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Abstract

Background and objective—About 9% of gastric carcinomas have Epstein–Barr virus (EBV) 

in the tumour cells, but it is unclear whether viral presence influences clinical progression. We 

therefore examined a large multicentre case series for the association of tumour EBV status with 

survival after gastric cancer diagnosis, accounting for surgical stage and other prognostic factors.

Methods—We combined individual-level data on 4599 gastric cancer patients diagnosed 

between 1976 and 2010 from 13 studies in Asia (n=8), Europe (n=3), and Latin America (n=2). 

EBV positivity of tumours was assessed by in situ hybridisation. Mortality HRs for EBV positivity 

were estimated by Cox regression models stratified by study, adjusted for distributions of sex 

(71% male), age (mean 58 years), stage (52% tumour-node-metastasis stages III or IV), tumour 

histology (49% poorly differentiated, 57% Lauren intestinal-type), anatomic subsite (70% non-

cardia) and year of diagnosis. Variations by study and continent were assessed using study-

specific HRs for EBV positivity.

Results—During median 3.0 years follow-up, 49% of patients died. Stage was strongly 

predictive of mortality, with unadjusted HRs (vs stage I) of 3.1 for stage II, 8.1 for stage III and 

13.2 for stage IV. Tumour EBV positivity was 8.2% overall and inversely associated with stage 

(adjusted OR: 0.79 per unit change). Adjusted for stage and other confounders, EBV positivity 

was associated with lower mortality (HR, 0.72; 95% CI 0.61 to 0.86), with low heterogeneity 

among the study populations (p=0.2). The association did not significantly vary across patient or 

tumour characteristics. There was no significant variation among the three continent-specific HRs 

(p=0.4).

Conclusions—Our findings suggest that tumour EBV positivity is an additional prognostic 

indicator in gastric cancer. Further studies are warranted to identify the mechanisms underlying 

this protective association.

INTRODUCTION

Gastric cancer is the second leading cause of cancer-related deaths worldwide.1 Although 

chronic Helicobacter pylori infection is the primary cause of gastric cancer,2 most infected 

individuals never develop this neoplasia, suggesting that progression to cancer may require 

additional co-factors. One possibility may be the Epstein–Barr virus (EBV), a recognised 

carcinogenic agent,3 which is present in tumour cells of about 9% of gastric carcinomas.45 

While the monoclonality6 of viral episomes and the distinct clinicopathological and genetic 

features7 of EBV-positive gastric cancer support the aetiological significance of EBV in 

gastric carcinogenesis, it remains unclear whether tumour viral infection influences clinical 

prognosis.

To further examine associations between EBV and gastric cancer with sufficient statistical 

power, we have assembled individual-level data from multiple international gastric cancer 

case series for aggregated analysis. Here we present findings for the association of tumour 
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EBV status with duration of overall survival, accounting for surgical stage and other 

recognised prognostic indicators.

METHODS

Patient data

We pooled individual-level data of 13 gastric cancer case series from Asia (n=8),8–15 

Europe (n=3)16–18 and Latin America (n=2),1920 including six that have separately 

published data on EBV and survival in one9–111317 or two1421 reports. Ten were unselected 

case series and three101317 were enriched for EBV-positive tumours. On a total of 4599 

patients diagnosed between 1976 and 2010, we included variables that may be related to 

both tumour EBV status and survival after diagnosis: sex, age at diagnosis, tumour–node–

metastasis (TNM) stage (American Joint Committee on Cancer classification, AJCC), 

histological type (Lauren classification), degree of differentiation, anatomic subsite 

(according to the International Classification of Diseases for Oncology) and year of 

diagnosis. Each contributing study received local institutional review board approval, and 

written informed consent was obtained for all study participants.

Tumour EBV detection

For all 13 case series, the presence of EBV in cancer cells was assessed by in situ 

hybridisation for EBV-encoded RNA (EBER), the gold standard assay for detecting latent 

infection.22 For the samples from Shanxi, China (n=1039),8 Poland (n=87),18 and the 

European Prospective Investigation into Cancer and Nutrition cohort (EPIC) (n=87),16 

EBER expression in formalin-fixed paraffin-embedded tumours (as tissue microarrays, with 

inclusion of known EBER-positive and -negative tumours as controls) was detected with an 

automated method, as previously described.23 A tumour was considered EBV-negative if 

EBER staining was undetected or only expressed in benign-appearing lymphoid cells, and 

EBV-positive if EBER staining was localised to the nucleus of malignant epithelial cells.

