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Review

Objectives: Research on how the risk of gastric cancer increases with Epstein-Barr virus (EBV) infection is lacking. In a systematic re-

view that investigated studies published until September 2014, the authors did not calculate the summary odds ratio (SOR) due to 

heterogeneity across studies. Therefore, we include here additional studies published until October 2015 and conduct a meta-analysis 

with meta-regression that controls for the heterogeneity among studies.

Methods: Using the studies selected in the previously published systematic review, we formulated lists of references, cited articles, 

and related articles provided by PubMed. From the lists, only case-control studies that detected EBV in tissue samples were selected. 

In order to control for the heterogeneity among studies, subgroup analysis and meta-regression were performed.

Results: In the 33 case-control results with adjacent non-cancer tissue, the total number of test samples in the case and control 

groups was 5280 and 4962, respectively. In the 14 case-control results with normal tissue, the total number of test samples in case 

and control groups was 1393 and 945, respectively. Upon meta-regression, the type of control tissue was found to be a statistically 

significant variable with regard to heterogeneity. When the control tissue was normal tissue of healthy individuals, the SOR was 3.41 

(95% CI, 1.78 to 6.51; I-squared, 65.5%). 

Conclusions: The results of the present study support the argument that EBV infection increases the risk of gastric cancer. In the fu-

ture, age-matched and sex-matched case-control studies should be conducted. 
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INTRODUCTION 

Globally, gastric cancer is the primary cancer that has the 
third highest mortality rate [1]. Gastric cancer is the second 
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most common cancer in Koreans [2] as well, and it is consid-
ered to be caused by a complex association between various 
environmental and genetic factors [3,4]. In particular, under-
standing Epstein-Barr virus (EBV)-associated gastric cancer (EB-
VaGC), along with Helicobacter pylori, is important in preven-
tion and management of gastric cancer [5-7]. 

EBV is ‘the first human tumor virus’ [8] and is currently cate-
gorized as a group-1 carcinogen due to its association with var-
ious cancers, such as nasopharyngeal carcinoma [9,10]. Start-
ing with the study of Burke et al. [11] in 1990 that reported the 
discovery of EBV DNA in gastric cancer tissue, evidence sup-
porting the fact that EBV is a risk factor for gastric cancer has 
been accumulating [12]. Accordingly, “the Cancer Genome At-
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las Research Network” [13] suggested a subtype called ‘gastric 
cancer positive for EBV’ in 2014.

The mechanism through which EBV causes gastric cancer is 
being established [13-15]; moreover, various systematic re-
views on the detection rate of EBV in gastric cancer tissue [3,16-
18] and the prognosis of gastric cancer according to EBV infec-
tion [19-21] have been published. However, in order to prove 
that a certain virus causes cancer, case-control studies are re-
quired [22]. Chen et al. [7] provided a comprehensive summary 
of case-control studies published until September 14, 2014. 
However, the authors did not perform a meta-analysis to calcu-
late the summary odds ratio (SOR) and 95% confidence interval 
(CI) due to heterogeneity among studies.

The SOR corresponds to the ‘strength of association,’ which is 
a standard for causality judgment, and it is also a fundamental 
statistical value in investigation of the gastric cancer risk associ-
ated with EBV infection. In a meta-analysis in which the SOR is 
calculated, a random effects model, subgroup analysis, and 
meta-regression are applied in order to control for heterogene-
ity [23-25]. Through this study, we aim to calculate the SOR of 
gastric cancer risk according to EBV infection, by applying a 
meta-analysis with meta-regression, which controls for het-
erogeneity, on previous systematic review results.

METHODS 

Related Literature Search and Selection
The systematic review of Chen et al. [7] on EBV and gastric 

cancer encompassed studies published until September 14, 
2014, and did not conduct a meta-analysis. Thus we decided to 
include studies that were published until October 2015. Since 
the list of studies was already well-established, a hand search 
strategy, rather than an electronic search strategy, was em-
ployed [26-28]. In other words, references provided by Chen et 
al. [7] were analyzed, and lists of “cited articles” and “similar arti-
cles” provided by PubMed (www.ncbi.nlm.nih.gov/pubmed) for 
each article were also considered for inclusion.

