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Abstract
Objective: Gastric cancer (GC) is a leading cause of cancer death, occurs predominantly in older age, with
increasing incidence in young patients. The Cancer Genome Atlas indicates four subtypes for GC among which
Epstein-Barr virus (EBV) subtype is estimated at 8.7%. We aim to determine the prevalence of EBV subtype in young
GC patients (≤45 years) compared with an average-onset cohort (≥55 years) and characterize the clinicopathologic
pattern of young-onset GC.
Methods: Gastric cancer samples of patients of both cohorts were screened for EBV by qPCR. Additional staining
was done for Human epidermal growth factor receptor 2 (HER2), microsatellite instability (MSI) status and
Programmed death-ligand 1 (PD-L1). Demographics and clinical data were retrieved from the medical records.
Results: Thirty-nine young-onset and 35 average-onset GC patients were reviewed. There was no apparent difference
in tumor location, family history, histology and HER2 status between the cohorts. More young-onset patients were
diagnosed with metastatic disease (27% vs 9%, p = 0.0498). EBV was significantly more prevalent in the young-onset
cohort (33% vs 11%, p = 0.025). 15/17 EBV positive patients were under the median age of diagnosis for GC in the US
(68 years). MSI-H was found only in the average-onset cohort [0% vs 27%, p = 0.001). PD-L1 positivity was higher in the
young-onset cohort (31% vs 3%, p = 0.002).
Conclusion: Our study indicates that EBV subtype is more prevalent in young-onset GC and may play a key role in the
pathogenesis. Higher rate of PD-L1 positivity in young-onset GC could change treatment strategies. We are currently
evaluating these findings in a prospective trial.
Keywords: Gastric cancer, Young patients, Epstein-Barr virus (EBV), MSI, PD-L1

Background
Gastric cancer (GC) is the third and fifth most common
cause of cancer related death in the world in males and
females, respectively [1, 2]. Former data have shown that
GC rates are twice as high in men, GC occurs predominantly in older age groups [2]. The median age at
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diagnosis in the United States is 68 years [3]. Several
studies have indicated a trend toward steadily increasing
incidence of GC in young patients over the past few
decades [4]. Patients aged 40 years or younger comprised
4.6 to 6.2% of GC incidence [4, 5]. Former studies
described the clinicopathological features of GC in
young patients and implied that they were different from
those of older patients [4, 5]. Gastric carcinogenesis is
thought to be associated with multiple environmental
and genetic factors. Although the etiology of GC not
fully understood, infectious agents have been recognized
to participate in neoplastic transformation [1, 2].
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Helicobacter pylori (H. pylori) is the major causative
agent of GC [1, 2].
The Epstein-Barr virus (EBV) is a double-stranded
DNA γ-herpes virus, and has been associated with both
lymphoid and epithelial malignancies since first discovered in tumor cells of Burkitt’s lymphoma in 1964 [6].
Approximately 90% of adults will have antibodies for
EBV. During the latent phase of infection, EBV nuclear
antigens (EBNAs) and latent membrane proteins (LMPs)
are expressed in infected cells. EBNAs and LMPs play a
role in the process of cell immortalization [6]. A Metaanalysis has found that the overall prevalence of EBV
positivity in GC is estimated at 8.7% [7]. There is 2-fold
difference by sex: 11.1% of cases in males, vs 5.2% in females. EBV positivity is found in about 13% of tumors
arising in the gastric cardia or corpus and in 5.2% of antral tumors (p < 0.01) [7]. There was no difference between intestinal and diffuse histologies [7]. In an analysis
of 8336 patients with GC, the presence of EBV had a favorable impact on GC patient’s survival [8] whereas the
pooled HR for OS in GC patients was 0.67 (95% CI:
0.55–0.79; p < 0.001) [8]. One suggested explanation for
this finding is that EBV infection recruits lymphocytes
which induce an immune cell infiltration into tumor
areas [6, 8]. The Cancer Genome Atlas (TCGA) project
proposed a molecular classification of gastric cancer into
four subtypes: tumors positive for EBV which display recurrent Phosphatidylinositol-4,5-Bisphosphate 3-Kinase
Catalytic Subunit Alpha (PIK3CA) mutations, extreme
DNA hypermethylation, and amplification of Janus kinase 2 (JAK2), cluster of differentiation 274 (CD274) (also
known as Programmed death-ligand 1, PD-L1) and
Programmed cell death 1 ligand 2 (PDCD1LG2) (also
known as Programmed cell death ligand 2, PD-L2);
microsatellite unstable tumors; genomically stable tumors; and tumors with chromosomal instability [9]. The
prevalence of the EBV subtype in this reported population was 9%.
The differential prevalence of EBV positive GC subtype among young-onset GC is unknown. In this study,
we hypothesized that the EBV subtype may be more
prevalent in the young-onset GC cohort and therefore
aimed to determine the prevalence of EBV positivity in
young GC patients compared with an older cohort, as
well as to characterize the clinical-pathological characteristics in these two age-distinct cohorts.

