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Gastric cancer with distinct Epstein—Barr virus- 2
positive and -negative tumor components

and their whole exome sequencing result:

a case Report
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Abstract

Background Epstein—Barr virus (EBV)-associated gastric cancer exhibits distinct clinicopathologic characteristics,
showing a good response to immune checkpoint inhibitors and a favorable prognosis. However, gastric cancer
comprising distinct EBV-positive and -negative components in a single mass have been rarely reported, and their
detailed genetic characteristics have not yet been investigated. Therefore, we reported the case of gastric cancer
exhibiting distinct EBV-positive and -negative areas and further investigated its genetic characteristics.

Case presentations A 70-year-old man underwent distal gastrectomy for gastric cancer, which was detected
during a routine health check-up. EBV-encoded RNA in situ hybridization revealed distinct EBV-positive and -negative
components at each other’s borders, morphologically consistent with collision tumor. We separately sequenced
EBV-positive and -negative tumor areas through whole exome sequencing (WES) with matched normal tissue.
Remarkably, both EBV-positive and -negative areas shared pathogenic mutations of ARIDTA, KCNJ2, and RRAS2.
Furthermore, they shared 92 somatic single nucleotide variants and small insertion or deletion mutations, of which
32.7% and 24.5% are EBV-positive and -negative tumor components, respectively.

Conclusions WES results suggested that gastric cancer with distinct EBV-positive and -negative tumor components,
formerly categorized as a collision tumor, can be clonally related. EBV-negative tumor component might be
associated with loss of EBV during tumor progression.
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Background
Epstein—Barr virus (EBV)-associated gastric cancer
(EBVaGC) is a subset of gastric adenocarcinoma that
exhibits distinct clinicopathologic characteristics. It
locates preferentially in the upper third of the stom-
ach, with male sex predominance [1]. Histologically, it
appears as “gastric carcinoma with lymphoid stroma,
which is characterized by irregular nests, cords, and
sheets of poorly differentiated glands admixed with
densely infiltrated lymphocytes [2]. Compared to other
molecular subtypes suggested by The Cancer Genome
Atlas (TCGA) group, EBVaGCs demonstrate a favorable
prognosis [3]. EBVaGCs have been consistently reported
to exhibit a good response to immune checkpoint inhibi-
tors, as suggested by their high tumor-infiltrating lym-
phocytes [4]. Molecular analyses revealed that EBVaGCs
underwent frequent PIK3CA and ARIDIA mutations,
PD-L1 amplification, and a rare TP53 mutation [5].
Recently, we encountered an unusual case of gastric
cancer with distinct EBV-positive and -negative tumor
areas, which has been usually described in the literature
as a collision tumor [6-9]. Furthermore, we performed
whole exome sequencing (WES) on both EBV-positive
and -negative tumor areas and investigated their molecu-
lar characteristics. To the best of our knowledge, this is
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the first case wherein WES was performed for gastric
cancer showing EBV-positive and -negative collision
tumor-like histology.

Case presentation

A 70-year-old man was referred to our hospital in
November 2018 due to an impression of stomach cancer
detected during a routine health check-up. He had no
significant past medical history. On performing esopha-
gogastroduodenoscopy, a 2.7-cm-sized Borrmann type 3
mass was found to be located at the greater curvature of
the proximal body. Subsequently, a biopsy of the above-
mentioned mass was performed, and the diagnosis of
tubular adenocarcinoma was made. Abdominal com-
puted tomography (CT) and positron emission tomog-
raphy—CT revealed no signs of regional lymph nodes or
distant metastasis. The patient agreed to undergo gas-
tric surgery and we performed a distal gastrectomy and
lymph node dissection to treat gastric cancer.

