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BACKGROUND & AIMS:

METHODS:

RESULTS:

CONCLUSIONS:

Evidence suggests that a fraction of new gastric cancer cases may be etiologically associated
with Epstein-Barr virus (EBV), a known carcinogenic agent. We aimed to systematically explore
the proportion of EBV-positive gastric cancer.

We did a systematic review (PROSPERO CRD42020164473) from January 1990 to August 2021.
For each country and geographical region with available data, pooled prevalence and corre-
sponding 95% confidence intervals (CIs) of EBV in gastric tumors were calculated for 3 sub-
types of gastric adenocarcinoma (conventional adenocarcinoma, lymphoepithelioma-like
gastric carcinoma, and remnant/stump carcinoma). For conventional adenocarcinoma, preva-
lence ratios (PRs) were presented for sex, Lauren’s classification, gastric cancer stage, and
anatomical location of the stomach.

In 220 eligible studies including over 68,000 cases of conventional gastric adenocarci-
noma, EBV prevalence in tumor cells was 7.5% (95% CI, 6.9%-8.1%) and was higher in
men compared with women (PR, 2.1; 95% CI, 1.9-2.4), in diffuse type compared with
intestinal type (PR, 1.3; 95% CI, 1.1-1.5), and in the proximal region compared with the
distal region (PR, 2.5; 95% CI, 2.0-3.1). There was no difference in EBV prevalence by
gastric cancer stage. EBV prevalence was 75.9% (95% CI, 62.8%-85.5%) among
lymphoepithelioma-like gastric carcinoma and 26.3% (95% CI, 22.2%-32.0%) among
remnant or stump carcinoma.

Assuming a causal association between EBV and gastric cancer, our findings, when applied to
the GLOBOCAN 2020 gastric cancer incidence, suggest that primary prevention such as the
development of an effective EBV vaccine might prevent 81,000 EBV-associated gastric cancer
cases worldwide annually.
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astric cancer is the fourth most common and

fourth most lethal cancer worldwide, with over 1
million new cases and 770,000 deaths in 2020. Ac-
cording to GLOBOCAN 2020, which estimates annual
cancer incidence in 185 countries, the highest age-
standardized incidence rates (ASIRs) for gastric cancer
per 100,000 person-years are observed in eastern Asia
(32.5 for men; 13.2 for women), followed by central
and eastern Europe (17.4 for men; 7.1 for women),
and South America (12.1 for men; 6.1 for women).'
Given this high global burden, identifying modifiable
gastric cancer risk factors is crucial for better-
targeted prevention.

Over 90% of noncardia gastric cancers worldwide are
estimated to be attributable to Helicobacter pylori, as
well as a fraction of cardia gastric cancers in high
H. pylori prevalence regions, such as eastern Asia.”
Increasing evidence suggests an etiological role for

Epstein-Barr virus (EBV) in gastric cancer. EBV is a
ubiquitous gamma herpesvirus found in tumor tissue in
a proportion of stomach cancer.”* In adenocarcinoma,
terminal repeat analysis shows tumor cells to carry the
same monoclonal virus genome, suggesting tumor
development from a single EBV-infected cell, rather than
infection after malignant transformation.”® A causal as-
sociation has also been suggested between EBV and

Abbreviations used in this paper: ASIR, age-standardized incidence rate;
Cl, confidence interval; EBER, EBV-encoded RNA; EBV, Epstein-Barr vi-
rus; ISH, in situ hybridization; LELC, lymphoepithelioma-like gastric car-
cinoma; PR, prevalence ratio.
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lymphoepithelioma-like gastric carcinoma (LELC), which
constitutes 1%-5% of all gastric carcinoma,””® and
gastric remnant or stump adenocarcinoma in which EBV
prevalence varied from 6% to 30%.'"""

A 2009 systematic review estimated the global
prevalence of EBV in gastric cancer to be 8.7%."'" In
2014, the Cancer Genome Atlas program reported spe-
cific molecular features associated with EBV-associated
gastric cancer,'* further boosting research on this
topic. Here, we aimed to describe the prevalence of EBV
in gastric cancer by geographical region, sex, tumor
location, histology, and subtype.

Materials and Methods

Data Collection

We conducted a systematic review and meta-analysis
to determine the prevalence of EBV-associated gastric
cancer worldwide, according to PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis) recommendations (PROSPERO
CRD42020164473). We searched PubMed (MEDLINE),
Scopus, Web of Science, Embase, SciELO, CNKI, Wan
Fang, and ]J-STAGE, without language restriction (see
Supplementary Data 1 for search strategies) from
January 1, 1990, when in situ hybridization (ISH) for
EBV-encoded RNA 1 and 2 was introduced,® until
August 31, 2021. After removal of duplicate records, ti-
tles and abstracts were screened, and full texts were
reviewed (M.H. and C.d.M.). Any disagreements regarding
inclusion criteria were resolved through discussion.
References listed in included articles were reviewed for
additional publications.

Eligibility Criteria

Articles were eligible if they reported original data
with more than 20 unselected or representative gastric
adenocarcinoma cancer cases, published in peer-reviewed
journals, assessing EBV in tumor tissue using ISH.

Data Extraction and Quality Assessment

Two researchers (M.H. and C.d.M.) extracted the
following data, if available: first author, publication year,
journal, country, United Nations geographical region',
hospital name, median study year, sample size, average age,
sex, gastric cancer stage (early 0-IIb/advanced III-IV)"°,
Lauren’s classification (intestinal/diffuse), tumor subsite
(proximal [upper one-third of stomach]/distal [lower two-
thirds], and cardia/noncardia), tumor subtype (conven-
tional adenocarcinoma, LELC, stump/remnant adenocarci-
noma), and proportion of EBV-positive samples by ISH.

Each study was given a quality score assessing 11
methodological points based on modified STROBE
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What You Need to Know

Background

Emerging evidence suggests that a fraction of gastric
cancer, one of the most common cancers worldwide,
may be associated with a known carcinogenic agent,
Epstein-Barr virus (EBV).

Findings

Among over 68,000 gastric adenocarcinoma pa-
tients, we found EBV in 7.5% of tumor cells. This
finding was consistent globally.

Implication

Development of an effective EBV vaccine could pre-
vent up to 81,000 gastric cancer cases each year in
addition to preventing up to 150,000 other EBV-
related cancers.

(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines (Supplementary Data 2).*°

Statistical Analysis

Pooled EBV prevalence, 95% confidence intervals
(Cls), 95% prediction intervals, heterogeneity (I*), and
between-study variance (t%), were calculated using the
random intercept logistic regression model,"”'® with R
command “metaprop.”’’ Estimates were calculated
separately for conventional adenocarcinoma, LELC, and
stump or remnant adenocarcinoma. For conventional
adenocarcinoma, prevalence was also estimated by
United Nations region,'* individual country with over 30
studies, sex, Lauren’s classification, and tumor location.
Differences in EBV prevalence between groups were
assessed using Cochran’s Q test,”’ and publication bias
was evaluated by Egger’s test.”! EBV prevalence in con-
ventional gastric adenocarcinoma, LELC, and stump or
remnant adenocarcinoma was compared by a 2-
proportions z test.

Variations in EBV prevalence were further investi-
gated by 2019 Human Development Index,’* 2020
country gastric cancer ASIRs," quality score, and median
study year, categorized into tertiles. We conducted a
sensitivity analysis by excluding outliers using R’'s dme-
tar leave-one-out package (R statistical software version
4.0.4; R Foundation for Statistical Computing, Vienna,
Austria).”* A study was defined as an outlier when its
95% CI lay outside the 95% CI of the pooled effect.

Among subsets of studies with relevant information,
we calculated the prevalence ratio (PR) for sex, Lauren’s
classification (diffuse/intestinal), cancer stage (early/
advanced), and tumor location (proximal/distal, cardia/
noncardia) using DerSimonian and Laird’s random effect
model** with the Stata “metan” command (Stata version
15; StataCorp, College Station, TX).*
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Figure 1. Study area map. Purple: countries represented; red dot: geolocation of studies; light gray: countries with no included

data.

We estimated the global fraction of conventional
adenocarcinoma associated with EBV for each sex by
applying estimated EBV prevalence to 2020 GLOBOCAN
gastric cancer incidence.

Analyses were performed using Stata version 15 or R
statistical software version 4.0.4.

Results

We identified 7306 papers from 8 search engines
(Supplementary Figure 1). After excluding studies not
fulfilling our criteria, 775 full articles were retrieved, of
which 229 articles were included (Supplementary
Table 1).