For the samples from the Hospital-based Epidemiologic Research Program at Aichi Cancer 

Center II, Japan (n=371),12 EBER detection was performed manually on formalin-fixed 

paraffin-embedded sections, using a complementary fluorescein-labelled oligonucleotide 

probe (Dako, Copenhagen, Denmark), according to the manufacturer’s specifications. For 

the remaining case series,9–1113–15171920 EBV presence in tumour cells was previously 

assessed following similar protocols. Validation work has been published showing excellent 

agreement between the manual and automated staining methods described above.23

Statistical analyses

For this aggregated analysis, the endpoint of interest was survival time between gastric 

cancer diagnosis and death from any cause. Follow-up time was censored on the date of 

death or, if death did not occur, on date last known alive. Actuarial (unadjusted) curves were 

constructed using the Kaplan–Meier method and their difference was evaluated by a log-

rank test.
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Complete data were available on age, sex and year of diagnosis. In the main analysis, 

missing values were included as a separate category for TNM stage (6.6%), anatomic subsite 

(9.3%), Lauren histological type (4.9%) and degree of differentiation (6.8%). In a sensitivity 

analysis, we excluded such cases for comparison to the overall dataset.

Unadjusted and multivariable logistic regression models including a study-specific random 

intercept were used to estimate summary OR of gastric cancer EBV positivity in relation to 

age at diagnosis (categorised as quintiles), sex (male vs female), year of diagnosis 

(categorised as quintiles), anatomic subsite (cardia, non-cardia, overlapping subsites, 

unspecified or surgical stump), TNM stage (I, II, III, IV or unspecified), degree of 

differentiation (well, moderate, poor or unspecified) and Lauren histological type (diffuse, 

intestinal, mixed or unspecified). To further understand the potential association of EBV 

positivity and stage, the three individual components of the TNM staging system (ie, 

tumour, lymph nodes and presence of metastases) were also evaluated.

Cox proportional hazard regression models stratified by study were used to estimate 

mortality HRs with 95% CIs. Tumour EBV status and other variables were initially assessed 

for associations with mortality in unadjusted models. Statistically significant variables in 

these individual analyses were included in multivariable models. Given the high correlation 

between histological type and degree of differentiation, separate regression models including 

either variable were compared using the Akaike Information Criterion (AIC) to identify the 

best model as having the lowest AIC value. Wald χ2 tests were used to assess statistical 

significance of cross-product terms for interactions between tumour EBV status and other 

independent variables. To further investigate heterogeneity by TNM stage, a stratified 

analysis was performed and the stratum-specific estimates pooled using random-effects 

meta-analysis. Between-group heterogeneity was assessed for statistical significance using 

the Q test and quantified with the I2 statistic as low (<25%), moderate (25–50%) or high 

(>50%).24

As a sensitivity analysis, we compared our aggregated analysis to a two-step approach.25 

First, study-specific HRs and 95% CIs of the association between tumour EBV status and 

mortality were estimated using multivariable Cox regression models. Second, the 13 study-

specific adjusted HRs for tumour EBV positivity were pooled using random-effects meta-

analysis. Heterogeneity by continent (Asia, Europe or America) was evaluated by meta-

regression.

A p value <0.05 was considered statistically significant for all tests except the Q test, for 

which p<0.10 was considered significant. All reported p values were two-sided. Statistical 

analyses were performed using SAS V.9.1 and Stata V.10.

RESULTS

Among the 13 case series, there were a total of 4599 patients with invasive gastric cancer 

(table 1). The mean age at diagnosis was 58 years (SD 12 years) and 71% were male. Most 

of the cancers were diagnosed at advanced stages (52% stages III or IV), localised to non-

cardia subsites (70%), and classified as Lauren intestinal-type (57%). There were 2247 
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(49%) deaths during a median of 3.0 (25th percentile, 1.1; 75th percentile, 5.5) years of 

follow-up.

Three hundred and seventy-five (8.2%) tumours were EBV-positive overall. In unadjusted 

logistic regression analyses, tumour EBV positivity was higher in early stage, cardia 

localisation, diffuse-type histology, poorer differentiation and men (figure 1). In a 

multivariable model including all significant variables, the OR per unit change in TNM 

stage was 0.79 (95% CI 0.69 to 0.91). Considered individually in multivariable models, each 

of the components of TNM stage was inversely associated with tumour EBV positivity 

(p=0.001 for tumour, p=0.02 for lymph nodes and p=0.004 for presence of metastasis). 