In selecting studies for analysis, studies that conducted sero-
logic tests on blood samples were excluded even though they 
were included in Chen et al. [7]. The reason is that EBVaGC is de-
fined as a cancer in which EBV is detected in gastric cancer tis-
sues [6,18]. Therefore, only case-control studies that used tis-
sue as testing samples were included in the study. These com-
parative studies were divided into those using adjacent non-
cancer tissue (ANT) as the control tissue and those using nor-

mal tissue (NT). For final selection, the following three exclu-
sion criteria were first applied based on the titles and abstracts 
of the studies: experimental studies, expert reviews or system-
atic reviews, and case series studies. For the remaining case-
control studies, the following four exclusion criteria were addi-
tionally applied: when no information on EBV detection was 
provided, when no subject in the patient and control groups 
was positive for EBV, when blood samples were used instead of 
tissue samples, and when duplicate samples were reported. 
Studies were considered to be duplicated when the authors’ af-
filiations, their names, and the sources of cases were identical, 
and studies with higher numbers of samples were selected 
among the duplicate studies. The remaining case-control 
studies after the application of the seven aforementioned ex-
clusion criteria were selected as the final studies for investiga-
tion. 

Statistical Analysis
 Application of exclusion criteria and investigation of EBV-

related information—the number of tests and the number of 
positive diagnoses of EBV in each of the case and control 
groups, nationality of subjects, analysis method, and type of 
control tissue—were performed by two researchers. Using the 
number of positive and negative diagnoses of EBV in each case 
and control group, the odds ratio (OR) and 95% CI were calcu-
lated for each study. Studies were categorized into four regions: 
Far East Asia, Middle East Asia, Europe, and the Americas. The 
analysis methods of the studies were divided into in situ hy-
bridization (ISH) and polymerase chain reaction (PCR); more-
over, the type of control tissue was divided into ANT and NT. 
Based on the two analysis methods and the two types of con-
trol tissue, studies were classified into four categories. In addi-
tion, studies were divided into pre-1999 and post-2000 groups 
based on year of publication. Heterogeneity among studies 
was assessed in a meta-analysis based on I-squared values (%), 
and the SOR and 95% CI according to random effects models 
were calculated first. Among four variables—geographical 
area, analysis method, type of control tissue, and year of publi-
cation—that resulted in heterogeneity across studies, a meta-
regression analysis was conducted using the restricted maxi-
mum likelihood method [24]. In order to examine publication 
bias, Egger’s test for small-study effects was conducted [25]. 
The level of statistical significance was set at 5%, and Stata 
version 14 (StataCorp, College Station, TX, USA) was used for 
statistical analyses.
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RESULTS

Figure 1 shows the flow chart of article selection for final 
analysis. A list of 48 references from the selected studies in the 
systematic review of Chen et al. [7], and of 324 cited or related 
articles from PubMed, was compiled. When the selection crite-
ria were applied to these 372 studies, 50 case-control studies 
were selected. Among these 50 studies, (1) one study that did 
not provide the EBV detection rate [29], (2) one study in which 
EBV was not detected in both patient and control groups [30], 
(3) three studies that used blood samples instead of tissue 
samples [31-33], and (4) six studies that used duplicate sam-
ples [34-39] were excluded. Specifically, Imai et al. [40] was se-
lected instead of Tokunaga et al. [34], and Galetsky et al. [41] 
instead of 35. Gurtsevich et al. [35]. Ishii et al. [42] was selected 
instead of Yanai et al. [36], and Wang et al. [43] instead of Luo 
et al. [37]. Moreover, among the three studies by Saxena et al. 
[44], Shukla et al. [38,39], Saxena et al. [44] was selected, as it 
had the highest number of samples.

Through the aforementioned exclusion process, a total of 39 
studies were selected for meta-analysis [38,40-77]. Among the 
39 studies, a paper published in 2014 by de Souza et al. [76], 
which was not included in Chen et al. [7], was added to the 
present study based on our hand search. Table 1 shows the na-

tionality of subjects and EBV sample test results in the final 39 
case-control studies. In the 33 case-control results with ANT, 
the total number of test samples in the case and control groups 
was 5280 and 4962, respectively. Meanwhile, in the 14 case-
control results with NT, the total number of test samples in the 
case and control groups was 1393 and 945, respectively. When a 
meta-analysis with a random effects model was applied to 
these 39 case-control studies, the risk of gastric cancer (SOR) ac-
cording to positive detection of EBV exhibited a 10. The 10-fold 
increase (95% CI, 5.89 to 17.29; I-squared, 65.3%) (Table 2). 
When sorted by region, there were twenty studies in Far East 
Asia, four studies in Middle East Asia, six studies in Europe, and 
nine studies in the Americas, with the highest risk of gastric 
cancer associated with EBV infection in Far East Asia (SOR, 
14.28; 95% CI, 6.58 to 30.98; I-squared, 63.5%), and no statisti-
cally significant risk found in Europe (SOR, 6.09; 95% CI,  0.66 to 
56.58; I-squared, 73.8%) (Figure 2). The SOR did not differ sig-
nificantly between the two groups of publication periods. Al-
though the I-squared value decreased to 40.4% in studies pub-
lished after 2000, a small-study effect was still present as the p-
value of Egger’s test was 0.019.

