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ABSTRACT. We examined the association of the interleukin-28B 
(IL-28B) gene rs12979860 T/C polymorphism with development 
of hepatitis virus-related hepatocellular carcinoma (HCC) and liver 
cirrhosis (LC). Two investigators independently searched the PubMed, 
Elsevier, EMBASE, Web of Science, Wiley Online Library, and Chinese 
National Knowledge Infrastructure data bases. Pooled odds ratios (ORs) 
and 95% confidence intervals (95%CIs) for rs12979860 and HCC/LC 
were calculated in a fixed-effect model (the Mantel-Haenszel method) 
and a random-effect model (the DerSimonian and Laird method) when 
appropriate. This meta-analysis included 7 eligible studies, with 1152 
HCC and/or LC cases and 1326 controls. Overall, the rs12979860 T/C 
polymorphism was significantly associated with risk of hepatitis virus-
related HCC and LC development (TT vs CC+CT, pooled OR = 1.597, 
95%CI = 1.254-2.036). When they were grouped by type of hepatitis 
virus, similar results were found for hepatitis C virus-related groups (TT 
vs CC+CT, pooled OR = 1.732, 95%CI = 1.343-2.235, P value < 0.0001). 
In the overall analysis, the IL-28B rs12979860 T/C polymorphism was 
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identified as a genetic risk factor for hepatitis virus-related HCC and LC 
development. A significant increase in the frequency of the T/T genotype 
was detected from chronic hepatitis to HCC and LC.

Key words: Hepatocellular carcinoma; Liver cirrhosis; rs12979860;
Interleukin-28B; Gene polymorphism; Meta-analysis

INTRODUCTION

The natural history of hepatitis virus infection varies from spontaneous recovery 
post-infection, chronic asymptomatic carrier to decompensated cirrhosis and hepatocellular 
carcinoma (Villeneuve, 2005; Leone and Rizzetto, 2005). Approximately 30% of individuals 
clear the infection naturally, whereas the remaining 70% develop chronic disease (Lavanchy, 
2004; Nash et al., 2010; Morgan, 2011). During chronic hepatitis C, progressive fibrosis 
deposition occurs and this deposition ends in cirrhosis in 20-30% of chronic hepatitis C vi-
rus (HCV) carriers and 2.5% of HCV-infected individuals develop hepatocellular carcinoma 
(HCC) later in life (Poynard et al., 1997; Bowen and Walker, 2005). Progression to cirrhosis 
occurs at an annual rate of 2-5% in HBeAg-positive patients and the risk of HCC in patients 
with chronic hepatitis B, and cirrhosis is over 2% per year, with a cumulative 5-year inci-
dence of 15-20% (Fattovich et al., 1995; Ikeda et al., 1998).

During the last 2 decades, interferon-based therapeutic regimens have been used to treat 
chronic viral hepatitis caused by hepatitis B virus (HBV) and HCV, with the aim to alter the natural 
history of these diseases (Bruno and Facciotto, 2008). In 2009, the rs12979860 C/T polymorphism, 
located 3 kb upstream of the interleukin-28B (IL-28B) gene, is shown to be strongly associated with 
more than a 2-fold difference in response to HCV drug treatment, both in patients of European ances-
try and in African-Americans (Ge et al., 2009). Moreover, the IL-28B rs12979860 C/T polymorphism 
appears to predict the rate of spontaneous clearance of HCV, which could be observed in 53.0% of 
patients with the C/C genotype vs 23.4% of patients with the T/T genotype (Thomas et al., 2009).

The IL-28B gene encodes interferon-lamda 3 (IFN-λ3), which belongs to the type III IFN 
family including IFN-λ1, IFN-λ2, and IFN-λ3, and IFN-λ interacts with a transmembrane recep-
tor to induce potent antiviral responses, which are mediated through the activation of the JAK-
STAT and MAPK pathways (Sheppard et al., 2003; Li et al., 2009). Therefore, allelic variants of 
the IL-28B polymorphism may be linked to the efficiency of the inflammatory process during 
HCV infection and to the mechanisms that HCV adopts to escape elimination by innate and adap-
tive immunity (Balagopal et al., 2010). If these studies are devoted to assess the role of the IL-28B 
rs12979860 C/T polymorphism in patients with chronic HCV infection, it is possible that similar 
effects could also be expected in patients with chronic HBV infection, since type III IFN has been 
found to inhibit HBV and HCV replication in an experimental model (Robek et al., 2005). 