Furthermore, both tumour and metastasis, but not lymph nodes, remained significant in a 

mutually adjusted model.

In unadjusted Cox regression analyses, TNM stage was a strong predictor of mortality, with 

HRs (compared to stage I) of 3.1 for stage II, 8.1 for stage III and 13.2 for stage IV. Age, 

anatomic subsite, histological type and degree of differentiation were each significant 

prognostic indicators, whereas sex and year of diagnosis were not. Median survival time was 

8.5 years for patients with EBV-positive tumours and 5.3 years for those with EBV-negative 

tumours (log-rank test p=0.0006; figure 2).

In a multivariable model fitted for tumour EBV status, TNM stage, age, anatomic subsite 

and degree of differentiation, all variables were statistically significant predictors of 

mortality (figure 3). Specifically, advanced stage, older age and less differentiation were 

associated with worse prognosis. Compared to tumours localised to the cardia, tumours 

arising in non-cardia sites were associated with lower mortality, whereas tumours of 

overlapping subsites or post-gastrectomy remnants were associated with increased mortality. 

Adjusted for stage and the other potential confounders, EBV positivity was associated with 

lower mortality (HR 0.72; 95% CI 0.61 to 0.86). With the exclusion of the 915 (20%) cases 

that had missing data for one or more variables, the HR for EBV status was 0.71 (95% CI 

0.59 to 0.88). Furthermore, there were no significant multiplicative interactions between 

tumour EBV status and other independent variables (data not shown).

In an alternative model including histological type instead of degree of differentiation, HRs 

for tumour EBV status, stage, age and anatomic subsite were generally similar. Compared to 

patients with tumours classified as diffuse-type histology, those with mixed or unspecified 

histology had similar mortality, whereas patients with intestinal-type histology had a better 

prognosis (HR 0.81; 95% CI 0.74 to 0.89). In this alternative model, the adjusted HR for 

tumour EBV positivity was 0.74 (95% CI 0.62 to 0.88), but the AIC indicated that the fit 

was slightly inferior to the model including degree of differentiation.

Results from the two-step analyses were similar to the estimates derived from the aggregated 

analysis. The summary HR for tumour EBV positivity combining the 13 study-specific HRs 

was 0.71 (95% CI 0.56 to 0.91), with low heterogeneity among studies (I2=21%; p=0.2). 

Furthermore, there was no significant variation by continent (figure 4), with HRs for tumour 

EBV positivity of 0.73 for Asia, 0.48 for Europe and 0.92 for the Americas (p=0.4). 

Likewise, the summary HR for tumour EBV positivity combining the five stage-specific 
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HRs (ie, including unspecified stage) was 0.68 (95% CI 0.54 to 0.87), with only moderate 

heterogeneity among the stages (I2=33%; p=0.2).

DISCUSSION

In both aggregated and two-step adjusted analyses of 4599 gastric cancer cases, we found 

longer survival associated with tumour EBV positivity. Our study represents by far the 

largest cancer series addressing this association, and there was no substantial heterogeneity 

among the study populations. Our finding for EBV-positive tumours accords with the 

recognised survival advantage of lymphoepithelioma-like carcinoma (LELC),26 a rare 

histology subtype of gastric cancer that is typically EBV-associated.427 Previous studies of 

EBV’s prognostic significance in more common histologies of gastric cancer are limited by 

small numbers of EBV-positive tumours and/or inadequate accounting for key prognostic 

indicators; findings have been inconsistent, with some reporting a non-significant survival 

advantage for EBV-positive tumours,13172128–31 while others report a non-significant 

greater risk of death.101132

Our results are analogous to another virus-associated malignancy, human papillomavirus 

(HPV)-associated oropharyngeal cancer. HPV is found in a subset of lingual and palatine 

tonsil tumours and is associated with distinct clinical and biological characteristics, 

including favourable prognosis.33 Although Herpesviridae and Papillomaviridae are highly 

disparate virus families, common aspects of virus–host interaction may contribute to 

survival advantage.

The mechanisms underlying better survival of EBV-positive gastric cancers are uncertain. A 

potential immunological basis is the extensive infiltration of tumour nests with cytotoxic 

CD8 lymphocytes that may promote eradication of EBV-positive malignant cells.34–36 An 

alternative hypothesis is that genetic alterations potentially associated with better survival 

(eg, mutated ARID1A) may be more common in EBV-positive tumours.37 It is also possible 

that EBV-positive tumours may be more sensitive to chemotherapy-induced apoptosis, as 

reported in gastric LELC38 and EBV-associated Hodgkin lymphoma.39 Additional studies 

are warranted to test these various hypotheses and identify the determinants.