Gross examination of the specimen revealed an ulcer-
ative mass with an infiltrative border in the proximal
body of the stomach (Fig. 1). On the cut section, the
mass appeared to involve the subserosal layer. Histo-
logic examination showed that the tumor consisted of
moderately differentiated tubular adenocarcinoma with

Fig. 1 Gross appearance of the gastric cancer specimen. This distal gastrectomy specimen was opened along with the lesser curvature. Borrmann type

3 tumor was located in the greater curvature of the proximal body
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mild-to-moderate amount of lymphocytic infiltration
infiltrating the subserosal layer; however, a small portion
of the tumor located at the margin displayed less differen-
tiated histology, and it was covered with dense lymphoid
stroma (Fig. 2). Lymphovascular invasion or perineural
invasion was not identified. Neither lymph node metas-
tasis nor distant metastasis was identified (pT3NOMO).
EBV-encoded RNA (EBER) in situ hybridization was
performed following the EBER Probe Assay Protocol
(Ventana Medical Systems Inc., Oro Valley, AZ, USA).

A
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Remarkably, EBER in situ hybridization result was posi-
tive for the focal tumor area with less differentiated his-
tology and dense lymphoid stroma (approximately 10%)
on one side, but the result was negative for the remain-
ing tumor area with tubular adenocarcinoma histology
(Fig. 2). In line with previous studies [5, 10], p53 immu-
nohistochemistry (mouse monoclonal, clone DO7, 1:300;
Novocastra, Newcastle, UK) revealed that the EBV-pos-
itive and -negative tumor areas exhibited wild-type and
mutant-type p53 immunostaining patterns, respectively

B

Ty

Fig. 2 Representative images of gastric cancer with distinct EBV-positive and -negative tumor area. Loupe view of hematoxylin and eosin staining image
(A) and EBER in situ hybridization result (B). At high magnification, (C) the EBV-positive tumor area shows less differentiated histology with increased
lymphocytic infiltration, and (D) the EBV-negative tumor area shows conventional tubular adenocarcinoma histology with lesser degree of lymphocytic
infiltration. (E) and (F) are EBER in situ hybridization results that correspond to (C) and (D), respectively. Original magnifications: (C)—(F): x100
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(Fig. 3A and B). P53 immunostaining pattern was inter-
preted either as “mutant” if>60% tumor cells showed
strong nuclear expression or there was complete absence
of staining or as “wild-type” if the tumor cells had p53
expression levels between these two levels (1-59% stain-
ing) [11, 12].

Based on the results of histologic examination, p53
immunostaining, and EBER in situ hybridization, we
classified the tumor as EBV-positive and -negative col-
lision gastric cancer. To explore the genomic character-
istics of the tumor, we performed WES on EBV-positive
and -negative tumor areas with matched normal tissue
(lymph node tissue). Somatic mutation calling, tumor
mutational burden, copy number variation, and muta-
tional signature were analyzed based on the method
described in previous studies [13, 14]. Briefly, sequencing
was performed at an average depth of 235x. We identi-
fied 281 somatic single nucleotide variants (SN'Vs) and
375 small insertion and deletion (Indel) mutations in the
EBV-positive and -negative tumor areas. The TMB were
3.27 muts/Mb and 3.35 muts/Mb for the EBV-positive
and -negative tumor areas, respectively.
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Table 1 shows the pathogenic mutations found in
EBV-positive and -negative areas. In particular, ARIDIA
p.S1488fs*, KCNJ2 p.T75M, and RRAS2 p.G23V were
detected in both EBV-positive and -negative areas. TP53
mutation was found only in the EBV-negative area, con-
sistent with p53 immunostaining results. Remarkably,
32.7% of EBV-positive and 24.5% of EBV-negative areas
shared 92 somatic SNVs and small Indel mutations,
respectively. Copy number analysis revealed that the
EBV-positive area showed frequent copy number altera-
tions along the whole chromosome level compared to
EBV-negative area (Fig. 4). There was no amplification
of CD274 (PD-L1) or PDCDILG2 (PD-L2) gene on both
components. Mutational signature analysis demonstrated
that the EBV-positive area had mutational signatures,
single base substitution (SBS) 1, SBS4, SBS5, SBS17b,
SBS19, SBS21, SBS29, SBS32, SBS42, and SBS57, and the
EBV-negative area had SBS1, SBS2, SBS5, SBS9, SBS19,
SBS20, SBS37, SBS38, SBS41, SBS45, SBS49, SBS53,
SBS55, SBS58, and SBS59.

