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Key questions

What is already known about this subject?
 ► Recently, microsatellite instability (MSI) and Epstein-
Barr virus (EBV) infection have proved to be useful 
biomarkers to identify patients with gastric cancer 
who will respond to immune checkpoint blockade 
inhibitors.

What does this study add?
 ► Our study adds valuable information about MSI and 
EBV gastric cancer subtype characterisation and 
identification in daily practice.

 ► According to our results, MSI in gastric cancer de-
fines a different pathological entity with a better out-
come (MSI: HR: 0.37, 95% CI 0.12 to 0.95, p=0.04).

 ► For MSI evaluation in gastric cancer, immunohisto-
chemical study for mismatched repair (MMR) pro-
teins and PCR show an excellent concordance.

 ► Immunohistochemical study for MMR proteins and 
in situ hybridisation (ISH) for EBV evaluation are fea-
sible and cost-effective methods.

How might this impact on clinical practice?
 ► There is an urgent need to improve risk stratification 
in patients with gastric cancer.

 ► For this purpose, MSI and EBV are useful biomarkers 
and should be incorporated in routine pathological 
evaluation.

 ► Our results proved IHC for MMR proteins and ISH 
study for EBV to be applicable in daily practice.

 ► The results of both techniques significantly correlate 
with certain clinicopathological features and with 
the outcome.

AbstrAct
Background The molecular classification of gastric 
cancer recognises two subtypes prone to immune 
checkpoint blockade: the microsatellite unstable and 
the Epstein-Barr virus (EBV)-related tumours. We aim to 
assess the concordance between immunohistochemistry 
and PCR for microsatellite status evaluation, and explore 
the value of microsatellite instability (MSI) and EBV as 
predictive survival factors.
Material and methods We collected 246 consecutively 
diagnosed gastric cancer cases in all stages and evaluated 
the microsatellite status using immunohistochemistry 
for mismatched repair (MMR) proteins and PCR. EBV 
expression was studied through in situ hybridisation.
Results Forty-five (18%) cases presented MSI and 13 
(6%) were positive for EBV. MSI was associated with 
female sex, older age, distal location and distal non-
diffuse type of the modified Lauren classification. EBV 
expression was most frequent in proximal location and 
proximal non-diffuse type. The sensitivity, specificity, 
positive predictive value and negative predictive value of 
immunohistochemistry for the microsatellite study were 
91%, 98%, 91% and 98%, respectively. In the multivariate 
analysis, MSI was an independent predictor of favourable 
tumour-specific survival (TSS) in stages I–III (MSI: HR: 
0.37, 95% CI 0.12 to 0.95, p=0.04).
Conclusions The MSI status and the EBV expression 
should be incorporated in routine pathological report for 
two reasons. First, MSI defines a different pathological 
entity with a better outcome. Second, MSI and EBV may be 
useful biomarkers to identify patients who will respond to 
immune checkpoint blockade inhibitors. For this purpose, 
immunohistochemical study for MMR proteins and in situ 
hybridisation study for EBV evaluation are feasible and 
cost-effective methods.

IntRoduCtIon
Gastric cancer (GC) was the global third 
leading cause of cancer mortality in 2015, 
responsible for 819 000 deaths.1 Signifi-
cant advances in the understanding of the 

disease have been achieved as a result of 
comprehensive molecular and functional 
characterisations.2 3 The Cancer Genome 
Atlas (TCGA) classification established 
four main subgroups: tumours positive for 
Epstein-Barr virus (EBV-GC), microsatellite 
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unstable tumours (MSI-GC), genomic stable tumours and 
tumours with chromosomal instability.2 Sporadic MSI-GC 
shows epigenetic silencing of MLH1 in the context of a 
CpG island methylator phenotype, causing a defective 
mismatched repair (MMR) mechanism, and the accu-
mulation of insertion and deletion loops in gene coding 
regions responsible for important cell functions.4 5 The 
molecular classification proposed by Cristescu et al3 
established four different subgroups regarding TCGA. 
However, both recognise MSI-GC as a special subgroup 
of gastric tumours. Although for the Cristescu et al clas-
sification EBV-GC was not a distinct entity, they noted 
the subgroup of TP53-activated tumours was enriched 
by EBV-positive cases.3 MSI-GC accounts for around 
15%–30% of sporadic GCs, and EBV positivity has been 
reported in 10% of cases.4–6 The hypermutated nature of 
sporadic MSI-GC and the amplification of programmed 
death-ligand 1 (PD-L1) usual in EBV-GC make them liable 
for immune checkpoint blockade.7–9 MSI-GC is associ-
ated with a decreased response to fluorouracil-based 
chemotherapy, and most studies point microsatellite 
instability (MSI) as a predictor of a better cancer-spe-
cific survival.10–19 Therefore, the new American Joint 
Committee on Cancer (AJCC) staging manual (eighth 
edition) recommends MSI testing in both patients with 
GC and patients with colorectal cancer (CRC).20