Materials and methods
Patients

The study has been approved by the local institutional
review board committees of both medical centers.
All consecutive young-onset (age < 45 years) GC patients allocated from the Davidoff Center database, and a
control cohort of consecutive average-age onset controls
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(age > 55 years) diagnosed and treated in Davidoff
Center, between 1997 and 2016, for whom a pathological
sample could be obtained were included in the study.
Additional cohort of consisted of consecutive youngonset GC patients treated at the University Medical
Center of the Johannes Gutenberg University Mainz,
Germany, between 2006 and 2013 for whom a pathological sample could be obtained.
Tissue analysis

All cases were reviewed by pathologist who identified
the tumor in the block and guided the preparation.
Detection of EBV by PCR

Genomic DNA was extracted from formalin-fixed,
paraffin-embedded (FFPE) tissues using ReliaPrep™ FFPE
gDNA Miniprep System (promega; # A2351, Madison,
WI, USA) according to manufacturer protocol.
EBNA3A primers that were used for the detection of
positive-EBV samples by PCR were: 5′-GAAACCAAGA
CCAGAGGTCC-3′ and 5′-TCCCAGGGCCGGACAAT
AGG-3′ [10]. Control GAPDH primers were 5’CAAG
GTCATCCATGACAACTTTG-3′5’- GGGCCATCCAC
AGTCTTCTG − 3′.
Molecular characterization

Human epidermal growth factor receptor 2 (HER2) status was detected using immunohistochemistry (IHC)
staining with Her2 antibody (cat. # PATHWAY antiHER-2/neu (4B5), Ventana, Tucson, AZ, USA). Standard American Society of Clinical Oncology / College of
American Pathologists ASCO/CAP IHC classification
for HER2 positivity (0, 1+, 2+ and 3+) was used. In
cases were IHC results were considered equivocal
(HER2 overexpression 2+), fluorescent in situ
hybridization (FISH) analysis was performed. Evaluation of mismatch repair (MMR) protein expression
was performed using antibodies to MutL homolog 1
(MLH1) (cat. no.# 790–4535, Ventana, PMS1 homolog
2, mismatch repair system component (PMS2) (cat. no.
#760–4531, Ventana, Tucson, AZ, USA), mutS homolog 6 (MSH6) (cat. no. #287R-26, Cell Marque, Rocklin,
CA, USA) and MutS protein homolog 2 (MSH2) (cat.
no. # G219–1129, Cell Marque, Rocklin, CA, USA).
Loss of MMR protein expression defined the patient as
microsatellite instability high (MSI-H). PD-L1 expression was determined using IHC staining procedure with
Dako Autostainer Link 48 platform (Agilent, Santa
Clara, CA, USA) and an automated staining protocol
validated for the PD-L1 IHC 22C3 pharmDx assay
(Agilent). PD-L1 scoring was done according to FDA
approved scoring guideline for PD-L1 in GC.
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Clinical data

Patient demographics including age, sex, smoking and
family history, as well as clinico-pathological features
such as tumor location, histology and presence of H. pylori were extracted from medical records. The date of
diagnosis was known for all patients, and survival was
calculated by time of death or date of last follow-up
when appropriate.
Statistics

Data was analyzed using the Statistical Package for the
Social Sciences 22.0 (SPSS) at a significance level of 0.05.
χ2 test was used for categorical data, and the Mann–
Whitney-U test or Student’s T test were used for continuous data. Survival have been modeled using the
Kaplan-Meier method.