During the last 3 years, a number of studies have assessed the association between the 
IL-28B rs12979860 C/T polymorphism and risk of HCC and liver cirrhosis (LC) development in 
different populations; however, the results are inconsistent and inconclusive (Barreiro et al., 2011; 
Ren et al., 2012). Different methodologies have been used, but in particular, most studies have 
used a small sample size, and it is therefore not surprising that there has been a lack of replication 
in the various studies. By using all the available published data to increase the statistical power, 
it is hypothesized that a meta-analysis could allow plausible candidate genes to be excluded and 
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causative genes to be identified with reliability. We, therefore, conducted a meta-analysis in which 
all the published case-control studies were processed to confirm whether the IL-28B rs12979860 
C/T polymorphism increases the risk of HBV- or HCV-related HCC and LC development.

MATERIAL AND METHODS

Literature search

We searched PubMed, Elsevier, EMBASE, Web of Science, Wiley Online Library, 
and Chinese National Knowledge Infrastructure for all articles with the following search 
terms: (‘IL28B’ or ‘interleukin 28B’ or ‘rs12979860’) and (‘hepatocellular carcinoma’ or ‘liv-
er cancer’ or ‘liver cirrhosis’ or ‘cirrhosis’), where the last search update was August 1, 2012. 
Publication date and publication language were not restricted in our search. Reference lists 
were examined manually to further identify potentially relevant studies. We did not consider 
unpublished reports. If more than one article was published by the same author using the same 
case series, we selected the study where the most individuals were investigated.

Inclusion and exclusion criteria

We reviewed abstracts of all citations and retrieved studies. The following criteria 
were used to include published studies. 1) There were available genotype data for rs12979860 
with risk of HCC and/or LC using a case - control or cohort design. 2) HCC and LC cases 
were either histologically proven or diagnosed based on concordant clinical, biological, and 
morphological criteria. 3) Controls were composed of chronic hepatitis and free of cancer and 
LC. Studies were excluded if one of the following existed: 1) the design was based on fam-
ily or sibling pairs; 2) the genotype frequency was not reported; or 3) there was insufficient 
information for extraction of data. 

Data extraction

All data were extracted independently by 2 reviewers (G.J.S. and Z.X.Z.) according 
to the inclusion criteria listed above. Disagreements were resolved by discussion between the 
2 reviewers. The following characteristics were collected from each study: first author, year of 
publication, country of sample, ethnicity, number of cases and controls, main background of 
cases and controls, matching criteria, and genotyping methods (Table 1).

Statistical analysis

The statistical analysis was conducted using STATA 11.0 (Stata Corp. LP, College 
Station, TX, USA); P < 0.05 was considered to be statistically significant. Hardy-Weinberg 
equilibrium in the controls was tested by the chi-square test for goodness of fit, and P < 0.05 
indicated significant disequilibrium. Pooled odds ratios (ORs) were calculated for allele fre-
quency comparison (T vs C), dominant model (TT+CT vs CC), and recessive model (TT vs 
CC+CT). The significance of pooled ORs was determined by the Z-test and P < 0.05 was 
considered to be statistically significant.
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OR and 95% confidence intervals (CI) were estimated for each study in a random-
effect model or in a fixed-effect model. Heterogeneity among studies was examined with the 
χ2-based Q testing and I2 statistics (Higgins and Thompson, 2002). P < 0.1 was considered to 
be significant for the χ2-based Q testing and I2 was interpreted as the proportion of total varia-
tion contributed by between-study variation. If there was a significant heterogeneity (P < 0.1), 
we selected a random-effect model (the DerSimonian and Laird method) to pool the data. If 
not, we selected a fixed-effect model (the Mantel-Haenszel method) to pool the data. Hetero-
geneity was also quantified using the I2 metric (I2 <25%, no heterogeneity; I2 = 25-50%, mod-
erate heterogeneity; I2 >50%, large or extreme heterogeneity) (Higgins and Thompson, 2002). 
Publication bias was examined with funnel plots and with Egger tests (Light and Pillemer, 
1984; Egger et al., 1997). If there is evidence of publication bias, the funnel plot is noticeably 
asymmetric. For Egger tests, the significance level was set at 0.05.