Conventional Adenocarcinoma

A total of 220 case series with over 68,000 cases
from 37 countries reported EBV prevalence in con-
ventional adenocarcinoma (Figure 1). Over half the
studies were from eastern Asia: China (n = 51), Japan
(n = 38), and the Republic of Korea (n = 33) (Table 1).
Studies were also available from Europe (n = 44),
South America (n = 21), and North America (n = 16)
(Table 1). Only 1 study (Melanesia) was available from
Oceania, and none were available from sub-Saharan
Africa. Owing to the limited number of studies, we
pooled northern Africa; central, southeastern, and
southwestern Asia; and Melanesia. EBV prevalence in
conventional adenocarcinoma was 7.5% (95% CI,
6.9%-8.1%) globally (Table 1, Supplementary Figure 2)
and was similar across regions (P = .1 for Cochran’s Q
test).

Heterogeneity analysis for EBV prevalence in gastric
adenocarcinoma by Human Development Index, ASIRs,
median study year, or quality score found no statistically
significant differences between groups (Supplementary

Table 2). Egger’s test was also not statistically signifi-
cant (Supplementary Figure 3). The leave-one-out anal-
ysis identified 67 outlier studies. In the remaining 153
studies, global EBV prevalence in conventional adeno-
carcinoma was 7.0% (95% CI, 6.7%-7.3%)
(Supplementary Figure 4), consistent with the overall
result.

Of 220 studies, 108 provided EBV prevalence by sex
(10.2% [95% CI, 9.2%-11.3%] men, 3.9% [95% C],
3.1%-4.7%] women) (Table 1, Supplementary Figures 5
and 6). Fifteen studies found no EBV in adenocarcinoma
among women.

We calculated PRs for sex (n = 108), Lauren’s clas-
sification (n = 74) (Table 2), cancer stage (n = 29)
(Table 2), and tumor location (n = 54) (Table 3). Glob-
ally, men (PR, 2.1; 95% CI, 1.9-2.3) or diffuse type (PR,
1.3; 95% CI, 1.1-1.5) (Table 2) had a higher risk of
presence of EBV. We saw no difference in EBV preva-
lence by cancer stage (PR, 1.0; 95% CI, 0.8-1.3)
(Table 2). EBV prevalence was higher (PR, 2.5; 95% (I,
2.0-3.1) in tumors of the proximal region and was
similar among the 23 studies reporting cardia or non-
cardia region (PR, 2.1; 95% CI, 1.7-2.6) (Table 3).

Global Burden of EBV-Related Gastric Cancer

By applying sex-specific conventional adenocarci-
noma EBV prevalence to 2020 GLOBOCAN gastric cancer
incidence, we found 81,000 cases (71,000 men/10,000
women) to be associated with EBV.

LELC and Stump or Remnant Adenocarcinoma

Global prevalence of EBV in LELC (21 studies) was
75.9% (95% CI, 62.8%-85.5%), significantly higher than
in conventional adenocarcinoma (P < .001) (Figure 2). In
eastern Asia (n = 17), prevalence reached 82.5% (95%
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Table 1. Global EBV Prevalence in Conventional Gastric Adenocarcinoma

All Studies Studies Reporting on Sex
Men Women
EBV Total EBV EBV
Number of  Total Prevalence 2 (%), P Number of Population: Prevalence 2 (%),P P Prevalence 2 (%), P
Study Area Studies  Population (95% Cl) (%) P Value Value® Studies Men/Women (95% Cl) (%) Value Value® (95% CI) (%) P Value Value®
Eastern Asia 122 58,025 4 (6.7-8.1) 86, <.001 A 54 18,752/8431 3 (8.1-10.7) 84, <.001 0.2 6 (2.8-4.5) 56, <.001 3
China 51 22,689 8 (5.7-8.1) 90, <.001 25 11,173/4721 6 (6.2-9.2) 76, <.001 0 (2.2-3.9) 51, <.001
Japan 38 18,326 4 (6.5-8.5) 76, <.001 16 5271/2650 10 1(8.2-12.5) 72, <.001 3 (8.0-6.1) 53, <.001
Republic of Korea 33 12,070 2 (7.0-9.6) 84, <.001 13 2308/1000 11.7 (8.3-16.4) 87, <.001 8 (2.0-7.2) 47, .03
Europe 44 9063 8 (5.5-8.4) 82, <.001 22 2477/1589  10.2 (7.2-14.4) 81, <.001 6 (2.0-6.4) 82, <.001
South America 21 3444 9 (8.0-12.1) 73, <.001 14 1630/1099  12.1 (9.4-15.5) 63, <.001 1(3.7-9.8) 66, <.001
North America 16 1576 7 (6.3-11.1) 74, <.001 8 578/289 14.1 (9.0-21.4) 67, <.001 1 (0.9-10.5) 57, .18
Others® 17 1800 2 (4.2-12.2) 84, <.001 10° 734/410 11.1 (8.0-15.2) 45, .05 7 (0.9-7.8) 52, 13
Total 220 68,908 5(6.9-8.1) 85, <.001 108 24,171/11,818 10.2 (9.2-11.3) 81, <.01 8 (3.1-4.7) 72, <.01

Values are n or prevalence (%), with 95% CI in brackets, unless otherwise indicated.
Cl, confidence interval; EBV, Epstein-Barr virus.
@For Cochran’s Q test.

bAIgeria (n = 1); India: 1; Iran: 1; Kazakhstan: 1; Malaysia: 1; Pakistan: 1; Papua New Guinea: 1; Singapore: 2; Thailand: 1; Tunisia: 4; Turkey: 2; Uzbekistan: 1.

°Algeria (n = 1); India: 1; Iran: 1; Kazakhstan: 1; Malaysia: 1; Singapore: 1; Tunisia: 2; Turkey: 1; Uzbekistan: 1.
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Cl, 75.2%-88.0%), while in other studies (Italy, Portugal,
United States) it was 29.5% (95% CI, 6.4%-72.0%) (P for _ g i - o <« 5 é
Cochran’s Q test < .001) (Figure 2). g = Sl 60« |V
Global prevalence of EBV in stump or remnant @ Sa | ® = 3
adenocarcinoma (9 studies: 8 in eastern Asia, 1 in %)_J Sle e s < &
Europe) was 26.3% (95% CI, 21.2%-32.0%), signifi- = Tl s 7 5 7 -
cantly higher than in conventional adenocarcinoma (P < S 2 g S 8 s & s
.001). Prevalence in eastern Asia was 25.1% (95% CI, S w ‘é Noo g g =
19.9%-31.2%) (Figure 3). % ;
g5 £8|o ©
o o N © — O <
Discussion 2l18l=s5|888&88 | 8
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We conducted a systematic review and meta- ° < o E i o
analysis estimating global, regional, and country- S| 2 —
specific pooled EBV prevalence in gastric cancer based <<§ %’ ; 8
on studies published in the past 30 years. We found = | w £ T ® T ¥ Q
global prevalence for conventional adenocarcinoma to & e n %’:
be 7.5% in 220 studies from 37 countries. Higher EBV T - _
prevalence was associated with being male (PR, 2.1), 8 Qg _ § S 5 <+ 8
having a diffuse-type tumor (PR, 1.3), or having a tumor § j—* S - V. v a oV
in the proximal region (PR, 2.5). EBV prevalence in g I B @ g
LELC and stump or remnant adenocarcinoma was 10 QC) Sle =25 5 5 &
and 4 times higher compared with conventional = EZ| s 7 9 § § 7
adenocarcinoma, respectively. Our findings for EBV 2l s >0 |8 @ 2 9 2 =
prevalence in conventional gastric adenocarcinoma g % E °\L: [r_; ; < = ; F;
were in line with previous studies by Murphy et al =gl < e~ = - - 7T
(men: 11% [95% CI, 8.7%-14.1%]; women: 5.2% [95% S P g >
Cl, 3.6%-7.4%); overall: 8.7% [95% CI, 7.5%-10.0%])" 3l 2| _5%|3 o o 9
as well as the Cﬁzncer Genome Atlas Research Network g é g g £ § 3 o § % g =
(overall: 8.8%). S|o|Fgglsd 8§ = IR 8 2
In our review of conventional adenocarcinoma, some Xe] o E ~ 5 5 S §
of the included studies did not specify whether LELC 3 o = 2 =}
subtype was included in their series. Because EBV § ? ® =
prevalence in LELC adenocarcinoma is higher than in g 3 T | v e v o —QE;
conventional adenocarcinoma, our global EBV preva- ) Ez| Y T - %:
lence (7.5) may be an overestimation. However, despite § z § K
the differences in gastric cancer risk," our regional esti- = S E Y . (i:; %
mates of EBV prevalence remained remarkably consis- 5' :"g '; ;, z : PERE g":
tent, and therefore, seem robust. S —a N N o ©
Of 54 studies, 23 distinguished between cardia and S . g 6 6 & 8 8§ & ; %
noncardia gastric cancer with a similar PR (2.1; 95% ClI, g o= E g E i i c‘?" 85
1.7-2.6) to our finding for proximal compared with distal =] 5 3 ° LA T N A T o
region (PR, 2.5; 95% CI, 2.0-3.1), supporting our finding 2| § w LIJ a4 & o « A 59
that EBV is more prevalent in tumors arising in the upper S| = N : © <3
region of the stomach. This might imply a distinct etiol- 2|9 68|55 833 o o ® i?_
ogy for EBV-associated gastric cancer. There is no S| 5|88 |(d 2 2 & ¥ ¢ £ g
consensus on cardia region definition,”® and the defini- (g e é% © E § E E K~ § g
tions of cardia or proximal region varied between 35 e2|s & - S €5
studies, when provided. Of note, most studies providing 4:‘:3 B ., u‘%f -
tumor location were from eastern Asia, where H. pylori 2 g % v 8 v o5 © = § §
has been found to be associated with a fraction of cardia ,qf ez T S i a
gastric cancer.”’ o 2® § g%
Globally, the prevalence of gastric cancer is known ; S g ££2
to be twice as high in men." The reasons for this dif- i 8|3 é 5 §ﬁ§
ference in prevalence are largely unknown. One o i ; o < £ I e 5%
possible explanation is the protective effect of estro- % S| 2 S £ £ s 5 §§ E]
gen’® and its immunomodulatory effects. Our study = 8 a2 8 2 8 R S<E
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Table 3. EBV PR Presented for Anatomical Locations (Proximal vs Distal and Cardia vs Noncardia) in Conventional Gastric
Adenocarcinoma

