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The Predictive Value of Epstein-Barr Virus-Positivity in Patients
Undergoing Gastrectomy Followed by Adjuvant Chemotherapy
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The present study evaluated the survival impact of standard adjuvant chemotherapy
and prognostic differences between Epstein-Barr virus (EBV)-associated gastric can-
cer (EBVaGC) and EBV-negative gastric cancer (EBVnGC). A total of 276 patients were
enrolled according to the following criteria: 1) pathologically diagnosed with primary
gastric adenocarcinoma, 2) test results from EBV-encoded RNA in situ hybridization,
3) stage II/III according to the 7th edition of UICC/AJCC staging system for gastric can-
cer, and 4) postoperative adjuvant chemotherapy. Fifty-nine (21.4%) and 217 (78.6%)
patients exhibited EBVaGC and EBVnGC, respectively, while 129 (46.7%) patients
were classified as stage II and 147 (53.3%) as stage III. As for adjuvant chemotherapy,
87 (31.5%) patients received capecitabine and oxaliplatin, while 189 (68.5%) received
S-1 monotherapy. With a median follow-up duration of 21.3 (6.4-89.0) months, the esti-
mated 3-year disease-free survival (DFS) and overall survival (OS) rates were 74.8%
and 83.0%, respectively. In univariate analysis and multivariate analysis using a Cox
proportional hazard model including age, gender, stage, Lauren classification, and the
type of chemotherapy, EBV-positivity was not significantly associated with DF'S (p-val-
ue=0.630) regardless of the type of chemotherapy. Therefore, no association was found
between EBV positivity and the survival outcomes in patients with curatively resected
gastric cancer who received standard adjuvant chemotherapy.
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INTRODUCTION

Comprehensive molecular characterization of gastric
cancer (GC) has identified Epstein-Barr virus (EBV)-associated
gastric cancer (EBVaGC) as one of four GC subtypes.'
Representing nearly 10% of all GC worldwide, EBVaGC is
defined by the presence of EBV in the GC cells.? EBV in-
fection contributes to the malignant transformation of GC
cells through disrupting various cellular processes and sig-
naling pathways.** Recent studies have also differentiated
EBVaGC with unique genomic aberrations and clin-
icopathologic features, including less lymph node involve-
ment and a better prognosis.”® However, it is still unknown
if the EBV subtype can also be associated with different
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clinical benefits from adjuvant chemotherapy.

Several studies have already demonstrated an improved
survival with adjuvant chemotherapy following surgery
with D2 lymph node dissection for GC.”® Thus, many coun-
tries have accepted oxaliplatin plus capecitabine (XELOX)
combination chemotherapy or S-1 monotherapy as the
standard adjuvant chemotherapy for GC.""® Notwithstanding,
30-50% of patients still experience tumor recurrence fol-
lowing adjuvant chemotherapy and the clinical relevance
of the four molecular subtypes, such as the implications for
prognosis and response to standard adjuvant chemo-
therapy have not yet been established.'"'” Moreover, the
heterogeneity of GC is recognized as one of the major diffi-
culties when choosing a treatment approach and determin-
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ing the reasons for worse treatment outcomes.'”"* However,
no published study has yet investigated the predictive val-
ue of EBV-positivity with resected GC followed by adjuvant
chemotherapy. Therefore, the purpose of this study was to
analyze the survival differences according to the EBV-pos-
itivity in GC.

MATERIALS AND METHODS

1. Patients

This study retrospectively reviewed 773 patients with
GC who underwent surgical resection at Kyungpook
National University Chilgok Hospital (KNUCH) between
January 2011 and December 2017. The patients were en-
rolled according to the following criteria: 1) pathologically
diagnosed with primary gastric adenocarcinoma, 2) test re-
sults for EBV-encoded RNA in situ hybridization, 3) stage
II/III according to the 7™ edition of Union for International
Cancer Control/American Joint Committee on Cancer
(UICC/AJCC) staging system for GC,'® and 4) postoperative
adjuvant chemotherapy. A total of 276 patients met these
criteria and were included in this study. The patient re-
cords were also reviewed for data on their medical history,
age, sex, backbone chemotherapy regimen, surgical meth-
ods, and pathologic results. This study was approved by the
institutional review board at KNUCH (KNUCH 2016-05-
012-002).

