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Abstract
Background:To assess the association between tumor necrosis factor-alpha (TNF-a) G308A, G238A and C863T polymorphisms
and hepatitis B virus related hepatocellular carcinoma (HBV-HCC) susceptibility.

Methods:We interrogated the databases of Pubmed, Sciencedirect and Viley online library up to March 8, 2016. Odds ratios (ORs)
and corresponding 95% confidence intervals (95%CIs) were calculated in a fixed-effects model or a random-effects model when
appropriate.

Results: In total, 12 case–control studies which containing 1580 HBV-HCC cases, 2033 HBV carrier controls, 395 HBV
spontaneously recovered (SR) controls and 1116 healthy controls were included. Compared with GG genotype, the genotypes GA/
AA of G308A were associated with a significantly increased HBV-HCC risk when the controls were all healthy individuals (AA vs. GG,
OR 2.483, 95%CI 1.243 to 4.959; GA vs. GG, OR 1.383, 95%CI 1.028 to 1.860; GA/AA vs. GG, OR 1.381, 95%CI 1.048 to 1.820).
Meanwhile, only the AA vs. GG model of G238A and HBV-HCC showed a statistic significance when the controls were healthy
individuals (OR 4.776, 95%CI 1.280 to 17.819). CT genotype of TNF-a C863T could increase HBV-HCC risk whenever the controls
were healthy individuals, HBV carriers or HBV recovers.

Conclusion: This meta-analysis shows that AA genotype in TNF-a G308A and TNF-a G238A and CT genotype in TNF-a C863T
may increase HBV-HCC risk. Therefore, HBV infection seemed to be a more important factor for tumorigenesis of HCC than genetic
predisposition in G308A of TNF-a, and interaction between TNF-a C863T polymorphisms and HBV infection might be associated
with increased HCC risk.

Abbreviations: CIs = confidence intervals, HBV = hepatitis B virus, HBV-HCC = hepatitis B virus related hepatocellular
carcinoma, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, HWE = Hardy–Weinberg equilibrium, OR = odds ratio, SR =
spontaneously recovered, TNF-a = tumor necrosis factor-alpha.

Keywords: genetic polymorphism, hepatitis B virus related hepatocellular carcinoma, meta-analysis, tumor necrosis factor-alpha
Editor: Ewa Janczewska.

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.
a Department of Transplant Surgery, The Third Xiangya Hospital, Central South
University, Changsha, b Department of Rheumatology and Immunology, The First
Affiliated Hospital of Nanchang University, Nanchang, c Department of Urinary
Surgery, Zhongnan Hospital of Wuhan University, d Hubei Key Laboratory of
Medical Technology on Transplantation, Zhongnan Hospital of Wuhan University,
Institute of Hepatobiliary Diseases of Wuhan University, Transplant Center of
Wuhan University, Wuhan, P.R. China.
∗
Correspondence: QiFa Ye, Department of Transplant Surgery, The Third

Xiangya Hospital, Central South University, Changsha 410013; Zhongnan
Hospital of Wuhan University, 169 Donghu Road, Wuhan 430071, P.R. China
(e-mail: yqf_china@163.com).

Copyright © 2016 the Author(s). Published by Wolters Kluwer Health, Inc. All
rights reserved.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution, commercial
and non-commercial, as long as it is passed along unchanged and in whole, with
credit to the author.

Medicine (2016) 95:50(e5609)

Received: 19 May 2016 / Received in final form: 16 November 2016 / Accepted:
16 November 2016

http://dx.doi.org/10.1097/MD.0000000000005609

1

1. Introduction

Hepatocellular carcinoma (HCC), a type of hepatocyte epithelial
tumor, is the sixth most common cancer and the third-leading
cause of cancer related death worldwide.[1–3] And with lack of
effective therapy in most HCC patients, a poor prognosis with a
5-year survival rate of 5% in developing countries is reported.[2,4]

Etiologically, carcinogenesis of HCC is a complex, multistep and
multifactor process, in which chronic infection with hepatitis B
virus (HBV) or hepatitis C virus (HCV) is the most well-
established environmental risk factor for HCC worldwide.[5]