RESULTS

Study characteristics

A total of 50 papers were retrieved after the first search. After our selection, 7 case-
control studies including 1152 HCC and/or LC cases and 1326 controls fulfilled the inclusion 
criteria (Barreiro et al., 2011; Fabris et al., 2011; Falleti et al., 2011; Agundez et al., 2012; 
El-Awady et al., 2012; Eurich et al., 2012; Ren et al., 2012). The quality of the studies was 
considered acceptable for our meta-analysis. We calculated Hardy-Weinberg equilibrium for 
all 7 publications and found that only the study by Ren et al. (2012) was inconsistent with 
Hardy-Weinberg disequilibrium (P = 0.0037). The flow chart of selection of studies and rea-
sons for exclusion is presented in Figure 1. Studies had been carried out in Spain, Italy, Egypt, 
Germany, and China. Five studies focused on HCV-related liver diseases and 1 study on HBV-
related liver diseases, while 1 study focused on both. Characteristics of studies included in the 
meta-analysis are presented in Tables 1 and 2.

Figure 1. Flow chart of selection of studies and specific reasons for exclusion from the meta-analysis.
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Author	 Year	 Country	 Ethnicity	 No. (cases	 Case main	 Control main	 Matching	 Genotyping
				    /controls)	 background	 background	 criteria	 methods

Barreiro	 2011	 Spain	 Caucasian	   56/248	 HCV-induced LC	 CHC	 Age, gender, 	 PCR-sequencing
							       race
Fabris (a)*	 2011	 Italy	 Caucasian	   75/57	 HBV-induced LC	 CHB	 Race	 PCR-RFLP
Fabris (b)*	 2011	 Italy	 Caucasian	 199/235	 HCV-induced LC	 CHC	 Race	 PCR-RFLP
Falleti	 2011	 Italy	 Caucasian	 328/301	 HCV-induced LC	 CHC	 Race	 PCR-RFLP
Fabris (c)*	 2011	 Italy	 Caucasian	   35/85	 HCV-induced HCC	 CHC	 Race	 PCR-RFLP
Agundez	 2012	 Spain	 Caucasian	 134/98	 HCV-induced HCC	 CHC	 Race	 TaqMan
El-Awady	 2012	 Egypt	 Caucasian	 110/110	 HCV-induced HCC	 CHC	 Race	 PCR-RFLP
Eurich	 2012	 Germany	 Caucasian	   61/106	 HCV-induced HCC	 CHC	 Age, gender, 	 TaqMan
							       race
Ren	 2012	 China	 Asian	 154/86	 HBV-induced HCC	 CHB	 Race	 TaqMan

Table 1. Characteristics of studies included in the meta-analysis.

*Fabris’s study included 3 groups of samples with different types of liver disease and infected hepatitis virus. As 
the 3 groups were independent of each other and analyzed separately, data were extracted according to the groups 
(a, b, and c) in the initial study. LC = liver cirrhosis; HCC = hepatocellular carcinoma; CHB = chronic hepatitis B; 
CHC = chronic hepatitis C; PCR-RFLP = polymerase chain reaction-restriction fragment length polymorphism.