2. Treatment

The adjuvant chemotherapy treatment was begun 3 to
6 weeks after surgery. In the case of S-1 monotherapy, the
patients received S-1 orally twice daily on days 1 to 28, fol-
lowed by a 14-day recovery period, which was repeated for
1 year. In the case of XELOX, the patients received intra-
venous oxaliplatin in day 1 and oral capecitabine twice a
day on days 1 to 14, followed by a 7-day recovery period,
which was repeated for 6 months.

3. Statistical analysis

The descriptive statistics are reported as proportions
and medians. The categorical variables were evaluated using
a Chi-square test and Fisher's exact test, as appropriate.
Overall survival (OS) was defined as the interval between
the time of surgery and death, or else censored at the date
of last contact in medical records. Disease-free survival
(DFS) was defined as the interval between the time of sur-
gery and evidence of disease recurrence, or else censored
at the date of death or last contact. The Kaplan-Meier meth-
od was used to estimate the OS and DFS. The survival
curves were compared using a log rank test according to the
EBYV expression differences. Multivariate survival analy-
ses were carried out using the Cox proportional hazard re-
gression model. The hazard ratio (HR) and 95% confidence
interval (CI) were evaluated for each factor. A p-value <0.05
was considered statistically significant. The statistical
analyses were performed using SPSS for Windows (version
19.0, SPSS Inc., Chicago, Ill., USA).
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RESULTS

1. Patient characteristics

The patient characteristics are summarized in Table 1.
The median age was 63.5 years (range 35-84 years) and 201
(72.6%) patients were male. Most of the tumors were lo-
cated in the body (43.3%) and antrum (42.6%) of the
stomach. While 107 (38.6%) patients underwent a total
gastrectomy, 167 (60.3%) received a subtotal gastrectomy.
After surgical resection, 129 (46.7%) patients were classi-
fied as stage IT and 147 (53.3%) as stage I1I. The major his-
tology was poorly differentiated adenocarcinoma (39.7%).
According to EBV-encoded RNA in situ hybridization, 59
(21.4%) and 217 (78.6%) patients exhibited EBVaGC and
EBVnGC, respectively. Among the 276 eligible patients, 87
patients (31.5%) received XELOX, and the other 189
(68.5%) received S-1 as their adjuvant chemotherapy.

2. EBV expression and response to chemotherapy and sur-

vival outcomes

With a median follow-up duration of 21.3 months
(6.4-89.0), the estimated 3-year DFS and OS rates were
74.8% and 83.0%, respectively. During the analyses, 47
(17%) patients experienced recurrence and 31 (11.2%) pa-
tients died. While the survival outcomes for EBVaGC
showed a better tendency towards DFS, there were no stat-
istically significant differences (p-value=0.630; Fig. 1A). In
the subgroup analysis according to the type of chemo-
therapy, EBV-positivity did not have a significant effect on
DFS (Fig. 1B, C). In the multivariate analysis adjusted for
age, gender, stage, Lauren classification, type of chemo-
therapy, and EBV-positivity, no significant association
was found between EBV- positivity and DFS (p-val-
ue=0.831; Table 2), while the stage and Lauren classi-
fication were identified as independent prognostic factors
for DFS.

DISCUSSION

This study investigated whether the clinical benefit of
EBV-positivity differed in the case of GC. To the best of our
knowledge, this is the first study to evaluate the predictive
role of the EBV status in resected GC followed by adjuvant
chemotherapy. However, for the patients in the current
series EBV-positivity did not demonstrate a predictive val-
ue in a multivariate analysis adjusted for the tumor stage
and type of chemotherapy.