We further analyzed the immunohistochemistry of
MLH1 (mouse monoclonal, prediluted, clone M1, Roche,

Fig. 3 Immunostaining results of EBV-positive and -negative tumor areas. Immunostaining results for p53 ((A) and (B)), MLH1 ((C) and (D)), PD-L1 ((E) and
(F)), and ARID1A ((G)-(1)) are shown. (H) is EBV-negative tumor area with loss of ARID1A expression, whereas (I) is EBV-negative tumor area with no loss
of ARID1A expression. (A), (C), (E), and (G) correspond to EBV-positive tumor area shown in Fig. 2C, and (B), (D), (F), and (H) correspond to EBV-negative
tumor area shown in Fig. 2D
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Table 1 Pathogenic genomic variants found in EBV collision gastric cancer

Tumor area. Chromosome Position Gene Variant type HGVS.c Protein change VAF

EBV-positive  Chrl 26,774,684 ARIDIA  Frameshift mutation c4458_4477delGGCATCAGCTGAGGTTGCTC  p.Ser1488fs 0.059
EBV-positive  Chr17 70,175,263 KCNJ2  Missense mutation c224C>T p.Thr75Met 0.083
EBV-positive  chrl1 14,358,803 RRAS2  Missense mutation  c.68G>T p.Gly23Val 0.067
EBV-positive  chr15 44,715,574  B2M Frameshift mutation ¢.220_233delTTGTCTTTCAGCAA p.Leu74fs 0.012
EBV-positive  Chr6 29,944,149 HLA-A  Frameshift mutation ¢.650_651dupCC p.lle218fs 0.027
EBV-positive  chrX 45,089,874 KDM6A Nonsense mutation  ¢.3836G>A p.Trp1279* 0.139
EBV-negative Chrl 26,774,684 ARIDIA  Frameshift mutation c4458_4477delGGCATCAGCTGAGGTTGCTC  p.Ser1488fs 0.126
EBV-negative Chr17 70,175,263 KCNJ2  Missense mutation — ¢.224C>T p.Thr75Met 0.203
EBV-negative chrl1 14,358,803 RRAS2  Missense mutation — c68G>T p.Gly23Val 0.175
EBV-negative Chr3 179,218,294 PIK3CA  Missense mutation — c.1624G>A p.Glu542Lys 0.078
EBV-negative chr17 7,673,803 TP53 Missense mutation ~ ¢.817C>T p.Arg273Cys 0.272
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Fig. 4 Copy number analysis of EBV-positive and EBV-negative tumor areas. Log2 ratios of tumor reads to normal reads are shown

Basel, Switzerland), PD-L1 (mouse monoclonal, clone
22C3, 1:50; Agilent, CA, USA), and ARID1A (rabbit poly-
clonal, 1:400; Sigma-Aldrich, MO, USA), on both com-
ponents. MLH1 immunohistochemistry revealed no loss
of nuclear expression for both components (Fig. 3C and
D). EBV-positive area had higher PD-L1 combined posi-
tive score (CPS) than EBV-negative area (CPS 10 vs. CPS
1). PD-L1 tumor proportion score was negative for both
components (Fig. 3E F). EBV-positive area showed no
loss of ARID1A expression (Fig. 3G), whereas EBV-neg-
ative area showed loss of ARID1A expression on 60% of
tumor cells (Fig. 3H and I).

After the surgery, the patient received eight cycles of
tegafur/gimeracil/oteracil combination oral chemother-
apy (TS-1) for 10 months. During follow-up, abdomen
CT was performed at a one-year interval, and its findings
did not reveal any sign of metastasis or recurrence. The
patient was alive without any symptoms for 52 months
postsurgery.