In our data, adjusted for other clinicopathological characteristics, there were inverse 

associations of tumour EBV positivity with TNM stage as well as its individual components. 

A meta-analysis by Lee et al5 found summary ORs of 0.75 (p=0.3) for TNM stage and 0.85 

(p=0.3) for lymph node spread. On the contrary, a meta-analysis by Li et al40 found a 

significant OR of 0.51 (p<0.05) for lymph node spread. Since stage is also associated with 

mortality, we decided to analyse this composite variable as a confounder. However, this 

approach may have underestimated the effect of EBV if the survival advantage is in fact 

mediated by lymph node spread and/or extent of the primary tumour.

Our data are consistent with previous reports that advanced TNM stage, older age, cardia 

tumour localisation, and less differentiated histology are adverse prognostic indicators.41–43 

Notably, several of our Asian case series were collected as part of screening programmes, 

which may explain the relatively longer survival as compared to population-based data.44 
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Nevertheless, this study characteristic would not bias evaluation of the association with 

tumour EBV status.

With respect to possible study limitations, although all 13 contributing series used AJCC 

classification, assessment of tumour, node and/or metastasis characteristics may not have 

been uniform. Furthermore, although overall mortality is considered a more robust outcome, 

cause-specific mortality would have been additionally informative for a secondary analysis. 

Lastly, our study also lacked information on treatment and co-morbidity history.

EBV has been detected in a number of lymphoproliferative disorders and carcinomas.45 

Regarding lymphoproliferative disorders, population-based studies and case series provide 

inconsistent results of EBV’s prognostic significance in Hodgkin lymphoma.46 However, 

Minnicelli et al47 reported a significant survival advantage of tumour EBV positivity and 

Levine et al48 reported higher survival with elevated antibody titres to the viral capsid 

antigen (VCA) in sporadic Burkitt lymphoma. Perhaps more relevant to gastric cancer, 

EBV-positive nasopharyngeal carcinoma has been found to have better prognosis as 

compared with EBV-negative cases,4950 in part because of better response to therapy.

Our findings on clinical prognosis provide additional evidence that EBV-positive gastric 

cancer may be a distinct disease entity. Several lines of evidence suggest an aetiological role 

for EBV in gastric carcinogenesis. EBV-positive gastric cancer exhibits uniform presence of 

monoclonal viral episomes in the tumour cells,6 implying the presence of EBV at the time of 

initial transformation and its requirement for maintenance of the transformed phenotype. 

EBV-positive gastric cancer also displays distinct clinical, genetic and demographic features 

as compared to EBV-negative cancer.72951–53 Interestingly, Tang et al54 found that 

compared to uninfected tumours, EBV-positive gastric cancer had significant upregulation 

of key cellular factors in pathways related to NFKB signalling and immune response. 

Although seropositivity against EBV infection is nearly ubiquitous in humans, elevated 

titres against VCA and EBV nuclear antigen (EBNA) have been shown to precede 

development of preneoplastic55 and neoplastic gastric lesions,5657 and have been associated 

with longer gastric cancer survival, particularly for cancers localised to the gastric cardia.58

In summary, this large analysis found that patients with EBV-positive gastric tumours have 

a significantly better outcome than those with EBV-negative tumours. Future studies should 

elucidate possible mechanisms underlying this protective association.

Acknowledgements

We thank Dr Gwen Murphy for her assistance in organising the National Cancer Institute International EBV-

Gastric Cancer Consortium. We are also grateful to Dr Ti Ding and other staff of the Shanxi Cancer Hospital for 

recruitment and follow-up of the study participants from Shanxi, China.

Funding This work was supported in part by the Intramural Research Program of the USA National Institutes of 

Health, National Cancer Institute, and the Oak Ridge Associated Universities’ Research Associates/Specialists 

Program. The Hospital-based Epidemiologic Research Program at Aichi Cancer Center II was supported by Grant-

in-Aid for Scientific Research on Priority Areas of Cancer (No. 17015018) and on Innovative Areas (No. 

