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Abstract 

Background: TNF-α-308G/A (rs1800629) polymorphism has been previously implicated in the 
susceptibility to esophageal cancer, but results of these studies remained controversial or 
ambiguous. A meta-analysis was conducted to provide a more reliable conclusion about the 
association between TNF-ɑ-308G/A polymorphism and risk of esophageal cancer. 
Methods: Databases such as PubMed, EMBASE, Web of Science and CNKI were searched for 
relevant articles published till June 1, 2018. We used the pooled odds ratios (ORs) with 95% 
confidence intervals (CIs) to evaluate the strength of such associations. Subgroup analysis was 
carried out according to ethnicity, source of controls and genotyping method. A trial sequential 
analysis (TSA) was performed to reduce the risk of type I error and evaluate whether the results of 
our meta-analysis were credible. 
Results: A total of 9 published case-control studies with 1,435 esophageal cancer patients and 
3,762 healthy controls were identified. Overall, our results indicated no significant correlation 
between TNF-α-308G/A polymorphism and increased risk of esophageal cancer in the fixed-effects 
model (allele model: pooled OR=1.11, 95% CI: 0.96-1.27, homozygote model: pooled OR=1.23, 95% 
CI: 0.77-1.95, heterozygote model: pooled OR=1.14, 95% CI: 0.97-1.35, dominant model: pooled 
OR=1.14, 95% CI: 0.97-1.34 and recessive model: pooled OR=1.00, 95% CI: 0.64-1.56). Subgroup 
analysis by ethnicity, source of controls and genotyping method showed no significant increase in the 
risk of esophageal cancer. TSA results need further investigation with a large sample size to certify 
such association. 
Conclusions: This meta-analysis study suggested no significant association between 
TNF-ɑ-308G/A polymorphism and the risk of esophageal cancer. 
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Introduction 
Esophageal cancer is considered as the eighth 

most common cancer and the sixth leading cause of 
cancer-related deaths in the world1. Its overall 5-year 
survival was less than 20% due to delayed diagnosis, 

even in the United States2. Esophageal cancer is a 
multifactorial disease involving intricate interactions 
between numerous genetic as well as various 
environmental factors, such as alcohol, smoking, poor 
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diet, poor oral health, chemical carcinogens or 
occupational exposure3, 4. However, several genetic 
factors responsible for the esophageal cancer have not 
been clarified yet. Recent studies have shown that 
several single-nucleotide genetic polymorphisms 
(SNPs) were associated with the susceptibility to 
esophageal cancer5, 6. Among these, polymorphism of 
tumor necrosis factor alpha (TNF-α) is one of the most 
widely studied genes, possibly predicting the genetic 
risk of of esophageal cancer. 

TNF-α is a pro-inflammatory cytokine, and is 
mainly secreted by monocytes and macrophages7. It 
plays a key role in host defense and inflammatory 
responses, but in some cases also triggers cell death 
and tissue degradation8, 9. Dysregulated expression of 
TNF-α was reported to be associated with various 
disorders, including inflammatory diseases (such as 
Rheumatoid arthritis, Crohn’s disease), central 
nervous system diseases (Alzheimer's disease) and a 
variety of other tumors10-13. TNF-ɑ gene is located on 
human chromosome 6q21 within class III region of the 
major histocompatibility complex (MHC)14. A number 
of SNPs of TNF-α gene have been found, which 
include TNF-α-238 G/A (rs361525), TNF-α-308G/A 
(rs1800629), TNF-α-857C/T (rs179972), TNF-α- 
863C/A (rs1800630), TNF-α-509C/T (rs1800469) and 
TNF-α-1031T/C (rs1799964)15, 16. Among these, the 
most common TNF-α polymorphisms is present in the 
promoter region at position -308 and it has been 
studied most extensively 17-19. 

Up to now, several studies have been performed 
to clarify the association between TNF-ɑ-308G/A 
genetic polymorphism and susceptibility to 
esophageal cancer. However, the results were still 
inconsistent. Therefore, we carried out this 
meta-analysis with all accessible case-control studies 
and trial sequential analysis (TSA), which showed 
that the present research was not enough to get such a 
conclusion, which also required other studies to 
confirm this conclusion. Therefore, the results of this 
meta-analysis demonstrated that no evidence 
supporting the relationship between TNF-ɑ-308G/A 
polymorphism and esophageal cancer risk was 
detected. More importantly, further studies were 
needed to give more comprehensive understanding of 
such association in the future. 