Upon classification of the 39 studies according to type of 
control tissue and analysis method, 47 datasets were formulat-
ed because some studies used two types of control tissue or 
two kinds of analysis method (Figure 3). There were 31 ISH da-
tasets and 16 PCR datasets based on the analysis method, and 
there were 33 ANT datasets and 14 NT datasets based on type 
of control tissue. The SOR of each of the two analysis methods 
and the two types of control tissue showed statistical signifi-
cance, and the lowest level of risk was observed in the NT 
group (SOR, 3.41; 95% CI, 1.78 to 6.51; I-squared, 65.5%) (Table 
2). Moreover, in Egger’s test, no small-study effect was ob-
served in the PCR and NT groups. When analysis methods and 
types of control tissues were analyzed simultaneously, nine da-
tasets in which PCR was conducted on NT control tissues still 
had a statistically significant SOR (SOR, 3.72; 95% CI, 1.85 to 
7.48; I-squared, 58.6%).

As I-squared values over 50% were observed in subgroup 
analysis by geographical area, analysis method, type of control 
tissue, and year of publication (Table 2), a meta-regression anal-
ysis was conducted on these four variables. In the meta-regres-
sion analysis of the 47 datasets, type of control tissue (p=0.002) 
was found to be the variable that produced heterogeneity 
among studies, while the adjusted R-squared in the between-
study variance was 17.89% (Table 3). 

Case-control studies =  50

Papers excluded =  322
 - Experimental studies =238
 - Review papers =  23
 - Case-only studies =  61

Papers excluded =  11
 - No information on detection =1
 - Null results in both groups =  1
 - No tissue sample =  3
 - Duplicated samples =  6

Papers retrieved from databases =  372
 - From reference list of the systematic review by Chen et al. [7] =  48 
 - Cited or related articles from PubMed =  324

The papers finally selected for this study =  39
(year of publication: 1992-2014)

Figure 1. Flow chart of article selection.
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Discussion

Based on the results of a meta-regression analysis showing 
that heterogeneity stemmed from type of control tissue, ANT 
and NT should be interpreted separately. However, if we also 
consider the results of Egger’s test, which showed that a small-

study effect was present in ANT, but not in NT, the SOR calcu-
lated from the 14 studies that used NT can be seen as a sum-
mary statistic that overcame heterogeneity. Therefore, we can 
conclude that the risk (SOR) of gastric cancer associated with 
EBV infection, which was 3.41 (95% CI, 1.78 to 6.51; I-squared, 
65.5%), was statistically significant. 

Table 1. Summary of the 39 selected case-control studies with detection of Epstein-Barr virus infection

First author Year of publication Reference Nationality PP NP PN NN

Shibata 1992 45 US 22 116 0 138
Shibata 1993 46 US (Hawaii) 19 168 0 187
Fukayama 1994 47 Japan 8 64 6 11
Imai 1994 40 Japan 70 930 0 1000
Ott 1994 48 Germany 7 32 0 39
Shousha 1994 49 UK 1 18 5 4
Yuen 1994 50 China (Hong-Kong) 7 67 0 74
Anwar 1995 51 Japan 14 37 0 12
Harn 1995 52 Taiwan 6 49 0 104
Gulley 1996 53 US 11 84 0 95
Moritani 1996 54 Japan 15 117 0 132
Selves 1996 55 France 5 54 0 59
Shin 1996 56 Korea 12 77 0 37
Galesky 1997 41 Russia 18 188 0 206
Durmaz 1998 57 Turkey 37 28 11 10
Hsieh 1998 58 China 17 65 2 86
Kume 1999 59 Japan 40 304 0 344
Wan 1999 60 China 6 52 0 73
Chapel 2000 61 France 7 49 0 56
Corvalan 2001 62 Chile 31 154 0 185
Lo 2001 63 China (Hong-Kong) 18 33 7 190
Luqmani 2001 64 Kuwait 1 19 0 35
Kang 2002 65 Korea 21 212 0 77
Oda 2003 66 Japan 26 168 0 97
Ishii 2004 42 Japan 19 114 0 133
Lee 2004 67 Korea 4 36 0 50
Lopes 2004 68 Brazil 6 47 0 53
Wang 2004 43 China 13 172 0 185
Alipov 2005 69 Japan 14 125 0 139
Herrera-Goepfert 2005 70 Mexico 24 306 2 328
von Rahden 2006 71 Germany 5 77 0 82
Saxena 2008 44 India 51 11 158 173
Truong 2009 72 US 12 223 0 72
Chen 2010 73 China 45 631 3 673
Shukla 2011 38 India 45 5 0 50
de Aquino 2012 74 Brazil 6 4 7 9
Zhao 2012 75 China 80 631 4 117
de Souza 2014 76 Brazil 125 113 39 37
Martinez-Lopez 2014 77 Mexico 8 67 8 214

