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Abstract

Background The pathogenesis and clinicopathologic

characteristics of Epstein–Barr virus (EBV)-negative lym-

phoepithelioma-like gastric carcinoma (LELC) are still

unclear. In addition, it remains controversial whether EBV

infection itself affects the prognosis of LELC.

Methods Between 1995 and 2011, 145 LELC patients

(124 patients with EBV infection and 21 patients without

EBV infection) underwent radical gastrectomy with D2

lymph node dissection. The clinicopathologic features and

prognosis of EBV-negative LELC cases were compared

with those of EBV-positive LELC cases. The median

duration of follow-up after surgery was 55 months.

Microsatellite instability (MSI) analysis was performed on

20 EBV-negative LELC cases.

Results EBV-negative LELC accounted for 14.5 % of the

total LELC cases. EBV-negative LELC was significantly

associated with older age, female sex, advanced T stage, and

advanced American Joint Committee on Cancer (AJCC)

tumor stage compared with EBV-positive LELC. In

univariate analysis, patients with EBV-negative LELC had

significantly shorter overall, disease-specific, and recurrence-

free survival than those with EBV-positive LELC. The 5-year

overall survival rates were 81.0 % for patients with EBV-

negative LELC and 96.2 % for patients with EBV-positive

LELC. In a Cox proportional hazards model, EBV infection,

age, and AJCC tumor stage were identified as independent

predictors of overall survival. MSI-high, MSI-low, and

microsatellite-stable tumors accounted for 25, 10, and 65 %

of EBV-negative LELC cases, respectively. MSI status did

not affect the prognosis of EBV-negative LELC cases.

Conclusions EBV infection serves as an independent

predictor of survival in patients with LELC. EBV-negative

LELC exhibited clinicopathologic features and prognosis

distinct from those of EBV-positive LELC.

Keywords Lymphoepithelioma-like gastric carcinoma �
Epstein–Barr virus � Prognosis

Introduction

Lymphoepithelioma-like gastric carcinoma (LELC) is a

rare variant of gastric cancer (GC) and is characterized by a

dense infiltration of inflammatory cells in the tumor stroma

and an expansile growth pattern without desmoplasia [1].

LELC constitutes only 1–4 % of all GCs [2–4] and has

been described as having a favorable prognosis compared

with that of ordinary GC, especially in LELCs with

Epstein–Barr virus (EBV) infection [1, 5–9]. EBV infec-

tion is found in more than 80 % of LELC cases, and EBV-

positive LELCs share the following features with EBV-

associated GCs: male predominance, predisposition to the

proximal part of the stomach, and a high proportion of

diffuse-type gastric carcinomas [10–13].
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Our previous study compared the prognosis of EBV-

associated GCs according to subtypes, including LELC,

GC with Crohn’s disease-like lymphocytic reaction, and

conventional adenocarcinoma. We reported that the prog-

nosis of EBV-associated GCs depends on the patient’s

inflammatory responses [1, 14]. Patients with EBV-positive

LELC and EBV-associated GC with Crohn’s disease-like

lymphocytic reaction had significantly longer overall and

disease-free survival than those with EBV-positive con-

ventional adenocarcinoma. These results suggest that the

degree of tumor-infiltrating immune cells may have prog-

nostic significance in EBV-associated GC.

It remains controversial whether EBV-positive and

EBV-negative GCs have different prognoses. Some studies

have shown that EBV-positive GCs have prognosis com-

parable to that of their EBV-negative counterparts [15–17].

However, other studies have reported significantly better

prognosis for EBV-positive GC than for EBV-negative GC

[7, 8, 18–20]. A recent large-scale, multinational, pooled

analysis showed that tumor EBV positivity was associated

with lower mortality in patients with GC [12]. The more

favorable prognosis of EBV-positive GC may be related to

the lower propensity of EBV-associated GC to involve

adjacent lymph nodes (LNs), perhaps resulting from

immune responses directed against EBV-related proteins

expressed by tumor cells [8]. In several studies, EBV-

positive GCs showed more extensive infiltration of CD8 T

cells and higher numbers of mature dendritic cells than

EBV-negative GCs, especially in patients with EBV-posi-

tive GCs without LN metastasis [15, 16, 21–24]. These

results suggest that EBV positivity itself may confer a more

favorable prognosis.

