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Abstract
Epstein–Barr virus-associated gastric cancer [EBV-associated GC, EBV( +) GC] is a distinct molecular subtype of gastro-
intestinal (GI) cancers. It accounts for up to 10% of all molecular subtypes of gastric cancer (GC). It has unique genetic and 
epigenetic features, which determine its definitive phenotype with male and younger age predominance, proximal stomach 
localization, and diffuse adenocarcinoma histology. EBV( +) GC also has a unique epigenetic profile and mutational status 
with frequent mutations of PIK3CA, ARID1A and BCOR, and PD-L1 and PD-L2 amplifications, as well. The aim of this 
review is to highlight clinical significance of EBV( +) GC and prognostic role of EBV infection, and to determine potentially 
appropriate drug therapy for this disease.
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Introduction

Epstein–Barr virus-associated gastric cancer [EBV-asso-
ciated GC, EBV( +) GC] is a gastric adenocarcinoma that 
develops secondary to clonal growth of EBV-infected epi-
thelial cells of the gastric mucosa [1]. This cancer type has 
unique genetic and epigenetic features, which determine 
its definitive phenotype [2]. Molecular characterization 
of EVB-associated GC reveals potential targets for drug 
treatment [3]. Here, we discuss current data on epidemiol-
ogy and pathogenesis of EBV-associated GC and describe 
its unique pathological and molecular features. We pay a 

special attention to the clinical significance of EBV( +) GC, 
prognostic role of EBV infection, and potentially appropri-
ate drug therapy.

Molecular subtypes of GC

In 2014, The Cancer Genome Atlas (TCGA) project got us 
closer to understanding GC biology. A full-scale molecular 
genetic analysis, published by TCGA, identified four molec-
ular subtypes of GC: (1) Epstein–Barr virus-associated GC, 
(2) GC with microsatellite instability (MSI GC), (3) GC 
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with chromosomal instability (CIN GC), and (4) genetically 
stable GC (GS GC) [4]. In 2018, with molecular genetic 
analysis of 921 primary gastrointestinal (GI) adenocarci-
nomas (e.g., GC), Hinoue T. et al. isolated the fifth subtype 
of GI tumors: hypermutated with single-nucleotide variants 
(hypermutated-SNV, HM-SNV) [3].

Next step towards understanding GC involved a pooled 
TCGA analysis of GI adenocarcinomas (esophagus, stom-
ach, and colon). TCGA project first determined EBV status 
of the GI adenocarcinoma samples. Then, they divided EBV-
negative GI tumors into two groups due to their mutational 
load: GI adenocarcinomas with high mutational load and 
GI adenocarcinomas with low mutational load. Adeno-
carcinomas with high mutation load (hypermutated: > 10 
mutations per million nucleotides) were divided into MSI 
and SNV subtypes. Hinoue T. et al. considered hypermu-
tated tumors (insertion and deletion density > 1 mutations 
per million nucleotides and indel/SNV ratio of > 1/150) as 
MSI phenotype, and others were considered SNV subtype. 
Adenocarcinomas with low mutational load, in their turn, 
were divided into two groups according to the presence 
or absence of somatic copy-number alterations (SCNAs): 
tumors with chromosomal instability (CIN) and genetically 
stable subtype (GS).

The pooled TCGA analysis of GI adenocarcinomas indi-
cated that EBV( +) tumors localized only in the stomach and 
they characterized by the highest degree of genome hyper-
methylation among all other types of tumors [3].

Characteristics of EBV( +) GC

EBV-associated GC has distinct clinicopathologic charac-
teristics (Table 1). The prevalence of EBV-associated GC 
among other molecular subtypes is about 10% (1.3–20.1%) 
[4]. Lee et al. point out that this GC subtype is more com-
mon among men than among women and in the younger 
age group than EBV-negative gastric tumors [5]. Despite 
endemic areas with a high prevalence of EBV( +) malignant 
neoplasms (Burkitt’s lymphoma and nasopharyngeal carci-
noma), EBV-associated GC is widespread [2], but most com-
mon for Zambia and Brunei where it reaches up to 23–30% 
[1].