Next-generation sequencing could be the most sensi-
tive method for detecting MSI status. However, in the 
clinic, immunohistochemistry (IHC) expression of MMR 
proteins has gained acceptance as the most cost-effec-
tive method to detect MSI in CRC, showing an excel-
lent concordance with the study through PCR. However, 
there are few studies exploring the concordance between 
immunohistochemistry and PCR for the MSI status in GC, 
and most differ widely on their design, number of nucle-
otides and proteins analysed.9 12 15–19 21–24 We built a series 
of 246 GCs to evaluate the MSI status using both immu-
nohistochemistry for MMR proteins (MLH1, MSH2, 
MSH6 and PMS2) and PCR for five quasimonomorphic 
mononucleotide repeats (BAT-25, BAT-26, NR-21, NR-24 
and NR-27) in all cases, to determine the most accurate 
procedure and the concordance between both methods. 
Finally, we study the Epstein-Barr virus-encoded small 
RNAs (EBER) expression through in situ hybridisation 
(ISH) to evaluate its relation with the MSI status and their 
clinical implications as predictive survival factors.

MateRIals and MetHods
Formalin-fixed, paraffin-embedded GC samples consecu-
tively diagnosed as adenocarcinoma over a period of 14 
years (2003–2017) were collected. Cases with depleted 
tissue were excluded. A total of 246 patients with GC were 
identified: 191 of them have undergone either total or 
partial gastrectomy, and in the remaining 55 endoscopic 
biopsies were the only available material. All the slides 
were reviewed by two pathologists (CM and SN). Each 
case was classified according to the Lauren classification 

for histological subtype, and the AJCC classification 
(eighth edition) for depth of invasion and involvement 
of regional lymph nodes.20 25 In order to avoid tumour 
heterogeneity bias, we selected the most representative 
paraffin block of each case and performed all the proce-
dures (immunohistochemistry, ISH and DNA isolation) 
in the same material. Clinicopathological and follow-up 
information was collected from all of the participants.

Immunohistochemistry
Paraffin-embedded tumour sections of 3 μm in thickness 
were deparaffinised, and antigen retrieval was done with 
a pressure cooker in citrate buffer at high pH (Dako, 
Glostrup, Denmark). Immunohistochemical study was 
done using an automatised system Autostainer Link 
48 (Dako) with monoclonal antibodies: MLH1 (clone 
IR079, dilution 1/100, Dako), MSH2 (clone IR085, dilu-
tion 1/100, Dako), MSH6 (clone IR086, dilution 1/100, 
Dako) and PMS2 (clone IR087, dilution 1/100, Dako). 
Only nuclear staining with or without cytoplasmic staining 
in tumour cells was considered positive. Peritumorous 
lymphocytes, stromal cells and non-neoplastic epithelial 
cells were used as internal control. Only the complete 
loss of nuclear staining with positive internal control was 
considered as loss of MMR protein expression. Normal 
expression was defined as the presence of nuclear staining 
in tumour cells, irrespective of the intensity.

IsH for eBeR
ISH for EBV was done using the EBER-PNA EnVision flex 
probe (Dako). Paraffin-embedded tumour tissue sections 
of 3 μm in thickness were deparaffinised and treated with 
proteinase K for 10 min. Probes were applied followed 
by denaturation and hybridisation at 60°C (1 hour). The 
tissue sections were visualised using a rabbit antibody and 
revealed with HRP-FLEX Dako polymers. The intensity of 
staining (weak, moderate or intense) and the percentage 
of positive cells were recorded. Cases showing nuclear 
staining in at least 5% of tumour cells were considered 
positive for EBER.

Fluorescent multiplex PCR-based method for MsI status
Genomic DNA was isolated from three unstained 20 μm 
sections using a QIAamp DNA FFPE Tissue Kit (Qiagen) 
following the manufacturer’s instructions. The final DNA 
concentration was quantified using a NanoDrop spec-
trophotometer (NanoDrop Technologies, Wilmington, 
Delaware, USA) and subsequently stored at –20°C.