221S0001) from the Japanese Ministry of Education, Culture, Sports, Science and Technology and JSPS A3 

Foresight Program. The EPIC study was supported by the Health Research Fund of the Spanish Ministry of Health 

(exp. PI070130 and PI081420); European Commission FP5 (ref. QLG1-CT-2001-01049); and Spanish Ministry of 

Health network RTICCC (ISCIII RD06/0020/0091). The Chilean study was supported by the Chilean National 

Camargo et al. Page 7

Gut. Author manuscript; available in PMC 2015 April 03.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



Fund for Scientific and Technological Development, Fondecyt (No. 1111014). The Chinese study in Guangzhou 

was supported by the Research Fund for the Control of Infectious Diseases, RFCID, Hong Kong (No. 11100022).

REFERENCES

1. Ferlay J, Shin HR, Bray F, et al. Estimates of worldwide burden of cancer in 2008: GLOBOCAN 

2008. Int J Cancer. 2010; 127:2893–2917. [PubMed: 21351269] 

2. International Agency for Research on Cancer. Monographs on the evaluation of carcinogenic risks 

to humans. Schistosomes, liver flukes and Helicobacter pylori Lyon. Vol. 61. Lyon: IARC Press; 

1994. p. 177-240.

3. International Agency for Research on Cancer. Monographs on the evaluation of carcinogenic risks 

to humans. Epstein-Barr virus and Kaposi’s sarcoma herpesvirus/ human herpesvirus 8. Vol. 70. 

Lyon: IARC Press; 1997. p. 347-373.

4. Murphy G, Pfeiffer R, Camargo MC, et al. Meta-analysis shows that prevalence of Epstein-Barr 

virus-positive gastric cancer differs based on sex and anatomic location. Gastroenterology. 2009; 

137:824–833. [PubMed: 19445939] 

5. Lee JH, Kim SH, Han SH, et al. Clinicopathological and molecular characteristics of Epstein-Barr 

virus-associated gastric carcinoma: a meta-analysis. J Gastroenterol Hepatol. 2009; 24:354–365. 

[PubMed: 19335785] 

6. Ott G, Kirchner T, Müller-Hermelink HK. Monoclonal Epstein-Barr virus genomes but lack of 

EBV-related protein expression in different types of gastric carcinoma. Histopathology. 1994; 

25:323–329. [PubMed: 7835837] 

7. Akiba S, Koriyama C, Herrera-Goepfert R, et al. Epstein-Barr virus associated gastric carcinoma: 

epidemiological and clinicopathological features. Cancer Sci. 2008; 99:195–201. [PubMed: 

18271915] 

8. Gao Y, Hu N, Han X, et al. Family history of cancer and risk for esophageal and gastric cancer in 

Shanxi, China. BMC Cancer. 2009; 9:269. [PubMed: 19656375] 

9. Zhao J, Jin H, Cheung KF, et al. Zinc finger E-box binding factor 1 plays a central role in regulating 

Epstein-Barr virus (EBV) latent-lytic switch and acts as a therapeutic target in EBV-associated 

gastric cancer. Cancer. 2012; 118:924–936. [PubMed: 21717425] 

10. Koriyama C, Akiba S, Itoh T, et al. Prognostic significance of Epstein-Barr virus involvement in 

gastric carcinoma in Japan. Int J Mol Med. 2002; 10:635–639. [PubMed: 12373307] 

11. Kijima Y, Ishigami S, Hokita S, et al. The comparison of the prognosis between Epstein-Barr virus 

(EBV)-positive gastric carcinomas and EBV-negative ones. Cancer Lett. 2003; 200:33–40. 

[PubMed: 14550950] 

12. Nakao M, Matsuo K, Ito H, et al. ABO genotype and the risk of gastric cancer, atrophic gastritis, 

and Helicobacter pylori infection. Cancer Epidemiol Biomarkers Prev. 2011; 20:1665–1672. 

[PubMed: 21680535] 

13. Park ES, Do IG, Park CK, et al. Cyclooxygenase-2 is an independent prognostic factor in gastric 

carcinoma patients receiving adjuvant chemotherapy and is not associated with EBV infection. 

Clin Cancer Res. 2009; 15:291–298. [PubMed: 19118057] 

14. Lee HS, Chang MS, Yang HK, et al. Epstein-Barr virus-positive gastric carcinoma has a distinct 

protein expression profile in comparison with Epstein-Barr virus-negative carcinoma. Clin Cancer 

Res. 2004; 10:1698–16705. [PubMed: 15014022] 

15. Kim RH, Chang MS, Kim HJ, et al. Medical history and lifestyle factors contributing to Epstein-

Barr virus-associated gastric carcinoma and conventional gastric carcinoma in Korea. Anticancer 

Res. 2010; 30:2469–2475. [PubMed: 20651410] 

16. González CA, Pera G, Agudo A, et al. Smoking and the risk of gastric cancer in the European 

Prospective Investigation Into Cancer and Nutrition (EPIC). Int J Cancer. 2003; 107:629–634. 