Discussion and conclusions

We presented the case of gastric cancer with distinct
EBV-positive and -negative tumor areas and further
investigated their genetic characteristics. Since the tumor
had EBV- positive and -negative areas at each side with
distinct histology and p53 immunostaining pattern, we
first considered this case as EBV collision gastric cancer.
EBV collision gastric cancers have been rarely reported
in the scientific literature [6—9]. Intratumoral heteroge-
neity of EBVaGCs have been reported in a few previous
studies [15, 16]. However, EBV collision gastric cancer,
unlike gastric cancer with heterogeneous EBV positiv-
ity, has distinct tumor components at the border that
exhibit EBV positivity and negativity, rather than having

two intermixed components. Miyabe et al. suggested
that EBV-positive and -negative collision gastric cancers
have different histogenesis based on the result of TP53
sequencing, targeted next-generation sequencing, and
HER2 and C-MYC fluorescence in situ hybridization
(FISH) study [6].

Interestingly, the WES results in this case report sug-
gested that morphologically EBV collision gastric cancer
with distinct p53 immunostaining pattern can be clon-
ally related, as distinct EBV-positive and -negative areas
in this case share a significant number of somatic genetic
alterations, including pathogenic mutations of ARIDIA,
KCNJ2, and RRAS2. Although EBV-positive and -nega-
tive gastric cancers share a significant portion of genetic
mutations that may have occurred in early tumorigen-
esis, they also had distinct pathogenic alterations, which
appear to be a subclonal event. The EBV-positive tumor
area lacks the TP53 mutation, whereas the EBV-negative
area exhibits the P53 mutation. EBVaGCs rarely exhibit
TP53 mutation, but it occurs frequently in the conven-
tional intestinal-type adenocarcinoma [17]. In addition,
pathogenic alterations of HLA-A, B2M, and KDMG6A
were identified in the EBV-positive area, and alteration
of PIK3CA was identified in the EBV-negative area. Copy
number analysis revealed that the EBV-negative area had
complex copy number alterations compared to EBV-
positive area. This is also consistent with previous stud-
ies showing that gastric cancer with intestinal histology
(molecularly chromosomally instable type according to
TCGA classification) frequently has copy number aberra-
tions [5, 18]. Mutational signature analysis also revealed
that both EBV-positive and -negative areas had common
signatures of SBS1, SBS5, and SBS19, although different
signatures were detected in each area.
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In a recent study, Kondo et al. [19] suggested that EBV
loss may occur during tumor progression, which can
affect the immune evasion mechanism. Therefore, it is
possible that EBV-negative component in this case would
have developed due to “EBV drop-off” during tumor
progression. Another possible explanation could be that
initial progenitor tumor clones without EBV infection
(which shared some pathogenic mutations including
ARIDIA) subsequently acquired EBV infection during
the tumor progression. As we did not perform additional
tests such as ultrasensitive digital droplet PCR or TP73
methylation analysis that can detect traces of EBV or
previous EBV infection [19, 20], we could not determine
which of these two scenarios was relevant in this case.
However, the pathogenic mutation of ARIDIA, which
typically develops in EBVaGC or MSI-high gastric can-
cer [5], favors the possibility of the former. Although
immunohistochemistry showed loss of ARID1A expres-
sion only in the partial area of EBV-negative component,
discrepancy between ARIDI1A immunostaining and
sequencing have been reported in previous literature
[21, 22]. Considering the read depth and variant allele
frequency (322%, 5.9% and 175x, 12.6% for EBV-positive
and -negative tumor areas), it is unlikely that ARIDIA
p-S1488fs* in this case is false positive mutation.

The results of genetic analysis suggested that mor-
phologically gastric EBV collision tumor with distinct
EBV-positive and -negative areas can be clonally related,
although previous gastric EBV collision cancer cases sup-
ported the notion that they are of different origin. Fur-
ther research is warranted to determine whether this is
an exceptionally rare case or distinct EBV-positive and
-negative gastric morphologically collision cancers can
share genetic alterations more frequently than previously
thought.
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