A small portion of LELCs are not associated with EBV

infection. These EBV-negative LELCs also show dense

infiltration of immune cells in the tumor stroma similar to

that of EBV-positive LELCs. As EBV-negative LELCs are

very rare tumors, their pathogenesis and clinicopathologic

characteristics are still unclear. In addition, it remains

controversial whether EBV-negative LELCs have a prog-

nosis distinct from that of EBV-positive LELCs [7, 25].

To address these issues, we examined the clinico-

pathologic features of EBV-negative LELCs and investi-

gated whether EBV infection itself affects the prognosis of

LELC.

Methods

Case selection

We searched a pathology report database including all GC

cases evaluated in Samsung Medical Center between

November 1995 and April 2011 using the following search

terms: ‘‘lymphoepithelioma-like carcinoma,’’ ‘‘medullary

carcinoma,’’ and ‘‘poorly differentiated carcinoma with

lymphoid stroma.’’ A total of 205 cases were identified from

this search, and all these cases were reviewed by a single

pathologist (K.M.K.), who is an expert in diagnosing LELC

[1]. LELC was defined by (1) well-defined tumor margin,

(2) dense lymphocytic infiltration of a degree whereby the

number of tumor-infiltrating lymphocytes was greater than

the number of tumor cells throughout the tumor, (3) indis-

tinct cytoplasmic borders and a syncytial growth pattern

with poorly formed glandular structures, and (4) no

desmoplasia [1]. After a pathology review based on the

strict criteria stated above, 60 cases were excluded. A total

of 145 patients were finally confirmed as having LELC and

enrolled in the present study. All 145 patients were treated

by radical gastrectomy with D2 LN dissection with and

without adjuvant chemotherapy. No patient had other

uncontrolled cancer at the time of diagnosis of GC or during

the follow-up period. Clinical data, including demographic

features, tumor characteristics, and treatment outcome,

were obtained by the review of medical records with use of

the intranet resources of Samsung Medical Center. Tumor

stage was defined according to the tumor, node, metastasis

(TNM) classification (seventh edition) developed by the

American Joint Committee on Cancer (AJCC) [26]. All

patients provided informed consent according to our insti-

tutional guidelines. The institutional review boards at

Samsung Medical Center approved the study protocol.

EBV-encoded RNA in situ hybridization

Three-micrometer-thick sections were cut from each tissue

block and mounted on Superfrost-plus slides (Thermo

Scientific, Waltham, MA). The entire procedure was per-

formed with a fully automatic system (BOND-MAX) for

in situ hybridization with an EBV-encoded RNA probe

(Leica, Newcastle, UK) according to the manufacturer’s

instructions. Only sections that showed a strong signal

within almost all tumor cell nuclei were considered as

positive.

Microsatellite instability

Microsatellite instability (MSI) analysis was performed on

EBV-negative LELC cases by multiplex polymerase chain

reaction (PCR) with five quasi-monomorphic mononu-

cleotide repeat markers as previously described [27].

Briefly, genomic DNA was isolated from formalin-fixed,

paraffin-embedded tumor samples with a QIAamp DNA

mini kit (Qiagen, Valencia, CA, USA) under a microscope.

Each sense primer was end-labeled with one of the fluo-

rescent markers FAM, HEX, or NED. Amplified PCR

products were run on an ABI Prism 3130 Genetic Analyzer
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(Applied Biosystems, Foster City, CA, USA). Allelic sizes

were estimated by Genemapper 4.1 (Applied Biosystems).

Samples with no allelic size variations in any of the

microsatellites were classified as microsatellite stable

(MSS). Tumors with allelic size variations in one of the

microsatellites were classified as MSI low, whereas those

with allelic size variations in two or more of the

microsatellite markers were considered to be MSI high.

Statistical analysis

Overall survival data were obtained from the national

registry of medical insurance. Overall survival was mea-

sured from the date of surgery to the date of death from any

cause or to the censoring date of April 30, 2014. Recur-

rence-free survival was measured from the date of resec-

tion to the date of the first recurrence documented by

pathology review or imaging modalities, including

abdominal computed tomography and ultrasonography, or

to the censoring date of April 30, 2014. Overall survival

and recurrence-free survival curves were estimated by

Kaplan–Meier methods, and differences in survival distri-

butions were compared with a log-rank test. Patients with

stage IV gastric cancer or not undergoing follow-up

examination were excluded from the calculation of recur-

rence-free survival. Hazard ratios and corresponding con-

fidence intervals were estimated with a Cox proportional

hazards model to identify potential predictive factors of

overall survival. A P value less than 0.05 was considered

statistically significant.