EBV( +) GC is usually localized in the proximal stomach 
(the cardial section and body) and has a diffuse histologi-
cal type according to Lauren classification [2]. Macroscopi-
cally, EBV( +) GC is usually ulcerative or saucer-like cancer 
with significant thickening of the gastric wall [6]. There also 
could be synchronous multiple EBV( +) gastric carcinomas 
[2].

Endoscopically, EBV( +) GC tends to appear as super-
ficially depressed lesions with wall thickening in the 
early stages or ulcerated lesions without definite limits in 

advanced stages. These endoscopic characteristics, when 
combined with diffuse-type histology, lymphoid infiltration, 
and location of the lesion in the proximal stomach, strongly 
suggest EBV positivity [7]. A distinctive endosonographic 
finding of GC that also points to EBV positivity is the pres-
ence of hypoechoic submucosal nodules (the nodules of 
lymphoid stroma) [8].

Early EBV( +) GCs are more likely to form well-demar-
cated, nodular lesions in the submucosa with less fibrosis 
and no lymph-node metastasis, as opposed to EBV-negative 
gastric carcinoma, making them more available for endo-
scopic submucosal resection [9]. Indeed, favorable clinical 
outcomes in early EBV( +) GC treated with endoscopic sub-
mucosal dissection have been reported repeatedly EBV( +) 
GC [10, 11].

Among all molecular subtypes of GI adenocarcinomas, 
EBV( +) GC has the greatest immunogenicity [12]. This 
subtype has high expression of PD-L1 and PD-L2, enriched 
with CD8 + tumor-infiltrating lymphocytes (TILs), as well as 
a high level of expression of immunogenic pathway genes, 
such as the IFN–gamma signaling pathway [3, 12, 13].

Pathogenesis of EBV( +) GC

The mechanism of Epstein–Barr virus invasion of the gas-
tric epithelial cells is still not fully understood. Since gas-
tric epithelial cells do not express CD21, which serves as a 
B-lymphocyte surface receptor for viral particle penetration, 
the virus is supposed to invade the epithelial cells of the 
stomach in some other manner [14]. However, Chesnokova 

Table 1  Phenotype and genotype features of EBV-associated GC

Epidemiology
  ~ 10% of all gastric adenocarcinomas
 Younger age group
 Predominantly male
 No endemic areas
 More favorable outcome

Pathomorphology
 Localization in the proximal stomach (cardial, body)
 Diffuse type
 High content of CD8 + tumor-infiltrating lymphocytes
 High expression of PD-L1 and PD-L2

Molecular characteristics
 PIK3CA, ARID1A, BCOR mutations
 Intact TP53
 PD-L1 and PD-L2 amplification
 JAK2 amplification
 Hypermethylation, including genes p16, p14, APC, TFAP2E
 Microsatellite stable (MSS) phenotype
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LS et al. estimate that gHgL viral protein forms a complex 
with integrins αvβ5, αvβ6, or αvβ8, leading to fusion of the 
virus with the host cell [15]. The virus might transfer to the 
epithelial cells from EBV-infected gastric mucosal B lym-
phocytes with reactivation of the infection [2].

EBV( +) GC is characterized by monoclonal growth of 
virus-infected cells. Clonality of the viral genome indicates 
that EBV infection is an early stage of carcinogenesis [16]. 
Fukayama M et al. assume that, initially, one or several 
virus-infected cells of gastric mucosa undergo malignant 
transformation and further promote clonal growth of the 
epithelial cells [17]. Multifunctional viral nuclear protein 
EBNA-1 is supposed to be responsible for maintaining 
viral infection in tumor cells. This protein interacts with 
cell complex that recognizes replication origin, mediating 
the attachment of this complex to the viral DNA replication 
origin (OriP). Thus, EBV uses the host cell system for its 
own reproduction in the S phase of the cell cycle [18].

Epigenetic regulation of viral and cellular gene expres-
sion plays an important role in viral oncogenesis in the 
development of EBV-associated tumors. In case of a latent 
infection, EBV DNA with lytic phase genes is significantly 
methylated. When infection is reactivated, the viral tran-
scription factor Zta (ZEBRA, Z, BZLF1) selectively binds to 
the methylated promoters of the lytic phase genes, and thus, 
latent infection becomes the lytic one [19]. Methylation of 
CpG dinucleotides of the gene promotors of the latent phase 
is essential for maintaining latent infection.