Author	 Year		  Case genotype*			   Control genotype**		     HWE

		  CC	 CT	 TT	 CC	 CT	 TT

Barreiro	 2011	   34	   16	   6	 105	 115	 28	   0.4482
Fabris (a)	 2011	   63	 102	 34	   70	 143	 22	   0.7332
Fabris (b)	 2011	   36	   35	   4	   31	   20	   6	   0.2725
Falleti	 2011	 109	 162	 57	   96	 170	 35	   0.7304
Fabris (c)	 2011	     6	   21	   8	   23	   50	 12	   0.8259
Agundez	 2012	   52	   66	 16	   37	   49	 11	 0.595
El-Awady	 2012	     0	   88	 30	   14	   83	 13	   0.7877
Eurich	 2012	   13	   31	 17	   35	   57	 14	   0.8087
Ren	 2012	 115	   29	 10	   62	   17	   6	   0.0037

*Absolute number of patients; **Absolute number of controls; HWE = Hardy-Weinberg equilibrium; it was 
evaluated using the goodness-of-fit chi-square test. P < 0.05 was considered representative of a departure from 
HWE.

Table 2. Genotype frequencies of rs12979860 in studies included in the meta-analysis.

Evaluation of the IL-28B rs12979860 polymorphism and association with HCC 
and LC

There were 5 case-control studies (Fabris et al., 2011; Agundez et al., 2012; El-Awady 
et al., 2012; Eurich et al., 2012; Ren et al., 2012), which had been performed to study the 
rs12979860 polymorphism and HCC risk. The results of the meta-analysis are shown in Table 
3. The results showed that there was significant association between the rs12979860 polymor-
phism and HCC risk (TT vs CC+CT, pooled OR = 1.757, 95%CI = 1.204-2.562, P = 0.003; 
TT+CT vs CC, pooled OR = 1.387, 95%CI = 1.012-1.901, P = 0.042); when only HCV-related 
HCC studies were included, the results showed that pooled OR became larger and the associa-
tion was still significant under the recessive model (TT vs CC+CT, pooled OR = 1.935, 95%CI 
= 1.292-2.900, P = 0.001).

There were 3 case-control studies (Barreiro et al., 2011; Fabris et al., 2011; Falleti et 
al., 2011), which had been performed to study the rs12979860 polymorphism and LC risk. The 
results of the meta-analysis are shown in Table 3. The results showed that there was a significant 
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association between the rs12979860 polymorphism and LC risk (TT vs CC+CT, pooled OR = 
1.492, 95%CI = 1.087-2.049, P = 0.013); when only HCV-related LC studies were included, the 
results showed that pooled OR became larger and the association was still significant under the 
recessive model (TT vs CC+CT, pooled OR = 1.609, 95%CI = 1.159-2.235, P = 0.005).

Figure 2. Forest plots of all studies and hepatitis C virus (HCV)-related studies in the comparison between 
rs12979860 genotype TT and CT+CC. A. All studies are included. B. Only HCV-related studies are included. The 
squares and horizontal lines correspond to the study-specific OR and 95%CI. The area of the squares reflects the 
study-specific weight. The diamond represents the pooled OR and 95%CI.

Genetic model	 Disease model	 Pooled OR (95%CI)	 P value*	 P value** 	 P value*** 	 I2 

				    (publication bias)	 (heterogeneity)

T vs C	 HCC	 1.189 (0.956-1.478)	 0.12	 0.748	 0.696	 0%
	 LC	 1.007 (0.845-1.200)	   0.941	 0.435	 0.509	 0%
	 HCC and LC	 1.075 (0.938-1.232) 	   0.301	 0.921	 0.664	 0%
Dominant
   TT+CT vs CC	 HCC	 1.387 (1.012-1.901)#	   0.042	 0.018	 0.053	 57.20%
	 LC	 0.874 (0.699-1.092)	   0.235	 0.791	 0.137	 45.80%
	 HCC and LC	 1.021 (0.852-1.224)	   0.818	 0.064	 0.029	 53.40%
Recessive
   TT vs CC+CT	 HCC	 1.757 (1.204-2.562)#	   0.003	 0.260	 0.305	 17.20%
	 LC	 1.492 (1.087-2.049)#	   0.013	 0.124	 0.182	 38.40%
	 HCC and LC	 1.597 (1.254-2.036)#	   <0.0001	 0.147	 0.259	 20.70%
	 HCV-related HCC	 1.935 (1.292-2.900)#	   0.001	 0.624	 0.373	 4%
	 HCV- related LC	 1.609 (1.159-2.235)#	   0.005	 0.522	 0.407	 0%
	 HCV-related HCC and LC	 1.732 (1.343-2.235)#	  <0.0001	 0.742	 0.495	 0%
*The random-effect model was used when P < 0.10 for the heterogeneity test, otherwise the fixed-effect model 
was used. **The Egger test was used to evaluate publication bias and P < 0.05 was considered to be statistically 
significant. ***P < 0.1 was considered to be statistically significant for Q statistics. #Significant pooled odds ratios 
(ORs) and 95% confidence intervals (CI).