[PubMed: 14520702] 

17. Chiaravalli AM, Feltri M, Bertolini V, et al. Intratumour T cells, their activation status and survival 

in gastric carcinomas characterised for microsatellite instability and Epstein-Barr virus infection. 

Virchows Arch. 2006; 448:344–353. [PubMed: 16261379] 

Camargo et al. Page 8

Gut. Author manuscript; available in PMC 2015 April 03.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



18. Chow WH, Swanson CA, Lissowska J, et al. Risk of stomach cancer in relation to consumption of 

cigarettes, alcohol, tea and coffee in Warsaw, Poland. Int J Cancer. 1999; 81:871–876. [PubMed: 

10362132] 

19. Corvalan A, Koriyama C, Akiba S, et al. Epstein-Barr virus in gastric carcinoma is associated with 

location in the cardia and with a diffuse histology: a study in one area of Chile. Int J Cancer. 2001; 

94:527–530. [PubMed: 11745439] 

20. Herrera-Goepfert R, Akiba S, Koriyama C, et al. Epstein-Barr virus-associated gastric carcinoma: 

evidence of age-dependence among a Mexican population. World J Gastroenterol. 2005; 11:6096–

60103. [PubMed: 16273633] 

21. Chang MS, Lee HS, Kim CW, et al. Clinicopathologic characteristics of Epstein-Barr virus-

incorporated gastric cancers in Korea. Pathol Res Pract. 2001; 197:395–400. [PubMed: 11432666] 

22. Gulley ML, Tang W. Laboratory assays for Epstein-Barr virus-related disease. J Mol Diagn. 2008; 

10:279–292. [PubMed: 18556771] 

23. Ryan JL, Morgan DR, Dominguez RL, et al. High levels of Epstein-Barr virus DNA in latently 

infected gastric adenocarcinoma. Lab Invest. 2009; 89:80–90. [PubMed: 19002111] 

24. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002; 

21:1539–1558. [PubMed: 12111919] 

25. Smith-Warner SA, Spiegelman D, Ritz J, et al. Methods for pooling results of epidemiologic 

studies: the Pooling Project of Prospective Studies of Diet and Cancer. Am J Epidemiol. 2006; 

163:1053–1064. [PubMed: 16624970] 

26. Nakamura S, Ueki T, Yao T, et al. Epstein-Barr virus in gastric carcinoma with lymphoid stroma. 

Special reference to its detection by the polymerase chain reaction and in situ hybridization in 99 

tumors, including a morphologic analysis. Cancer. 1994; 73:2239–2249. [PubMed: 8168030] 

27. Shibata D, Tokunaga M, Uemura Y, et al. Association of Epstein-Barr virus with undifferentiated 

gastric carcinomas with intense lymphoid infiltration. Lymphoepithelioma-like carcinoma. Am J 

Pathol. 1991; 139:469–474. [PubMed: 1653517] 

28. Song HJ, Srivastava A, Lee J, et al. Host inflammatory response predicts survival of patients with 

Epstein-Barr virus-associated gastric carcinoma. Gastroenterology. 2010; 139:84–92. e2. 

[PubMed: 20398662] 

29. van Beek J, zur Hausen A, Klein Kranenbarg E, et al. EBV-positive gastric adenocarcinomas: a 

distinct clinicopathologic entity with a low frequency of lymph node involvement. J Clin Oncol. 

2004; 22:664–670. [PubMed: 14966089] 

30. Shibata D, Hawes D, Stemmermann GN, et al. Epstein-Barr virus-associated gastric 

adenocarcinoma among Japanese Americans in Hawaii. Cancer Epidemiol Biomarkers Prev. 1993; 

2:213–217. [PubMed: 8391356] 

31. Gulley ML, Pulitzer DR, Eagan PA, et al. Epstein-Barr virus infection is an early event in gastric 

carcinogenesis and is independent of bcl-2 expression and p53 accumulation. Hum Pathol. 1996; 

27:20–27. [PubMed: 8543306] 

32. Truong CD, Feng W, Li W, et al. Characteristics of Epstein-Barr virus-associated gastric cancer: a 

study of 235 cases at a comprehensive cancer center in U.S.A. J Exp Clin Cancer Res. 2009; 

28:14. [PubMed: 19192297] 

