is a powerful method for quantitatively
summarising the results from different studies. It is partic-
ularly useful when individual trials have insufficient statis-
tical power, since pooling of trial subjects increases the
sample size and decreases random error.

Therefore, we performed meta-analyses to determine
the impact of IL28B rs12979860 genotype CC and
rs8099917 genotype TT for chronic HCV patients
infected with different virus genotypes and of different
ethnicities.

METHODS

Literature search
The PubMed, Web of Science, Embase and the Chinese
BioMedical Literature (CBM) databases were searched
for relevant articles published up to October 15, 2011
using the following search terms: ‘chronic hepatitis C’,
‘HCV’, or ‘hepatitis C virus’; ‘interleukin-28B’ or ‘IL-
28B’; ‘polymorphism’ or ‘genetic polymorphism’; ‘sus-
tained virological response’ or ‘SVR’. To identify other
relevant publications, the reference lists of all retrieved
articles were manually searched; in addition, cited review
articles were retrieved and perused for mention of any
additional potentially relevant articles. Only published
studies with full text articles were included in the meta-
analysis. A flowchart of the study selection process is
shown in Figure 1.

Inclusion and exclusion criteria
Studies were selected based on the following inclusion cri-
teria: (a) HCV-infected patients received PEG-IFN-a/RBV
combination therapy; (b) HCV genotype 1/4-infected
patients received treatment for 48 weeks, and genotype
2/3-infected patients received treatment for 24 weeks; (c)
SVR rates were compared with IL28B rs12979860 CC
genotype and CT/TT genotype, or with rs8099917 TT
genotype and TG/GG genotype; and (d) the genotype was
tested to ensure the Hardy–Weinberg equilibrium (HWE).
Studies were excluded according to the following criteria:
(i) non-human population; (ii) co-infection with hepatitis
B or human immunodeficiency virus HIV; (iii) co-exis-
tence of any other liver diseases, such as autoimmune hep-
atitis, alcoholic liver disease, drug hepatitis, Wilson’s
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disease, decompensated liver cirrhosis or HCCs; (iv) liver
transplantation recipients; (v) treatment with non-PEG
IFN, or without RBV; (vi) study population deviated from
HWE; or (vii) absent information on SVR rates in patients
with IL28B SNPs rs12979860 CC vs. CT/TT or rs8099917
TT vs. TG/GG. When several publications reported data
from a single study, the most recent and complete publica-
tion was selected.

Data extraction and study design
Data extraction was carried out by two independent
investigators (Yong Chen and He-Xiang Xu) using pre-
defined forms. All discrepancies were resolved by discus-
sion, and, if required, participation by the third author
(Ying-Ren Zhao). For all included studies, the following

information was extracted: first author, publication year,
ethnicity and geographical area, HCV genotype, number
of chronic HCV cases, number of SVR cases, genotype
frequency of IL28B in chronic HCV cases, genotype
frequency of IL28B in SVR HCV cases. SVR was defined
as undetectable HCV RNA at the end of treatment.

All meta-analyses were performed using the Review
Manager (RevMan version 5.1; http://ims.cochrane.org/
revman). The first overall analysis included all patients
infected with HCV, regardless of virus genotype. The
second analysis stratified patients by virus genotype.
Since genotypes 2 and 3 require the same standard ther-
apy time and attain similar SVR rates, these two
genotypes were included in the same analysis. Within
each of the genotype stratification analyses, additional

60 studies identified through

database search
15 studies excluded after title review:

15 studies not focusing on chronic HCV

monoinfection (e.g. hepatitis B virus,
decompensated liver cirrhosis, hepatocellular

carcinoma, coinfection with HIV, live transplant

45 relevant records retrieved

14 studies excluded after reading the abstract:
10 review article

3 studies not focusing on chronic HCV

1 studies not treatment with peginterferon plus
ribavirin

31 manuscripts retrieved for

further detailed assessment

6 studies excluded after the full text review:
2 studies not about IL-28B rs12979860 or
rs8099917
3 studies not focusing on chronic HCV

1 studies overlapping data

25 studies included in this

meta-analysis
8 studies evaluating solely

IL28B rs12979860 genotype

CC vs. CT/TT
8 studies evaluating solely

IL28B rs8099917 genotype

TT vs. TG/GG
9 studies evaluating

simultaneously IL28B 

rs12979860 and rs8099917

17 studies in all evaluating IL28B
rs12979860 genotype CC vs. CT/TT
17 studies in all evaluating IL28B

rs8099917 genotype TT vs. TG/GG

Figure 1 | Flowchart of the process for selecting studies for inclusion in the meta-analysis.
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stratification by ethnicity (Caucasian, Asian and African)
was analysed.