Results

Clinicopathologic characteristics according to EBV

infection status

LELC accounted for 1.0 % (145/15194) of total GC cases

treated by surgery in our institution. Of the 145 LELCs,

EBV was positive in 124 cases (85.5 %) and negative in 21

cases (14.5 %). The clinicopathologic characteristics of

EBV-positive and EBV-negative LELC are summarized in

Table 1. EBV-negative LELC was significantly associated

with older age, female sex, advanced T stage, and

advanced tumor stage compared with EBV-positive LELC.

The mean numbers of retrieved LNs during radical gas-

trectomy were 44.3 ± 17.5 for EBV-positive LELC and

43.1 ± 11.8 for EBV–negative LELC. The LN metastasis

rates were 27.4 % for EBV-positive LELC and 38.1 % for

EBV–negative LELC, and this difference did not reach

statistical significance.

The representative pathologic findings of EBV-positive

and EBV–negative LELC are depicted in Fig. 1. In

pathology review, EBV–negative LELCs showed some

eosinophils and neutrophils admixed with lymphoplasma

cells in 23.8 % of cases. However, EBV-positive LELCs

demonstrated such features in only 3.2 % of cases, which

was significantly lower than that of EBV-negative LELCs

(Fig. 2). A non-LELC component, such as tubular

Table 1 Clinicopathologic characteristics of lymphoepithelioma-like

gastric carcinoma (LELC) according to Epstein–Barr virus (EBV)

infection status

EBV positive EBV negative P

(n = 124) (n = 21)

Age

Mean ± SD 56.1 ± 9.8 years 62.8 ± 12.5 years 0.006

\60 years 77 (62.1 %) 9 (42.9 %)

C60 years 47 (37.9 %) 12 (57.1 %)

Sex

Male 107 (86.3 %) 14 (66.7 %) 0.049

Female 17 (13.7 %) 7 (33.3 %)

Tumor site

Antrum/angle 11 (8.9 %) 4 (19.0 %) 0.235

Body/fundus/cardia 113 (91.1 %) 17 (81.0 %)

Depth of tumor invasion

T1 51 (41.1 %) 2 (9.5 %) 0.040

T2 38 (30.6 %) 11 (52.4 %)

T3 29 (23.4 %) 6 (28.6 %)

T4 6 (4.8 %) 2 (9.5 %)

Lymph node metastasis

Absent 90 (72.6 %) 13 (61.9 %) 0.319

Present 34 (27.4 %) 8 (38.1 %)

N category

N0 90 (72.6 %) 13 (61.9 %) 0.136

N1 (1 or 2 nodes) 12 (9.7 %) 3 (14.3 %)

N2 (3–6 nodes) 14 (11.3 %) 1 (4.8 %)

N3a (7–15 nodes) 6 (4.8 %) 4 (19.0 %)

N3b (C16 nodes) 2 (1.6 %) 0 (0.0 %)

AJCC stage

I 80 (64.5 %) 8 (38.1 %) 0.009

II 27 (21.8 %) 11 (52.4 %)

III 16 (12.9 %) 1 (4.8 %)

IV 1 (0.8 %) 1 (4.8 %)

Eosinophils and neutrophils admixed with lymphoplasma cells

Absent 120 (96.8 %) 16 (76.2 %) 0.003

Present 4 (3.2 %) 5 (23.8 %)

Non-LELC component

Absent 34 (27.4 %) 5 (23.8 %) 0.730

Present 90 (72.6 %) 16 (76.2 %)

Adjuvant chemotherapy

No 84 (67.7 %) 11 (52.4 %) 0.171

Yes 40 (32.3 %) 10 (47.6 %)

AJCC American Joint Committee on Cancer, SD standard deviation
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adenocarcinoma, was observed in 72.6 and 76.2 % of

EBV-positive and EBV–negative LELCs, respectively. The

mean percentages of the non-LELC component were

13.0 % (range 0–60 %) in EBV-positive LELCs and

15.5 % (range 0–60 %) in EBV-negative LELCs, and were

comparable between the two groups. The non-LELC

component was usually located in the mucosal or surface

portion of the tumors.

Impact of EBV infection on prognosis

To address the prognostic significance of EBV infection in

LELC, we analyzed overall and recurrence-free survival.

The median duration of follow-up was 55 months (range

3–216 months) for overall survival analysis and 48 months

(range 2–171 months) for recurrence-free survival analysis.