33. Marur S, D’Souza G, Westra WH, et al. HPV-associated head and neck cancer: a virus-related 

cancer epidemic. Lancet Oncol. 2010; 11:781–789. [PubMed: 20451455] 

34. Saiki Y, Ohtani H, Naito Y, et al. Immunophenotypic characterization of Epstein-Barr virus-

associated gastric carcinoma: massive infiltration by proliferating CD8+ T-lymphocytes. Lab 

Invest. 1996; 75:67–76. [PubMed: 8683941] 

35. Kuzushima K, Nakamura S, Nakamura T, et al. Increased frequency of antigen-specific CD8(+) 

cytotoxic T lymphocytes infiltrating an Epstein-Barr virus-associated gastric carcinoma. J Clin 

Invest. 1999; 104:163–171. [PubMed: 10411545] 

36. Chiaravalli AM, Klersy C, Vanoli A, et al. Histotype-based prognostic classification of gastric 

cancer. World J Gastroenterol. 2012; 18:896–904. [PubMed: 22408348] 

37. Wang K, Kan J, Yuen ST, et al. Exome sequencing identifies frequent mutation of ARID1A in 

molecular subtypes of gastric cancer. Nat Genet. 2011; 43:1219–1223. [PubMed: 22037554] 

Camargo et al. Page 9

Gut. Author manuscript; available in PMC 2015 April 03.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



38. Matsunou H, Konishi F, Hori H, et al. Characteristics of Epstein-Barr virus-associated gastric 

carcinoma with lymphoid stroma in Japan. Cancer. 1996; 77:1998–2004. [PubMed: 8640662] 

39. Murray PG, Billingham LJ, Hassan HT, et al. Effect of Epstein-Barr virus infection on response to 

chemotherapy and survival in Hodgkin’s disease. Blood. 1999; 94:442–447. [PubMed: 10397711] 

40. Li S, Du H, Wang Z, et al. Meta-analysis of the relationship between Epstein-Barr virus infection 

and clinicopathological features of patients with gastric carcinoma. Sci China Life Sci. 2010; 

53:524–530. [PubMed: 20596921] 

41. Baghestani AR, Hajizadeh E, Fatemi SR. Parametric model to analyse the survival of gastric 

cancer in the presence of interval censoring. Tumori. 2010; 96:433–437. [PubMed: 20845804] 

42. Zhu HP, Xia X, Yu CH, et al. Application of Weibull model for survival of patients with gastric 

cancer. BMC Gastroenterol. 2011; 11:1. [PubMed: 21211058] 

43. Cammerer G, Formentini A, Karletshofer M, et al. Evaluation of important prognostic clinical and 

pathological factors in gastric cancer. Anticancer Res. 2012; 32:1839–1842. [PubMed: 22593471] 

44. Siegel R, Ward E, Brawley O, et al. Cancer statistics, 2011: the impact of eliminating 

socioeconomic and racial disparities on premature cancer deaths. CA Cancer J Clin. 2011; 61:212–

236. [PubMed: 21685461] 

45. Kutok JL, Wang F. Spectrum of Epstein-Barr virus-associated diseases. Annu Rev Pathol. 2006; 

1:375–404. [PubMed: 18039120] 

46. Keegan TH, Glaser SL, Clarke CA, et al. Epstein-Barr virus as a marker of survival after 

Hodgkin’s lymphoma: a population-based study. J Clin Oncol. 2005; 23:7604–7613. [PubMed: 

16186595] 

47. Minnicelli C, Barros MH, Klumb CE, et al. Relationship of Epstein-Barr virus and interleukin 10 

promoter polymorphisms with the risk and clinical outcome of childhood Burkitt lymphoma. PLoS 

One. 2012; 7:e46005. [PubMed: 23029361] 

48. Levine PH, Kamaraju LS, Connelly RR, et al. The American Burkitt’s Lymphoma Registry: eight 

years’ experience. Cancer. 1982; 49:1016–1022. [PubMed: 7059918] 

49. Kijima T, Kinukawa N, Gooding WE, et al. Association of Epstein-Barr virus with tumor cell 

proliferation: clinical implication in nasopharyngeal carcinoma. Int J Oncol. 2001; 18:479–485. 

[PubMed: 11179475] 

50. Yip KW, Shi W, Pintilie M, et al. Prognostic significance of the Epstein-Barr virus, p53, Bcl-2, 

and survivin in nasopharyngeal cancer. Clin Cancer Res. 2006; 12:5726–5732. [PubMed: 

17020977] 

51. zur Hausen A, Brink AA, Craanen ME, et al. Unique transcription pattern of Epstein-Barr virus 

(EBV) in EBV-carrying gastric adenocarcinomas: expression of the transforming BARF1 gene. 