Proximal vs Distal Cardia vs Noncardia

Number of Total Population:  EBV PR I? (%), Number of Total Population: EBV PR ? (%),
Study Area Studies  Proximal/Distal (95% CIl) (%) P Value Studies Cardial/Noncardia (95% CI) (%) P Value

Eastern Asia 27 6191/5570 0(2.4-3.8) 44,.01 10 610/4178 3(1.7-8.1) 27, .2
Europe 9 553/646 8(1.3-6.3) 51, .03 8 194/867 1(1.3-83) 0.4
South America 10 762/1143 8(1.4-24) 0,.4 1 27/140 9 (0.5-6.9) N/A
North America 3 122/97 5(0.3-7.0) 48, .3 1 45/59 5(0.1-2.6) N/A
Others 5° 365/384 0 (0.7-1.5) 9.5, .1 3" 57/255 3(05-33) 0.8
Total 54 7991/7731 5(2.0-3.1) 64, <.001 23 933/5499 1(1.7-26) 81,3

Cl, confidence interval; EBV, Epstein-Barr virus; N/A, not available; PR, prevalence ratio.
@Algeria (n = 1); India: 1; Iran: 1; Tunisia: 1; Turkey: 1.
b|ndia (n = 1); Tunisia: 1; Turkey: 1.

found higher EBV prevalence in men (PR, 2.1; 95% CI, that biallelic expression of tumor-suppressor genes on
1.9-2.3), suggesting a protective role for estrogen in the X chromosomes better protects women against EBV
EBV-associated gastric cancer. Another hypothesis is carcinogenesis.”’

Study (Year) Country EBV+ ;2:|I1Iation Prevalence 95% CI
Eastern Asia
Tokunaga, M. (1993) Japan 18 20 — 90.0 [68.3—98.7]
Nakamura, S. (1994) Japan 82 99 . 82.8 [73.9—89.7]
Takano, Y. (1994) Japan 27 30 —a 90.0 [73.5—97.9]
Matsunou, H. (1995) Japan 22 26 — 84.6 [65.1—95.6]
Ohfuji, S. (1996) Japan 19 22 —— 86.4 [65.1—97.1]
Chen, S. (1997) China 82 99 - 82.8 [73.9—89.7]
Ojima, H. (1997) Japan 60 65 — 92.3 [82.9—97.5]
Kume, T. (1999) Japan 30 45 —a 66.7 [51.0—80.0]
Chang, M. (2000) Korea, Republic of 30 45 — 66.7 [51.0—80.0]
Cho, M. (2004) Korea, Republic of 19 24 — 79.2 [67.8—92.0]
Tobo, T. (2013) Japan 76 104 —— 73.1 [63.5—81.3]
Huh, C. (2016) Korea, Republic of 26 36 —B— 72.2 [54.8—85.8]
Min, B. (2016) Korea, Republic of 124 145 — 85.5 [78.7—90.8]
Chen, H. (2017) China 27 27 —= 100.0 [82.2—100.0]
Lim, H. (2017) Korea, Republic of 215 241 = 89.2 [84.6—92.8]
Park, S. (2017) Korea, Republic of 23 26 — 88.5 [69.8—97.5]
Fang, W. (2020) China (Taiwan) 1 30 —— 36.7 [19.9—56.1]
. 1084 = 82.5 [75.2—88.0]
Europe and North America
Chiaravalli, A. (2001) ltaly 7 66 —— 10.6 [4.4 —20.6]
Young, G. (2008) United States of America 6 20 —_— 30.0 [11.9—54.3]
Gullo, I. (2018) Portugal 15 21 —— 71.4 [47.8—88.7]
Hissong, E. (2018) United States of America 7 3 —— 226 [9.6—41.0]
138 ——r 29.5 [6.4—72.0]
Random effects model 1222 —~— 75.9 [62.8—85.5]
Prediction interval [16.4—98.1]

Heterogeneity: 12=90%,1°=1.6745, p <0.01 ! J J J J !
0 20 40 60 80 100
EBV prevalence (%)

Figure 2. Global EBV prevalence in lymphoepithelioma-like gastric carcinoma.
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Study (Year) Country

Eastern Asia

Tokunaga, M. (1993) Japan 6 23
Yamamoto, N. (1994) Japan 13 48
Chang, M. (2000) Korea, Republic of 5 26
Tanigawa, H. (2000) Japan 10 45
Kaizaki, Y. (2005) Japan 18 78
Chen, J. (2011) China 8 26
Huang, S. (2014) China 10 31
Liu, S. (2016) China 13 53
330

Europe

van Rees, B. (1999) Netherlands 10 24

Random effects model 354
Prediction interval

Heterogeneity: 12=0%, 7= 0, p=0.74

EBV+ Total population

Clinical Gastroenterology and Hepatology Vol. 21, Iss. 4

Prevalence 95% CI

26.1 [10.2—48.4]
— 271 [15.3—41.8]

19.2 [6.5—39.5]
—_— 22.2 [11.2—37.1]
—B— 23.1 [14.3—34.0]
30.8 [14.3—51.8]
32.3 [16.7—51.4]
—_— 24.5 [13.8—38.3]
= 251 [19.9—31.2]
41.7 [21.2—32.0]
— 26.3 [21.2—32.0]
— [21.1—32.2]

0 10 20 30 40 50

EBV prevalence (%)

Figure 3. Global EBV prevalence in gastric remnant or stump adenocarcinoma.

While some studies demonstrated a strong associa-
tion between EBV and diffuse type,**" others described
equal EBV prevalence in both intestinal and diffuse
types.’*** In our study, EBV prevalence was marginally
higher (PR, 1.3; 95% CI, 1.1-1.5) in diffuse-type tumors.
Findings on EBV prevalence and cancer stage have also
been inconsistent. A previous meta-analysis®* showed
higher EBV prevalence in advanced gastric cancer. We
found no statistical difference in EBV prevalence by
clinical stage, in agreement with another study.'’

Regional differences in EBV prevalence in LELC were
found between eastern Asia (82.5%; 95% CI, 75.2%-
88.0%) and others (29.5%; 95% CI, 9.4%-72.0%). The
high prevalence in eastern Asia is comparable to that of
nasopharyngeal carcinoma, a cancer histologically
similar to LELC and etiologically linked to EBV. Our es-
timate was lower than a previous meta-analysis'’
because we included only studies with over 20 pa-
tients, while the previous study used single case reports
or small case series that were all positive for EBV,
probably leading to a slight overestimation of EBV
prevalence in this subtype of gastric adenocarcinoma.

A strength of our research is that we included only
studies using EBV-encoded RNA by ISH, the gold stan-
dard for detecting and localizing EBV.>> % A further
strength is the absence of language restrictions, allowing
the inclusion of a large number of studies. Additionally,
we applied predefined eligibility criteria, found no strong
geographical variation, and conducted sensitivity
analyses.

A limitation of our review is that over 50% of the
included studies were from eastern Asia. In Oceania or
sub-Saharan Africa, almost no studies were found. We
pooled data for certain countries due to lack of studies.
While results may not be representative of any of the
individual regions, they were consistent with the global

estimation. Excluding any of the regions did not shift our
findings. A further limitation was the high heterogeneity
between studies, which could be expected for studies by
different researchers, in various countries, and using
different methods, pooled under a single parameter.’’
We were unable to analyze the effect of potential con-
founders such as age and smoking due to the limited data
on comparable groups. For LELC and remnant or stump
adenocarcinoma, there may have been a selection or
ascertainment bias despite our efforts to include repre-
sentative cases.

