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Epstein-Barr Virus-associated Gastric Carcinoma

Bong Eun Lee

Department of Internal Medicine, Pusan National University School of Medicine, Busan, Korea

Epstein-Barr virus-associated gastric carcinoma (EBVaGC) comprises approximately 10% of all gastric cancers and is now defined
as one of the four subtypes of gastric cancer according to the molecular classification proposed by the Cancer Genome Atlas project.
EBVaGC has characteristic genetic profiles that harbor a DNA methylation phenotype, frequent mutations in PIK3CA and
ARID1A, and amplification of JAK2 and programmed death-ligand (PD-L)1/PD-L2. Therefore, EBVaGC shows several distinct
clinicopathological features, including a male predominance, proximal stomach location, gastric carcinoma with lymphoid stroma
histology, low risk of lymph node metastasis, and favorable prognosis. In clinical practice, patients with early EBVaGC might be
good candidates for endoscopic resection or minimally invasive surgery since the rate of lymph node metastasis is very low, even
with deep submucosal invasion. Furthermore, in the case of advanced EBVaGC, the applicability of immunotherapy has been inves-
tigated based on its increased expression of PD-L1 and high immunogenicity. In conclusion, EBV can serve as a biomarker in gastric
cancer, and further identification of other molecular characteristics of EBVaGC is essential for new potential therapeutic targets.
(Korean J Helicobacter Up Gastrointest Res 2021;21:22-28)
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Table 1. Clinicopathological and Genetic Features of Epstein-Barr
Virus-associated Gastric Carcinoma

Epidemiology

Approximately 10% of all gastric carcinomas

Male predominance (2:1 or 3:1)

Predominantly younger age

High frequency in postsurgical gastric stump (4 times)
Molecular features

DNA hypermethylation

PIK3CA, ARID1A, BCOR mutations

PD-L1 and PD-L2 amplification

JAK2 amplification

Intact TP53

Microsatellite stable phenotype
Macroscopic features

Located in proximal stomach

Superficially depressed or ulcerated

SMT-like feature or marked thickening of gastric wall
Endosonographic feature

Hypoechoic submucosal nodule or mass in early stage
Microscopic features

Diffuse type

Moderate to poorly differentiated adenocarcinoma

Prominent lymphoid stroma (tumor infiltrating lymphocytes)
including lymphoepithelioma-like histology

Prognosis
Low rate of lymph node metastasis
Favorable overall survival

PD-L, programmed death-ligand; SMT, submucosal tumor.

Table 2. Latent Gene Expression Patterns in Different EBV Latency Types

Bong Eun Lee: Epstein-Barr Virus-associated Gastric Carcinoma

2710 dofuk= AQIA, of A et AduAdlze] oMd ek
ol o] Yofuli= ZgIX|ef tofA® =22 QYA EBVaGC
9] A9] K= FUNEZT BBVl FsA 7aEle] lomA] T
A monoclonality)2] EBV DNAS UeRHi= A 0& Kol AujA]
27} P o & L] oo vlole|A 7o) Yt Aow
Zegoit

FBV 2= 1Hd(latent infection}e A 54K latent gene)2]
FEYol| wet 3714] o o= rofR=d], EBVaGColAl=
EBV encoded small RNAs (EBERs), Epstein-Barr nuclear anti-
gen-1 (EBNA-1), BamHI-A rightward transcripts (BARTS),
BART miRNA7} Ureh, oF vt Zeof|A] latent membrane pro-
tein-2A (LMP-2A)7} Hd=]o] = A1 Fi= A2 (latency
type 1 or 21 UeRHckTable 2)° EBNA-1-S AJZARE} 4509
RG-S AJfSlal genome EQFIOIE FEslo] ALl 27|
Hol] a3t oJ3kS: = Hh, IMP-2A%= phosphatase and
tensin homolog (PTEN)Z} =2 FFA - tumor sup-
pressor geneys A1 AL SA1} ofFof Tofeko 2 X<y
A AmQtollA] FoFe] AL 2= Aow T gk’