Kang et al. showed that in the presence of EBV infection, 
the methylation of CpG sites of promoter regions of host 
cell genes is as common as the methylation of viral DNA 
[20]. It is important that hypermethylation in EBV infection 
has not random but naturally determined character instead. 
However, the regulatory mechanisms of this process have 
not been studied yet.

Matsusaka et al. analyzed DNA methylation profile of 
gastric adenocarcinomas and identified three different 
tumor epigenotypes: EBV(–)/low methylation, EBV(–)/
high methylation, and EBV( +)/high methylation. EBV-neg-
ative epigenotypes with high methylation are distinguished 
by methylation of genes that serve as targets of polycomb 
group proteins (chromatin remodeling complex) in contrast 
to EBV( +) subtype, when methylation of other genes was 
detected (e.g., p14, p16, and E-cadherin) [16]. It proves that 
epigenetic profile of EBV( +) gastric tumors is unique.

Matsusaka et al. also showed that viral DNA methylation 
preceded host DNA methylation, suggesting that epigenetic 
inactivation of viral genes could be a protective mechanism 
of the host cell, which serves to suppress the expression of 
foreign DNA genes [21]. According to another hypothesis, 
the virus itself starts methylation [22]. In any case, exces-
sive methylation may lead to negative consequences such 
as suppression of latent-phase genes, resulting in transition 

of the infection to the active phase, as well as silencing of 
tumor suppressor genes [23]. Interestingly, methylation pat-
tern which never includes unpaired base repair genes (MRR) 
determines the difference between this type of tumor and 
MSI-H-associated GC [24]. Overall, epigenetic regulation 
plays an important role in the development of EBV( +) GC.

Malignant transformation of epithelial cells in EBV( +) 
GC is also likely to be facilitated by microRNAs, which 
are small non-coding RNAs involved in the regulation of 
gene expression. MicroRNAs complementarily bind to 
regions of the target mRNA and inhibit their translation. The 
Epstein–Barr virus encodes its own microRNAs targeted at 
the genes responsible for the regulation of apoptosis [25]. 
Moreover, a viral infection may alter the expression pro-
file of cellular microRNAs [26]. In particular, reducing the 
expression of cellular microRNAs (hsa-miR-200a and hsa-
miR-200b) inhibits the expression of E-cadherin in gastric 
epithelial cells promoting epithelial–mesenchymal transition 
[26]. Gu et al. also believed that viral microRNAs as part of 
the exosomes are likely to play a significant role in modeling 
tumor microenvironment in EBV( +) GC [27].

Molecular portrait of EBV( +) GC

EBV-associated GC has its own definitive molecular fea-
tures. TCGA analysis showed that 80% of EBV( +) gastric 
tumors have PIK3CA mutations, as well as amplifications of 
the JAK2, CD274 (PD-L1) and PDCD1LG2 (PD-L2) genes. 
Mutations of the ARID1A (55%) and BCOR (23%) genes are 
also common, while TP53 defects are not usual for this GC 
subtype [4] (Table 1).

PIK3CA mutations

As noted above, about 80% of cases of EBV GC are asso-
ciated with mutations in PIK3CA gene, which encodes 
phosphatidyl inositol-3-kinase (PIK3) component. Phos-
photidylinositol-3-kinases are enzyme family that is key 
component of PI3K/Akt/mTOR signaling pathway involved 
in many pro-oncogenic cellular processes such as apopto-
sis escape, cell growth, and proliferation. PIK3CA gene 
amplification promotes cell proliferation by activating the 
PI3K/Akt/mTOR pathway. Mutations of the PIK3CA gene 
were found in tumors of various sites such as colorectal, 
breast, ovarian, and endometrial cancer. Moreover, these 
mutations usually localize in hot spots: exon 9 (E542K and 
E545K) and exon 20 (H1047R) [28]. However, PIK3CA 
mutation frequency of EBV( +) GC in hot spots is only 
28%, and they can be observed throughout the nucleotide 
sequence [4]. Hino et al. and Yuen et al. noted that the 
detection of genetic defects in PIK3CA might precede EBV 
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infection, which then enhances activation of the PI3K/Akt/
mTOR pathway. In infected cells, the viral protein LMP2A 
activates PI3K/Akt/mTOR pathway, so does EBV-mediated 
methylation of PTEN and INPP4B tumor suppressors, 
which normally inhibit this signaling pathway [23, 29].