How EBV infects human gastric epithelial cells while
interacting with H. pylori remains unclear. Stomach
inflammation and atrophy in gastric epithelial cells due
to long-established H. pylori infection may attract B
lymphocytes harboring latent EBV, initiating B cell lytic
cycle, and facilitating viral transmission.*” Lymphocyte
attraction in a postsurgery damaged gastric epithelium
could also explain the high number of EBV-positive
stump or remnant adenocarcinomas found in this review.

EBV may increase the risk of malignant trans-
formation in the stomach through microRNAs such as
BARF1, which are strongly expressed in gastric cancer
cells and have been shown to act as oncogenes, pro-
moting cell proliferation by upregulating transcription
factor signals and reducing cell cycle inhibitors.*"** DNA
methylation is also crucial to the oncogenetic process,*’
induced by EBV LMP2A (latent membrane protein 2A),
often expressed in EBV-associated gastric cancer.*’

Our study showed that 81,000 conventional gastric
adenocarcinoma (71,000 men and 10,000 women) are
potentially attributable to EBV worldwide in addition to
150,000 cases of other cancers causally associated with
EBV such as nasopharyngeal cancer, non-Hodgkin lym-
phoma, and Burkitt lymphoma.” Since 2011, there has
been a consensus on implementing EBV vaccination
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trials with the aim of preventing infectious mono-
nucleosis and EBV-related cancers.** With recent ad-
vances in the understanding of virology, vaccine
technology, and synthetic biology,”® particularly in the
context of COVID-19, new opportunities for vaccine
development have emerged. Development of an EBV
vaccine may be the key to EBV-associated cancer
prevention.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at http://doi.org/10.1016/j.cgh.2022.07.042.
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Supplementary Appendix

Supplementary Data 1: Search Terms

Embase.
Search
Number Search terms
#17 #15 OR #16
#16 ('epstein barr virus associated gastric cancer’:ti,ab,kw

OR ’epstein barr virus associated gastric
carcinoma’:ti,ab,kw OR ’ebvagc’:ti,ab,kw)

#15 #8 AND #14

#14 #12 OR #13

#13 epstein barr virus’/de

#12 #9 OR #10 OR #11

#11 (infectious mononucleosis’:ti,ab,kw OR ’infectious
mononucleosis virus*’:ti,ab,kw)

#10 (human herpesvirus 4*’:ti,ab,kw OR ’human herpes
virus 4*:ti,ab,kw OR ’hhv 4*’:ti,ab,kw)

#9 ('epstein barr virus*:ti,ab,kw OR ’ebv*’:ti,ab,kw OR
‘epv*’:ti,ab,kw OR ’eb virus*:ti,ab,kw OR ’epstein
virus*’:ti,ab,kw)

#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7

#7 ('stomach tumor’/de OR ’stomach cancer’/de)

#6 ('gastric adenocarcinoma™*’:ti,ab,kw OR ’stomach
adenocarcinoma*’:ti,ab,kw)

#5 ('gastric tumor*’:ti,ab,kw OR ’gastric tumour*’:ti,ab,kw
OR ’stomach tumor*’:ti,ab,kw OR ’stomach
tumour*’:ti,ab,kw)

#4 ('gastric neoplasia™:ti,ab,kw OR ’stomach
neoplasia*’:ti,ab,kw)

#3 ('gastric neoplasm*’:ti,ab,kw OR ’stomach
neoplasm™*’:ti,ab,kw)

#2 ('gastric carcinoma®’:ti,ab,kw OR ’stomach
carcinoma®’:ti,ab,kw)

#1 ('gastric cancer*’:ti,ab,kw OR ’stomach
cancer*’:ti,ab,kw)

PubMed

((((((epstein barr virus associated gastric cancer*[Ti-
tle/Abstract]) OR epstein barr virus associated gastric
cancer*[Text Word])) OR ((epstein barr virus associated
gastric carcinoma[Title/Abstract]) OR epstein barr virus
associated gastric carcinoma[Text Word])) OR ((ebvagc
[Title/Abstract]) OR ebvagc[Text Word]))) OR
CCCCCcccccecccepstein  barr  virus[Title/Abstract]) OR
epstein barr virus[Text Word])) OR ((human herpesvirus

Epstein-Barr Virus—Associated Gastric Cancer 930.e1

4[Title/Abstract]) OR human herpesvirus 4[Text Word]))
OR ((infectious mononucleosis[Title/Abstract]) OR infec-
tious mononucleosis[Text Word])) OR ((human herpes
virus 4[Text Word]) OR human herpes virus 4[Title/Ab-
stract])) OR ((epstein virus[Title/Abstract]) OR epstein
virus[Text Word])) OR ((ebv[Title/Abstract]) OR ebv
[Text Word])) OR ((epv[Title/Abstract]) OR epv[Text
Word])) OR ((eb virus[Title/Abstract]) OR eb virus[Text
Word])) OR ((infectious mononucleosis virus[Title/Ab-
stract]) OR infectious mononucleosis virus[Text Word])))
OR Herpesvirus 4, Human[MeSH Terms])) AND ((stomach
neoplasms[MeSH Terms]) OR ((((((((((((((gastric cancer*
[Title/Abstract]) OR gastric cancer*[Text Word])) OR
((stomach cancer*[Title/Abstract]) OR stomach cancer*
[Text Word])) OR ((stomach carcinoma*[Text Word]) OR
stomach carcinoma*[Title/Abstract])) OR ((gastric carci-
noma*[Title/Abstract]) OR gastric carcinoma*[Text
Word])) OR ((gastric neoplasm*[Text Word]) OR gastric
neoplasm*[Title/Abstract])) OR ((stomach neoplasm*
[Title/Abstract]) OR stomach neoplasm*[Text Word])) OR
((stomach neoplasia*[Title/Abstract]) OR stomach
neoplasia*[Text Word])) OR ((gastric neoplasia*[Title/
Abstract]) OR gastric neoplasia*[Text Word])) OR
((((gastric tumor*[Title/Abstract]) OR gastric tumor*
[Text Word]) OR gastric tumour*[Text Word]) OR gastric
tumour*[Title/Abstract])) OR ((((stomach tumor*[Title/
Abstract]) OR stomach tumor*[Text Word]) OR stomach
tumour*[Title/Abstract]) OR stomach tumour*[Text
Word])) OR ((stomach adenocarcinoma*[Title/Abstract])
OR stomach adenocarcinoma*[Text Word])) OR ((gastric
adenocarcinoma*[Title/Abstract]) OR gastric adenocar-
cinoma*[Text Word]))))

Scopus

"((TITLE-ABS-KEY("epstein barr virus associated
gastric cancer") OR TITLE-ABS-KEY("epstein barr virus
associated gastric carcinoma")OR TITLE-ABS-
KEY("ebvagc))) OR ((((TITLE-ABS-KEY("epstein barr
virus") OR TITLE-ABS-KEY("ebv") OR TITLE-ABS-
KEY("epv") OR TITLE-ABS-KEY("eb virus") OR TITLE-
ABS-KEY("epstein virus"))) OR ((TITLE-ABS-KEY("hu-
man herpesvirus 4") OR TITLE-ABS-KEY("human herpes
virus 4")OR TITLE-ABS-KEY("hhv 4"))) OR ((TITLE-ABS-
KEY("infectious = mononucleosis”) OR  TITLE-ABS-
KEY("infectious mononucleosis virus")))) AND (((TI-
TLE-ABS-KEY("gastric cancer” ) OR TITLE-ABS-
KEY("stomach cancer"))) OR ((TITLE-ABS-KEY("-
stomach carcinoma") OR TITLE-ABS-KEY("gastric carci-
noma"))) OR ((TITLE-ABS-KEY("stomach neoplasia") OR
TITLE-ABS-KEY("gastric neoplasia”))) OR ((TITLE-ABS-
KEY("stomach neoplasm") OR TITLE-ABS-KEY("gastric
neoplasm"))) OR ((TITLE-ABS-KEY("stomach tum*") OR
TITLE-ABS-KEY("gastric tum*"))) OR ((TITLE-ABS-
KEY("stomach adenocarcinoma”™) OR  TITLE-ABS-
KEY("gastric adenocarcinoma")))))
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SciELO