Cancer Res. 2000; 60:2745–2748. [PubMed: 10825150] 

52. Camargo MC, Murphy G, Koriyama C, et al. Determinants of Epstein-Barr virus-positive gastric 

cancer: an international pooled analysis. Br J Cancer. 2011; 105:38–43. [PubMed: 21654677] 

53. Matsusaka K, Kaneda A, Nagae G, et al. Classification of Epstein-Barr virus-positive gastric 

cancers by definition of DNA methylation epigenotypes. Cancer Res. 2011; 71:7187–7197. 

[PubMed: 21990320] 

54. Tang W, Morgan DR, Meyers MO, et al. Epstein-Barr virus infected gastric adenocarcinoma 

expresses latent and lytic viral transcripts and has a distinct human gene expression profile. Infect 

Agent Cancer. 2012; 7:21. [PubMed: 22929309] 

55. Schetter AJ, You WC, Lennette ET, et al. Association of Epstein-Barr virus antibody levels with 

precancerous gastric lesions in a high-risk cohort. Cancer Sci. 2008; 99:350–354. [PubMed: 

18201267] 

56. Levine PH, Stemmermann G, Lennette ET, et al. Elevated antibody titers to Epstein-Barr virus 

prior to the diagnosis of Epstein-Barr-virus-associated gastric adenocarcinoma. Int J Cancer. 1995; 

60:642–644. [PubMed: 7860138] 

57. Shinkura R, Yamamoto N, Koriyama C, et al. Epstein-Barr virus-specific antibodies in Epstein-

Barr virus-positive and -negative gastric carcinoma cases in Japan. J Med Virol. 2000; 60:411–

416. [PubMed: 10686024] 

58. Koshiol J, Qiao YL, Mark SD, et al. Epstein-Barr virus serology and gastric cancer incidence and 

survival. Br J Cancer. 2007; 97:1567–1569. [PubMed: 17987041] 

Camargo et al. Page 10

Gut. Author manuscript; available in PMC 2015 April 03.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



59. Japanese Gastric Cancer Association. Japanese Classification of Gastric Carcinoma—2nd English 

Edition. Gastric Cancer. 1998; 1:10–24. [PubMed: 11957040] 

Camargo et al. Page 11

Gut. Author manuscript; available in PMC 2015 April 03.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



Significance of this study

What is already known on this subject?

▸ While chronic Helicobacter pylori infection is the primary cause of gastric 

cancer, a subset of cases also contain Epstein–Barr virus (EBV) DNA.

▸ The viral genome in EBV-positive cases is monoclonal and present in all 

tumour cells, suggesting the virus may be a cofactor in gastric 

carcinogenesis.

▸ Patients with EBV-positive gastric tumours have distinct demographic, 

clinical and pathological features compared to those with EBV-negative 

tumours.

What are the new findings?

▸ EBV-positive gastric cancer tends to have lower tumour–node–metastasis 

(TNM) stage.

▸ Even adjusted for TNM stage as well as other prognostic indicators, tumour 

EBV positivity confers a relative survival advantage.

How might it impact on clinical practice in the foreseeable future?

▸ The difference in prognosis by tumour EBV status provides additional 

evidence that EBV-positive gastric cancer is a distinct disease entity.

▸ EBV-positive gastric cancer may warrant different preventive and/or 

therapeutic modalities.

▸ The mechanisms conferring better survival of EBV-positive tumours may 

lead to novel approaches to manage gastric cancer in general.
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Figure 1. 
ORs and 95% CIs for the associations of selected clinical and demographic characteristics 

with gastric tumour Epstein–Barr virus positivity.
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Figure 2. 
Kaplan–Meier estimated survival after gastric cancer diagnosis by tumour Epstein–Barr 

virus (EBV) status.
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Figure 3. 
HRs and 95% CIs for associations of tumour Epstein–Barr virus (EBV) status and other 

selected characteristics with overall mortality after gastric cancer diagnosis.
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Figure 4. 
Forest plot of HRs for the association of gastric cancer mortality with tumour Epstein–Barr 

virus (EBV) positivity for the study populations, by continent. Study-specific HRs are 

shown as squares, with the size of the symbol inversely proportional to the study specific 

variance. Summary random-effects HRs are shown as diamonds, with the middle 

corresponding to the point estimate and the width representing the 95% CIs.
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