In univariate analysis, patients with EBV-negative LELC

showed significantly shorter overall and recurrence-free

survival compared with those with EBV-positive LELC

(Table 2, Fig. 3). The 5-year overall survival rates were

81.0 % for patients with EBV-negative LELC and 96.2 %

for patients with EBV-positive LELC. Disease-specific

survival was also significantly worse in patients with EBV-

negative LELC. The 5-year disease-specific survival rates

were 90.5 % for patients with EBV-negative LELC and

99.2 % for patients with EBV-positive LELC (Fig. 3). In a

Fig. 1 Representative pathologic findings of lymphoepithelioma-like

gastric carcinoma (LELC). a, b Epstein–Barr virus (EBV)-positive

LELC with prominent lymphoid follicles and expanding growth

pattern (a 95, b 940, inset EBV in situ hybridization, hematoxylin

and eosin stain). c, d Microsatellite-instability-high EBV-negative

LELC with prominent lymphoid stroma and expanding growth pattern

(c 95, d 940, hematoxylin and eosin stain). Note that a non-LELC

component is present in the mucosal area in the surface
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Cox proportional hazards model with adjustment for age,

sex, tumor site, and AJCC stage, EBV infection was

identified as an independent predictor of overall survival

(Table 3). The estimated mortality risk of EBV-negative

LELC patients was five times as high as that of EBV-

positive LELC patients. Age and AJCC stage were also

identified as independent predictors of overall survival. As

the model was not fitted, multivariate analysis of recur-

rence-free or disease-specific survival could not be

performed.

MSI in EBV-negative LELCs

MSI analysis was successfully performed in 20 EBV-neg-

ative LELC cases with five quasi-monomorphic mononu-

cleotide repeat markers. Five cases (25 %) among EBV-

negative LELCs were MSI high, two (10 %) were MSI low,

and 13 (65 %) were MSS. MSI-high EBV-negative LELC

cases were significantly associated with older age compared

with MSS or MSI-low EBV-negative LELC cases

(74.4 ± 3.6 years for MSI-high cases and

59.1 ± 12.6 years for MSS or MSI-low cases). However, no

significant differences were observed between the two

groups for sex, tumor site, depth of tumor invasion, presence

of LN metastasis, or AJCC tumor stage. Overall survival and

recurrence-free survival of MSI-high cases showed no sig-

nificant difference from those of MSS or MSI-low cases.

Discussion

In the present study, we compared the clinicopathologic

features and prognosis of 124 EBV-positive LELCs and 21

EBV-negative LELCs. EBV-negative LELC was

Fig. 2 Pathology of Epstein–Barr virus negative lymphoepithelioma-

like gastric carcinoma showing some eosinophils and neutrophils

admixed with many lymphoplasma cells (9200, hematoxylin and

eosin stain)

Table 2 Univariate analysis of overall survival (OS) and recurrence-free survival (RFS) in patients with lymphoepithelioma-like gastric

carcinoma

Overall survival Recurrence-free survivala

3-year OS rate (%) 5-year OS rate (%) P 3-year RFS rate (%) 5-year RFS rate (%) P

Age (years)

\60 97.7 96.0 0.068 97.5 97.5 0.183

C60 93.2 91.1 100.0 100.0

Sex

Male 95.0 92.7 0.128 98.1 98.1 0.431

Female 100.0 100.0 100.0 100.0

EBV

Positive 98.4 96.2 0.004 99.1 99.1 0.007

Negative 81.0 81.0 94.7 94.7

Tumor site

Antrum/angle 100.0 100.0 0.663 100.0 100.0 0.155

Body/fundus/cardia 95.4 93.4 98.3 98.3

AJCC stage

I 97.7 95.9 0.024 100.0 100.0 0.014

II 97.4 94.6 100.0 100.0

III–IV 84.2 84.2 87.5 87.5

AJCC American Joint Committee on Cancer, EBV Epstein–Barr virus
a Patients with stage IV gastric cancer or not undergoing follow-up examination were excluded from the calculation of RFS
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significantly associated with older age, female sex,

advanced T stage, and advanced AJCC tumor stage com-

pared with EBV-positive LELC. In addition, patients with

EBV-negative LELC had significantly shorter overall,

disease-specific, and recurrence-free survival than those

with EBV-positive LELC. EBV infection was an inde-

pendent prognostic factor in patients with LELC.