Results
Patients and clinical characteristics

Thirty-nine young-onset GC patients (27 from the
Davidoff Cancer Center, 12 from the University Medical
Center of the Johannes Gutenberg University Mainz)
and 35 average-onset GC patients (all from the Davidoff
Cancer Center) were included in the study. The clinical
characteristics are summarized in Table 1. The median
age for the young-onset was 40 years (range 21–45) and
for the average-onset 69 years (range 50–90). There appeared to be no differences between the age groups and
between the German and Israeli cohorts in terms of sex,
tumor location, smoking history, H. pylori positivity, diffuse subtype and signet ring cell variant. Family history
of malignancy was known for the Israeli patients only,
and there was no difference in its prevalence between
Table 1 Patient Characteristics
Factor

Average Onset
n = 35

Young Onset
n = 39

p-value

Male sex, n(%)

20 (57%)

17 (43%)

NS

Family history of
malignancy, n(%)

13 (48%)

13 (37%)

NS

Smoking history, n(%)

18 (49%)

18 (49%)

NS

HPpositive, n(%)

7 (47%)

8 (36%)

NS

Proximal tumor
location, n(%)

11 (32%)

7 (22%)

NS

Signet ring cell, n(%)

13 (37%)

18 (55%)

NS

Stage IV at
diagnosis, n(%)

3 (9%)

9 (27%)

P < 0.05

HER2 positive, n(%)

3 (9%)

2 (5%)

NS

EBV positive, n(%)

13 (33%)

4 (11%)

P < 0.05

Median OS, months

47.8 months

69.7 months

NS

Abbreviations: HP Helicobacter Pylori, HER2 Human epidermal growth factor
receptor 2, EBV Epstein–Barr Virus, OS overall survival
Data was missing on smoking history (5 patients), H. pylori (37), tumor location
(13), HER2 (8), stage at diagnosis (5)

the age groups (p = 0.38). While there was no variation
in the overall stage distribution, the proportion of
patients with metastatic disease (stage IV) was 9 and
27% in the average and young-onset cohort, respectively
(p < 0.05). There was no difference in the proportion of
patients undergoing curative resection (85% vs 80%, p =
0.15) or in disease free survival (DFS) (161.3 vs 145.2
months, p = 0.75) between the the average and youngonset cohorts. There was no difference in the median
number of systemic treatment lines for metastatic
disease between the average and young-onset cohorts (1
vs 1.5, respectively, p = 0.15).
Molecular characteristics
EBV

EBV status was known for all patients, and 17 patients
(23%) were found to positive. The EBV subtype was significantly more prevalent in the young-onset cohort 13
(33%) compared with 4 (11%) patients in the averageonset (p < 0.05). There was no difference between the
Israeli and the German young-onset cohort in the rate
of EBV positivity.
MSI

MSI status was available for 62 patients. MSI-H was
only found in the average-onset cohort – 8/27, 30%
vs 0% in the young-onset (p < 0.05) (Fig. 1). All MSIH tumors were EBV and PD-L1 negative. Six patients
had loss of MLH1 & PMS2, one patient loss of
MSH6 & MSH2, and one patient had loss of MLH1,
MSH6, MSH2 &PMS2.
HER2

HER2 status was available in 71 patients. HER2 was
positive in 9% of average-onset patients compared with
5% in the young-onset (p = 0.53) (Fig. 1). All EBV positive cases were HER2 negative (0/17), compared with an
overall prevalence of 9% (5/56) of HER2 positivity in
EBV negative cases (p = 0.23). One HER2 positive patient
was PD-L1 positive.
PD-L1

PDL-1 status was available for all patients. Twelve of
39 (31%) young-onset patients were PD-L1 positive,
compared with 1/35 (3%) of average-onset patients
(p < 0.05) (Fig. 1).
Survival

Median OS of the young-onset cohort was 69.7 months
compared with 47.8 months in the average-onset cohort
(p = 0.19) (Fig. 2). Median OS for EBV positive patients
was 67.4 months compared with 56.2 months for EBV
negative (p = 0.7) (Fig. 3). Median OS for the youngonset patients who were EBV positive (n = 13) was not
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Fig. 1 Molecular Characteristics of Young-Onset vs Average-Onset GC Patients

reached compared with 56.2 months for the remaining
cohort (p = 0.47).