However, out of these 2 causative agents, HBV is regarded as the
predominant causative factor of HCC. This is primarily due to its
role in induction of chronic inflammation, which develops
through the action of various inflammatory mediators.[6] Among
inflammatory mediators, tumor necrosis factor alpha (TNF-a), a
potent pleiotropic proinflammatory cytokine involved in the
growth, differentiation and cellular function, plays an essential
role and has been implicated in inflammation-associated
tumors.[7–9]

Several polymorphisms (G308A, G238A, C863A, C857T,
T1031C) in TNF-a promoter region are confirmed to influence
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the expression of TNF-a under genetic controls at the
transcription and posttranscription levels.[10–13] And TNF-a
polymorphisms have been reported to be associated with breast
cancer,[14] non-Hodgkin lymphoma,[15] prostate cancer,[16]

uterine endometrial cancer,[17] and gastric carcinoma.[18] In
recent years, a number of studies investigated the possible
association of TNF-a polymorphisms with HCC but controver-
sies exist, especially between TNF-a polymorphisms and
hepatitis B virus related hepatocellular carcinoma (HBV-HCC)
risk. There are 2 meta-analyses conducted by Yang et al[19] and
Wei et al,[20] and they all reported that GA/AA of G308A in TNF-
a is correlated with increased risk of HCC; and Yang et al[19] also
reported G238A of TNF-a polymorphism is not associated with
HCC.While 2meta-analyses conducted later by Tian et al[21] and
Cheng et al[22] showed inconsistent results. As all these meta-
analyses did not focus on the relationship between TNF-a
polymorphism and HBV-HCC, and different controls in control
group might also influence the results. We apply the methods of
evidence-based medicine to evaluate and analyze the documented
studies of G308A, G238A, C863A polymorphisms of TNF-a and
HBV-HCC so as to provide a more systematic and comprehen-
sive assessment of their associations.
2. Materials and methods

2.1. Inclusion criteria

All the studies included into this meta-analysis must meet the
following criteria: case–control studies investigated the associa-
tion of G308A, G238A, or C863T of TNF-a with HBV-HCC;
original studies provided sufficient data that could be extracted
and used to calculate odds ratios (ORs) and 95% confidence
intervals (95%CI); the cases must be HBV-HCC and controls are
HBV carriers, spontaneously recovers from HBV or healthy
individuals, and Hardy–Weinberg equilibrium (HWE) in the
control group should be confirmed. HBV carrier were the person
with HBsAg positive for a period of 6 months or more but with
normal levels of transaminases, were HBeAg negative or anti-
HBe positive, had serum HBV DNA levels less than 105copies/
mL and had no clinical symptoms of liver disease along with no
radiological evidence of cirrhosis or varices on endoscopy.

2.2. Exclusion criteria

The study where cases are not definitely restricted to HBV-HCC.
Repeat publications, sample size<10 and studies were only

reported superficially, such as in the form of an abstract.
The studies in which the full text or main data could not be

obtained.
Gray literature that was unpublished.

2.3. Literature search strategy

We performed an electronic search of PubMed (1966 to
September 2016), ScienceDirect Online (1995 to September
2016), Wiley online library (2010 to September 2016) for
case–control studies evaluating the relationship of G308A,
G238A, or C863A of TNF-a and HBV-HCC. The search
keywords were used with different combinations with both
medical subject headings terms and text words: “hepatitis B
virus” or “HBV” or “liver cancer” or “hepatocellular carcino-
ma” or “HCC” or “hepatitis B virus related virus hepatocellular
carcinoma” or “HBV-HCC” plus “tumor necrosis factor-alpha”
or “TNF-a” or “polymorphism” or “G308A” or “G238A” or
2

“C863T” or “variant.” Publication date was not restricted in our
search. Reference lists of the included studies and supplemental
materials were checked manually to further identify related
studies. The approval by an institutional review board is not
required because this study was based on published studies.
2.4. Selection of studies

Two reviewers (QX and PC) independently screened the title,
abstract, and keywords of each article retrieved. Full-text papers
were screened for further assessment if the information given
suggested that the study fulfilled the inclusion criteria and did not
meet the exclusion criteria. Discrepancies were settled by
discussion and consensus with all the authors.
2.5. Data extraction