Five quasimonomorphic mononucleotide repeats—
BAT-25, BAT-26, NR-21, NR-24 and NR-27—were coampli-
fied in a single multiplex PCR (pentaplex) containing 100 
ng sample DNA, 7.5 μL PCR master mix (2×) and 1.5 μL 
primer mix and 5 μL H20, following the manufacturer’s 
protocol (Multiplex PCR; Qiagen). The primers used were 
the following: BAT-25: 5 ‘TACCAGGTGGCAAAGGGCA3’- 
5’ ‘TCTGCATTTTAACTATGG3’; BAT-26: 5 ‘ CTGC 
GGTA ATCA AGTT TTTAG3’- 5 ‘ AACC ATTC AACA TTTT 
TAACCC3’; NR-21: 5 ‘ GAGTCGCTGGCACAGTTCTA3’ 
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−5 ‘ CTGGTCACTCGCGTTTACAA3’; NR-24: 5 ‘ 
GCTGAATTTTACCTCCTGAC3’−5 ‘ ATTGTGCCATTG-
CATTCCAA3’ and NR-27: 5 ‘ AACCATGCTTGCAAAC-
CACT3’ −5 ‘ CGATAATACTAGCAATGACC3’. The 
5’antisense primer was labelled with a fluorescent dye 
using FAM for BAT- 26 and NR-21, NED for BAT-25 and 
NR-27, and VIC for NR-24 (ABI PRISM Primer Pairs, 
Applied Biosystems, Foster City, California). The allelic 
profiles were detected on an automated DNA sequencer 
(ABI PRISM 3100 Genetic Analyzer, Applied Biosystems) 
as we did previously.26 We classified a tumour as MSI when 
two or more markers showed instability.

statistical analysis
Statistical analyses of data were carried out in the free 
software R environment, V.3.4.2 (Vienna, Austria; www. 
r- project. org). A p value of less than 0.05 was considered 
statistically significant. Comparison of clinical and patho-
logical patients’ characteristics was done using the χ2 test, 
the Fisher’s exact test or the Wilcoxon test for qualitative 
and quantitative variables, respectively, prior to assess-
ment of normality using the Shapiro-Wilk test. TSS was 
calculated from the diagnosis to the death of tumour-re-
lated causes or until the last known follow-up. Survival 
analyses were performed using Kaplan-Meier curves 
compared through log-rank test. Multivariate regres-
sion analysis was carried using Cox proportional hazards 
models with stepwise selection, including those variables 
significantly correlated with survival probability in the 
univariate analysis.

Results
Clinicopathological features
Features related to the MSI phenotype are summarised in 
table 1. In the molecular study, 45 out of 246 (18%) cases 
were MSI. MSI-GC was significantly associated with female 
sex, older age (mean 75 years), distal location (body and 
antrum) and distal non-diffuse modified Lauren classifi-
cation (MLC). Histological subtype, pathological TNM 
(pTNM) classification, presence of lymph node metas-
tasis and lymphovascular invasion showed no significant 
relation with MSI status.

EBV expression was evaluable in 209 cases, and 13 of 
them (6%) were positive. Three (24%) cases showed 
expression in 5%–10% of tumour cells, 6 (46%) in more 
than 80%, and in the remaining 4 (30%) the positivity 
ranged from 10% to 80% of cells (online supplementary 
figure S1).

The intensity of staining was low in 4 (31%) cases, 
moderate in 2 (15%) and strong in 7 (54%). EBV expres-
sion was most frequent in proximal location and proximal 
non-diffuse type of the MLC (p=0.004 in both cases). Only 
3 out of 13 (23%) EBV-positive cases were also MSI. Age, 
sex, MSI status, pTNM classification, histological grade, 
histological subtype, presence of lymph node metastasis 
and lymphovascular invasion showed no significant rela-
tion with EBER expression (table 2).

Clinical information regarding therapeutic strategy 
in patients with localised disease was available in 146 
patients. Ninety (62%) of them underwent surgery alone 
and 56 (38%) received perioperative platinum-based 
chemotherapy. Thirty-five (63%) patients completed all 
the preoperative treatments. However, only 12.6% of the 
56 patients who received perioperatory treatment were 
able to complete the whole preoperative and postopera-
tive treatments. Fifty (89%) patients received a combina-
tion of 5-fluorouracil/capecitabine with oxaliplatin.