Data analysis
Statistical analyses were performed using the Review
Manager version 5.1 for Windows (Cochrane Collabora-
tion, Oxford, UK) and Stata version 10.0 (Stata Corp LP,
College Station, TX, USA) software programs. The asso-
ciation strength between IL28B SNPs (rs12979860 or
rs8099917) and SVR in HCV patients treated with PEG-
IFN-a/RBV was determined by calculating the respective
odds ratio (OR) with 95% confidence intervals (CI). The
significance of the pooled OR was determined by the
Z-test, and a P-value of less than 0.05 was considered
significant. Two meta-analysis models for dichotomous
outcomes were used: the random-effects model (using
DerSimonian and Laird’s method23) and the fixed-effects
model (using Mantel-Haenszel’s method24). To assess
between-study heterogeneity, both the Chi-squared based
Q statistic test (Cochran’s Q statistic) and the I2 statis-
tic25 were calculated. For Cochran’s Q statistic, heteroge-
neity was considered significant for P < 0.10 and the
results were pooled by the random-effects model. When
P > 0.10, the fixed-effects model was used. In addition,
the Galbraith plot was used to detect potential sources of
heterogeneity (outliers).26 To validate the meta-analysis
results, a sensitivity analysis was performed by sequential
omission of individual studies or by omitting outlier
studies identified by the Galbraith plotting method.
Publication bias was investigated by funnel plot, Egger’s
linear regression method and Begg’s rank correlation
method.27 All P-values were two-sided. To ensure the
reliability and the accuracy of the results, two authors
independently uploaded the data into the statistical
software programs and verified that the results were
identical.

RESULTS

Characteristics of included studies
Among the 60 initially identified studies with potential
relevance, 24 were excluded based on the study popula-
tion having: spontaneous clearance of HCV (n = 628–33);
HIV co-infection (n = 634–39); liver transplant (n = 640–45);
decompensated liver cirrhosis or HCC (n = 346–48);
treatment with non-PEG IFN (n = 149); and no SVR
data for IL28B rs12979860 or rs8099917 polymorphisms
(n = 250, 51). In addition, 11 articles were excluded for
being: reviews (n = 1052–61); and an earlier publication
of a multi-published trial (n = 128). Consequently, eight

studies62–69 evaluated IL28B rs12979860 genotype CC vs.
CT/TT only, eight studies19, 21, 22, 70–74 evaluated
rs8099917 TT vs. TG/GG only, and nine studies75–83 evalu-
ated IL28B rs12979860 genotype CC and rs8099917 geno-
type TT simultaneously. In total, 25 studies19, 21, 22, 62–83

evaluating IL28B rs12979860 genotype CC (n = 17; 4252
cases) and rs8099917 genotype TT (n = 17; 4549 cases)
were included in the meta-analyses (Figure 1).

The main characteristics of these studies are presented
in Table 1. In all studies, HCV genotype 1/4-infected
patients received subcutaneous PEG IFN-a-2a (180 lg/
week) or PEG IFN-a-2b (1.5 lg/kg/week) and oral RBV
(according to body weight) for 48 weeks, and HCV
genotype 2/3-infected patients received subcutaneous
PEG IFN and oral RBV for 24 weeks.

Meta-analyses results
For IL28B rs12979860, the between-study heterogeneity
was significant when all 17 studies were pooled for anal-
ysis (I2 = 79%, P < 0.001); thus, the random-effects
model was used. The pooled results indicated that IL28B
rs12979860 genotype CC was associated with SVR in
PEG IFN-a/RBV-treated HCV patients (OR = 4.76, 95%
CI: 3.15–7.20; Figure 2a). Virus genotype stratification
analyses indicated that rs12979860 CC was associated
with SVR in HCV patients infected with genotypes 1 or
4 (ORgenotype 1 = 5.52, 95% CI: 3.74–8.15; ORgenotype 4 =
8.11, 95% CI: 4.13–15.93; Figure 2b and d respectively). No
association was found for genotype 2/3 (ORgenotype 2/3 =
1.23, 95% CI: 0.71–2.14; Figure 2c). Ethnicity stratification
analysis of genotype 1 showed that rs12979860 CC was
associated with SVR in Asians, Caucasians and Africans
(ORAsians = 5.79, 95% CI: 2.42–12.22; ORCaucasians = 5.48,
95% CI: 3.34–9.01; ORAfricans = 5.43, 95% CI: 2.70–10.92;
Table 2). Since the genotype 2/3 and genotype 4 sub-groups
had smaller sample sizes and were primarily composed of
Caucasians, ethnicity stratification analyses were not
performed.