Table 3. Pooled odds ratio for rs12979860 in meta-analyses.

When studies for HCC and LC risks were combined, the results for all studies showed 
that there was a significant association between the rs12979860 polymorphism and risk of the 
two diseases (TT vs CC+CT, pooled OR = 1.597, 95%CI = 1.254-2.036, P < 0.0001) (Figure 
2A); when only HCV-related HCC and LC studies were included, the results showed that 
pooled OR also became larger and the association was still significant under the recessive 
model (TT vs CC+CT, pooled OR = 1.732, 95%CI = 1.343-2.235, P < 0.0001) (Figure 2B). 
The results of the meta-analysis are shown in Table 3.

A B
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Sensitivity analysis

The influence of a single study on the overall meta-analysis estimate was investigated 
by omitting one study at a time, and the omission of any study made no significant difference, 
indicating that our results were statistically reliable.

Evaluation of heterogeneity and publication bias

Under genetic model of T vs C, no statistically significant heterogeneity was observed 
in either the HCC or LC study, or for the combined study (P > 0.1 in all 3 by the χ2-based Q test-
ing and I2 = 0). Under the dominant model (TT+CT vs CC), reversely, the heterogeneity in all 3 
disease models existed. Conversely for HCC and the combined study, large heterogeneity was 
detected (P = 0.053, I2 = 57.20% for the HCC study and P = 0.029, I2 = 53.40% for the combined 
study). For the LC study, moderate heterogeneity was detected (P = 0.137, I2 = 45.80%). Under 
the recessive model (TT vs CC+CT), moderate heterogeneity was detected in the LC study (P = 
0.182, I2 = 38.40%). However, when only HCV-related LC studies were included, statistically 
significant heterogeneity was no longer observed (P = 0.407, I2 = 0). Funnel plots and the Egger 
test were used to assess the publication bias of the literature. Only 1 publication bias was observed 
in the HCC study (P = 0.018 for the Egger test), under the dominant model (TT+CT vs CC). No 
publication bias was observed in other models (P > 0.05 for the Egger test) and symmetric funnel 
plots were obtained. Results of heterogeneity and publication bias are shown in Table 2.

DISCUSSION

Since 2009, several independent genome-wide association studies have reported an 
association between genetic polymorphisms within the IL-28B promoter and both natural and 
treatment-induced clearance in genotype 1 HCV-infected patients (Tanaka et al., 2009; Rauch 
et al., 2010). Meanwhile, different studies have shown a strong association and importance of 
the IL-28B rs12979860 T/C polymorphism in the treatment response and spontaneous clear-
ance of HCV. The carriers of the favorable genotypes have a higher rate of spontaneous clear-
ance of HCV during the acute phase of the infection. Meanwhile, 80% of patients who carry 
2 copies of this advantageous variant clear the virus during IFN therapy and remain virus-free 
with a sustained viral response. This mutation is more common in Caucasian and Asian popu-
lations, whereas it is only found in 40-50% of sub-Saharan Africans who are known to be more 
resistant to combination therapy (Thomas et al., 2009; Montes-Cano et al., 2010; Tillmann et 
al., 2010). 