EBV positive tumors display extreme DNA hyper-
methylation, phosphatidylinositol 3-kinase catalytic sub-
unit (PIK3CA) mutation, and recurrent Janus kinase 2
(JAK2) amplifications."'” They also exhibit interleukin-12
mediated signaling activation and programmed death-li-
gand 1 (PD-L1)/-ligand 2 (PD-L2) overexpression com-
pared to other cancers, as reported by The Cancer Genome
Atlas (TCGA).""® Therefore, this heterogeneity with re-
gard to molecular alterations may vary the response to
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TABLE 1. Continued

EBV EBV EBV EBV
Total . .. Total . .
(0=276) negative positive p-value (0=276) negative positive p-value
B (n=217) (n=59) a (n=217) (n=59)
Age (years) 63.5 (35-84) 63 (35-84) 64 (39-82) 0.463 Chemotherapy 0.899
Sex 0.020 S-1 189 (68.2%) 149 (68.7%) 40 (67.8%)
Male 201 (72.6%) 151 (69.6%) 50 (84.7%) XELOX 87 (31.4%) 68 (31.3%) 19 (32.2%)
Female 75 (27.1%) 66 (30.4%) 9 (15.3%) Relpase 47 (17.0%) 31(14.4%) 16 (27.6%) 0.018
ECOG 0.035 Death 31(11.2%) 17 (7.8%) 14 (24.1%) 0.001
0 155 (56.0%) 129 (59.4%) 26 (44.1%) WD: well differentiated, MD: moderate differentiated, PD: poorly
1 121 (43.7%) 88 (40.6%) 33 (55.9%) . . . . . .
. . differentiated, GCLS: gastric carcinoma with lymphoid stroma,
Primary site <0.001 XELOX: oxaliplatin plus capecitabine
Cardia 11(40%) 523%) 6(10.2%) Poxanipiatin P cap '
Fundus 9(3.2%) 4(1.8%) 5(8.5%)
Body 120 (43.3%) 86 (39.6%) 34 (57.6%) of molecular biology in GC. Sohn et al."* analyzed the sub-
Antrum 118 (42.6%) 108 (49.8%) 10 (16.9%) . . .
type-specific benefit of adjuvant chemotherapy using ge-
Pylorus 18 (6.5%) 14(6.5%) 4(6.8%) Lo .
netic signatures to validate TCGA data. They found that
Gastrectomy <0.001 tients with the ch 1 instability (CIN) subt
Total 107 (38.6%) 71 (32.7%) 36 (61.0%) patients with the caromosomal mstabiity subtype
Subtotal 167 (60.3%) 144 (66.4%) 23 (39.0%) b‘eneﬁte(% the most .from ad‘]u‘van‘t chen%o‘therapy, while pa-
Others 20.7%) 2 (0.9%) 0 tients with the microsatellite instability (MSI) and ge-
Histology <0.001 nomically stable (GS) subtype showed a better tendency,
Adenoca W/D 3(L1%) 2(0.9%) 1(1.7%) yet with not significantly. Similarly, the results from the
Adenoca M/D 62 (22.4%) 57 (26.3%) 5 (8.5%) adjuvant capecitabine plus oxaliplatin for GC after D2 gas-
Adenoca P/D 110 (39.7%) 75 (34.6%) 35 (59.3%) trectomy trial found no significant benefit of capecitabine
Poorly cohesive 63 (22.7%) 54 (24.9%) 9 (15.3%) plus oxaliplatin-based adjuvant chemotherapy in patients
GCLS 11(4.0%) 4(1.8%) 7(11.9%) with a high level of MSI (MSI-H) GC."” However, the effi-
Others 27(9.7%) 25(11.5%) 2(3.4%) cacy of adjuvant chemotherapy has not been assessed in
Pathologic stage 0.314 EBV subtype patients. Interestingly, recent preclinical
I 129 (46.6%) 98 (45.2%) 31 (52.5%) studies reported that EBV infection contributes to the che-
11 147 (53.1%) 119 (54.8%) 28 (47.5%) mo-resistance of 5-fluorouracil (5FU) and docetaxel in GC
T stage 0.944 by modulating apoptosis related cellular genes.””*' As
T1 14(5.1%) 11(5.1%) 3 (5.1%) these findings point to the possibility that adjuvant chemo-
T2 34 (12.3%) 27(12.4%) 7 (11.9%) . . . . .
therapy including 5FU and oxaliplatin affect the survival
T3 103 (37.2%) 79 (36.4%) 24 (40.7%) . . 1.
outcomes in EBVaGC, the current study results indicate
T4 125 (45.1%) 100 (46.1%) 25 (42.4%) . . .
N stage 0.639 that the role of adjuvant chemotherapy in EBVaGC still re-
NO 63 (22.7%) 48 (22.1%) 15 (25.4%) quires further clarification. o
N1 68 (24.5%) 53 (24.4%) 15 (25.4%) While the present study found that EBV-positivity has
N2 71 (25.6%) 54 (24.9%) 17 (28.8%) no predictive value of adjuvant chemotherapy, several re-
N3 74 (26.7%) 62(28.6%) 12 (20.3%) cent studies have also reported on the prognostic sig-
Bormann type 0.040 nificance of the EBV status in GC. Song et al.” noted a sig-
I 11 (4.0%) 9(4.1%) 2 (3.4%) nificantly longer OS and DF'S for patients with lymphoepi-
II 42 (15.2%) 26 (12.0%) 16 (27.1%) thelioma-like carcinoma subtype of EBVaGC, suggesting
111 199 (71.8%) 163 (75.1%) 36 (61.0%) that the prognosis of EBVaGC may depend on the patient's
v 24 (8.7%) 19 (8.8%) 5(8.5%) inflammatory response. However, another study found no
Lauren 0.001 survival differences between EBVaGC and EBVnGC in a
013551ﬁf3at10n study that retrospectively evaluated 1,020 patients with
In.teStmal 103 (37.2%) 92 (42.4%) 11 (18.6%) stage I-III GC who underwent a radical gastrectomy and
Diffuse 153 (55.2%) 108 (49.8%) 45 (76.3%) lymphadenectomy.”® The latter findings are consistent
Mixed 19(6.9%) 17(7.8%) 2 (3.4%) with the present study in terms of the stage at the time of
Unknown 1 (0.4%) 0 1(1.7%)