Materials and Methods 
Literature search 

A total of nine published case-control studies 
were identified by searching PubMed, EMBASE, Web 
of Science and CNKI databases till June 1, 2018. The 
following index terms and Mesh terms were used for 
the search: “tumor necrosis factor alpha” or “TNF-ɑ”, 
“polymorphism” or “variants” and “esophageal 

cancer” or “esophageal tumor” or “ECa”. Moreover, 
we scanned the references of the original articles, and 
performed a manual search for additional literatures 
that might be identified. To avoid overlapping of the 
data, we checked carefully and selected the latest and 
more credible studies. 

Inclusion and exclusion criteria 
 Inclusion criteria were as follows: (1) An 

independent case-control study; (2) Association 
between TNF-α-308G/A gene polymorphism and 
susceptibility to esophageal cancer; (3) The study 
should also contain abundant data of regarding the 
genotype frequency to evaluate whether such 
association was available. 

 Exclusion criteria were as follows: (1) Not 
case-control studies; (2) Studies not providing 
sufficient data to calculate the genotypic distributions 
of cases and controls; (3) Reviews or meta-analyses 
studies; (4) Previous duplicated publications. 

Data extraction 
The following information was extracted 

independently by two reviewers (FMYang and 
ZQQin) from each article: first author’s name, year of 
publication, the number of esophageal cancer cases 
and controls, and genotypes or alleles of the 
TNF-α-308 G/A polymorphism. Any controversial 
issues were resolved through discussion with the 
third author until a consensus was reached. 

Quality assessment 
The quality of eligible articles was assessed using 

the Newcastle–Ottawa Quality Assessment Scale 
(NOS) for cohort and case-control studies. Quality 
assessment included the selection, comparability, 
exposure of a case-control study, and the outcome of a 
cohort study. Based on the scoring system, studies 
with scores >7 were considered to be of high quality. 

Statistical analysis 
The strength of association between TNF-α-308 

G/A mutations and esophageal cancer risk was 
evaluated by the pooled odds ratios (ORs) with 95% 
confidence intervals (CIs). Five genetic comparison 
models for the meta-analysis used were as follows: (1) 
dominant model: (GA+AA) vsGG; (2) recessive model: 
AA vs (GA+GG); (3) homozygous model: AA vs GG; (4) 
heterozygous model: GA vs GG; and (5) allele model: A vs 
G. The chi-square (χ2) goodness of fit was adopted to 
evaluate Hardy–Weinberg equilibrium (HWE) in 
controls and P<0.05 was considered as statistically 
significant difference.  

Pooled OR was calculated by using fixed-effects 
model (the Mantel–Haenszel method) or random- 
effects model (the DerSimonian and Laird method) 
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according to the P values of study heterogeneities. If 
the P value was <0.05, the pooled OR was then 
calculated by the fixed-effects model, otherwise 
random-effects model was used. To verify the 
potential sources of heterogeneity, subgroup analyses 
were performed by ethnicity, source of controls and 
genotyping method. Furthermore, sensitivity analysis 
was conducted by sequentially excluding each 
individual study to examine the stability and 
reliability of the results. Publication bias was checked 
by Begg’s funnel plots and Egger’s linear regression 
test. All statistical analyses were performed using 
STATA software (version 12.0; StataCorp LP, College 
Station, TX). 

Trial Sequential Analysis (TSA) 
Conventional meta-analyses might obtain false 

positive results (type I errors) and false negative 
results (type II errors) due to systematic errors (bias) 
and random errors caused by sparse data and 
repetitive testing20-22. Therefore, we conducted TSA to 
reduce the risk of type I error by maintaining the 
overall 5% risk of a type I error and 20% risk of a type 
II error (power of 80%) to estimate the required 
information size23. In TSA, we constructed the 
cumulative Z-curve of each study and assessed its 
crossing of Z=1.96 (P=0.05) and the trial sequential 
monitoring boundaries24. When the cumulative 
Z-curve crosses the trial sequential monitoring 
boundary or the required information size has been 
reached, firm evidence was shown for the present 
mata-analysis study and further studies are not 
required. On the contrary, if the Z curve did not cross 
any of the boundaries, it is necessary to carry out an 
additional clinical trial to reach a consistent 
conclusion25. These analyses were done using TSA 0.9 
(Copenhagen Trial Unit, Copenhagen, Denmark). 