((ab:(epstein barr associated gastric carcinoma)) OR
(ti:(epstein barr associated gastric carcinoma)) OR
(ab:(epstein barr associated gastric cancer)) OR (ti:(ep-
stein barr associated gastric cancer)) OR OR (ab:(eb-
vagc)) OR (ti:(ebvagc))) OR (((((ab:(gastric cancer*)) OR
(ti:(gastric cancer*)) OR (ti:(gastric lymphoma*)) OR
(ab:(gastric lymphoma*)) OR (ti:(gastric neoplasm*)) OR
(ab:(gastric neoplasm*)) OR (ti:(gastric neoplasia*)) OR
(ab:(gastric neoplasia*)) OR (ti:(stomach cancer*)) OR
(ab:(stomach cancer*)) OR (ti:(stomach lymphoma*)) OR
(ab:(stomach lymphoma*)) OR (ti:(stomach neoplasm*))
OR  (ab:(stomach neoplasm*)) OR (ti:(stomach
neoplasia*)) OR (ab:(stomach neoplasia*)) OR (ti:(stom-
ach tumor*)) OR (ab:(stomach tumor*)) OR (ti:(stomach
tumour*)) OR (ab:(stomach tumour*)) OR (ti:(gastric
tumour*)) OR (ab:(gastric tumour*)) OR (ti:(gastric tu-
mor*)) OR (ab:(gastric tumor*)) JAND ((ab:(epstein barr
virus)) OR (ti:(epstein barr virus)) OR (ab:(human
herpesvirus 4 )) OR (ti:(human herpesvirus 4 )) OR
(ab:(human herpes virus 4 )) OR (ti:(human herpes virus
4 )) OR (ab:(hhv 4)) OR (ti:(hhv 4)) OR (ab:(ebv)) OR
(ti:(ebv)) OR (ab:(epv)) OR (ti:(epv)) OR (ab:(eb virus))
OR (ti:(eb virus)) OR (ab:(epstein virus)) OR (ti:(epstein
virus)) OR (ab:(infectious mononucleosis virus)) OR
(ti:(infectious mononucleosis virus)) OR (ab:(infectious
mononucleosis )) OR (ti:(infectious mononucleosis)))))

World of Science

Search number Search terms

30 #29 OR #25

29 #28 OR #27 OR #26

28 TS=(ebvagc) OR Tl=(ebvagc)

27 TS=(epstein barr virus associated gastric

carcinoma®) OR Tl=(epstein barr virus
associated gastric carcinoma®)

26 TS=(epstein barr virus associated gastric
cancer®) OR Tl=(epstein barr virus
associated gastric cancer®)

25 #24 AND #13

24 #23 OR #22 OR #21 OR #20 OR #19 OR #18
OR #17 OR #16 OR #15 OR #14

23 TS=(infectious mononucleosis virus) OR
Tl=(infectious mononucleosis virus)

22 TS=(infectious mononucleosis) OR
Tl=(infectious mononucleosis)

21 TS=(epstein virus) OR Tl=(epstein virus)

20 TS=(eb virus) OR Tl=(eb virus)

19 TS=(epv) OR TI=(epv)

Continued

Clinical Gastroenterology and Hepatology Vol. 21, Iss. 4

Search number

Search terms

18
17
16

15

14

13

12

11

10

TS=(ebv) OR TI=(ebv)
TS=(hhv 4) OR TI=(hhv 4)

TS=(human herpes virus 4) OR Tl=(human
herpes virus 4)

TS=(human herpesvirus 4) OR Tl=(human
herpesvirus 4)

TS=(epstein barr virus) OR Tl=(epstein barr
virus)

#12 OR #11 OR #10 OR #9 OR #8 OR #7 OR
#6 OR #5 OR #4 OR #3 OR #2 OR #1

TS=(gastric tumor*) OR Tl=(gastric tumor*) OR
TS=(gastric tumour*) OR Tl=(gastric
tumour*)

TS=(stomach tumor*) OR Tl=(stomach tumor®)
OR TS=(stomach tumour*) OR
Tl=(stomach tumour®)

TS=(gastric neoplasia*) OR TI=(gastric
neoplasia®)

TS=(stomach neoplasia*) OR Tl=(stomach
neoplasia®)

TS=(gastric neoplasm*) OR Tl=(gastric
neoplasm®)

TS=(stomach neoplasm*) OR Tl=(stomach
neoplasm®)

TS=(stomach adenocarcinoma*) OR
Tl=(stomach adenocarcinoma®)

TS=(gastric adenocarcinoma*) OR Tl=(gastric
adenocarcinoma’®)

TS=(stomach carcinoma*) OR Tl=(stomach
carcinoma®)

TS=(gastric carcinoma*) OR Tl=(gastric
carcinoma’®)

TS=(stomach cancer*) OR Tl=(stomach
cancer®

TS=(gastric cancer*) OR Tl=(gastric cancer®)

fBE4 or KY="EBJE S
BIE or Tl=

CNKI

((TI="EBV’ or TI="Epstein Barr virus’ or TI="eb virus’
or TI="human herpesvirus 4’ or TI="hh4’ or TI="'AZE
r‘r%%élﬁ'—_’ or TI=" AZEBEZTRES or TI="EBRE’ or
=ERMRRAIIEZIE  or  KY="EBV'  or
KYf Epstein Barr virus’ or KY="eb virus’ or KY="human
herpesvirus 4’ or KY="hh4’ or KY='infectious mono-

nucleosis’ or KY="AKBEZHREF4E) or KY="AXEZ

and (TI=

ERAhIE or KY="8

* or KY="1Z 44 PR AFIIE L IE)
SR or TI="BE8E or TI="8B
%' or KY="BJ&’ or KY="B &= or
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KY="8 ZR$JE") or (TI='EBVAE X BY&E or TI="HH4%H X
B or TI="EBVAR % BHHJE’ or TI="HH448 X BFE’ or
KY="EBVAH % B%&’ or KY="HH4%8 X B & or KY="EBV#H
% BEhE or KY="HH448 % B &)

Wanfang

45y X $#38): (((“EBV” or “Epstein Barr virus” or “eb
virus” or “human herpesvirus 4” or “hh4” or “ABEZTH
BHEAR or “AZEELTRE4" or “EBfRE" or “ERMER
&%H@@%En) and (ME;;:" or “EEHqu" or uEE_\_LB X or
“BERAFIE") or (“EBVAEXBIE” or “HHAMEX BE" or
“EBVAE X BI&” or “HH41EX BMYE” or “EBVAEX B

Epstein-Barr Virus—Associated Gastric Cancer 930.e3

2 or “HH44E ¥ B or “EBVHE % BIE” or “HH4AE ¥
B "))

J-Stage

( ((“EBV” or “Epstein Barr virus” or “eb virus” or
“human herpesvirus 4” or “hh4” or “EBU 1 JLR” “T S
A4 IN—=T74)LR"and "B A or" B o' EDE
di:2E))

Supplementary Data 2: Quality Score
Questionnaires

Variable name

Description of the variable

Note

1. Publication

2. Study aim

3. Study period

4. Representativity

5. Age and sex

6. EBER testing

7. Definition of EBV

8. Anatomical location

9. Lauren class

10. EBV sex

11. EBV age

Total score

Whether the study was a full article (1=Y, 0=N)

Whether the authors specifically indicated that the
aim of the study was to estimate EBV
prevalence (1=Y, 0=N)

Whether the authors described the year(s) the
study samples were collected (1=Y, 0=N)

Whether the study methods indicated that the
samples were likely to be representative, eg,
using words such as “randomly selected,” “all
patients,” “representative,” “consecutive” (1=Y,
0=N)

Whether the study provided mean/median age and
number of men/women for the population (1=Y,
0=N)

Whether the study described the ISH process in
sufficient details, made a reference to a process
described in a previous paper, or used a
commercial tool kit (1=Y, 0=N)

Whether the study gave an acceptable definition of
how they classified a tumour as EBV positive by
ISH (1=Y, 0=N)

Whether the study provided the information on
anatomical location of the tumour for the study
population (at least cardia vs non-cardia) (1=Y,
0=N)

Whether the study provided the information on
Lauren’s classification (or equivalent) of the
tumour for the whole population (at least
intestinal vs diffuse) (1=Y, 0=N)

Whether the study provided the information on
gender by EBV status (1=Y, 0=N)

Whether the study provided the information on age
by EBV status (1=Y, 0=N)

Sum of variables 1-11, 11 being the highest score

For meeting abstracts, coded 0

*To be assigned 1, the paper had to provide both
age and gender

This might be a % of positive tumour cells or all
positive tumour cells

If the study initially reported only cardia or only
non-cardia, score 1.

If the study initially reported only intestinal or
diffuse, score 1.

EBV, Epstein-Barr virus; N, no; Y, yes.
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10.

11.

12.
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14.

15.