Discussion
Recent advances in state of the art molecular technologies have yielded the TCGA characterization of the
genomic landscape of GC into four subtypes: the EBVpositive subtype, microsatellite unstable tumors, genomically stable tumors, which are enriched for the diffuse
histological variant and tumors with chromosomal

Fig. 2 Overall Survival by Age Group

instability [11]. We hypothesized that the pathogenesis
of young-onset GC may be attributed in part to environmental factors, and that the EBV subtype may be more
prevalent in the young-onset population. Our results
support our hypothesis, whereas in the young-onset cohort the EBV subtype was three-fold more prevalent
(33% vs 11%, p = 0.025) than in the average-onset cohort,
manifesting enhanced EBV and PD-L1 positivity. In our
report, the prevalence of family history of malignancy
did not vary between the age groups, although small
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Fig. 3 Overall Survival by EBV status Independent of Age

sample size may affect this finding. This may support
the concept that genetic factors are not dominant in
young-onset GC.
Former evidence demonstrated that EBV associated
GC occurs more frequently in male patients, most are
intestinal type, tends to arise in the cardia or the body of
the stomach [12]. A study that investigated the relationship between the TCGA subtypes and outcomes, found
that the EBV subtype was associated with the best
prognosis [13]. These patients seem to have a lower
incidence of lymph node metastases, hence a lower
tumor-node-metastasis system-stage and a better prognosis in terms of DFS and cancer-related survival [12]. A
meta-analysis has reported conflicting results regarding
the association between EBV positivity and age at
diagnosis [7]. However, age was not reported in these
studies. To the best of our knowledge, this is the first
study to compare the differential age-dependent prevalence of the EBV subtype. This finding could have
clinical implications.
There is former evidence implying that the presence of
the EBV viral genome in gastric carcinomas may serve
as a surrogate marker for targeted therapy. Gemcitabine
was found to be a lytic inducer via activation of the
ataxia telangiectasia-mutated (ATM)/p53 genotoxic
stress pathway in EBV associated GC [14]. The efficiency
of a gemcitabine- ganciclovir combination in EBV associated GC was established in a mouse model [14]. A
study showed that EBV-positive GC have significantly
greater expression of MHC class II on the tumor cells
and a more extensive infiltrate of activated CD8+ T cells.