Due to the activation of the PI3K/Akt/mTOR signal-
ing pathway, an approach involving inhibition of mTOR 
transcriptional factor in patients with EBV-associated GC 
seemed promising. However, clinical studies on the use 
of mTOR inhibitors in patients with metastatic GC did 
not show any antitumor effect of this treatment option. 
Furthermore, we would like to point out that there was no 
dedicated analysis of the effectiveness of mTOR inhibitors 
in EBV-associated gastric tumors [30–32].

ARID1A mutations

The ARID1A gene (AT-rich interactive domain 1A) 
encodes the SWI/SNF chromatin remodeling complex 
component (SWItch/Sucrose Non-Fermentable) that regu-
lates chromatin structure and gene expression. The protein 
product of ARID1A has a tumor suppressor activity. Muta-
tions of this gene are found in gastric adenocarcinoma 
[33]. Missense and nonsense mutations are the most com-
mon, and they lead to significant reduction or cessation of 
protein synthesis [33].

An immunohistochemical study of 857 samples of gas-
tric adenocarcinoma, 67 of which had EBV( +) phenotype, 
showed that loss of ARID1A expression was observed 
mainly in the case of EBV( +) (34%) and MLH1-negative 
GC (29%) [2]. Loss of ARID1A synthesis in EBV( +) phe-
notype did not correlate with the depth of tumor invasion. 
This fact points out that this mutation appears in the early 
stages of carcinogenesis, possibly even before invasion of 
cells with Epstein–Barr virus. The virus itself does not 
affect the expression level of ARID1A, while mutation of 
this gene might mediate the penetration of the virus into 
cell nucleus and methylation of target genes [34].

BCOR mutations

BCOR gene encodes a protein known as BCL6 corepres-
sor. The corepressor BCL6 is a transcription factor that 
selectively binds to POZ (Pox virus and Zinc finger) 
domain of BCL6. This protein is essential to the formation 
of germinal centers of lymphoid follicles and apoptosis 
regulation. BCOR gene mutations are also associated with 
acute myeloblastic leukemia [35].

JAK2 amplification

Janus kinases (JAK) are protein family of non-receptor 
tyrosine kinases involved in signaling pathways of some 
cytokines. Activated Janus kinases phosphorylate a variety 
of cytoplasmic target proteins, including STAT transcrip-
tion factors (signal transducers and activators of transcrip-
tion) [36]. Phosphorylated STATs dimerize and enter the 
nucleus, inducing transcription of the genes necessary for 
cell proliferation and differentiation [37].

JAK2 is one of this family proteins, which mediates 
signaling of receptors of various cytokines (e.g., inter-
ferons α, β, γ, interleukins IL-6, IL-11, IL-22, etc.) and 
activates the STAT3 transcription factor [38]. It is widely 
known that JAK2 mutations are specific for myeloprolif-
erative diseases. Overexpression of this protein due to the 
amplification of the JAK2 gene is one of molecular hall-
marks of EBV( +) GC [1].

The activation of JAK2/STAT3 pathway in GC is sup-
posed to be due to major pathogenicity factor Helicobac-
ter pylori CagA (H. pylori-induced cytotoxin-associated 
antigen). H. pylori delivers CagA protein to mucocyte 
using type IV bacterial secretion. CagA protein, in its turn, 
induces release of various cytokines, such as IL-11 and 
IL-23, which bind to their receptors on target cells and 
activate the JAK2/STAT3 pathway. Phosphorylated STAT3 
induces transcription of target genes mediating cell prolif-
eration, migration/invasion, and angiogenesis: cyclin D1, 
matrix metalloproteinase-9, CD44v6, and VEGF [39, 40].

Phase II study, which evaluated the effectiveness of the 
BBI molecule—STAT3 inhibitor in comparison with pla-
cebo in patients with metastatic GC, failed to achieve its 
primary end-point of overall survival (OS) in the inten-
tion-to-treat population [41].