Results 
Characteristics of the studies 

According to the inclusion and exclusion criteria, 
a total of 287 articles were initially identified through 
primary search of the relevant databases and 
reference lists. After reading the titles and abstracts, 9 
full-text studies with a total of 1,435 esophageal 
cancer patients and 3,762 controls met the inclusion 
criteria and were involved in the present 
meta-analysis for further evaluation, which had been 
accrued between May 2003 and May 201526-34. In 
addition, all studies suggested that the genotypic 
distributions in the controls were consistent with 
Hardy-Weinberg equilibrium (HWE), except the 
study by Guo et al.34 For the source of samples, 
Among the 9 enrolled studies, DNA was extracted 
from whole blood in 8 studies26-30, 32-34, while only 1 
study used Frozen tissue to extract DNA31. So we 
decided not to carry out the subgroup analysis by 
source of samples. The flowchart of literature search 
and selection procedure was shown in Figure 1. In 
this meta-analysis, the baseline characteristics of the 
studies associated with the risk of esophageal cancer 
were comprehensively listed in Table 1. Among the 9 
enrolled studies, 6 studies were based on Asian 
population, 1 study was based on Caucasian 
population and the remaining 2 studies included 
mixed population. Furthermore, we included 6 
population-based studies, including 1 hospital-based 
study and the remaining 2 unknown-control of source 
studies, to distinguish between different sources of 
control group. Different genotyping methods applied 
were as follows: TaqManSNP (TaqMan), polymerase 
chain reaction (PCR), SNPlex and Sequenom. 

 

 
Figure 1. Flow diagram of literature search and selection process. 
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Table 1. Characteristics of studies that investigated the association between TNF-α-308G/A polymorphism and esophageal cancer risk. 

TNF-α-308G/A        Case (n) Control(n)  
Year Author Country Ethnicity SOC Genotyping Case Control GG GA AA GG GA AA HWE 
2015 Cui China Asian NR PCR 212 200 150 57 5 140 58 2 Y 
2014 Wang China Asian PB PCR-RFLP 33 50 3 26 4 11 25 14 Y 
2013 Umar India Asian NR PCR-RFLP 290 311 227 62 1 268 42 1 Y 
2011 Zhang China Asian HB PCR-SSP 120 95 99 19 2 82 12 1 Y 
2010 David Australia Caucasian PB Sequenom 207 1293 128 71 8 842 403 48 Y 
2010 Zhao China Asian PB PCR 202 317 141 56 5 228 83 6 Y 
2010 Oh USA Mix PB SNPlex 27 849 19 8 0 641 195 13 Y 
2005 Guo China Asian PB PCR-RFLP 291 437 266 21 4 391 40 6 N 

 

Table 2. Meta-analysis of association between TNF-α-308G/A polymorphism and esophageal cancer risk after the elimination of 
Hamasaki et al study. 
Variables No. of 

studies 
Dominant model Recessive model Homozygous model Heterozygous model Allele model 

  OR 
(95% CI) 

P values I-squared 
(%) 

OR 
(95% CI) 

P values I-squared 
(%) 

OR 
(95% CI) 

P 
values 

I-squared 
(%) 

OR 
(95% CI) 

P 
values 

I-squared 
(%) 

OR 
(95% CI) 

P values I-square
d (%) 

rs1800629 
-308G/A 

(GA + AA) vs. GG AA vs. (GA + GG) AA vs. GG GA vs. GG A vs. G 

All 9 1.14(0.97
-1.34) 

0.316 14.1 1.00(0.64
-1.56) 

0.824 0 1.23(0.77
-1.95) 

0.999 0 1.14(0.97
-1.35) 

0.18 29.8 1.11(0.96
-1.27) 

0.596 0 

Ethnicity                 
 Asian 6 1.17(0.96

-1.44) 
0.158 37.3 0.94(0.52

-1.69) 
0.52 0 1.32(0.69

-2.53) 
0.978 0 1.17(0.95

-1.44) 
0.084 48.4 1.13(0.94

-1.34) 
0.336 12.3 

 
Caucasian 

1 1.15(0.85
-1.56) 