The following information was independently extracted from the
identified studies by 3 reviewers (BQF, ZZL, and WW) using a
standard form with first author’s surname, year of publication,
country, ethnicity, number ofHBV-HCCcases andcontrols aswell
as individual genotype, method of genotype test, and HWE test.
Ethnicities were stratified as Asians, Caucasians, and others.
Controls were stratified as HBV carrier controls, HBV spontane-
ously recovered (SR) controls and healthy controls. The authors of
original studies were consulted for missing information where
necessary. Discrepancies were resolved by open discussion.
2.6. Hardy–Weinberg equilibrium test

HWE test was performed and the HWE significance of the
control groups was calculated with StataSE12.0 (StataCorp LP,
College Station, TX) when the original information was not
provided.

2.7. Data synthesis and analysis

The significance for 5 genetic models (allele, dominant, recessive,
codominant, and super-dominant genetic models) was evaluated
for each study separately. All the associations were indicated as
ORs with the corresponding 95% CI. Based on the individual
ORs, a pooled OR was estimated. Subgroup analysis was also
performed by stratifying control group and ethnicity. Fixed-
effects model[23] or the random-effects model[24] of meta-analysis
was chosen according to the results of heterogeneity tests among
individual studies by StataSE12.0 (StataCorp LP). The signifi-
cance of the pooled OR was determined using the Z test and P-
value less than 0.05 was considered statistically significant.
Heterogeneity assumption was assessed by Cochran Q statis-

tic[25] and I2 statistic. The heterogeneity was considered statisti-
cally significant if P<0.10. The random-effects model (if P<0.05
and I2>60%) or the fixed-effectsmodel (ifP≥0.05 and I2<60%)
was used to pool the ORs. Sensitivity analyses were made to
determinewhether the resultswere robust and evaluate the sources
of heterogeneity. Egger test and Begg test were used to evaluate the
publication bias, which was considered when P<0.05.

3. Results

Figure 1 shows detailed information for study selection. Thirty-
six case–control studies about HCC and G308A, G238A, or
C863T of TNF-a were obtained. But only 12 case–control
studies[26–37] focusing on HBV-HCC were included in this meta-
analysis with 1580 HBV-HCC cases, 2033 HBV carrier controls,



Figure 1. Flowchart of literature searches.
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395 HBV SR controls, and 1116 healthy controls included. The
basic characteristics of all primary studies are listed in Table 1
and the detailed information of pooled OR values for all primary
studies displayed in Supplementary 1, http://links.lww.com/MD/
B446. Of these studies, 10 studies with 1385 cases and 3079
controls reported an association between TNF-a G308A
polymorphism and risk of HBV-HCC, and 6 studies with 608
cases and 1967 controls reported the effect of TNF-a G238A
polymorphism on the risk of HBV-HCC, and 5 studies with 558
cases and 1422 controls reported the effect of TNF-a C863T
polymorphism on the risk of HBV-HCC.

3.1. TNF-a G308A polymorphism on risk of HBV-HCC

The number of cases for GA and AA genotypes was reported
together in the study by Niro et al,[35] which could only be used
Table 1

The basic characteristics of all primary studies.

Author Year Country HBV-HCC Ethnicity Healthy

Migita 2005 Japan 48 Asian —

Ben-Ari 2003 USA 10 Caucasian 48
Saxena 2014 India 59 Asian 146
Sghaier 2015 Tunisia 15 Caucasian 200
Chen 2011 China 126 Asian 126
Wang 2010 China 230 Asian 157
Shi 2011 China 88 Asian 88
Chen 2005 China 572 Asian —