Hypermethylation

According to the TCGA analysis, EBV-associated gastric 
tumors are characterized by a high frequency of DNA 
hypermethylation. For instance, hypermethylation of the 
CDKN2A gene promoter (p16INK4A) was observed in all 
studied samples of EBV( +) gastric tumors.

This gene inhibits cyclin-dependent kinase 2A which 
encodes the p16 tumor suppressor involved in cell cycle 
regulation. The p16 protein inhibits cyclin-dependent 
kinases 4 and 6 (CDK4 and CDK6), so as another tumor 
suppressor Rb blocks the transition of the cell cycle from 
phase G1 to phase S. Inactivating somatic CDKN2A 
mutations are registered for a wide range of malignant 
tumors. Specifically, epigenetic inactivation of this gene 
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is responsible for EBV( +) GC, as well as other tumor sup-
pressors like p14, APC, and TFAP2E within CIMP pheno-
type (CpG island methylation phenotype) [42].

The CIMP phenotype is characterized by simultaneous 
methylation of multiple genes and plays an important role 
in the carcinogenesis of GI adenocarcinomas, especially 
EBV( +) GC and GC with MSI. Moreover, this process is 
non-causal, because both subtypes have specific differences 
in the profile of methylated genes. For instance, the MLH1 
gene is methylated in MSI-subtype tumors, but is intact in 
EBV( +) adenocarcinomas [43].

It is important that CIMP status (high CIMP-H, low 
CIMP-L, and negative CIMP) correlates with the progno-
sis. Thus, patients with CIMP-H are more likely to have a 
relatively favorable prognosis, tumors that are more super-
ficial, diffuse histological subtype, and an earlier stage of 
the disease than patients with CIMP-negative status [44].

CD274 (PD‑L1)/PDCD1LG2 (PD‑L2) 
amplification

CD274 and PDCD1LG2 genes encode immunosuppressive 
molecules PD-L1 and PD-L2 (programmed death ligands), 
respectively. PD-L1 and PD-L2 are transmembrane proteins 
that are expressed on the surface of antigen-presenting cells. 
PD-L1 and PD-L2 bind to the programmed death receptor 
PD-1 located on the T-lymphocyte membrane, and then, the 
T-lymphocyte loses its ability to destroy the tumor cell [45].

Some malignant tumors have high level of expression of 
PD-L1 and/or PD-L2, and that allows them to escape from 
antitumor immune response [46]. Among four molecular 
subtypes of GC, only EBV( +) GC has an increased expres-
sion of PD-L1 and/or PD-L2 [4, 47]. Increased expression 
of PD-L1 is also observed in other EBV-associated tumors 
[48, 49]. Patients with high expression of PD-L1 have a 
pronounced antitumor effect on treatment with monoclonal 
antibodies to PD-1 [50].

Methods of molecular diagnosis of Epstein–
Barr virus in GC

Methods for Epstein–Barr virus detection include in situ 
hybridization (ISH), polymerase chain reaction (PCR), 
enzyme-linked immunosorbent assay (ELISA), and immu-
nofluorescence analysis [51].

Studies of resected tumor tissue and biopsy material sam-
ples (for ISH and PCR) require blood samples (for PCR) and 
plasma samples of the patients (for ELISA). Possible diag-
nostic markers include viral small RNA EBER1 and EBER2 
(for ISH); EBNA-1, Bam-M, BamHI-W viral antigens (for 
PCR); antibodies to viral antigens EBNA (nuclear antigen), 

VCA (capsid antigen), EA-D and EA-R (early antigens) (for 
ELISA) [51].

In situ hybridization of small virus RNA

The gold standard for EBV status examination in GC is 
in situ hybridization of small RNAs localized in the nucleus 
of EBV-infected cells (EBER1 / EBER2) of tumor tissue 
samples (EBER-ISH). This is possible due to the small viral 
RNAs found in the nuclei of the tumor cells in large quanti-
ties  (106–7 per cell), while underlying healthy epithelium of 
the stomach is usually negative for EBER-ISH [52].