2. BX% 84

flo

EBVaGC= VH8efeFa o= Eoldl AJoks: Hol=t), oA
CRE 752 el of ' 7o) v=7] dhizo s A7k
t}. 20144 ¥3E% Cancer Genome Atlas (TCGA) project=
Z31A 91 B B4 (comprehensive molecular analysis)S
B3 9419k theo] 471A] oo BEBHiFg 1"
1) EBVaGC, 2) gastric carcinoma with microsatellite instability
(MSD), 3) gastric carcinoma with chromosomal instability,
4) genetically stable gastric carcinoma. FBVaGCi= TR o1
= thEA] =2 W% DNA hypermethylation Ko|HA]
CpG island methylator phenotype o] =9fom E3s
CDKN2A (p16INK4A) promoter hypermethylationS A2] &
E 7ol BRIE 4= Igirt’ w8 EBVaGCe] 80%11A41
PIK3CA mutation®] 32|21 0™, JAK2, CD274 (programmed
death-ligand [PD-1] 1), PDCDILG2 (PD-12)2] 5%} ARIDIA

st

EBERs EBNA-1 EBNA-2, 3A-C, LP LMP-1 LMP-2A, B BARTs BART miRNAs
Latency 1 + + - - - + +
Latency 2 + + - + + + +
Latency 3 + + + + + + +

EBV, Epstein-Barr virus; EBER, EBV encoded small RNA; EBNA-1, EBV nuclear antigen-1; LMP, latent membrane protein; BART, BamHI-A

rightward transcripts.
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EBV MSI
- PIK3CA mutation - Hypermutation
- PD-L1/2 overexpression - Gastric-CIMP
- EBV-CIMP - MLHI silencing
- CDKN2A silencing - Mitotic pathways

- Immune cell signaling

- Intestinal histology
- TP53 mutation
- RTK-RAS activation

- Diffuse histology

- CDHI, RHOA mutation

- CLDN18-ARHGAP fusion
- Cell adhesion

Fig. 1. Molecular subtypes of gastric carcinoma. The four molecular
subtypes of gastric carcinoma (GC) are as follows: 1) Epstein-Barr virus
(EBV)-positive GC, 2) GC with microsatellite instability (MSI), 3) GC
with chromosomal instability (CIN), and 4) genetically stable (GS) GC.
CIMP, CpG island methylator phenotype; PD-L, programmed death-
ligand; RTK, receptor tyrosine kinase.

(55%)%} BCOR (23%) 0747} Wlo| & &7 Kol Aow
SIck i TP53 kot MSIote] A e ufg-
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CR2 7Ilo= oF hliat xlejel Hofsle] S44Q1 Qb drgeiehy
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2 397H9] TRt H(case-control study)E 4]
St HeREAo] w2 EBVaGCe] Y% A|9df| ule} 2
o, 9 WIEo] & g oo} X|oflA] gt Felw
EBVaGCo] 2H89] Sladeitz defd glom, G} v
WS wf AR SR K current smoker)ollA] 2.481, A &
A former smokenoll4] 28] A% EBVaGCe] o] =}
ok human immunodeficiency virusy Helicobacter pylori
(H pylon)@t 55 7% ZeolA f1oh Tifo] S71d 4= 9l
) 3t Aol WEW A priore} EBVE] FE 7edo] Qo]
o Aol 2470 s 2] Higlo] 5 $I%(severe poly-
morphonuclear and mononuclear cell infiltration accord-
ing to Sydney system)#}2] SiHdo] G-ofdHA EQLh” o=
H. pyloret BBVE] S5 ollA 24 &4 dorle 244
O] HsHkgol ©Ted] TRl AARIA| A pylor®t EBV 74
Zp Afolo] et A% AgoR I3t AIA|of digfjal= Het
31A] orom, . oAt BBVl A pyior 7k0) A% o]
USATHAL Blo] olo] thsiAl= & T $E ERY ow K
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£ AFLofal= o4 HId(pernicious anemia)o] = Aol A
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EBVaGC= A 919 7ketl oF 10% (1.3~20.1%)% Kl
a1 glow, wWidolla] 2~3u) A= W BIwr) =01, 59] 4
o AolA T WAt B4 2ol Tsis vy|E
HEZo BRI g A AlAIA BEE ol A
Il EBVaGC7F AHA[Sh= Hle-2 AR Ajolg Hol=
o, Sejufete] 79 A $191e] 5.6~13%1A4 EBV i &
o] Yo BBt