Kummee 2007 Thailand 50 Asian 150
Niro 2005 Italy 30 Caucasian —

Shin 2015 Korea 157 Asian 201
Qiu 2012 China 195 Asian —

HBV-HCC=hepatitis B virus related hepatocellular carcinoma, PCR=polymerase chain reaction, RFLP= r
recovered, SSP= sequence-specific primer, VNTR= variable number of tandem repeats.
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for dominant-model analysis (GA/AA vs GG). Table 2 shows the
results of pooled analyses. As I2 standing for the heterogeneity
among studies for all models was less than 60% and P-value for
the heterogeneity was more than 0.05, thus fixed-effects models
were applied. When the controls were all healthy individuals, the
A allele of TNF-a G308A polymorphism was significantly
associated with risk of HBV-HCC (OR=1.416, 95% CI=
1.108–1.810, P=0.005) (Fig. 2). And the estimated ORs for AA
versus GG and GA versus GG were 2.483 (P=0.010) and 1.383
(P=0.032), thus a dominant genetic model was suggested to be
used. Therefore, the GA/AA genotypes of TNF-a G308A
polymorphism was significantly associated with risk of HBV-
HCC (OR=1.381, 95% CI=1.048–1.820, P=0.022) (Fig. 3).
But when the controls were all HBV carriers, only AA versus GG
of TNF-a G308A was significantly associated with risk of HBV-
HCC (OR=2.773, 95% CI=1.107–6.945, P=0.030) and when
compared to HBV SR controls, TNF-a G308A was not
significantly associated with risk of HBV-HCC. As shown in
Table 3, subgroup analyses stratified by ethnicity found GA/AA
genotypes of TNF-a G308A polymorphism was not significantly
associated with risk of HBV-HCC in Asian and Caucasian, but
there was a trend for AA/GA genotypes of TNF-a G308A
polymorphism to increase the incidence of HBV-HCC with a P-
value of 0.061. Begg tests and Egger tests for publication bias
revealed that there was no any obvious evidence of publication
bias, which could be seen in Table 2.

3.2. TNF-a G238A polymorphism on risk of HBV-HCC

Similar to the TNF-a G238A polymorphism, the numbers of
cases for GA and AA genotypes were reported together in the
study by Niro et al,[35] which could only be used for dominant-
model analysis (GA/AA vs GG). Table 2 shows the results of the
TNF-a G238A polymorphism on risk of HBV-HCC. As I2

standing for the heterogeneity among studies for all models was
less than 60% and P-value for the heterogeneity was more than
0.05, thus fixed-effects models were applied. When the controls
were all healthy individuals, only AA versus GG of TNF-a
G238A polymorphism was significantly associated with risk of
HBV-HCC (OR=4.776, 95% CI=1.280–17.819, P=0.020)
(Fig. 4).When the controls were all HBV carriers, only A versus G
of TNF-a G238A was significantly associated with risk of HBV-
HCC (OR=2.227, 95% CI=1.123–4.417, P=0.022) and when
Control

HBV carrier HBV SR Genotyping SNPs

188 — PCR–SSP G308A
67 10 PCR–SSP G308A
184 — PCR–RFLP G308A
85 — PCR-VNTR G308A, G238A
— — PCR–SSP G308A, G238A, C863T
568 — PCR–SSP G308A, G238A
— — PCR–RFLP G308A
381 — PCR-Taqman G308A
100 100 PCR–RFLP G308A, G238A, C863T
184 96 PCR–SSP G308A, G238A, C863T
— — PCR–RFLP G308A, G238A, C863T
276 189 PCR–RFLP C863T

estriction fragment length polymorphism, SNP= single nucleotide polymorphism, SR= spontaneously
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Table 2

Pooled risk estimates for TNF-a G308A, G238A, and C863T polymorphisms and HBV-HCC stratified by control group.

P-value
Variables N OR (95% CI) P-value for Q test I2 P-value for Z test Begg Egger

TNF-a G308A
Healthy control
A vs G 8 1.416 (1.108–1.810) 0.108 40.60% 0.005 0.216 0.458
GA/AA vs GG 9 1.381 (1.048–1.820) 0.147 33.90% 0.022 0.532 0.348
AA vs GG/GA 6 1.741 (0.946–3.205) 0.691 0.00% 0.075 0.573 0.706
AA vs GG 8 2.483 (1.243–4.959) 0.359 25.20% 0.010 0.851 0.97
GA vs GG 8 1.383 (1.028–1.860) 0.228 25.20% 0.032 0.621 0.269