According to a systematic analysis of 34 studies, the posi-
tive results of EBER-ISH were noted in 5–17.9% samples 
of tumor tissue [51]. In control groups (underlying healthy 
epithelium, biopsy material from healthy individuals, or 
patients with benign diseases of the stomach), the percent-
age of positive results was about zero [51].

To date, EBER-ISH is the most specific, albeit less sensi-
tive, method for detecting EBV status in gastric adenocarci-
nomas. Disadvantages of this method include invasiveness 
and relative complexity of implementation [51].

Detection of viral nucleic acids in tumor 
tissues by PCR

The utility of PCR to diagnose EBV-associated GC remains 
controversial. Studies show that frequency of detection 
EBNA-1 and BamHI-W viral nucleic acid fragments in GC 
tissues with PCR is different, but generally higher than in 
the underlying healthy tissues [53–56]. High heterogene-
ity of the results does not allow for estimation of method’s 
reliability.

To date, no large-scale studies investigating the effec-
tiveness of PCR diagnostics of EBV-associated GC have 
been conducted. EBV infection is usually diagnosed with 
non-polymorphic Epstein–Barr nuclear antigen1 (EBNA-1) 
gene-based PCR and confirmed by real-time PCR. In some 
studies, the prevalence of positive EBNA-1 PCR results 
reaches up to 80% [53, 57]. Compared with in situ hybridiza-
tion (EBER-ISH), PCR is a more sensitive, but less specific 
method.

However, it is important to note that viral DNA amplified 
in PCR can come from the tumor-infiltrating lymphocytes, 
as well as the tumor cells themselves. The origin of viral 
genes cannot be established with PCR. This is a significant 
limitation of the PCR, since approximately 90% of the popu-
lation carry latent EBV infection, so their lymphocytes con-
tain viral genes [58].

High prevalence of viral DNA in tumor tissues found 
with PCR might indicate local inflammation and lymphocyte 
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infiltration, but not the viral infection of the tumor cells. 
Thus, the examination of EBV status of gastric adenocarci-
nomas with PCR should be conducted with caution.

Serological examination

Serological diagnosis of EBV infection includes detection of 
immunoglobulins to viral antigens in the blood plasma: e.g., 
nuclear EBNA, capsid VCA, and early EA-D/EA-R anti-
gens. Single studies have shown that according to enzyme 
immunoassay antibody, titer values vary significantly among 
patients with GC and healthy individuals [59–62].

Shinkura et al. found that antibodies to capsid antigen 
(VCA IgG) were detected more frequently among the GC 
patients than in controls, but these differences tend not to 
have statistical significance [62]. Although, they got rather 
conflicting data for other immunoglobulins. The study 
showed a statistically significant increase in seropositivity 
for VCA IgA and EA IgG immunoglobulins among patients 
with EBV( +) GC and not in patients with EBV(−) GC [62].

As in the case of PCR diagnostics of EBV( +) GC, clini-
cians should take into account the extremely low specific-
ity of the serological examination. They should remember 
that serological markers of Epstein–Barr virus also indicate 
previous EBV infection or its reactivation. Due to high 
prevalence of latent EBV infection in the population, the 
interpretation of the results of serodiagnosis of EBV( +) GC 
is complex. Thus, antibodies to Epstein–Barr virus cannot 
be considered specific diagnostic markers, and their use for 
EBV status examination in GC remains doubtful.

Circulating viral DNA with real‑time PCR

Detection of tumor-specific biomarkers in peripheral blood 
and other biological fluids is the basis of fluid biopsy. This 
method is an analysis of tumor cells nucleic acids that cir-
culate freely in blood plasma (ctDNAs).

Given the monoclonal nature of cancer cell growth 
EBV( +) GC, viral genome can serve as reliable tumor 
biomarker. The possibility of using circulating DNA of 
Epstein–Barr virus as a marker of EBV( +) GC was shown 
as recently as in 2001 [63]. The authors revealed a corre-
lation between EBV ctDNA and EBER-ISH status. Shoda 
et al. evaluated the clinical significance of EBV( +) GC 
fluid biopsy [64]. The sensitivity of the method was 71.4% 
(10/14) and the specificity was 97.1% (135/139). False-nega-
tive results (EBER-ISH + /EBV(−) ctDNA) were detected in 
patients whose adenocarcinoma sizes were less than 70 mm. 
They also found a significant correlation between the size 
of the tumor and the amount of EBV ctDNA. Consequently, 
lower sensitivity of the method is likely to be due to the 

insufficient amount for detection of virus ctDNA with real-
time PCR because of small tumor sizes.