For IL-28B rs8099917, the between-study heterogeneity
was significant when all 17 studies were pooled for meta-
analysis (I2 = 77%, P < 0.001); thus, the random-effects
model was used. The pooled results indicated that
rs8099917 TT was associated with SVR in PEG IFN-a-
treated HCV patients (OR = 3.31, 95% CI: 2.39–4.59;
Figure 3a). In genotype 1 stratification analysis, rs8099917
TT was also associated with SVR in HCV patients
(OR = 4.28, 95% CI: 2.87–6.38; Figure 3b). In the ethnic-
ity stratification analysis for genotype 1, the association
remained for Asians and Caucasians (ORAsians = 8.09,
95% CI: 5.63–11.61; ORCaucasians = 3.00, 95% CI:
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Table 1 | Characteristics of IL28B rs12979860 and rs8099917 polymorphisms’ genotype distributions in studies
included in the meta-analysis

IL28B
polymorphism No. Reference

HCV
genotype

Ethnicity
(region)

No. of
patients

Genotype for
patients

No. of
SVR

Genotype for
SVR

CC
(TT)

CT/TT
(TG/
GG)

CC
(TT)

CT/TT
(TG/
GG)

rs12979860 1 Thompson et al.62 1 Caucasian,
African (US)

1587 512 1075 639 340 299

Caucasian, 1287 470 817 582 320 262
African 300 42 258 57 20 37

2 McCarthy et al.63 1, 2, 3 Caucasian,
African (US)

231 76 155 72 43 29

3 Mangia et al.64 2/3 Caucasian (Italy) 268 100 168 201 82 119
4 Lagging et al.75 1 Caucasian (Europe) 168 44 124 88 29 59
5 Stattermayer et al.76 1, 2, 3, 4 Caucasian (Austria) 682 250 432 426 201 225

1 372 129 243 208 102 105
2/3 208 87 121 160 70 90
4 102 34 68 59 29 30

6 Halfon et al.77 1, 2, 3 Caucasian (Israel) 198 61 137 108 44 64
1 156 46 110 77 32 45
2/3 42 15 27 31 12 19

7 Lindh et al.78 1 Caucasian (Sweden) 110 28 82 37 24 13
8 Lin et al.79 1 Asian (Taiwan) 191 171 20 131 124 7
9 Liao et al.65 1, 2, 3, 6 Asian (China) 92 82 10 58 56 2

10 Moghaddam et al.80 3 Caucasian (Norway) 281 129 152 226 99 127
11 De Nicola et al.66 4 Caucasian,

African (Italy)
103 24 79 50 21 29

12 Asselah et al.67 4 Caucasian,
African (France)

82 22 60 43 18 25

13 Venegas et al.81 1 Caucasian (Chile) 99 20 79 50 19 31
14 Lyoo et al.82 1 Asian (Korea) 65 57 8 42 40 2
15 Arends et al.68 1, 4 Caucasian

(Netherlands)
13 6 7 6 5 1

16 Alestig et al.69 1 Caucasian (Sweden) 50 18 32 29 16 13
17 Honda et al.83 1 Asian (Japan) 32 18 14 15 12 3

rs8099917 1 Tanaka et al.19 1 Asian (Japan) 314 196 118 140 125 15
2 Suppiah et al.21 1 Caucasian (Australia) 848 442 406 392 247 145
3 Rauch et al.22 1, 2, 3, 4 Caucasian

(Switzerland)
465 272 193 297 201 96

4 Lagging et al.75 1 Caucasian (Europe) 168 97 71 88 54 34
5 Stattermayer et al.76 1, 2, 3, 4 Caucasian (Austria) 682 409 273 426 289 137