16.
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.S, Records identified from PubMed, MEDLINE, Web
= of Science, SCOPUS, SciELO (Spanish),
é_.: J-STAGE (Japanese), CNKI (Chinese),
= Wan Fang (Chinese)
g (n=7306)
=
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»| Duplicates removed
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) 4
=
= Records screened after
= removing duplicates
5 (n=3233) Records excluded based on title and abstract (n=2458)
2 Not an original article (n=1008)
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Supplementary Figure 1. Flowchart showing the successive steps of literature search and selection process. EBER, Epstein-
Barr virus—encoded RNA; EBV, Epstein-Barr virus; LELC, lymphoepithelioma-like gastric carcinoma.
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Total
Region Studies population Prevalence 95% CI
Eastern Asia 122 53 025 ° 74 [6.7-8.1)
Europe 44 9063 < 6.8 [55-8.4]
South America 21 3444 < 9.9 [8.0-12.1]
North America 16 1576 <= 7.7  [5.3-11.1]
Others* 17 1800 e 72 [4.2-12.2)
Random effects model 220 68 908 o 75 [69-8.1]
Prediction interval [2.6—19.9]
Heterogeneity: 1%= 85%,17=0.3212 ,p< 0.01 N D I I L L

0 5 10 15 20 25 30 35
EBV prevalence (%)

Supplementary Figure 2. Global Epstein-Barr virus (EBV) pooled prevalence in conventional gastric adenocarcinoma. Cl,
confidence interval. *Includes Algeria (n = 1); India (1); Iran (1); Kazakhstan (1); Malaysia (1); Pakistan (1); Papua New Guinea (1);
Singapore (2); Thailand (1); Tunisia (4); Turkey (2); and Uzbekistan (1). P=percentage of variation across studies due to het-
erogeneity rather than chance.
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Region Studies
Eastern Asia 84
Europe 29
South America 16
North Ameria 12
Others* 12
Random effects model 153

Prediction interval
Heterogeneity: 1%= 19%, 7=0.0127 ,p=0.03

Epstein-Barr Virus—Associated Gastric Cancer 930.e13
Total

population Prevalence 95% CI
53 025 © 7.0 [6.7-74]
9063 < 6.7 [59-7.7]
3444 - 82 [6.9-9.7]
1576 - 6.5 [4.8-88]
1800 == 6.3 [4.8-8.1]
68 908 o 70 [6.7-7.3]

— [5.7-8.7]

5 10 15 20
EBV prevalence (%)

Supplementary Figure 4. Global Epstein-Barr virus (EBV) pooled prevalence in conventional gastric adenocarcinoma,
excluding outliers. Cl, confidence interval. *Includes India (n = 1); Kazakhstan (1); Malaysia (1); Pakistan (1); Singapore (2);

Thailand (1);Tunisia (2); Turkey (2); and Uzbekistan (1).

Region Studies
Eastern Asia 54
Europe 22
South America 14
North America 8
Others* 10
Random effects model 108

Prediction interval
Heterogeneity: 1= 81% , T°=0.2843 , p<0.01

Total
population Prevalence 95% CI
18 752 < 9.3 [8.1-10.7 ]
2477 — 10.2 [7.2-14.4]
1630 E——— 12.1 [9.4-155]
578 ———— 14.1 [9.0-214]
734 g 11.1 [8.0-15.2]
24171 <> 10.2 [9.2-11.3]
[3.8-24.8]
T T 1T T T T 1
0 5 10 15 20 25 30 35

EBV prevalence (%)

Supplementary Figure 5. Global Epstein-Barr virus (EBV) pooled prevalence in conventional gastric adenocarcinoma among
men. Cl, confidence interval. *Includes Algeria (n = 1); India (1); Iran (1); Kazakhstan (1); Malaysia (1); Singapore (1); Tunisia (2);

Turkey (1); and Uzbekistan (1).
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Total

Region Studies population Prevalence  95% CI
Eastern Asia 54 8431 <& 3.6 [2.9-4.5)]
Europe 22 1589 < 36 [5.9-7.7]
South America 14 1099 e 6.1 [6.9-9.7]
North America 8 289 < 3.1 [4.8-8.8]
Others* 10 410 e — 2.7 [4.8-8.1]
Random effects model 108 11 818 o 3.8 [6.7-7.3]
Prediction interval [5.7-8.7]
Heterogeneity: 1= 72%, °= 0.6805, p<0.01 T

0 5 10 15 20 25 30 35
EBV prevalence (%)
Supplementary Figure 6. Global Epstein-Barr virus (EBV) pooled prevalence in conventional gastric adenocarcinoma among

women. Cl, confidence interval. *Includes Algeria (n = 1); India (1); Iran (1); Kazakhstan (1); Malaysia (1); Singapore (1); Tunisia
(2); Turkey (1); and Uzbekistan (1).
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Supplementary Table 1. Characteristics of Included Studies

First Author Total Male Male Female Female
(Published Year) Country Region Patients EBV+ Patients EBV+ Patients EBV+
Shibata, D. (1992)' United States North America 138 22 99 21 39 1
Rowlads, D. (1993) United Kingdom Europe 120 5 NA NA NA NA
Rowlads, D. (1993)° Japan Eastern Asia 54 4 NA NA NA NA
Tokunaga, M. (1993)° Japan Eastern Asia 1795 120 1148 100 647 20
Manivel, J. (1994)* Mexico South America 30 2 NA NA NA NA
Manivel, J. (1994)* United States North America 48 2 NA NA NA NA
Mori, M. (1994)° Japan Eastern Asia 31 2 NA NA NA NA
Ott, G. (1994)” Germany Europe 39 7 NA NA NA NA
Wang, M. (1994)° China Eastern Asia 61 1 NA NA NA NA
Wang, M. (1994)° China Eastern Asia 49 3 NA NA NA NA
Yamamoto, N. (1994)'° Japan Eastern Asia 1806 99 NA NA NA NA
Yuen, S. (1994)' China Eastern Asia 74 7 52 7 22 0
Harn, H. (1995)'2 China Eastern Asia 55 6 28 4 27 2
Moritani, S. (1996)'* Japan Eastern Asia 132 15 87 9 45 6
Saiki, Y. (1996)'® Japan Eastern Asia 114 9 NA NA NA NA
Selves, J. (1996)'" France Europe 59 5 43 4 16 1
Shin, W. (1996)'® Republic of Korea  Eastern Asia 89 12 59 8 30 4
Clark, G. (1997)*° Singapore Others 137 6 81 5 56 1
Galetsky, S. (1997)*' Russian Federation Europe 206 18 101 15 83 2
Ko, H. (1997)** Republic of Korea Eastern Asia 427 37 NA NA NA NA
Ojima, H. (1997)*® Japan Eastern Asia 347 23 NA NA NA NA
Qiu, K. (1997)** China Eastern Asia 115 9 NA NA NA NA
Qiu, K. (1997)** Japan Eastern Asia 210 13 NA NA NA NA
Yanai, H. (1997)%° Japan Eastern Asia 117 12 83 9 34 3
Baas, |. (1998)%° Netherlands Europe 24 2 NA NA NA NA
Wan, R. (1998)°" China Eastern Asia 58 6 NA NA NA NA
loachim, H. (1999)* United States North America 22 1 NA NA NA NA
Kaizaki,l. (1999)*° Japan Eastern Asia 189 17 131 14 58 3
Kume, T. (1999)%%21 Japan Eastern Asia 344 40 NA NA NA NA
Takano, Y. (1999)* Japan Eastern Asia 513 33 367 28 146 5
Tanaka, M. (1999)% Japan Eastern Asia 252 15 NA NA NA NA
Wan, R. (1999)%*° China Eastern Asia 58 6 NA NA NA NA
Chapel, F. (2000)*® France Europe 56 7 7 7 49 24
Gurtsevich, V. (2000)°° Uzbekistan Others 123 9 74 8 49 1
Gurtsevich, V. (2000)*° Russian Federation Europe 80 11 61 8 19 3
Gurtsevich, V. (2000)*° Russian Federation Europe 114 16 86 14 58 2
Gurtsevich, V. (2000)*° Russian Federation Europe 83 13 45 10 38 3
Min, Y. (2000)"“” China Eastern Asia 100 1 NA NA NA NA
Wu, M. (2000)*’ China Eastern Asia 139 19 90 13 50 6
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First Author Total Male Male Female Female
(Published Year) Country Region Patients EBV+ Patients EBV+ Patients EBV+
zur Hausen, A. (2000)*? Netherlands Europe 132 10 NA NA NA NA
Ishii, H. (2001)*° Japan Eastern Asia 114 23 92 19 27 4
Koriyama, C. (2001)*® Japan Eastern Asia 2966 160 NA NA NA NA
Koriyama, C. (2001)*” Brazil South America 300 24 201 18 99 6
Lo, Y. (2001)*® China Eastern Asia 51 5 NA NA NA NA
Lugmani, Y. (2001)*° United Kingdom Europe 20 1 NA NA NA NA
Yin, Z. (2001)>° China Eastern Asia 63 7 41 5 23 2
Burgess, D. (2002)°" United Kingdom Europe 534 9 NA NA NA NA
Hao, Z. (2002)*® China Eastern Asia 198 18 NA NA NA NA
Hao, Z. (2002)%® China Eastern Asia 180 11 NA NA NA NA
Hoshikawa, Y. (2002)>* Japan Eastern Asia 21 3 NA NA NA NA
Kang, G. (2002)>° Republic of Korea ~ Eastern Asia 233 21 58 17 19 4
Kattoor, J. (2002)°° India Others 215 10 161 10 54 0
Vo, Q. (2002)°” United States North America 107 11 78 11 30 0
Carrascal, E. (2003)°® Colombia South America 178 23 108 19 69 4
Czopek, J. (2003)° Poland Europe 40 5 30 4 10 1
Grogg, K. (2003)*? United States North America 110 7 72 7 38 0
Karim, N. (2003)%° Malaysia Others 50 5 32 4 18 1
Kijima, Y. (2003)°" Japan Eastern Asia 417 28 298 23 122 5
Oda, K. (2003)%? Japan Eastern Asia 97 5 57 5 45 0
Kerroucha, R. (2004)% France Europe 85 5 54 4 31 1
Koriyama, C. (2004)%° Japan Eastern Asia 1961 100 1212 83 706 17
Lopes, L. (2004)°° Brazil South America 53 6 NA NA NA NA
Morewaya, J. (2004)%” Papua New Guinea Others 150 2 NA NA NA NA
van Beek, J. (2004)%® Netherlands Europe 566 41 324 38 242 3
Wang, Y. (2004)%° China Eastern Asia 185 13 134 13 51 0
Yan, L. (2004)"° China Eastern Asia 185 13 NA NA NA NA
Alipov, G. (2005)"" Kazakhstan Others 139 14 86 12 53 2
Anwar, M. (2005)"? Pakistan Others 52 1 NA NA NA NA
Corvalan, A. (2005)"® Chile South America 93 22 31 6 62 16
Herrera-Goepfert, R. (2005)"* Mexico South America 330 24 173 13 157 11
Kim, M. (2005)"® Republic of Korea Eastern Asia 564 30 NA NA NA NA
Kim, M. (2005)"® Republic of Korea Eastern Asia 165 22 NA NA NA NA
Sakuma, K. (2005)"" Japan Eastern Asia 140 24 98 20 42 4
Yoshiwara, E. (2005)® Peru South America 254 10 128 5 120 5
Begnami, M. (2006)"° Brazil South America 208 25 NA NA NA NA
Campos, F. (2006)°° Colombia South America 326 42 230 34 138 8
Kim, H. (2006)®' Republic of Korea  Eastern Asia 53 7 NA NA NA NA
Qian, J. (2006)*° China Eastern Asia 155 10 NA NA NA NA
von Rahden, B. (2006)%° Germany Europe 36 3 NA NA NA NA
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Supplementary Table 1.Continued
First Author Total Male Male Female Female