NA NA  
1.04(0.49
-2.24) 

NA NA 1.10(0.51
-2.37) 

NA NA 1.16(0.85
-1.59) 

NA NA 1.11(0.86
-1.44) 

NA NA 

 Mix 2 0.94(0.55
-1.62) 

0.349 0 1.28(0.31
-5.23) 

0.92 0 1.23(0.30
-5.10) 

0.993 0 0.94(0.54
-1.65) 

0.25 24.3 0.95((0.5
9-1.55) 

0.528 0 

Source of 
control 

                

 NR 2 1.29(0.96
-1.74) 

0.057 72.5 1.96(0.49
-7.94) 

0.62 0 1.97(0.49
-8.04) 

0.679 0 1.27(0.94
-1.72) 

0.039 76.5 1.27(0.97
-1.67) 

0.097 63.6 

 PB 6 1.07(0.88
-1.31) 

0.479 0 0.90(0.55
-1.47) 

0.691 0 1.13(0.68
-1.88) 

1 0 1.08(0.88
-1.32) 

0.28 20.3 1.04(0.88
-1.23) 

0.862 0 

 HB 1 1.34(0.63
-2.84) 

NA NA 1.59(0.14
-17.84) 

NA NA 1.66(0.15
-18.60) 

NA NA 1.31(0.60
-2.86) 

NA NA 1.33(0.67
-2.67) 

NA NA 

Genotypi
ng 

                

 PCR 6 1.17(0.96
-1.44) 

0.158 37.3 0.94(0.52
-1.69) 

0.52 0 1.32(0.69
-2.53) 

0.978 0 1.17(0.95
-1.44) 

0.084 48.4 1.13(0.94
-1.34) 

0.336 12.3 

 
Sequenom 

1 1.15(0.85
-1.56) 

NA NA  
1.04(0.49
-2.24) 

NA NA 1.10(0.51
-2.37) 

NA NA 1.16(0.85
-1.59) 

NA NA 1.11(0.86
-1.44) 

NA NA 

 SNPlex 1 1.30(0.56
-3.01) 

NA NA 1.13(0.07
-19.44) 

NA NA 1.22(0.07
-21.24) 

NA NA 1.38(0.60
-3.21) 

NA NA 1.16(0.54
-2.50) 

NA NA 

 Taqman 1 0.77(0.38
-1.56) 

NA NA 1.33(0.26
-6.80) 

NA NA 1.24(0.24
-6.35) 

NA NA 0.71(0.33
-1.52) 

NA NA 0.85(0.45
-1.58) 

NA NA 

NA: Not Applicable. 
 

Quantitative synthesis results 
The strength of association between 

TNF-ɑ-308G/A polymorphism and esophageal cancer 
risk was evaluated by the pooled ORs with 95% CIs 
based on five genetic comparison models. Summary 
of all results regarding the relationship between 
TNF-ɑ-308G/A polymorphisms and esophageal 
cancer risk in the 9 studies was provided in Table 2. 
Results of this meta-analysis demonstrated no 
significant relationship between TNF-ɑ-308G/A 
polymorphism and esophageal cancer risk with the 
fixed-effects model, with the pooled ORs and 95% CIs 
in allele model (pooled OR=1.11, 95% CI: 0.96-1.27), 
homozygote model (pooled OR=1.23, 95% CI: 0.77-1.95), 
heterozygote model (pooled OR=1.14, 95% CI: 0.97-1.35), 
dominant model (pooled OR=1.14, 95% CI: 0.97-1.34) 

and recessive model (pooled OR=1.00, 95% CI: 0.64-1.56) 
(Figure 2). 

In the subgroup analysis by ethnicity, results 
showed no statistical significance in the Asian, 
Caucasian, and Mixed populations. Moreover, 
subgroup analysis by control source groups were also 
performed, and no statistically significant results were 
detected in the population-based control group and 
hospital-based control group. In addition, in the 
subgroup analysis by different genotyping methods, 
no significant results of such association were found 
using TaqMan, PCR, Sequenom and SNPlex, 
respectively (Table 2). In general, there was no 
association between TNF-ɑ-308G/Apolymorphism 
and esophageal cancer risk in these five genetic 
comparison models. 
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Test of heterogeneity 
Heterogeneity was observed in the overall 

genetic models, but it was interesting that subgroup 
analyses could decrease the heterogeneity. Thus, 
neither ethnicity nor source of controls was 

performed for substantial heterogeneity. Figure 3 
showed analysis of a Galbraith radial plot in 
dominant model, suggesting no significant 
heterogeneity between the studies. 