1 372 219 153 207 148 59
2/3 208 118 90 160 95 65
4 102 72 30 59 46 13

6 Halfon et al.77 1, 2, 3 Caucasian (Israel) 198 115 83 108 73 35
1 156 85 71 77 51 26
2/3 42 30 12 31 22 9

7 Lindh et al.78 1 Caucasian (Sweden) 110 66 44 63 50 13
8 Lin et al.79 1 Asian (Taiwan) 191 170 21 131 123 8
9 Moghaddam et al.80 3 Caucasian (Norway) 281 201 80 226 161 65

10 Venegas et al.81 1 Caucasian (Chile) 99 29 70 50 25 25
11 Lyoo et al.82 1 Asian (Korea) 65 56 9 42 39 3
12 Ridruejo et al.70 1 Caucasian

(Argentina)
102 41 61 37 20 17

13 Hashimoto et al.71 1 Asian (Japan) 84 63 21 43 38 5
14 Sakamoto et al.72 2 Asian (Japan) 129 100 29 98 81 17
15 Yu et al.73 2 Asian (Taiwan) 482 432 50 429 386 43
16 Hayashi et al.74 1 Asian (Japan) 299 219 80 138 127 11
17 Honda et al.83 1 Asian (Japan) 32 18 14 15 12 3
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2.03–4.45). In genotype 2/3 stratification analysis, how-
ever, rs8099917 genotype TT was not associated with SVR
in HCV patients (OR = 1.40, 95% CI: 0.98–2.00; Fig-
ure 3c). Ethnicity stratification analysis of genotype 2/3
found no association among Caucasians (OR = 1.19, 95%
CI: 0.77–1.84), but did find association among
Asians (OR = 1.99, 95% CI: 1.09–3.62) (Figure 3d and
Table 2).

Heterogeneity analysis
For IL28B rs12979860, the between-study heterogeneity
was not only significant for the pooled analyses
(n = 17), but also for the virus genotype stratification
analyses (genotype 1: P = 0.020, I2 = 54%; genotype
2/3: P = 0.085, I2 = 55%). Furthermore, ethnicity strati-
fication analysis of patients with genotype 1 indicated
that the between-study heterogeneity was significant
for Caucasians (P = 0.003, I2 = 69%), but was not

significant for the Asians or Africans (Table 2). In
addition, Galbraith plotting of all 17 studies identified
two outliers78, 80 as possible sources of heterogeneity
(Figure 4a). Galbraith plotting of patients with geno-
type 1 identified one study78 as an outlier (Figure 4b),
and it was one of the two previously identified for the
Caucasians (Figure 4c). Excluding these two outlier
studies did not significantly adjust the pooloed hetero-
geneity (P < 0.10). Genotype 1 stratification analysis
with the corrected pool (heterogeneity source78

removed) indicated that heterogeneity was adjusted
and reduced (P = 0.229, I2 = 24%). Caucasian stratifi-
cation analysis with the corrected pool, however, indi-
cated that heterogeneity was not significantly adjusted
(P = 0.091, I2 = 47%).

For IL-28B rs8099917, the between-study heterogene-
ity was not only significant for the pooled analysis
(n = 17), but also for the virus genotype stratification

(a)

Odds ratio

.001635 1 611.797

  Study % Weight

Odds ratio
(95% CI)

5.13 (4.09,6.44)Thompson (2010) 9.5
5.66 (3.08,10.39)McCarthy (2010) 8.1
1.88 (1.02,3.45)Mangia (2010) 8.0
2.13 (1.04,4.36)Lagging (2011) 7.5
3.77 (2.62,5.44)Stattermayer (2011) 9.1
2.95 (1.54,5.67)Halfon (2011) 7.8
31.85 (9.47,107.13)Lindh (2011) 5.3
4.90 (1.84,13.03)Lin (2011) 6.3
8.62 (1.71,43.44)Liao (2011) 3.9
0.65 (0.36,1.17)Moghaddam (2011) 8.1
12.07 (3.31,43.99)De Nicola (2011) 5.0
6.30 (1.90,20.89)Asselah (2011) 5.4
29.42 (3.75,231.05)Venegas (2011) 2.9
7.06 (1.29,38.56)Lyoo (2011) 3.7
30.00 (1.47,611.80)Arends (2011) 1.6
11.69 (2.29,59.71)Alestig (2011) 3.9
7.33 (1.47,36.66)Honda (2011) 3.9