standard chemotherapy. While the EBV status showed no
significant effect on the survival outcomes for the present
series of resected GC followed by adjuvant chemotherapy,
several studies have reported on the clinical significance

surgery and treatment applications. Thus, the precise rela-
tionship between EBV infection and the prognosis for GC
still needs to be clarified, along with the inconsistent re-
sults in previous studies. Although the current study found
no survival outcome association, EBV infection is well
known to be related with tumor progression and meta-
stasis in GC.”*® In particular, biological characteristics of
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FIG. 1. Kaplan-Meier survival curves for disease-free survival according to (A) EBV-positivity, (B) EBV-positivity in XELOX group,

(C) EBV-positivity in S-1 group.

TABLE 2. Survival analysis for disease-free survival

Disease free survival

Variables Category Univariate analysis Multivariate analysis
HR 95% CI HR 95% CI
Age, years <63.5 vs. =63.5 0.446 0.242-0.824 2.206 1.155-4.216
pTNM stage ITvs. III 0.192 0.090-0.412 5.409 2.477-11.815
Sex Male vs. Female. 0.840 0.436-1.621 1.069 0.521-2.197
Lauren classification  Intestinal vs. Diffuse/Mixed 0.194 0.017-2.180 1.700 1.033-2.800
Chemotherapy XELOX vs. S-1 0.996 0.516-1.921 1.433 0.695-2.955
EBV negative vs. positive 1.172 0.613-2.239 1.027 0.525-2.008

No significant association was found between EBV-positivity and disease-free survival in the multivariate analysis. pTNM: pathologic
tumor-node-metastasis, HR: hazard ratio, CI: confidence interval, XELOX: oxaliplatin plus capecitabine.

stage IV GC may differ from those of early stage GC.”
Therefore, the predictive role of chemotherapy for stage IV
GC should be evaluated in further studies aimed at eluci-
dating the clinical significance of each chemotherapy.