HBV carrier control
A vs G 7 1.194 (0.957–1.490) 0.576 0.00% 0.117 0.881 0.555
GA/AA vs GG 7 1.156 (0.913–1.465) 0.621 0.00% 0.229 0.621 0.232
AA vs GG/GA 3 2.057 (0.959–4.413) 0.965 0.00% 0.064 0.117 0.144
AA vs GG 3 2.773 (1.107–6.945) 0.657 0.00% 0.030 0.117 0.174
GA vs GG 7 1.098 (0.855–1.411) 0.539 0.00% 0.463 0.652 0.25

HBV SR control
A vs G 2 0.820 (0.361–1.863) 0.645 0.00% 0.635 0.317 —

GA/AA vs GG 2 0.804 (0.340–1.898) 0.632 0.00% 0.618 0.317 —

GA vs GG 2 0.804 (0.340–1.898) 0.632 0.00% 0.618 0.317 —

TNF-a G238A
Healthy control
A vs G 5 1.293 (0.927–1.805) 0.053 57.30% 0.130 1 0.833
GA/AA vs GG 6 1.233 (0.861–1.767) 0.094 46.90% 0.253 0.851 0.689
AA vs GG/GA 4 2.487 (0.998–6.196) 0.861 0.00% 0.051 0.042 0.538
AA vs GG 4 4.776 (1.280–17.82) 0.749 0.00% 0.020 1 0.6
GA vs GG 4 1.117 (0.761–1.638) 0.086 51.00% 0.573 0.142 0.253

HBV carrier control
A vs G 2 2.227 (1.123–4.417) 0.355 0.00% 0.022 0.317 —

GA/AA vs GG 3 2.090 (0.995–4.389) 0.332 9.40% 0.052 0.602 0.528
AA vs GG/GA 2 2.003 (0.702–5.713) 0.763 0.00% 0.172 0.317 —

AA vs GG 2 5.374 (0.862–33.50) 0.894 0.00% 0.072 0.317 —

GA vs GG 2 3.117 (0.985–9.860) 0.779 0.00% 0.053 0.317 —

HBV SR control
A vs G 1 1.597 (0.577–4.422) — — 0.367 — —

GA/AA vs GG 1 1.568 (0.513–4.796) — — 0.430 — —

AA vs GG/GA 1 2.020 (0.124–32.99) — — 0.622 — —

AA vs GG 1 1.494 (0.449–4.971) — — 0.513 — —

GA vs GG 1 2.091 (0.128–34.21) — — 0.605 — —

TNF-a C863T
Healthy control
T vs C 4 1.585 (1.095–2.293) 0.033 65.60% 0.015 0.497 0.627
CT/TT vs CC 5 1.777 (1.207–2.618) 0.048 58.20% 0.004 0.624 0.776
TT vs CC/CT 4 1.153 (0.592–2.247) 0.659 0.00% 0.676 0.497 0.945
TT vs CC 4 1.443 (0.735–2.836) 0.422 0.00% 0.287 0.497 0.841
CT vs CC 4 1.895 (1.229–2.923) 0.045 62.70% 0.004 0.497 0.464

HBV carrier control
T vs C 2 1.291 (0.816–2.043) 0.124 57.70% 0.275 0.317 —

CT/TT vs CC 3 1.431 (1.070–1.912) 0.427 0.00% 0.016 0.602 0.66
TT vs CC/CT 2 0.695 (0.217–2.227) 0.166 47.80% 0.540 0.317 —

TT vs CC 2 0.904 (0.234–3.488) 0.122 58.20% 0.884 0.317 —

CT vs CC 2 1.631 (1.181–2.255) 0.378 0.00% 0.003 0.317 —

HBV SR control
T vs C 1 2.359 (1.337–4.162) — — 0.003 — —

CT/TT vs CC 1 2.970 (1.470–6.000) — — 0.002 — —

TT vs CC/CT 1 3.128 (0.505–19.36) — — 0.220 — —

TT vs CC 1 4.773 (0.749–30.42) — — 0.098 — —

CT vs CC 1 2.841 (1.381–5.844) — — 0.005 — —

CI= confidence interval, HBV=hepatitis B virus, N=number of studies, OR= odd ratio, SR= spontaneously recovered, TNF-a= tumor necrosis factor-alpha.
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compared to HBV SR controls, TNF-a G238A was not
significantly associated with risk of HBV-HCC. As shown in
Table 3, subgroup analyses stratified by ethnicity found A versus
G of TNF-a G308A polymorphism was significantly associated
4

with risk of HBV-HCC in Asian but not in Caucasian, while there
was only 1 article in each subgroup. Begg tests and Egger tests for
publication bias revealed that there was no any obvious evidence
of publication bias, which could be seen in Table 2.