4.76 (3.15,7.20)Overall (95% CI)

(b)

Odds ratio

.004328 1 231.047

  Study % Weight
Odds ratio
(95% CI)

5.13 (4.09,6.44)Thompson (2010) 22.5

2.20 (1.07,4.49)Lagging (2011) 13.4

4.97 (3.03,8.14)Stattermayer (2011) 17.5

3.30 (1.58,6.88)Halfon (2011) 13.0

31.85 (9.47,107.13)Lindh (2011) 7.2

4.90 (1.84,13.03)Lin (2011) 9.6

29.42 (3.75,231.05)Venegas (2011) 3.1

7.06 (1.29,38.56)Lyoo (2011) 4.3

11.69 (2.29,59.71)Alestig (2011) 4.6

7.33 (1.47,36.66)Honda (2011) 4.7

5.52 (3.74,8.15)Overall (95% CI)

(c)

Odds ratio

.131041 1 7.63122

  Study % Weight
Odds ratio
(95% CI)

1.88 (1.02,3.45)Mangia (2010) 30.4

1.42 (0.73,2.77)Stattermayer (2011) 28.2

1.68 (0.37,7.63)Halfon (2011) 10.5

0.65 (0.36,1.17)Moghaddam (2011) 31.0

1.23 (0.71,2.14)Overall (95% CI)

(d)

Odds ratio

.022732 1 43.9903

  Study % Weight
Odds ratio
(95% CI)

7.35 (2.54,21.27)Stattermayer (2011) 41.6

12.07 (3.31,43.99)De Nicola (2011) 23.9

6.30 (1.90,20.89)Asselah (2011) 34.5

8.11 (4.13,15.93)Overall (95% CI)

Figure 2 | Association of IL28B rs12979860 genotype CC and SVR in PEG IFN-a/RBV-treated HCV patients, compared
to genotype CT/TT. Random-effects model-forest plots of pooled ORs with 95% CI are shown for (a) total pooled
analysis, (b) studies evaluating genotype 1 and (c) studies evaluating genotype 2/3. Fixed- effects model-forest plot of
pooled ORs with 95% CI is shown for (d) studies evaluating genotype 4.
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analysis of genotype 1 (P < 0.001, I2 = 77%). In contrast,
heterogeneity was not significant for genotype 2/3
(P = 0.314, I2 = 16%). In patients with genotype 1, the
between-study heterogeneity was significant for ethnicity
stratification analysis of Caucasians (P = 0.006,
I2 = 67%), but not for any of the other ethnicities. In
addition, Galbraith plotting of the overall pooled studies
(n = 17) identified five outliers19, 74, 78, 80, 81 as potential
sources of heterogeneity (Figure 4d). Galbraith plotting
of patients with genotype 1 identified four studies as out-
liers (Figure 4e), while plotting of Caucasian patients
with genotype 1 identified two studies (Figure 4f). Exclu-
sion of the four heterogeneity sources19, 21, 74, 75

adjusted and reduced the heterogeneity for patients with
genotype 1 (P = 0.309, I2 = 15%), as did removal of the
two sources78, 81 from the Caucasian genotype 1 analysis
(P = 0.232, I2 = 28%). We did not try to reduce the
obvious between-study heterogeneity of the overall

analyses (n = 17) because it would have required exclud-
ing five studies (35%) and may have caused bias.

Sensitivity analysis
Sensitivity analysis was performed by sequential omission
of individual studies. For pooled analyses of more than
three individual studies, the significance of ORs was not
influenced excessively by omitting any single study (data
not shown). For the IL28B rs12979860 polymorphism in
overall populations (n = 17), the two outlier studies78, 80

from Galbraith plotting were removed and the significance
of OR was not altered. Sensitivity analysis in patients with
genotype 1 was performed by omitting the Galbraith plot-
ting outlier study,78 and the significance of ORs were not
altered (Table 2). For the IL28B rs8099917 polymorphism
in overall populations (n = 17), sensitivity analysis was
not performed because too many studies (n = 5) would
have to be excluded. However, sensitivity analysis was
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Figure 3 | Association of IL28B rs8099917 genotype TT and SVR in PEG IFN-a/RBV -treated HCV patients, compared
to genotype TG/GG. Random-effects model-forest plots of pooled ORs with 95% CI are shown for (a) total pooled
studies and (b) studies evaluating genotype 1. Fixed-effects model-forest plots of pooled ORs with 95% CI are shown
for (c) studies evaluating genotype 2/3 and (d) Asian ethnicity stratification analysis for genotype 2/3.
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performed for patients with genotype 1 by omitting the
four Galbraith plotting outlier studies,19, 21, 74, 75 and for
Caucasian patients with genotype 1 by omitting the two
Galbraith plotting outlier studies67, 78; for each, the
significance of ORs were not altered (Table 2).