While the present data did not indicate a significant pre-
dictive role for EBV-positivity in the case of adjuvant che-
motherapy, the results should be cautiously evaluated due
to certain limitations. First, the current study is a retro-
spective evaluation. Second, EBVnGC included the CIN,
GS, and MSI subtypes of GC and the response to chemo-
therapy of the four GC subtypes may vary according to their
fundamental nature. Plus, genetic mutations can also af-
fect the outcome of chemotherapy in cancer. Moreover, no
detailed information was provided on the cycles and num-
ber of chemotherapies and treatments after recurrence.
Lastly, the sample size was small to compare between two
groups, and follow-up duration was relatively short.

In conclusion, no association was found between EBV-
positivity and the survival outcomes in patients with cura-
tively resected gastric cancer who received standard ad-
juvant chemotherapy.

ACKNOWLEDGEMENTS

This work was supported by the National Research
Foundation of Korea (NRF) grant funded by the Korea gov-

176

ernment (2014R1A5A2009242) and Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education
(2017R1D1A3B03032320).

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. Cancer Genome Atlas Research Network. Comprehensive molec-
ular characterization of gastric adenocarcinoma. Nature 2014;
513:202-9.

2. Murphy G, Pfeiffer R, Camargo MC, Rabkin CS. Meta-analysis
shows that prevalence of Epstein-Barr virus-positive gastric can-
cer differs based on sex and anatomic location. Gastroenterology
2009;137:824-33.

3. zur Hausen A, van Grieken NC, Meijer GA, Hermsen MA,
Bloemena E, Meuwissen SG, et al. Distinct chromosomal aberra-
tions in Epstein-Barr virus-carrying gastric carcinomas tested by
comparative genomic hybridization. Gastroenterology 2001;121:
612-8.

4. Wu MS, Shun CT, Wu CC, Hsu TY, Lin MT, Chang MC, et al.
Epstein-Barr virus-associated gastric carcinomas: relation to H.
pylori infection and genetic alterations. Gastroenterology 2000;



10.

11.

12.

13.

14.

118:1031-8.

. van Beek J, zur Hausen A, Klein Kranenbarg E, van de Velde CJ,

Middeldorp JM, van den Brule AJ, et al. EBV-positive gastric ad-
enocarcinomas: a distinct clinicopathologic entity with a low fre-
quency of lymph node involvement. J Clin Oncol 2004;22:664-70.

. Shinozaki-Ushiku A, Kunita A, Fukayama M. Update on

Epstein-Barr virus and gastric cancer (review). Int J Oncol
2015;46:1421-34.

. Noh SH, Park SR, Yang HK, Chung HC, Chung IJ, Kim SW, et

al. Adjuvant capecitabine plus oxaliplatin for gastric cancer after
D2 gastrectomy (CLASSIC): 5-year follow-up of an open-label,
randomised phase 3 trial. Lancet Oncol 2014;15:1389-96.

. GASTRIC (Global Advanced/Adjuvant Stomach Tumor Research

International Collaboration) Group, Paoletti X, Oba K, Burzy-
kowski T, Michiels S, Ohashi Y, et al. Benefit of adjuvant chemo-
therapy for resectable gastric cancer: a meta-analysis. JAMA
2010;303:1729-37.

. Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M,

Nashimoto A, et al. Adjuvant chemotherapy for gastric cancer
with S-1, an oral fluoropyrimidine. N Engl J Med 2007;357:1810-20.
Sasako M, Sakuramoto S, Katai H, Kinoshita T, Furukawa H,
Yamaguchi T, et al. Five-year outcomes of a randomized phase
II1 trial comparing adjuvant chemotherapy with S-1 versus sur-
gery alone in stage II or III gastric cancer. J Clin Oncol 2011;
29:4387-93.