(Published Year) Country Region Patients EBV+ Patients EBV+ Patients EBV+
von Rahden, B. (2006)*° Germany Europe 46 2 NA NA NA NA
Zazula, M. (2006)* Poland Europe 84 5 NA NA NA NA
Abdirad, A. (2007)%° Iran Others 273 9 88 8 76 1
Enomoto, S. (2007)%° Japan Eastern Asia 66 9 NA NA NA NA
Jung, I. (2007)%" Republic of Korea Eastern Asia 111 7 76 6 35 1
Li, S. (2007)%® China Eastern Asia 217 23 165 17 52 6
Moncef, M. (2007)%° Tunisia Others 68 3 NA NA NA NA
Kang, J. (2008)°° Republic of Korea  Eastern Asia 621 31 NA NA NA NA
Limaiem, F. (2008)°" Tunisia Others 25 17 NA NA NA NA
Nakamura, S. (2008)°? Japan Eastern Asia 66 3 NA NA NA NA
Liu, H. (2009)*° China Eastern Asia 156 21 NA NA NA NA
Park, E. (2009)°* Republic of Korea Eastern Asia 457 50 NA NA NA NA
Ramirez, V. (2009)°° Costa Rica South America 165 14 92 12 63 1
Ryan, J. (2009)%° United States North America 48 8 NA NA NA NA
Ryan, J. (2009)°° Honduras South America 38 3 NA NA NA NA
Szkaradkiewicz, A. (2009)°” Poland Europe 48 9 NA NA NA NA
Truong, C. (2009)%® United States North America 235 12 147 11 88 1
Carrasco, G. (2010)'%° Chile South America 91 5 NA NA NA NA
Chen, J. (2010)'"" China Eastern Asia 676 45 437 37 239 8
Kim, R. (2010)'%? Republic of Korea  Eastern Asia 247 18 178 17 69 1
Park, S. (2010)'%® Republic of Korea  Eastern Asia 191 16 NA NA NA NA
Song, H. (2010)"%* Republic of Korea ~ Eastern Asia 1080 123 NA NA NA NA
Wang, L. (2010)'%° Singapore Others 130 8 NA NA NA NA
Wang, Y. (2010)'%° China Eastern Asia 1678 50 NA NA NA NA
BenAyed-Guerfali, D. (2011)'%” Tunisia Others 81 12 48 6 33 6
De Lima, M. (2011)'%° Brazil South America 60 3 36 3 14 0
De Lima, M. (2011)'%° Brazil South America 100 8 67 7 33 1
Gu, X. (2011)'"® China Eastern Asia 96 15 67 12 29 3
Guo, Y. (2011)'"® China Eastern Asia 125 8 96 8 29 0
Haas, M. (2011)'"° Germany Europe 135 4 NA NA NA NA
He, Y. (2011)""% China Eastern Asia 486 18 357 16 129 2
Lee, J. (2011)'"" Republic of Korea  Eastern Asia 30 4 NA NA NA NA
Matsusaka, K. (2011)'"? Japan Eastern Asia 51 11 38 11 13 0
Peng, J. (2011)'"3 China Eastern Asia 136 19 98 15 38 4
Abe, H. (2012)""" Japan Eastern Asia 893 67 593 52 264 15
Chiaravalli, A. (2012)'"® Italy Europe 66 8 NA NA NA NA
Genitsch, V. (2012)'"° Switzerland Europe 610 30 NA NA NA NA
He, Y (2012)'2° China Eastern Asia 118 17 NA NA NA NA
Lima, M. (2012)'?" Brazil South America 160 11 79 9 39 1
Park, H. (2012)'%? Republic of Korea ~ Eastern Asia 141 31 115 31 26 0
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First Author Total Male Male Female Female
(Published Year) Country Region Patients EBV+ Patients EBV+ Patients EBV+
Sukawa, Y. (2012)'%° Japan Eastern Asia 222 18 152 14 70 4
Mitsuhashi, K. (2013)'%* Japan Eastern Asia 373 24 NA NA NA NA
Warneke, V. (2013)'%° Germany Europe 376 15 NA NA NA NA
Yang, Y. (2013)'%° Republic of Korea  Eastern Asia 100 9 66 7 34 2
Yu, C. (2013)'?” China Eastern Asia 653 40 512 37 141 3
Zhang, Y. (2013)'?8 China Eastern Asia 476 18 349 16 127 2
Ksiaa, E. (2014)'®" Tunisia Others 43 4 23 4 16 0
Uozaki, H. (2014)'%? Japan Eastern Asia 435 34 NA NA NA NA
Wiegand, K. (2014)'%° Canada North America 253 8 NA NA NA NA
Yuan, H. (2014)'%* China Eastern Asia 120 12 92 11 28 1
Choi, E. (2015)'%° Republic of Korea Eastern Asia 343 32 231 28 112 4
Genitsch, V. (2015)'%¢ Germany Europe 274 12 170 8 104 4
Genitsch, V. (2015)'%° Germany Europe 73 2 51 1 22 1
Ozmen, I. (2015)"" Turkey Others 85 2 NA NA NA NA
Aslane, M. (2016)'%® Algeria Others 91 18 64 15 27 3
Dai, C. (2016)'%° China Eastern Asia 97 10 NA NA NA NA
Fu, H. (2016)'4° China Eastern Asia 138 6 NA NA NA NA
Gonzalez, R. (2016)'*" United States North America 104 7 81 5 23 2
Han, N. (2016)' Republic of Korea  Eastern Asia 417 30 NA NA NA NA
Kim, H. (2016)'** Republic of Korea  Eastern Asia 438 14 300 14 138 0
Ma, C. (2016)'%® United States North America 44 7 25 6 19 1
Park, C. (2016)'%® Republic of Korea ~ Eastern Asia 993 61 NA NA NA NA
Setia, N. (2016)'4° United States North America 146 7 NA NA NA NA
Song, Y. (2016)'°° Republic of Korea  Eastern Asia 434 33 NA NA NA NA
Zhang, Z. (2016)"" China Eastern Asia 600 30 384 25 216 5
Ahn, S. (2017)%? Republic of Korea  Eastern Asia 349 26 225 21 124 5
Boger, C. (2017)'%° Germany Europe 484 22 302 20 182 2
Chen, B. (2017)'%* China Eastern Asia 585 41 NA NA NA NA
Irkkan, C. (2017)'*° Turkey Others 105 8 77 8 28 0
Jenkins, T. (2017)'¢ United States North America 52 3 NA NA NA NA
Kawazoe, A. (2017)"%" Japan Eastern Asia 487 25 NA NA NA NA
Kim, J. (2017)'%® Republic of Korea  Eastern Asia 207 13 NA NA NA NA
Kwon, M. (2017)"%° Republic of Korea  Eastern Asia 394 26 NA NA NA NA
Ma, J. (2017)'®" China Eastern Asia 571 32 NA NA NA NA
Na, S. (2017)'¢? Republic of Korea Eastern Asia 205 15 146 13 59 2
Narita, Y. (2017)'¢° Japan Eastern Asia 226 13 NA NA NA NA
Nogueira, C. (2017)'% Portugal Europe 82 9 45 8 37 1
Ribeiro, J. (2017)'5¢ Portugal Europe 179 15 108 12 71 3
Thompson, E. (2017)'¢” United States North America 34 2 NA NA NA NA
Tsai, C. (2017)'® China Eastern Asia 1039 52 619 42 420 10
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Supplementary Table 1.Continued
First Author Total Male Male Female Female
(Published Year) Country Region Patients EBV+ Patients EBV+ Patients EBV+
Wu, Y. (2017)'%° China Eastern Asia 340 17 NA NA NA NA
Zhou, Z. (2017)'7° China Eastern Asia 225 6 NA NA NA NA
Baek, D. (2018)'"2 Republic of Korea  Eastern Asia 276 59 201 50 75 9
Birkman, E. (2018)'"® Finland Europe 244 17 NA NA NA NA
De Rosa, S. (2018)'"* Italy Europe 169 33 103 24 66 9
de Souza, C. (2018)'"® Brazil South America 302 62 195 43 107 19
Gullo, I. (2018)'"® Portugal Europe 46 15 NA NA NA NA
Hewitt, L. (2018)'"" United Kingdom Europe 768 30 NA NA NA NA
Hewitt, L. (2018)'"" Japan Eastern Asia 410 26 NA NA NA NA
Li, H. (201g)'®® China Eastern Asia 86 10 62 9 24 1
Martinez-Ciarpaglini, C. (2018)'°” Spain Europe 209 13 137 10 72 3
Murai, K. (2018)'"° Japan Eastern Asia 172 8 NA NA NA NA
Nakayama, I. (2018)'%° Japan Eastern Asia 146 2 NA NA NA NA
Pereira, M. (2018)'8° Brazil South America 286 30 167 23 119 7
Son, B. (2018)'®" Republic of Korea  Eastern Asia 285 38 NA NA NA NA
Yun, S. (2018)'82 Republic of Korea  Eastern Asia 502 50 NA NA NA NA
Zheng, K. (2018)'%* China Eastern Asia 360 61 NA NA NA NA
Beltran Garate, B. (2019)'8° Peru South America 111 9 63 6 48 3
Bosch, F. (2019)'%° Germany Europe 189 11 119 7 70 4
Cho, J. (2019)'¢" Republic of Korea  Eastern Asia 580 25 NA NA NA NA
Coati, . (2019)'88 Italy Europe 523 20 NA NA NA NA
Cordova-Delgado, M. (2019)'®° Chile South America 90 12 NA NA NA NA
De Castria, T. (2019)'%° Brazil South America 178 18 NA NA NA NA
Gasenko,E. (2019)'®" Latvia Europe 302 26 184 22 118 4
Huang, S. (2019)'%? China Eastern Asia 1248 65 778 54 470 11
Kawazoe, A. (2019)'%® Japan Eastern Asia 225 14 136 11 89 3
Kim, T. (2019)'%* United States North America 43 6 24 5 19 1
Kim, Y. (2019)'%° Republic of Korea Eastern Asia 273 15 NA NA NA NA
Kohlruss, M. (2019)'%° Germany Europe 617 24 NA NA NA NA
Ma, Y. (2019)*1° China Eastern Asia 272 40 NA NA NA NA
Mishima, S. (2019)'*® Japan Eastern Asia 68 4 NA NA NA NA
Osumi, H. (2019)*® Japan Eastern Asia 898 71 NA NA NA NA
Osumi, H. (2019)>°" Japan Eastern Asia 847 96 NA NA NA NA
Sun, Y. (2019)%%2 China Eastern Asia 165 2 NA NA NA NA
Valentini, A. (2019)°%° Italy Europe 70 2 NA NA NA NA
Wanvimonsuk, S. (2019)%** Thailand Others 33 4 NA NA NA NA
Wei, M. (2019)°°° China Eastern Asia 225 70 NA NA NA NA
Yanagi, A. (2019)>%° Japan Eastern Asia 1067 69 735 61 332 8
Yang, Y. (2019)>%7 China Eastern Asia 3241 163 2363 137 878 26
Yoon, J. (2019)?°® Canada North America 107 3 NA NA NA NA
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Supplementary Table 1.Continued