NN, normal negative; NP, normal positive; PN, patient negative; PP, patient positive. 
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Although ISH is the gold standard test used to detect EBV 
infection [6], the SOR of the five studies that conducted ISH on 
NT samples did not possess statistical significance (SOR, 2.56; 
95% CI,  0.79 to 8.33; I-squared, 34.1%); in contrast, the SOR of 
the nine studies that conducted PCR on NT samples showed 
statistical significance (SOR, 3.72; 95% CI, 1.85 to 7.48; I-squared, 
58.6%). Since the confidence interval is wider in the NT & ISH 
group, the level of accuracy in the detection method by the 
sampling period should be taken into consideration.

 The risk of gastric cancer showed regional variation in this 
study, and the highest risk was observed in Far East Asia, which 
has a high incidence of gastric cancer. Such a result also sup-
ports the causality of the connection we found since there is a 
positive correlation between the incidence and level of risk. 
However, our result contradicts that of Lee et al. [18], who re-
ported that EBV infection is not associated with the incidence 
of gastric cancer in Asians upon the analysis of 48 ISH studies 
published up to December 2007 (SOR, 0.698; 95% CI, 0.46 to 
1.05). However, several case series studies were included in the 

investigation of Lee et al. [18], and we found calculation errors 
in several OR values in that study; therefore, due to these errors 
in Lee et al., it is difficult to interpret our results in comparison 
to those of Lee et al. In addition, although Murphy et al. [3] re-
ported that the prevalence of EBV-positive gastric cancer did 
not differ according to geographical region, the study of Mur-
phy et al. was focused on prevalence, so it was of limited value 
in a comparison to our findings. 

In this systematic review, a hand search, rather than elec-
tronic search, was prioritized because an existing reference list 
from the systematic review of Chen et al. [7] published with-
out a meta-analysis was used to identify the bulk of the stud-
ies we analyzed. We extended the search to include studies 
published through October 2015, and thus included an addi-
tional study not in the existing systematic review—that of de 
Souza et al. [76], which was published on October 15, 2014. In 
contrast, no additional study published until September 2014 
was included, and we were able to confirm that the study of 
Chen et al. [7] was indeed ‘the first comprehensive systematic 

Table 2. Sub-group analyses and sensitivity analyses by type of tissue and global area

Conditions No. of articles 
[datasets] Reference I-squared (%) SOR [95% CI] p-value of bias

(Egger’s test)

All 39 38,40-77 65.3 10.10 [5.89, 17.29] 0.003

Area

   Far East Asia 20 40,42,43,46,47,50-52,54,56, 58-60,63,65-67,69,73,75 63.5 14.28 [6.58, 30.98] 0.03