Unlike PCR analysis of viral DNA in tumor tissues or 
serological examination, liquid biopsy does not detect latent 
EBV infection, since the ctDNA comes from the tumor cells 
that died from necrosis or apoptosis. This fact explains the 
high specificity of the method.

An important clinical advantage of fluid biopsy is pos-
sibility of non-invasive monitoring of therapy effectiveness 
and tumor progression. After surgical treatment of EBV-
associated GC, no viral DNA was detected in plasma of pre-
viously ctDNA-EBV( +) patients [64]. However, the effec-
tiveness of liquid biopsy in the diagnosis and monitoring 
of EBV( +) GC should be confirmed in prospective studies 
involving a larger number of patients.

To conclude, the gold standard for detecting EBV in gas-
tric carcinomas is in situ hybridization for EBER, whereas 
other methods have significant limitations preventing them 
from being used in clinical practice.

The predictive value of EBV‑associated GC

Clinical significance of TCGA classification of GC is 
actively studied. Based on TCGA data, Sohn et al. devel-
oped a first prognostic model that establishes a statistically 
significant correlation between certain molecular subtypes 
of GC and patient survival rates, as well as the effective-
ness of adjuvant chemotherapy [65]. They discovered that 
EBV( +) GC had the best prognosis for both relapse-free 
(RFS) (p = 0.006) and OS (p = 0.004). The worst prognosis 
was associated with a genetically stable subtype (GS). The 
other two subtypes (MSI and CIN) showed intermediate sur-
vival rates. In addition, they confirmed that EBV( +) GC is 
more common for men (79%) and younger age than other 
subtypes (average age 53, p = 0.01).

The greatest benefit from adjuvant chemotherapy was 
observed in the CIN GC subtype subgroup of patients 
showing a significant increase in RFS (RR 0.39; 95% CI 
0.16–0.94; p = 0.03). In contrast, patients with GS GC had 
no statistically significant benefit from adjuvant chemother-
apy (RR 0.83; 95% CI 0.36–1.89; p = 0.65). Sohn BH et al. 
failed to evaluate effectiveness of adjuvant chemotherapy 
in the EBV( +) GC due to the absence of control group. 
The authors also developed a unified model for relapse 
risk assessment after treatment (integrated risk assessment 
model, TRS), which served as a significant predictor of RFS 
(RR 1.5; 95% CI 1.2–1.9; p = 0.001) [65].

International analysis of 13 large multicenter studies that 
combined data from 4599 patients with gastric adenocarci-
noma also showed that EBV( +) GC has a more favorable 
prognosis than EBV-negative tumors [66]. The majority of 
malignant tumors were diagnosed at advanced stages (52% 
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of stage III-IV). Therewith, EBV-positive status showed 
decrease in the relative risk of death compared to VEB-
negative tumors by 28% (RR 0.72; 95% CI 0.61–0.86) [66]. 
Median survival of patients with EBV( +) GC was 8.5 years, 
while patients with EBV(−) GC had 5.3 years (p = 0.0006).

Overall, EBV status is an important prognostic factor 
alongside TNM staging and histological grade. Despite the 
statistically significant correlation between EBV status and 
survival rates, all of the mentioned studies were retrospec-
tive. This fact did not allow us to assess predictive role of 
EBV infection in malignant gastric neoplasms. The effect 
of various chemotherapy regimens on treatment of EBV-
associated metastatic GC remains unclear.

Immune checkpoint inhibitors 
in EBV‑associated GC

Immunotherapy with inhibitors of the PD-1 receptor and its 
ligand (PD-L1), inhibitors of CTLA-4 made good progress 
in the treatment of different solid tumors, e.g., melanoma 
and lung cancer. PD-L1 overexpression in gastric tumor cells 
statistically significantly correlates with such adverse clini-
cal parameters as large tumor size, distant metastases, and 
low survival rates [67]. Among all molecular subtypes of 
GC, immunotherapy is of the greatest clinical interest for 
EBV( +) GC due to increased expression of PD-L1.