There have been a few small studies addressing the

features of EBV-negative LELC. Chang et al. [25] found

that EBV-negative GCs with lymphoid stroma were sig-

nificantly associated with female sex and distal tumor

location compared with EBV-positive tumors. Nakamura

et al. [7] also reported similar findings. In addition, they

found EBV-positive GCs with lymphoid stroma were sig-

nificantly more frequently associated with lymphoid infil-

tration within the cancer cell nest and a marked degree of

lymphoid stroma compared with their EBV-negative

counterparts. In their study, EBV-positive tumors also

showed a significantly lower mitotic rate than EBV-nega-

tive tumors. These histologic features of EBV-positive

LELC might have an effect on prognosis as several studies

reported that an increased tumor-infiltrating lymphocyte

count is significantly associated with a favorable survival

in GCs [5]. The extensive infiltration of tumor nests with

cytotoxic CD8 lymphocytes may promote eradication of

EBV-positive malignant cells [22, 28]. In the present study,

patients with EBV-positive LELC had significantly longer

overall, disease-specific, and recurrence-free survival

compared with those without EBV infection, and EBV

infection itself was identified as an independent predictor

of overall survival. The above-mentioned histologic fea-

tures of EBV-associated LELC such as lymphoid infiltra-

tion within the cancer cell nest count could plausibly

explain the favorable survival of patients with EBV-posi-

tive LELC that we observed in the present study. In the

present study, both EBV-positive and EBV–negative

LELCs had extensive lymphoid stroma in all cases by

definition, and we could not classify LELCs by the degree

of lymphoid stroma.

Two subsets of GC, EBV-positive and MSI-high can-

cers, have been associated with abundant lymphocytic

infiltration in the tumor stroma, a characteristic finding of

LELC [9, 29]. More than 80 % of LELCs are related to

EBV infection, whereas a small subset is associated with

MSI [9]. Several studies reported cases of EBV-negative

LELCs with an MSI-high phenotype [5, 30]. There is

persuasive evidence that EBV infection and MSI are

mutually exclusive, especially in GCs with a lymphoid

stroma [5, 9, 31, 32]. Therefore, there is high probability

that carcinogenesis of EBV-negative LELCs is associated

with MSI. In this first study with a large number of EBV-

Fig. 3 Overall, disease-specific, and recurrence-free survival of

patients with lymphoepithelioma-like gastric carcinoma according

to the Epstein–Barr virus (EBV) infection status: a Kaplan–Meier

curves for overall survival: b Kaplan–Meier curves for disease-

specific survival; c Kaplan–Meier curves for recurrence-free survival

Table 3 Multivariate analysis of overall survival in patients with

lymphoepithelioma-like gastric carcinoma

Cox proportional hazards model

Hazard ratio 95 % CI P

Age 1.110 1.040–1.185 0.002

Sex

Male 1 (reference)

Female 0.111 0.011–1.148 0.065

EBV

Positive 1 (reference)

Negative 5.151 1.398–18.984 0.014

Tumor site

Antrum/angle 1 (reference)

Body/fundus/cardia 0.695 0.066–7.310 0.762

AJCC stage

I 1 (reference)

II 0.510 0.104–2.508 0.816*

III-IV 9.406 2.359–37.507 0.002*

AJCC American Joint Committee on Cancer, CI confidence interval,

EBV Epstein–Barr virus

* P values were corrected by Bonferroni’s method because of mul-

tiple testing
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negative LELC cases undergoing MSI examination, we

found that MSI-high tumors accounted for 25 % of EBV-

negative cases. MSI status did not affect the prognosis of

EBV-negative LELC cases. Further studies are required to

identify the pathogenesis of EBV-negative LELCs.

This study was limited in that it was performed at a

single tertiary referral center and had a retrospective

design. As LELCs, especially EBV-negative LELCs, are

very rare tumors, prospective collection of a sufficient

number of samples would require quite a long time and

thus is practically impossible. The present study had sev-

eral strengths. First, LELC usually has a favorable prog-

nosis, and recurrence after surgery is very rare. Therefore, a

large sample size and long follow-up duration are definitely

required for an adequate evaluation of survival of patients

with LELC. To the best of our knowledge, this study

included the largest number of LELC cases ever reported,

and the median follow-up duration was 55 months, which

enabled us to reliably assess and compare long-term sur-

vival between EBV-positive and EBV-negative LELC

patients. Second, this study included a large number of

EBV-negative LELC patients, and MSI status was exam-

ined in most cases. This contributed to our evaluation of

the role of MSI in the pathogenesis and features of EBV-

negative LELC.

In conclusion, EBV infection serves as an independent

predictor of survival in patients with LELC. EBV-negative

LELC exhibited clinicopathologic features and prognosis

distinct from those of EBV-positive LELC.
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