   Middle East Asia 4 38,44,57,64 84.2 8.31 [1.35, 51.12] 0.52

   Europe 6 41,48,49,55,61,71 73.8 6.09 [0.66, 56.58] 0.004

   The Americas 9 45,53,62,68,70,72,74,76,77 39.8 7.04 [3.05, 16.21] 0.04

Year of publication

   -1999 18 40,41,45-60 76.3 10.36 [3.43, 31.31] 0.002

   2000- 21 38, 42-44, 60-77 40.4 9.42 [5.67, 15.66] 0.02

Methods [47] 70.3 8.62 [5.12, 14.49] <0.001

   ISH [31] 40-43,45,47-50,52-56,59-62,
64-66,68-73,76

72.4 10.69 [5.00, 22.87] <0.001

   PCR [16] 38,44,46,51,57,58,63,66,67,74,75,77 66.6 6.22 [3.06, 12.62] 0.19

Control 

   ANT [33] 38,40-43,45-50,52-55,58-62,64-74,77 65.0 14.03 [6.85, 28.74] 0.007

   NT [14] 44,51,52,56-58,63,66,67,74,75,77 65.5 3.41 [1.78, 6.51] 0.19

Method & control

   ISH & ANT [26] 40-43,45,47-50,52-55,59-62,64-66,68-73 64.7 13.22 [5.62, 30.04] 0.03

   ISH & NT [5] 52,56,60,64,76 34.1 2.56 [0.79, 8.33] 0.04

   PCR & ANT [7] 38,46,58,66,67,74,77 70.2 17.77 [3.58, 88.26] 0.14

   PCR & NT [9] 44,51,57,58,63,67,74,75,77 58.6 3.72 [1.85, 7.48] 0.97

SOR, summary odds ratio; CI, confidence intervals; ISH, in situ hybridization; PCR, polymerase chain reaction; ANT, adjacent normal stomach tissue away from 
tumor; NT, normal tissue.
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review’ of this subject. The list of 39 studies selected in the pres-
ent study should play an important role in an updated meta-
analysis in near future. 

Limitations of the present study include the fact that re-
gional differences cannot be interpreted as ethnic differences 
[53] since immigrants could have been included in classifica-
tions according to nationality [46,62]. Therefore, future studies 
on genetic sensitivity by ethnicity should be conducted. Sec-
ond, the present study could not take into consideration sex, 
age, H. pylori infection, or type of tissue [18,76], as it was diffi-
cult to obtain related information about the control groups. 
Moreover, since many studies—including a study that used 
paraffin-embedded tissue for the gastric cancer tissue but used 
endoscopic biopsy for control tissue—used multiple types of 
tissues, it was also difficult to control for the variation in type of 

tissue. Finally, the result of an individually matching case-control 
study should be presented as a matched OR. The present study 
had to estimate the OR based on frequency because it was a 
systematic review. In the future, case-control studies that match 
gastric cancer tissues and healthy individuals’ control tissues ac-
cording to sex and age should be conducted, and pooled case-
control studies that gather previous study reports and adjust for 
sex and age are also recommended.

In conclusion, the results of a meta-analysis that adjusted 
for heterogeneity among 39 case-control studies support the 
argument that EBV infection increases the risk of gastric cancer. 
Further analyses should be conducted separately for different 
types of control tissues. Moreover, in order to obtain a more ac-
curate SOR, case-control studies that match more strictly by 
sex, age, and type of tissue are required.

Figure 2. A forest plot of the summary effect size (ES =  odds ratio) using a random effects model by geographical area in 39 case-
control studies. 
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Figure 3. The forest plot of summary effect size (ES =  odds ratio) using a random effect model by types of control tissues and 
analysis methods in 47 datasets. ANT, adjacent normal stomach tissue away from tumor; ISH, in situ hybridization; NT; normal tis-
sue; PCR, polymerase chain reaction.

Table 3. Results of meta-regression 

logor Coefficient Standard error t p> |t| 95% confidence interval

nat -0.316648 0.2057256 -1.54 0.131 -0.731819 0.098523

py 0.4750994 0.5462101 0.87 0.389 -0.6271973 1.577396

mt 0.0841765 0.592198 0.14 0.888 -1.110928 1.27928

co -1.432607 0.5940019 -2.41 0.020 -2.631352 -0.233863

_cons 3.865909 1.147969 3.37 0.002 1.549213 6.182604

nat, global region (1=Far East Asia, 2=Middle East Asia, 3=  Europe, 4= the Americas); py, year of publication (1≤1999, 2≥2000); mt, methods of test (1= in situ 
hybridization, 2=polymerase chain reaction); co, types of control tissue (1=adjacent normal tissue away from tumor; 2=normal tissue from healthy control).

No. of observation =  47
tau2 =  1.534

I-squared_res =  58.35%
Adjusted R-squared =  17.89%

Model F (4,42) =  2.18
Prob >  F =  0.0873

Meta-regression
Residual maximum likelihood estimate of between-study variance
% residual variation due to heterogeneity
Proportion of between-study variance explained
Joint test for all covariates
With Knapp-Hartung modification
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