Besides, several global studies have revealed that the C/C genotype is the major player 
in drug-induced viral clearance, while both the C/T and T/T genotypes have a poor association 
with clearance rates (Liao et al., 2011; Ruiz-Extremera et al., 2011). Similarly, host factors 
control tolerance to chronic HBV infection and can fluctuate over time with increased risk 
of progression to cirrhosis and particularly HCC (Eksteen, 2011). As HCC and LC represent 
the most advanced step in the natural course of chronic hepatitis infection, if the hypothesis 
of the existence of any relationship between the IL-28B genetic polymorphism and the sever-
ity of HBV- or HCV-induced liver disease holds true, the most logical finding should be the 
existence of differences in genotype frequencies between the different stages of the disease.
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The data from this meta-analysis showed a significant difference in genotype fre-
quency of T/T for the IL-28B rs12979860 C/T polymorphism between patients with hepatitis 
virus-related HCC and/or LC and those with chronic hepatitis. The differences clearly sug-
gested that genotype T/T of rs12979860 was a genetic contributor for the development of HCC 
and LC after hepatitis virus infection, especially for the history of HCV infection. Our results 
support previous findings reporting that the carrier state of the minor alleles at rs12979860 site 
is associated with more severe liver fibrosis (P < 0.001) in a group of 131 patients with thalas-
semia major and chronic HCV infection who underwent a liver biopsy (Di et al., 2012). It is 
also reported that the rate of spontaneous clearance of HCV infections is significantly different 
between patients with a C/C genotype and those with a T/T genotype (53.0 vs 23.4%) (Thomas 
et al., 2009). Such results indicate that the presence of the T/T genotype may be associated 
with HCV persistence. Since the IL-28B gene encodes IFN-λ3, which participates in antiviral 
responses and the inflammatory process (Balagopal et al., 2010), and since allelic variants 
of the IL-28B polymorphism may affect the efficiency of the inflammatory process, chronic 
hepatitis patients with the T/T genotype of IL-28B polymorphism may suffer more injury to 
liver cells, which could lead to cirrhosis or HCC. Moreover, IFN-λ3 has been found to possess 
antitumor activity in a BNL hepatoma model (Abushahba et al., 2010), and the relationship 
between such antitumor activity and HCC occurrence and whether the T/T genotype of IL-
28B polymorphism is linked with antitumor activity are worthy of further study.

The degree of heterogeneity is one of the major concerns in a sound meta-analysis be-
cause non-homogeneous data are liable to result in misleading results. In the present study, Q 
testing and I2 statistics were carried out to determine the significance of heterogeneity. Under 
the dominant model (TT+CT vs CC), there was heterogeneity in all 3 disease models. Also, 
the study by El-Awady et al. (2012) was found to be responsible for the heterogeneity. After 
removing this study, no significant heterogeneity was observed (P > 0.1 for Q testing; data not 
shown). A moderate heterogeneity was detected in the LC study under the recessive model 
(TT vs CC+CT); after removing HBV-related LC studies, no heterogeneity was observed (P = 
0.407, I2 = 0). No statistically significant heterogeneity was observed under the other models. 
Moreover, we performed a sensitivity analysis by removing one study each time and rerunning 
the model to determine the effect on each overall estimate. The estimates changed little, which 
implied that our results were statistically reliable.

However, there were still some limitations in this meta-analysis. 1) In 7 studies in-
cluded for our analysis, only 2 of them focused on HBV-related liver diseases, so lack of HBV-
related studies may be a limitation for explaining our results. Similarly, only 1 study involved 
Asian samples, and our results may not be representative for the Asian population. 2) Because 
the samples from 5 countries and controls were not uniform, as in most meta-analyses, results 
should be interpreted with caution. 3) The number of studies and the number of subjects in the 
studies included in the meta-analysis were small, and thus, caution should be adopted when 
explaining our results. 4) Meta-analysis is a retrospective research that is subject to method-
ological limitations. To minimize the bias, we used explicit methods for study selection, data 
extraction and data analysis. Nevertheless, our results should be interpreted with caution. 

This meta-analysis suggests that the IL-28B rs12979860 C/T polymorphism is as-
sociated with hepatitis virus-related HCC and LC. The pooled ORs in this study suggest that 
the rs12979860/TT homozygote has a modest but definite genetic effect. Larger and well-
designed studies based on different ethnic groups are needed to confirm our results.
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