First Author Total Male Male Female Female
(Published Year) Country Region Patients EBV+ Patients EBV+ Patients EBV+
Zhou, H. (2019)°*° China Eastern Asia 300 28 NA NA NA NA
Aversa, J. (2020)"" China Eastern Asia 1035 19 828 19 207 3
Choi, E. (2020)*'2 Republic of Korea  Eastern Asia 514 32 347 24 167 8
Corallo, S. (2020)>"® Italy Europe 175 7 109 6 66 1
Dislich, B. (2020)>'* Switzerland Europe 415 11 257 10 158 1
Fang, W. (2020)?'° China Eastern Asia 430 32 306 27 124 5
Kwon, M. (2020)?'® Republic of Korea  Eastern Asia 59 7 NA NA NA NA
Lu, S. (2020)*"" Republic of Korea  Eastern Asia 421 32 306 30 112 2
Martinson, H. (2020)*'® United States North America 85 19 52 13 33 6
Pinto, M. (2020)>'° Chile South America 91 12 60 11 31 1
Qiu, M. (2020)**° China Eastern Asia 2760 140 1865 125 894 15
Tsai, J. (2020)%%" China Eastern Asia 329 17 196 14 133 3
Yang, B. (2020)° China Eastern Asia 356 16 272 13 84 3
Challoner, B. (2021)°%° United Kingdom Europe 314 8 NA NA NA NA
Challoner, B. (2021)°%° United Kingdom Europe 153 12 NA NA NA NA
Daun, T. (2021)?%* Switzerland Europe 115 20 74 2 41 0
Jia, X. (2021)?%° China Eastern Asia 1328 55 982 45 346 10
Liu, Y. (2021)%%° Republic of Korea ~ Eastern Asia 871 43 NA NA NA NA
Tanabe, H. (2021)*?" Japan Eastern Asia 54 6 44 5 10 1
Weadick, C. (2021)?%® Ireland Europe 103 8 67 8 36 0
Yang, N. (2021)%%° China Eastern Asia 236 13 NA NA NA NA

EBV, Epstein-Barr Virus; NA, not available.
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Supplementary Table 2. Epstein-Barr Virus Prevalence of Conventional Gastric Adenocarcinoma for HDI, ASIR, Quality Score, and Median Study Year

Median
HDI (2019) ASIR (2020) Quality Score Study Year
Number Number Number Number
of Prevalence of Prevalence of Prevalence of Prevalence

Categories Studies (95% ClI) 1% (%) P Categories Studies (95% Cl) 12 (%) P Categories Studies (95% Cl) [? (%) P Categories Studies (95% Cl) 1% (%) P

<0.79 75 72(06.6-8.00 79 <5.7 41 71(5.491) 86 09 <5 78 7.6 (6.5-9.0) 85 <1994 53 7.7 (6.8-88) 67 .8
<0.90 28 9.3(7.3-11.8) 78 0.1 5.7-<11 39 7.6(6.1-9.3) 82 6-8 80 7.6 (6.7-8.6) 83 0.6 1995-2007 98 7.6 (6.7-8.5) 83
0.90+ 117 72((06.1-84) 89 1.1+ 140 75(6.9-8.2) 86 9+ 62 7.1(6.2-8.0) 84 2008+ 69 7.3 (6.2-8.5 90

ASIR, age-standardized incidence rate; Cl, confidence interval; HDI, Human Development Index.
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