This finding was most abundant in EBV-positive tumors
that did not metastasize to lymph nodes. In addition, in
EBV-positive GC without metastases, the infiltrate contained higher numbers of mature dendritic cells [15].
The TCGA has described a recurrent amplification at
9p24.1 at the locus containing CD274 and PDCD1LG2,
encoding PD-L1 and PD-L2. 9p amplifications were
enriched in the EBV subgroup (15% of tumors). Evaluation of mRNA revealed elevated expression of JAK2,
PD-L1 and PD-L2 in amplified cases [11]. A recent study
has demonstrated PD-L1 staining in tumor cells in 50%
(16/32) and immune cells in 94% (30/32) of Epstein-Barr
Virus (EBV) + GCs cases. Among EBV-negative GCs,
PD-L1 expression within tumors cells was observed only
in cases with microsatellite instability (MSI), although
35% of EBV−/MSS GCs possessed PD-L1 expression of
inflammatory cells [9]. Our study indicates that youngonset GC is characterized by both EBV positivity as well
as enhanced immunostaining of PD-L1. Thus, our results may imply that this unique patient population may
be a candidate for immunotherapy, which is an emerging
novel treatment option in GC. Yet, to date, the surrogate
biomarkers for patient selection for immunotherapy
remain to be further elucidated. Nivolumab, a PD1 inhibitor, has shown efficacy and a survival advantage in
unselect advanced GC after two or more previous
chemotherapy regimens [16]. Pembrolizumab, a PD1
inhibitor, achieved a response rate of 26% in PD-L1
positive tumors as single agent in the first line setting
[17]. An interesting question is whether the viral carrier
status is an independent marker for response to
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immunotherapy regardless of PD-L1 status. In a phase I/
II study, nivolumab is evaluated as monotherapy and in
combination with chemotherapy against virus associated
cancers, including EBV associated GC [18]. In an early
update that included 24 patients with gynecological
malignancies, the overall response rate was 21% [19]. An
interesting finding was that in the average-onset cohort,
all MSI-H patients were PD-L1 negative. This finding is
unlike other reports indicating a correlation between
MSI and PD-L1 positivity. Whether this is related to
sample size or differences between populations, is
unknown.
There have been several attempts to define the correlation between EBV and HER2. In this report, all EBV positive cases were HER2 negative, compared with 9% HER2
positivity in EBV negative cases (p = 0.23). One study has
found significantly less high HER2 expression in EBV
positive cases than in EBV negative (5% versus 24%; p <
0.001) and has suggested that LMP2A may suppress the
HER2 expression [20]. Other studies have also found a
negative correlation between EBV and HER2 positivity
[21, 22]. One study has found a slightly higher HER2 expression in EBV positive GC cases (7%) than described in
other reports [23]. When considering the 22% HER2 overexpression in the ToGA trial [24], it seems that HER2 is
negatively correlated with the EBV subtype.
An interesting observation is that while significantly
more young-onset patients were diagnosed with metastatic disease (27% vs 9%, p = 0.0498), overall survival
was 69.7 vs 47.8 months in the young-onset and
average-onset cohort, respectively (p = 0.19). The seemingly equivalent or better results despite the higher proportion of advanced stage patients for the young onset is
likely derived from the more prevalent EBV subtype, as
there was no difference in the proportion of patients
undergoing curative resection, in DFS after surgery and
median number of systemic treatment lines for metastatic disease between the cohorts.
This study is limited by its retrospective design, which
is generally associated with methodological biases and
difficulties in results interpretation. The most concerning bias in our study is clearly associated with patient
selection. Yet, we tried to minimize selection bias by including all consecutive young patients in a period of 20
years, for whom we had tissue samples. The other limitation is not to have full sequence of the tumors to
better characterize all four subtypes. The number of patients in each cohort is relatively low, and thus limits
statistical robustness. The young-onset cohort contains
two patient populations, German and Israeli. These populations may have unique attributes that would have
been found uncovered if the cohorts were larger, and influence results interpretation. Also, having been treated
in two cancer centers in different countries, means there
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may have been inhomogeneity with regard to patient
work-up and treatment.
Nevertheless, despite the study limitations and small
sample size, some results were significant and have
paved us the way to design an ongoing prospective study
to characterize the microbial factors of GC in youngonset and average-onset patients, such as EBV, H. pylori,
Hepatitis B, along with histological biomarkers and immune factors (imunoscore®).
We aim to assess the relationship between EBV antibody titer, specific EBV strains, other causative factors
and the risk of GC. This could lead to the identification
of a high-risk group of patients that may benefit from
screening for GC.

Conclusion
The association between EBV positivity and GC in this
study suggests that EBV may play a key role in the pathogenesis of young-onset GC. Since young-onset GC is not
predominated by hereditary factors, environmental and
microbial factors should be further studied as essential
contributors, what may potentially govern early detection
in high risk populations. Determining the prevalence of
EBV associated GC in young patients could elucidate the
feasibility of future targeted therapy for this unique patient
group. Establishing a distinct clinical approach may eventually improve outcomes. It may very well be that in the
future, young patients will be screened for PD-L1 and
EBV positivity for optimal treatment selection. We are
currently evaluating our findings in a prospective trial.
Acknowledgements
Not applicable.
Authors’ contributions
AM – participated in conceptualization; data curation; investigation;
methodology; validation; writing – draft, review and editing. EH participated in tissue analysis; data curation; investigation. TGL – participated
in methodology; data curation; investigation; writing – review and editing.
TB - participated in data curation; investigation. SM – participated in tissue
analysis; data curation; investigation. EB – participated in tissue analysis; data
curation; investigation. AM – participated in investigation; methodology; data
curation, writing – review and editing. WR - participated in tissue analysis;
writing – review and editing, data curation; investigation. NG - participated
in data curation; formal analysis. HK - participated in data curation;
investigation. BB – participated in data curation; investigation. MM participated in conceptualization; investigation; writing – review and editing.
IBA - participated in conceptualization; investigation; methodology;
validation; writing – draft, review and editing, supervision. All authors have
read and approved the manuscript.
Funding
Funding for this study was internal.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
The study has been approved by the local institutional review board (IRB)
committees of Rabin Medical Center and University Medical Center of the