Figure 2. Allele model (A/G) of TNF-a G308A polymorphism on risk of HBV-HCC. The association was indicated as odds ratio (OR) estimate with the
corresponding 95% confidence interval. The OR estimate of each study is marked with a solid black square. The size of the square represents the weight that the
corresponding study exerts in themeta-analysis. The confidence intervals of pooled estimates are displayed as a horizontal line through the diamond. ORmore than
1 indicates increased risk of HBV-HCC.

Figure 3. Dominant model (GA/AA vs GG) of TNF-a G308A polymorphism on risk of HBV-HCC. The association was indicated as odds ratio (OR) with the
corresponding 95% confidence interval. The OR estimate of each study is marked with a solid black square. The size of the square represents the weight that the
corresponding study exerts in themeta-analysis. The confidence intervals of pooled estimates are displayed as a horizontal line through the diamond. ORmore than
1 indicates increased risk of HBV-HCC.

Xiao et al. Medicine (2016) 95:50 www.md-journal.com
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Table 3

Pooled risk estimates for TNF-a G308A, G238A, and C863T polymorphisms and HBV-HCC stratified by ethnicity.

Variables N OR (95% CI) P-value for Q test I2 P-value for Z test

TNF-a G308A (AA/GA vs GG)
Healthy control
Total 9 1.381 (1.048–1.820) 0.147 33.90% 0.022
Asian 6 1.330 (0.987–1.792) 0.170 35.60% 0.061
Caucasian 2 1.732 (0.838–3.576) 0.094 57.60% 0.138

HBV carrier control
Total 8 1.156 (0.913–1.465) 0.621 0.00% 0.229
Asian 5 1.124 (0.875–1.443) 0.693 0.00% 0.360
Caucasian 3 1.495 (0.716–3.120) 0.23 32.00% 0.284

HBV SR control
Total 2 0.804 (0.340–1.898) 0.632 0.00% 0.618
Asian 1 0.868 (0.349–2.160) — — 0.618

Caucasian 1 0.444 (0.034–5.880) — — 0.760
TNF-a G238A (A vs G)
Healthy control
Total 5 1.293 (0.927–1.805) 0.053 57.30% 0.130
Asian 4 1.118 (0.770–1.622) 0.085 54.70% 0.558
Caucasian 1 2.372 (1.083–5.195) — — 0.031

HBV carrier control
Total 2 2.227 (1.123–4.417) 0.355 0.00% 0.022
Asian 1 3.688 (1.053–12.912) — — 0.041
Caucasian 1 1.820 (0.804–4.119) — — 0.151

HBV SR control
Asian 1 1.597 (0.577–4.422) — — 0.367

TNF-a C863T (CT/TT vs CC)
Healthy control
Total 5 1.777 (1.207–2.618) 0.048 58.20% 0.004
Asian 4 1.851 (1.179–2.905) 0.026 67.60% 0.007
Caucasian 1 1.398 (0.600–3.259) — — 0.438

HBV carrier control
Total 3 1.431 (1.070–1.912) 0.427 0.00% 0.016
Asian 2 1.541 (0.983–2.417) 0.21 36.50% 0.059
Caucasian 1 1.250 (0.567–2.757) — — 0.580

HBV SR control
Asian 1 2.970 (1.470–6.000) — — 0.002

CI= confidence interval, HBV=hepatitis B virus, N=number of studies, OR= odd ratio, SR= spontaneously recovered, TNF-a = tumor necrosis factor-alpha.