91 9FelA o] sl o] 3 Ko w=H
EBVaGC2] 84.4%7 19] 4ol $1xj8todct.” Lauren -5
Hol| wg 229H el vvFy(diffuse type)o] &5,
World Health Organization -0l W=2H F5-AHEst
(moderate to poorly differentiated) A1¢+e] E44-& Hol=t]
SF ATLof|Al= EBVAaGCY] 76.2%7} A&} jolels syl
o}t Ed-on gmakmEd oE(lymphoepithelioma-like
carcinoma, LELC)ol2t e Sel= PxA 7128 71 $ioks
(gastric carcinoma with lymphoid stroma, GCLS)2] 80%<11A]
BV oS Hol= Ao dajA Ik GCLSE %A Sl
A 1~M%5 Ao B 223 0= 73 8(lymphoid
infiltration)o] -s41E ST Fejo Qieksolct. vad=R2g
Z18of| ghe gzt gl AN} ngbd o= A Fkl A
WSt a=lo] Qlar, ekt viES Hol= vlwA 2R oF
O] LA} AfolAtel] ZHde] ofsf] WA= B %Hlace-like
or small nested patten)& 7HAICE” olefet glA 7] duke.o.
T2 AIE 54 CD8+ THEA]| of Uojuf=d], EBV AHA|
of ot 2 FRkgo]7|Hrl= EBVe] 7% Alato] fHH uf
ol gfelo]| Tt F-ANES, & S5 AT RS (host
cellular immune response)e] BHdele Zate ket ¢
I 28 o] wht BBVaGCE typical LELC, Crohn's dis-
ease-like lymphocytic reaction (CLR), conventional type
adenocarcinoma (CA)2] Al 7H] fdog E5a 4= qlon,
QHFA 0 & GCLSE typical LELCoYl CIR Z&%S 3kt 7id
o2 Wolsofx|al QIrkFig. 2).”

EBVaGCr= 891402 1 $s(superficially depressed)
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Fig. 2. Endoscopic findings of Epstein-
Barr virus-associated gastric carcinoma.
(A) Superficially depressed lesion on
the anterior wall of the antrum. (B)
Ulcerative lesion on the greater curvature/
posterior wall of the upper body. (C)
Submucosal tumor-like morphology on
the posterior wall of the angle. (D)
Marked gastric wall thickening with
ulceration on the greater curvature of
the lower body.

Fig. 3. Histologic findings of Epstein-
Barr virus-associated gastric carcinoma
(EBVaGC) with lymphoid stroma. (A)
Typical lymphoepithelioma-like carcinoma
shows dense lymphocytic infiltration,
accompanied by a syncytial growth
pattern with poorly formed glandular
structures (hematoxylin and eosin
[H&E], x40). (B) In Crohn’s disease-like
lymphocytic reaction, tumor cells show
frequent tubule formation with fewer
lymphoid stroma than tumor cells
(H&E, x40). (C, D) EBV in situ
hybridization highlights tumor cells
(x40). Adapted from the article of Shin
et al. Surg Endosc 2017;31:4156-4164,
with permission.”
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Fig. 4. Endosonographic images of early Epstein-Barr virus-associated gastric carcinoma (EBVaGC) with lymphoid stroma. (A, E) Marked
hypoechogenicity in the mucosal layer at the center of the tumor (arrow); mucosal cancer (confined to muscularis mucosa) on the gastric fundus.
(B, F) A hypoechoic round submucosal nodule; SM3 cancer (2,000 um invasion from the muscularis mucosa) on the upper body. (C, G) Hypoechoic
submucosal nodules; SM3 cancer (3,125 um invasion from the muscularis mucosa) on the lower body. (D, H) A hypoechoic submucosal mass;
SM3 cancer (6,500 um invasion from the muscularis mucosa) on the prepylorus. Adapted from the article of Shin et al. Surg Endosc
2017;31:4156-4164, with permission.”