Moore et al. BMC Cancer

(2020) 20:34

Johannes Gutenberg University Mainz. The need for informed consent was
waived by the IRBs.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Institute of Oncology, Davidoff Cancer Center, Rabin Medical Center, Ze’ev
Jabotinsky Rd 39, 4941492 Petah Tikva, Israel. 2Sackler Faculty of Medicine,
Tel Aviv University, Ramat Aviv, 6997801 Tel Aviv, Israel. 3Department of
Pathology, Rabin Medical Center, Ze’ev Jabotinsky Rd 39, 4941492 Petah
Tikva, Israel. 4Department of Internal Medicine I, University Medical Center of
the Johannes Gutenberg University Mainz, Langenbeckstraße 1, 55131 Mainz,
Germany. 5Tissue Bank and Institute of Pathology, University Medical Center
of the Johannes Gutenberg University Mainz, Langenbeckstraße 1, 55131
Mainz, Germany. 6Department of surgery B, Beilinson campus, Rabin Medical
Center, Ze’ev Jabotinsky Rd 39, 4941492 Petah Tikva, Israel.
Received: 23 November 2018 Accepted: 6 January 2020

References
1. Society AC. American Cancer Society. Cancer Facts & Figures 2011. Atlanta:
American Cancer Society; 2011.
2. Brenner H, Rothenbacher D, Arndt V. Epidemiology of stomach cancer.
Methods Mol Biol. 2009;472:467–77.
3. Sheets SSF. Stomach Cancer. 2016. Available from: http:/seer. cancer. gov/
statfacts/html/stomach. html [Last Accessed 28 Dec 2014].
4. Chung HW, Noh SH, Lim JB. Analysis of demographic characteristics in 3242
young age gastric cancer patients in Korea. World J Gastroenterol. 2010;
16(2):256–63.
5. Kulig J, Popiela T, Kolodziejczyk P, Sierzega M, Jedrys J, Szczepanik AM, et al.
Clinicopathological profile and long-term outcome in young adults with
gastric cancer: multicenter evaluation of 214 patients. Langenbeck's Arch
Surg. 2008;393(1):37–43.
6. De Paschale M, Clerici P. Serological diagnosis of Epstein-Barr virus infection:
problems and solutions. World J Virol. 2012;1(1):31–43.
7. Murphy G, Pfeiffer R, Camargo MC, Rabkin CS. Meta-analysis shows that
prevalence of Epstein-Barr virus-positive gastric cancer differs based on sex
and anatomic location. Gastroenterology. 2009;137(3):824–33.
8. Liu X, Liu J, Qiu H, Kong P, Chen S, Li W, et al. Prognostic significance of
Epstein-Barr virus infection in gastric cancer: a meta-analysis. BMC Cancer.
2015;15:782.
9. Derks S, Liao X, Chiaravalli AM, Xu X, Camargo MC, Solcia E, et al. Abundant
PD-L1 expression in Epstein-Barr virus-infected gastric cancers. Oncotarget.
2016;7(22):32925–32.
10. Oh ST, Seo JS, Moon UY, Kang KH, Shin D-J, Yoon SK, et al. A naturally
derived gastric cancer cell line shows latency I Epstein–Barr virus
infection closely resembling EBV-associated gastric cancer. Virology.
2004;320(2):330–6.
11. Cancer Genome Atlas Research N. Comprehensive molecular
characterization of gastric adenocarcinoma. Nature. 2014;513(7517):202–9.
12. van Beek J, zur Hausen A, Klein Kranenbarg E, van de Velde CJ, Middeldorp
JM, van den Brule AJ, et al. EBV-positive gastric adenocarcinomas: a distinct
clinicopathologic entity with a low frequency of lymph node involvement. J
Clin Oncol. 2004;22(4):664–70.
13. 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. https://doi.org/10.1158/
1078-0432.CCR-16-2211.
14. Lee HG, Kim H, Kim EJ, Park PG, Dong SM, Choi TH, et al. Targeted therapy
for Epstein-Barr virus-associated gastric carcinoma using low-dose
gemcitabine-induced lytic activation. Oncotarget. 2015;6(31):31018–29.
15. van Beek J, zur Hausen A, Snel SN, Berkhof J, Kranenbarg EK, van de Velde
CJ, et al. Morphological evidence of an activated cytotoxic T-cell infiltrate in
EBV-positive gastric carcinoma preventing lymph node metastases. Am J
Surg Pathol. 2006;30(1):59–65.