Xiao et al. Medicine (2016) 95:50 Medicine
3.3. TNF-a C863T polymorphism on risk of HBV-HCC

As the numbers of cases for CT and TT genotypes were reported
together in the study by Niro et al,[35] only dominant-model
analysis (CT/TT vs CC) could be used for the study by Niro et al.
Table 2 also shows the results of the TNF-a C863T polymor-
phism on risk of HBV-HCC. As I2 standing for the heterogeneity
among studies for some models was more than 60% and P-value
for the heterogeneity was less than 0.05, thus random-effects
models were applied. The model of CT versus CC of TNF-a
C863A polymorphism was significantly associated with risk of
HBV-HCC. Whenever the controls were healthy individuals
(OR=1.895, 95% CI=1.229–2.923, P=0.004), HBV carriers
(OR=1.631, 95% CI=1.181–2.255, P=0.003) or HBV SR
controls (OR=2.841, 95%CI=1.381–5.844, P=0.005) (Fig. 5).
Meanwhile the dominant-model analysis (CT/TT vs CC) also
revealed significant association between the TNF-a C863T and
risk of HBV-HCC (Fig. 6). As heterogeneity was found in the
statistical analyses, we did sensitivity analyses to evaluate the
sources of heterogeneity. We found that heterogeneity between
studies was mainly caused by the study conducted by Kummee
et al, and after this study was excluded, there was no longer any
evidence of significant heterogeneity. As shown in Table 3,
subgroup analyses found CT/TT versus CC of TNF-a G308A
6

polymorphism and risk of HBV-HCC did not differ substantially
according to ethnicity. Begg tests and Egger tests for publication
bias revealed that there was no any obvious evidence of
publication bias, which could be seen in Table 2.

4. Discussion

The tumorigenesis of HCC, a complex and multifactor process,
was found to correlate with many environmental factors.[38–40]

Among which chronic infection with HBV is the most well-
established environmental risk factor for HCC worldwide.
However, a little part of HBsAg carriers eventually develop
HCC.[41] And an interaction of environmental factors and genetic
predisposition had been shown by Yu et al[42] in the development
of HCC. Various studies have shown that TNF-a, a potent
proinflammatory and immunomodulatory cytokine,[43] exerts an
antiviral effect with profoundly suppressing HBV gene expres-
sion in infected hepatocytes noncytolytically. Literature has
shown that several functional SNPs in the TNF-a promoter
region were reported to influence the TNF-a constitutive and
inducible expression levels.[44,45]

Until recently, there are many studies performed to explore the
association between TNF-a polymorphisms and HCC risk and



Figure 5. Codominant model (CA vs CC) of TNF-a C863A polymorphism on risk of HBV-HCC. The association was indicated as odds ratio (OR) with the
corresponding 95% confidence interval. The OR estimate of each study is marked with a solid black square. The size of the square represents the weight that the
corresponding study exerts in themeta-analysis. The confidence intervals of pooled estimates are displayed as a horizontal line through the diamond. ORmore than
1 indicates increased risk of HBV-HCC.

Figure 4. Codominant model (AA vs GG) of TNF-aG238A polymorphism on risk of HBV-HCC. The association was indicated as odds ratio (OR) estimate with the
corresponding 95% confidence interval. The OR estimate of each study is marked with a solid black square. The size of the square represents the weight that the
corresponding study exerts in themeta-analysis. The confidence intervals of pooled estimates are displayed as a horizontal line through the diamond. ORmore than
1 indicates increased risk of HBV-HCC.

Xiao et al. Medicine (2016) 95:50 www.md-journal.com
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Figure 6. Dominant model (CA/AA vs CC) of TNF-a C863A polymorphism on risk of HBV-HCC. The association was indicated as odds ratio (OR) with the
corresponding 95% confidence interval. The OR estimate of each study is marked with a solid black square. The size of the square represents the weight that the
corresponding study exerts in themeta-analysis. The confidence intervals of pooled estimates are displayed as a horizontal line through the diamond. ORmore than
1 indicates increased risk of HBV-HCC.
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several meta-analyses were conducted to investigate the associa-
tion between TNF-a polymorphisms (G308A, G238A, C863T)
and HCC. While, all these meta-analyses did not focus on the
relationship between TNF-a polymorphism and HBV-HCC
patients or HBV infection recovered patients and controversies
exist. Thus, clarifying the independent role of each polymorphism
on HBV and HCC should be quite necessary.
Our data showed that the variant genotypes AA/AG of G308A

were associated with an increased HBV-HCC risk when
compared to all healthy individuals. And this result might be
biologically credible considering the function of TNF-a in
inflammation and tumor development. While, there was no
obvious association in studies which the controls were HBV
carriers (thought AA vs GG of G308A was correlated with
increased HBV-HCC, credibility is not high because there were
only 3 studies) and SR controls. Thus, HBV infection seemed to
be a more important factor for tumorigenesis of HCC than
genetic predisposition in G308A of TNF-a, and the association
betweenG308A of TNF-a polymorphisms andHCC inHBV-free
patients should be conducted to confirm our result.
The previous results conduct on G238A polymorphism of