T A (ulcerative)o] S5k, T 9ol £ v}
FEAHA a4 $19H(submucosal tumor-like
carcinoma)] FEE H2IckFig. 3).% ofefet 21 FPAE
of| SRR T3} i 7R Qoo {TAYSR WA S]]
Al BRI Aoz FHukst A& (hypoechoic submucosal
nodule)e T 4= QltkFg, 4).%
5. ZIC

EBVaGCE XIsl7| flolirt= A4 EBVZ| A&
ofof Bt} ZAo|X <] EBV A& AR situ hy-
bridization, ISH¥ FHaAAMTES(polymerase chain re-
action, PCR}Z o}g3}o] theo] Aet x| (diagnostic marker)
£ 2018k 1) small RNA EBER1/EBER? for ISH, 2) EBNA-1,
Bam-M, BamHI-W viral antigens for PCR* 2lk=el 64
=4 H=olle 54 S30] 4=z PCRo] WIRIET} =4
Tl FoF A s 7 BEEA| ofgf] 1S Zefst
71% 3tk o]l o= ISH Wio] Blwd Wit WA
EBVaGCE #etsl= dl Slo] 3% Zeh(gold standard)elet
317k
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EBV 4 Sl vlwsle] 4] A& AT stage)et 24
HOIN state) HI7} Rop QNP0 2L o928 Helt* %7]
(early stage) EBVaGCellxl9] #d Hola- ufely} Hufst
HAQNollA] Zh7k 2.2~4.2%9F 14.0~23. 6% BT o v
EREAe] mEH EBVaGC $HRollA AJE 7IREe] Sk
(median survival time)o] Z2K8.5E vs. 5.39).% the o]
A% EBVaGC Srfolld] tizsti} 17] $Afe] vigo| o ghe
HA(37.4% vs. 4.9%), B U ABEES Hols 45Kl
(5-year overall survival rate: 71.4% vs. 56.1%; 5-year dis-
ease-free survival rate: 67.5% vs. 55.2%).* TCGA project]]
e} 9ok o] EASE A U AtelME XA
EBVaGC $HAjollA] 3tetaH(chemotherapy) & 4| A& 7IXF
(overall survival)Z} S A= 717 Krelapse-free survival)©]
o e A HofRge

EBVaGC9| ol9+= 2] 7], Hxd Ho| o Lfofl
ope] AFHESo] w8t 98-S si= Ao duA itk
EBVaGCE HZ+t 2 Aol wleh H#Ql LELCet CIR,
CAR E5319S uf LELCe} CLR Z&goflA] o 71 A4 A
7Rihazard ratio 27 0.099F 0427 749 AL 7RkE



(disease-free survival; hazard ratio 22+ 0.05%} 0.46)}& &
Ak? o1ZAe EBVaGCY] o9t 2e] $5HkSK(host in-
flammatory response)ell SlESE= TARA FIA He
o] %30] AT HWd WSS vhgoh AAlaze]
st d50] Wojr|dow 2kgst Ao YrsL T o
ToA = EBVaGCollA a4 |- tumor infiltrating
lymphocytes, TILs)7F £RAe] A A& 7K hazard ratio,
12.193)7F 549 AE 717Hhazard ratio, 4.836)& AR
o, ke TllsS AHLE Holeh Lt o 9.5 o3t 4=
Q= ek Barslelch® GCLSS] HEfE Hol= EBVaGC
7} oAl B & Hkesks A 02T HArsiol=t], ok= 7t
Aof| fat Hgo] FHate] Fok 7AW 24 243t AdRet
7} A9 §l7] Wizl AP SYAER o & HFS 4 9
k= M3t SYAIE7 BBVl A o=x] 3tAle] sl =
& AuIEE 7RA © AoR Ze=i)

o] lofl= F9oke] 97](>5 cm), PD-L1 overexpression,
PTEN} ARIDIAS} 22 S| A4, PIKACA 5
ZI} 2R {7} Wol7} Sl dollAl= EBVaGCY] ¢t
U Ao oA gkt