The efficacy and safety of anti-PD-1 antibody pem-
brolizumab in the treatment of recurrent or metastatic PD-
L1-positive gastric adenocarcinoma were studied in a phase 
I clinical trial KEYNOTE-012 [68]. The overall response 
rate was 22%, progression-free survival (PFS), and OS were 
1.9 and 11.4 months, respectively. Pembrolizumab showed 
a generally acceptable profile of toxicity and promising 
antitumor activity. However, randomized phase 3 study 
KEYNOTE-061 did not show significant benefit of pem-
brolizumab over paclitaxel in the second-line therapy in 
patients with advanced gastric or gastroesophageal junction 
cancer. At the same time, subset analysis identified the fol-
lowing groups of patients that benefited more from pem-
brolizumab: patients with ECOG 0 (RR 0.69), patients with 
gastroesophageal junction cancer (RR 0.61), and patients 
with Combined Positive Score (CPS) ≥ 5 (RR 0.73) and ≥ 10 
(RR 0.64). The Combined Positive Score is used to measure 
PD-L1 expression. It is the number of PD-L1 staining cells 
(tumor cells, lymphocytes, and macrophages) divided by the 
total number of viable tumor cells, multiplied by 100. The 
specimen should be considered to have PD-L1 expression if 
CPS ≥ 1. Patients with CPS < 1 had better response to pacli-
taxel (RR 1.20) [69].

Another phase 3 study KEYNOTE-062 showed that OS 
and PFS for the combination of pembrolizumab plus chem-
otherapy (cisplatin with fluoropyrimidine) in the first-line 

treatment are comparable to those for chemotherapy alone 
regardless of the CPS value [70]. Studies of anti-CTLA-4 
and anti-PD-L1 antibodies in metastatic GC also failed [71, 
72].

These contradictory results of the effect of immune 
checkpoint inhibitors in GC highlight the unmet need to 
search biomarkers of effectiveness of immunotherapy in GC. 
A recently published prospective phase II study was the first 
to show a very high response rate to pembrolizumab among 
patients with metastatic EBV( +) GC and MSI-GC (total 
response rate was 100 and 85.7%, respectively) [73]. Sixty-
one patients were enrolled in this study. Thirty-two (52.5%) 
patients received pembrolizumab as second-line therapy, and 
29 (47.5%) received pembrolizumab as third-line treatment 
for metastatic disease. Six (9.8%) patients were confirmed 
to be EBV( +) and seven (11.5%) had confirmed MSI-H 
gastric cancer. These data were available to the clinicians 
before study enrollment as MSI and EBV in situ testing is 
part of routine clinical practice at the institution where the 
trial was performed. All patients underwent pretreatment tis-
sue biopsy with WES to infer TCGA subtype and mutational 
load, RNA sequencing to categorize patients according to 
molecular signatures previously evaluated in the context of 
gastric cancer, and EBV testing of the primary tumor with 
EBV DNA sequence profiling. The authors concluded that 
EBV( +) status and MSI-H could serve as additional reli-
able predictors of response to immunotherapy, as well as 
high expression of PD-L1 in the tumor detected with IHC. 
They proposed to bring routine EBV status examination into 
clinical practice to identify patients with gastric adenocarci-
nomas who could benefit from immunotherapy [73].

The ongoing clinical trials of immune checkpoint inhibi-
tors in EBV-associated GC were listed in Table 2.

Conclusion

EBV-associated GC is an independent subtype of GI 
tumors. In addition to the special clinical and pathologi-
cal phenotype, it also has the best prognosis among all five 
GI adenocarcinomas molecular subtypes. EBV( +) gastric 
adenocarcinomas have the highest immunogenicity among 
all GI tumors. These characteristics as well as disappoint-
ing results of immunotherapy in GC point out that EBV( +) 
GC could be an applicable candidate for further immuno-
therapy investigation in GC. Furthermore, identification of 
other molecular characteristics of EBV( +) GC could reveal 
new potential therapeutic targets for the personalized treat-
ment of this pathology.
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