 

 
Figure 2. Forest plots of the association between TNF-α-308G/A polymorphism and esophageal cancer susceptibility in fixed-effects model. A: allele model; B: homozygote 
model; C: heterozygote model; D: dominant model; E: recessive model. 
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Figure 3. Galbraith plot of the association between TNF-ɑ-308G/A polymorphism and esophageal cancer susceptibility in fixed-effects model. A: allele model; B: homozygote 
model; C: heterozygote model; D: dominant model; E: recessive model. 

 

Sensitivity analysis 
Sensitivity analysis was performed to explore the 

influence of each study on the pooled ORs. Figure 4 
showed that the pooled ORs were not substantially 
altered, which resulted in the reliable and 
comprehensive meta-analysis study. 

Publication bias 
Publication bias of the included studies was 

assessed by Begg's funnel plot and Egger's test. The 
funnel plot of the TNF-α-308G/A polymorphism did 
not reveal any evidence of clear asymmetry, 
indicating that there was no significant publication 
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bias in all the studies, as evidenced by the Egger’s test 
(allele model: P=0.717, homozygous model: P=0.336, 

heterozygous model: P=0.636, dominant model: P=0.680 
and recessive model: P=0.560), (Figure 5).  

 
 

 
Figure 4. Sensitivity analysis in fixed-effects model. A: allele model; B: homozygote model; C: heterozygote model; D: dominant model; E: recessive model. 
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Figure 5. Begg’s funnel plot of publication bias test. A: allele model; B: homozygote model; C: heterozygote model; D: dominant model; E: recessive model. 

 

Trial Sequential Analysis results 
In our current study, the cumulative Z-curve (the 

blue line) did not exceed the information size (vertical 
red line), and the total number of cases and controls 
were less than the required information size (Figure 6). 
Therefore, our results require further investigation in 
a sufficiently large number of participants to certify 
the associations in well-designed studies. 

Discussion 
TNF-α gene is encoded in class III major 

histocompatibility complex (6p21.3). As a potent 
pro-inflammatory cytokine, TNF-α plays an 
important role in the inflammatory and immune 
responses35. However, the effect of TNF-α on tumors 
remained unclear. Previous studies have suggested 
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that dysregulated expression of TNF-α might promote 
the occurrence and development of tumors11, 36, 37. 
Notably, TNF-α production is regulated by SNP in the 
promoter region. At least 12 SNPs have been 
identified in the TNF-α gene, and the most studied 
SNP is TNF-α-308G/A (rs1800629) 38. Both in vivo and 
in vitro studies have demonstrated that 
TNF-α-308G/A was involved in the occurrence and 
development of tumors by regulating the production 
of TNF-α39, 40.  

To date, some studies have investigated whether 
TNF-α-308G/A polymorphism was associated with 
the risk of esophageal cancer. The studies due to 
limited sample size and other reasons ultimately led 
to conflicting results. In a word, there is no definitive 
conclusion about the role of rs1800629 in esophageal 
cancer risk. Findings by Umar et al. study suggested 
that TNF-α-308 G>A polymorphism enhanced the 
risk of esophageal cancer, especially in females and in 
patients with regional lymph node involvement28. On 
the contrary, results of Cui et al. study showed lack of 
association of TNF-α-308G/A polymorphism with 
ECa risk26. What’s more, another study by Guo et al. 
found no significant difference in the overall 
genetypic distribution of TNF-α-308G/A 
polymorphism among ECa patients and controls 34. 
Hence, there were no consistent conclusions about the 
role of TNF-α-308G/A gene polymorphism in 
esophageal cancer risk. Hence, we aimed to elucidate 
whether TNF-α-308G/A gene polymorphism was 

associated with the susceptibility to esophageal cancer 
in our meta-analysis. In addition, TSA was applied to 
effectively reduce the risk of type I errors and assess 
whether the required information size has been 
reached.  