TNF-a and HCC risk were different. Contrary to the previous
finding made by Yang et al,[19] which showed no significant, 3
meta-analyses conducted by Wei et al,[20] Cheng et al,[22] and
Tian et al[21] showed that there was a significant association
between TNF-a 238 G/A polymorphism and increased risk of
liver cancer under A versus G, AG versus GG, and AA/AG versus
GGmodels. As the meta-analysis of Yang et al[19] included only 5
studies for G238A polymorphism of TNF-a and HCC, the
association between G238A polymorphism of TNF-a and
8

increased HCC risk seems robust. In the present studies, 6
studies were included to investigate the association between
G238A polymorphism of TNF-a and HBV-HCC risk, and our
finding is almost different. Our result showed that only AA versus
GG of G238A was correlated with increased HBV-HCC when
controls were healthy individuals, and only A versus G of G238A
was correlated with increased HBV-HCC when controls were
HBV carriers. There were several factors might contribute to
these discrepancies. Firstly, the HCC patients in our meta-
analysis were all related to HBV. Secondly, the controls were
classified to healthy individuals, HBV carriers and HBV SR
controls, not just noncancers. Finally, the number of studies in
which the controls were HBV carriers or HBV SR controls was
too few to obtain credible Results.
We also found 5 studies that had examined the association

between TNF-a C863T polymorphisms and HBV-HCC. The
pooled result showed that TNF-a C863T polymorphisms were
associated with increased HBV-HCC risk in a heterozygous
comparison (CT vs CC) and dominant model (CT/TT vs CC)
whenever the controls were healthy individuals, HBV carriers
andHBV SR controls. Previous studies demonstrated that allele A
of TNF-a C863T was associated with increased circulating TNF-
a levels in response to HBV infection,[13,46] which could activate
nuclear factor kB (NF-kB). NF-kB was a nuclear transcription
factor that regulated expression of proinflammatory genes that
were associated with hepatic inflammation and hepatic fibro-
sis.[47,48] Thus the conclusion was assumed that the interaction
between TNF-a C863T polymorphisms and HBV infection
might be associated with increased HCC risk. As studies
investigating TNF-a C863T polymorphisms and HBV-HCC
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were not enough, this assumption might be interpreted with
caution and more studies are needed, thought the statistical
results for detecting bias did not show publication bias.
However, there were several inevitable study limitations

should be interpreted after taking into consideration. Firstly,
there was language limitation as current meta-analysis only
contains English literature with some articles possibly published
in other languages and not accessible to the international
journals. Secondly, our results were all based on unadjusted ORs,
while a more precise estimation should take into account the
effect of multiple confounders such as specific environmental and
lifestyle factors on the association. Thirdly, the number of studies
and the number of subjects in the studies included in the meta-
analysis were small. This might not have enough power to
explore the associations between TNF-a C863T polymorphisms
and HBV-HCC. So further studies estimating the effect of
haplotypes, covariants of more risk polymorphisms, and gene–-
environment interactions about HCC should be conducted.
In summary, this meta-analysis and systemic review investi-

gated the association of TNF-a G308A, G238A, and C863T
polymorphisms and HBV-HCC susceptibility. Our novel data
demonstrated that AA genotype in TNF-a G308A and TNF-a
G238A and CA genotype in TNF-a C863T may increase HBV-
HCC risk. Therefore, HBV infection seemed to be a more
important factor for tumorigenesis of HCC than genetic
predisposition in G308A of TNF-a, and interaction between
TNF-a C863T polymorphisms and HBV infection might be
associated with increased HCC risk.
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