Publication bias
Begg’s test and Egger’s test were performed to access the
publication bias in this meta-analysis. Funnel plot shapes
did not reveal obvious evidence of asymmetry and the
P-values of both Begg’s and Egger’s tests were >0.05
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(Table 2), providing statistical evidence of the funnel
plots’ symmetry. Thus, publication bias was not evident
in this meta-analysis.

DISCUSSION
Recent GWAS have identified genetic variations near the
IL28B gene that are strongly associated with spontaneous
and treatment-induced clearance of HCV infection. IL28B
variations have been reported as strongly associated with
on- treatment viral kinetics and with ~twofold increased
SVR rates in HCV genotype 1 and in four patients. In fact,
IL28B variations were shown to be the strongest pre-treat-
ment predictor of virological response in HCV genotype 1
patients, but ineffective predictors for genotype 2/3-
infected patients.56 Variations in IL28B may also influence
the kinetics of viral response to therapy. In one study,
PEG-IFN/RBV-treated patients carrying the rs12979860
CC genotype had a greater HCV RNA decline than
patients with the CT or TT genotype.62 IL28B rs12979860
has also been associated with liver fibrosis in chronic HCV
infection. In particular, the T allele affects the severity of
fibrosis.47 In our meta-analysis, pooled analysis of all stud-
ies showed that both rs12979860 CC and rs8099917 TT
were associated with SVR in PEG IFN-a/RBV- treated
HCV patients. Genotype stratification analyses showed
that rs12979860 CC and rs8099917 TT were both associ-
ated with SVR in genotype 1, and not genotype 2/3, HCV
patients. Ethnicity stratification analyses of genotype 1
patients showed that rs12979860 CC and rs8099917 TT
were both associated with SVR in Asians, Caucasians and
Africans. Thus, for genotype 1-infected patients, tests for
IL28B rs12979860 or rs8099917 polymorphisms may help
guide the physician in treatment regimen and design and/
or the patient’s decision to undergo therapy. In the ethnic-
ity stratification analyses for genotype 2/3-infected
patients, rs12979860 CC was not associated with SVR in
Asians or Caucasians, but rs8099917 TT was associated
with SVR in Asians.

It should be noted when interpreting the findings from
our study that the meta-analysis design used has some
possible limitations. First, meta-analyses are most

powerful when performed with all available individual
patient data, including data from trials that have not been
published. In our meta-analysis, only published studies
were included. As such, publication bias may have
occurred, even though Begg’s test and Egger’s test were
performed to access the publication bias and indicated no
such bias existed. Second, the genotype 2/3 and genotype
4 groups were relatively small in size, and this may
impact the generalisability of our conclusions. Future
studies with larger groups of genotype 2/3 and genotype
4 patients, including those from different ethnicities,
should be conducted to validate the associations with
IL28B polymorphisms. Third, meta-analysis is an obser-
vational study that is subject to methodological deficien-
cies of the included studies. Fourth, the amount of
published studies on genotype 2/3 and genotype 4
patients were insufficient to conduct ethnicity stratifica-
tion analysis. Finally, it is very likely that non-genetic fac-
tors, such as viral load at treatment initiation and patient
physical and physiological features, may influence SVR of
antiviral-treated chronic HCV patients; however, very
limited data on such potential factors were reported in
the studies included in our analysis.

Nonetheless, our meta-analysis suggests that both
IL28B rs12979860 CC and rs8099917 TT genotypes are
strong predictors of SVR in PEG IFN-a/RBV-treated
HCV genotype 1-infected patients, regardless of ethnic-
ity. In contrast, rs12979860 CC has no predictive impact
of SVR in genotype 2/3-infected patients, but rs8099917
TT is slightly associated with SVR in genotype 2/3-
infected Asians.
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