Page 7 of 7

16. Kang Y-K, Boku N, Satoh T, Ryu M-H, Chao Y, Kato K, et al. Nivolumab in
patients with advanced gastric or gastro-oesophageal junction cancer
refractory to, or intolerant of, at least two previous chemotherapy regimens
(ONO-4538-12, ATTRACTION-2): a randomised, double-blind, placebocontrolled, phase 3 trial. Lancet. 2017;390(10111):2461–71.
17. Wainberg ZAJS, Muro K, Yoon HH, Garrido M, Golan T, Doi T, Catenacci DV,
Geva R, Ku G, Bleeker J, Bang Y, Hara H, Chung HC, Savage M, Wang J,
Koshiji M, Dalal R, Fuchs CS. KEYNOTE-059 Update: Efficacy and Safety of
Pembrolizumab Alone or in Combination With Chemotherapy in Patients
With Advanced Gastric or Gastroesophageal cancer. Ann Oncol. 2017;
28(suppl_5):v605–49. https://doi.org/10.1093/annonc/mdx440.
18. Abozeid M, Rosato A, Sommaggio R. Immunotherapeutic strategies for
gastric carcinoma: a review of preclinical and clinical recent development.
Biomed Res Int. 2017;2017:5791262. https://doi.org/10.1155/2017/5791262.
19. Hollebecque A, Meyer T, Moore KN, Machiels J-PH, De Greve J, López-Picazo
JM, et al. An open-label, multicohort, phase I/II study of nivolumab in
patients with virus-associated tumors (CheckMate 358): efficacy and safety
in recurrent or metastatic (R/M) cervical, vaginal, and vulvar cancers. J Clin
Oncol. 2017;35(15_suppl):5504. https://ascopubs.org/doi/abs/10.1200/JCO.2
017.35.15_suppl.5504.
20. Zhang YW, Zhao XX, Tan C, Zhang ZG, Jiang Y, Chen JN, et al. Epstein-Barr
virus latent membrane protein 2A suppresses the expression of HER2 via a
pathway involving TWIST and YB-1 in Epstein-Barr virus-associated gastric
carcinomas. Oncotarget. 2015;6(1):207–20.
21. Irkkan C, Balci S, Tezel GG, Akinci B, Yalcin B, Güler G. Comparison of
clinicopathologic parameters and survivals between Epstein-Barr virus–
positive and Her2-positive gastric cancers. Appl Immunohistochem Mol
Morphol. 2017;25(9):609–14.
22. Sukawa Y, Yamamoto H, Nosho K, Kunimoto H, Suzuki H, Adachi Y, et al.
Alterations in the human epidermal growth factor receptor 2phosphatidylinositol 3-kinase-v-Akt pathway in gastric cancer. World J
Gastroenterol. 2012;18(45):6577–86.
23. Baek DW, Kang BW, Hwang S, Kim JG, Seo AN, Bae HI, et al. Clinical
significance of p53 protein expression, Beta-catenin expression and HER2
expression for Epstein-Barr virus-associated gastric cancer. Chonnam Med J.
2017;53(2):140–6.
24. Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, et al.
Trastuzumab in combination with chemotherapy versus chemotherapy
alone for treatment of HER2-positive advanced gastric or gastrooesophageal junction cancer (ToGA): a phase 3, open-label, randomised
controlled trial. Lancet. 2010;376(9742):687–97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