7. Y ool

EBVaGCi= tiF-ollA] vluky Bi= AR} Aofe] 2218S
Hol7] wjize]l 7] 9j¢tole} shElElE Gotoda 0] AkIet
UWiAld AAlee] dRbERl A-gFo] HJA] ¢h=rt. SRR GCLSY]
IS Hol= 27] 99N early gastric carcinoma with lymphoid
stroma, BGCLS)2] 73-9-ollal= wololat vlusio] Hid ol
QIdo] AW @3] T Wil Farsal §lom Hush Xgo
= AQolME FzA Ho]o] HIEs] oS- Wk 2925 )
ATE0llAE BGCLSS] - Zolof| w2 fid o] oHs
ARSI wf SMI/SM2 a<toll] Fizd Horp das|A] ¢iok
T3 olefdt A E3b) B BGCLSe 3¢S Hol=
EBVaGC®] 730l ulgigde] 221%5E HolAu uts} Hgol
ot stefete WA AAkeo] axbadl Nsrt € 4= S
ZANTA] AT 4= Qlok SRRRE UK keS| 850
I Sloliie & o] w13 Gt g, dfiRAl
7Pk R QTsle] Al e SA] oR 9} = SRk
o] Hrdo| Qli= ThrjolA] WATE AAkes SRl oijkeE 172
SE 4= QAT

31 EBVaGCE 94 immunogenicity)o] & Qjofo
PD-L1/PD-129] o] 331, CD8+ TILs7} 34-0o] HATH-
AR immune check point inhibitor)e]l ¥k0] & 107 7]
o] g} Anti-PD-L1 antibody¢! pembrolizumabg AR§
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phase II trial PD-L1 &7 919F E&jolA PD-L1 273 1%
BRI} vl wslo] ekAle] AHA| WESE(overall response rate)O|
=95(15.5% vs. 5.5% BA8I1IL, nivolumab o}-g3t
phase 11T trialoflA1= EBVaGC &A}2] 4] A 7|71e] 54k
(median overall survival)e] ¥ 2= LERITh5.3 vs. 4.1
months).” ©] 9ol = PIK3K AR} demethylating agent©]
A= BIE ERISE| 913t AFES AIEE]L AN EA7EA]
U AAE HolFal QIA] ghof 94 =0 AvE 7|t
Koo o Zo]c}.
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EBVaGCE Th2 89] 9ok of 2 {04, oldwefer
A EAS Holw EAR o7 GCLS HHl9| 23S &
= 9t GCLSollA sHIEE gty 7142 BBV 1 5%
AJaze]] ot YF2] S5 Rkg-0 & 3k vk anti-tumor
effect)g UERHO] EBVaGCE] 2 of|$e} ks QA= A3
21t} GCLS] 80%ellA] BBV A2 Hol7] wjiiol GCLSY]
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AAFAR] ZHHAA GCLSS] 2AFS Holx= 27| EBVaGCe
739 o= {89 St vlwste] g Holgo] wfe- @]
ool utst Aol it sheleks WAl AAlee] avkd
Ql dhdor sl & 4= glom, XA EBVaGCe] 73
PD-L12] W&o] o} HATRAR X5 ol tfet 7o)
S olal glom Ee AR Am AFE il ik
ZE0F FBVi= {18 Aol Slof ofleE di&sial A= AL
AARSE= 22~ AYA3EA A novel biomarken) =4 =43}
EBVaGCollA AA] oI35 3PIAIE = Q= =8 34
o] At oI dasic
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