Our present meta-analysis study collected 1,435 
esophageal cancer patients and 3,762 healthy controls 
from 9 case-controlled studies to investigate the 
association between -308G/A polymorphism in the 
TNF-α gene and esophageal cancer risk. As a 
powerful tool, our meta-analysis made the conclusion 
more credible compared with a single study, 
especially in analyzing the unexplained associations41. 
With the development of the current meta-analysis 
study, a more comprehensive understanding of the 
relationship between rs1800629 and the risk of 
esophageal cancer by different subgroup analysis was 
performed. As a consequence, we took advantage of 
the meta-analysis to explain this possible association. 
Our study results revealed no significant relationship 
between TNF-α-308G/A polymorphism and 
increased risk of esophageal cancer. This 
contradiction could be caused by several factors, 
including the differences in sample size, genotyping 
methods, study design, statistical methods and so on.  

Three subgroup meta-analyses were conducted 
by ethnicity, source of controls and genotyping 
method. In the ethnic subgroup, the TNF-α-308G/A 
allele was not responsible for the increased risk of 
esophageal cancer in Caucasians, Africans, and 

 
Figure 6. Trial sequential analysis of the association between TNF-α-308G/A polymorphism and the risk of esophageal cancer. The required information size was calculated 
based on a two side α= 5%, β= 15% (power 85%), and a relative risk reduction of 20%. 
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Asians. However, the results might not be conclusive 
due to relatively small number of Caucasians used in 
the meta-analysis. Besides, as Caucasians include 
mixed populations from different geographic regions 
and other ethnic groups, there was a significant 
inter-study heterogeneity among Caucasians, leading 
to the negative results of our analysis. Meanwhile, in 
the subgroup analysis by source of controls, no 
significant results were found in both 
population-based control group and hospital-based 
control group. The possible reason was that people in 
the control group might be exposed to other risks of 
esophageal cancer, thus affecting the results. After 
stratification according to different genotyping 
methods, no statistically significant difference about 
such association in TaqMan, PCR, PCR-RFLP and so 
on were found. Different genotyping methods might 
also deviate the results because of their own strengths 
and weaknesses in various aspects. Therefore, 
adopting the same appropriate genotyping method 
might make meta-analysis results more impersonal 
and reliable. More importantly, it was necessary to 
have a unified inclusion criteria and a larger sample 
size of relevant studies. 

TSA is a powerful and useful approach in 
summarizing the evidence and providing the 
required information size in meta-analyses 42. In order 
to reduce the risk of type I error and estimate whether 
further trials are needed, TSA was implied to calculate 
the required information size for the meta-analysis 
with the adaptation of monitoring boundaries43. If the 
cumulative Z-curve crosses the trial sequential 
monitoring boundary or the required information size, 
it shows firm evidence for such study. If not, it is 
necessary to perform an additional clinical trial to 
reach for a consistent conclusion44. As shown in our 
study, the cumulative Z-curve did not reach the 
perpendicular line (required information size), which 
meant that our results needed further firm evidence 
regarding the effect. 

Furthermore, our meta-analysis has few 
limitations that need to be emphasized: (1) Most of the 
populations involved in these case-control studies 
were Caucasians and Asians, and hence the results 
might be applicable only to the two races. Further 
studies with more data are required to investigate the 
association in other populations. (2) The sample size 
of each study included in this analysis was relatively 
small, resulting in the lack of strong statistical 
persuasion to reveal the real relationship. Hence, 
further studies with abundant and comprehensive 
data were required to verify the association. (3) Since 
our meta-analysis only selected previously published 
studies, unpublished studies can be omitted and the 
results are negative, which may bias the results. (4) As 

a multifactorial disease, the risk of developing 
esophageal cancer was closely related to the 
environment, diet, occupational exposure and the 
interaction of various genetic factors, but not by any 
single factor. Therefore, we need further studies with 
more raw data controlling the variable factors to 
achieve more accurate results about the association. 
Additionally, the incidence of esophageal cancer was 
different among different races. Majority of the 
studies included were investigated in Asian 
population in this meta-analysis. Therefore, the 
outcome of this ethnic sub-group analysis might be 
affected. 

Conclusion 
In conclusion, our meta-analysis study 

demonstrated no evidence supporting the 
relationship between TNF-α-308G/A polymorphism 
and esophageal cancer risk. More importantly, further 
studies were needed to give more comprehensive 
understanding regarding such association in the 
future. 
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