Sohn BH, Hwang JE, Jang HJ, Lee HS, Oh SC, Shim JJ, et al.
Clinical significance of four molecular subtypes of gastric cancer
identified by the cancer genome atlas project. Clin Cancer Res
2017. doi: 10.1158/1078-0432.CCR-16-2211. [Epub ahead of print]
Aoyama T, Yoshikawa T, Watanabe T, Hayashi T, Ogata T, Cho
H, et al. Survival and prognosticators of gastric cancer that recurs
after adjuvant chemotherapy with S-1. Gastric Cancer 2011,
14:150-4.

Wang K, Kan J, Yuen ST, Shi ST, Chu KM, Law S, et al. Exome
sequencing identifies frequent mutation of ARID1A in molecular
subtypes of gastric cancer. Nat Genet 2011;43:1219-23.

Zang ZJ, Cutcutache I, Poon SL, Zhang SL, McPherson JR, Tao
dJ, et al. Exome sequencing of gastric adenocarcinoma identifies
recurrent somatic mutations in cell adhesion and chromatin re-
modeling genes. Nat Genet 2012;44:570-4.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Dong Wong Baek, et al

Zouridis H, Deng N, Ivanova T, Zhu Y, Wong B, Huang D, et al.
Methylation subtypes and large-scale epigenetic alterations in
gastric cancer. Sci Transl Med 2012;4:156ra140.

Edge SB, Compton CC. The American Joint Committee on
Cancer: the 7th edition of the AJCC cancer staging manual and
the future of TNM. Ann Surg Oncol 2010;17:1471-4.

Sukawa Y, Yamamoto H, Nosho K, Kunimoto H, Suzuki H, Adachi
Y, et al. Alterations in the human epidermal growth factor re-
ceptor 2-phosphatidylinositol 3-kinase-v-Akt pathway in gastric
cancer. World J Gastroenterol 2012;18:6577-86.

Cristescu R, Lee J, Nebozhyn M, Kim KM, Ting JC, Wong SS, et
al. Molecular analysis of gastric cancer identifies subtypes asso-
ciated with distinct clinical outcomes. Nat Med 2015;21:449-56.
Choi YY, Kim H, Shin SJ, Kim HY, Lee J, Yang HK, et al.
Microsatellite instability and programmed cell death-ligand 1 ex-
pression in stage II/III gastric cancer: post hoc analysis of the
CLASSIC randomized controlled study. Ann Surg 2018. doi:
10.1097/SLA.0000000000002803. [Epub ahead of print]

Seo JS, Kim TG, Hong YS, Chen JY, Lee SK. Contribution of
Epstein-Barr virus infection to chemoresistance of gastric carci-
noma cells to 5-fluorouracil. Arch Pharm Res 2011;34:635-43.
Shin HJ, Kim DN, Lee SK. Association between Epstein-Barr vi-
rus infection and chemoresistance to docetaxel in gastric
carcinoma. Mol Cells 2011;32:173-9.

Song HJ, Srivastava A, Lee J, Kim YS, Kim KM, Ki Kang W, et
al. Host inflammatory response predicts survival of patients with
Epstein-Barr virus-associated gastric carcinoma. Gastroenterology
2010;139:84-92.

Huang SC, Ng KF, Chen KH, Hsu JT, Liu KH, Yeh TS, et al.
Prognostic factors in Epstein-Barr virus-associated stage I-1IT
gastric carcinoma: implications for a unique type of carcinogenesis.
Oncol Rep 2014;32:530-8.

Naseem M, Barzi A, Brezden-Masley C, Puccini A, Berger MD,
Tokunaga R, et al. Outlooks on Epstein-Barr virus associated gas-
tric cancer. Cancer Treat Rev 2018;66:15-22.

Huang SCM, Tsao SW, Tsang CM. Interplay of viral infection,
host cell factors and tumor microenvironment in the pathogenesis
of nasopharyngeal carcinoma. Cancers (Basel) 2018;10:106.

Fu DG. Epigenetic alterations in gastric cancer (review). Mol Med
Rep 2015;12:3223-30.

177