Immunohistochemistry and PCR results
Forty-five cases (18%) showed loss of MMR protein 
expression: 91% (n=41/45) lost MLH1 and PMS2, 
and 9% (n=5/45) MSH2 and MSH6. In the PCR study, 
40 (89%) cases were unstable for the five nucleotides 
analysed, and the remaining 5 cases were unstable for at 
least three markers. NR-21 was constantly unstable in all 
MSI tumours (100%). BAT-26, NR-27, NR-24 and BAT-25 
were unstable in 98% (n=44), 98% (n=44), 95% (n=43) 
and 91% (n=41) of cases, respectively. Four MMR-nega-
tive cases (three of them negative for MLH1/PMS2 and 
one negative for MSH6/MSH2) resulted microsatel-
lite stable in the molecular evaluation. Conversely, four 
MSI cases (three unstable for the five nucleotides, and 
one unstable for NR-21, NR-27 and BAT-26) retained 
the immunohistochemical expression of MMR proteins 
(online supplementary table S1 and figure S2). The sensi-
tivity, specificity, positive predictive value and negative 
predictive value of the MMR immunostaining for the MSI 
status were 91%, 98%, 91% and 98%, respectively.

survival analysis
The median follow-up period was 38.5 months (range: 
3–180 months). In the survival analysis of patients in 
stages I–III, patients with MSI-GC showed a significantly 
lower risk of cancer-related death (HR: 0.43, 95% CI 0.05 
to 0.10, p=0.03) (table 3). MSI status was also analysed by 
stage (online supplementary figure S3). Patients with MSI 
who did not receive perioperative treatment did better 
than those who underwent perioperative chemotherapy, 
particularly in stage II, although this difference did not 
reach statistical significance, probably due to the retro-
spective nature of this analysis (online supplementary 
figure S4). The presence of nodal metastasis, distal loca-
tion and the distal non-diffuse subtype of the MLC also 
influenced TSS probability (figure 1). EBER expression 
did not reach a significant relation with survival proba-
bility.

In the Cox multivariate analysis of patients in stages I–
III, the most important factor for TSS was the presence of 
nodal metastasis (HR: 3.33, 95% CI 1.49 to 7.43, p=0.003). 
The MSI status and the presence of nodal metastases were 
the only independent factors influencing TSS. Patients 
with MSI-GC showed a significantly lower risk for tumour 
mortality (MSI: HR: 0.37, 95% CI 0.12 to 0.95, p=0.04) 
(table 4).
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Table 1 Clinicopathological features related to MSI status

MSS, n=201 (82%) MSI, n=45 (18%) P value

Characteristics

  Median age (range) 68.1 (34–91) 75.9 (52–95) <0.001*

Gender, n (%)

  Female 57 (28.3) 24 (53.3) 0.001†

  Male 144 (71.6) 21 (46.6)

Location, n (%)

  GEJ and cardia 54 (26.8) 5 (11.1) 0.03†

  Body and antrum 141 (70.1) 40 (88.8)

  Gastric pouch 6 (2.9) 0

Lauren histological classification, n (%)

  Intestinal 124 (61.6) 30 (66.6) 0.13†

  Diffuse 55 (27.3) 7 (15.5)

  Mixed 22 (10.9) 8 (17.7)

Tumour location-modified Lauren classification, n (%)

  PND 43 (21.3) 4 (8.8) 0.05†

  D 77 (38.3) 15 (33.3)

  DND 81 (40.3) 26 (57.7)

pTNM stage, n (%)

  I 35 (23) 8 (20) 0.40†

  II 44 (28.9) 12 (30)

  III 58 (38.1) 19 (47.5)

  IV 15 (9.8) 1 (2.5)

pN stage, n (%)

  N0 62 (41.1) 13 (33.3) 0.06†

  N1 23 (15.2) 11 (28.2)

  N2 28 (18.5) 9 (23.1)

  N3 38 (25.2) 6 (15.4)

Lymphovascular invasion, n (%)

  Absent 65 (43) 18 (45) 0.82†

  Present 86 (57) 22 (55)

EBER expression, n (%)

  Positive 10 (6) 3 (7) 0.74†

  Negative 158 (94) 38 (93)

Significant p-values are shown in bold
*Wilcoxon test.
†2 test.
D, diffuse; DND, distal non-diffuse; EBER, Epstein-Barr virus-encoded small RNAs; GEJ, gastro-oesophageal junction; MSI, microsatellite 
instability; MSS, microsatellite stable; PND, proximal non-diffuse; pN, pathological N; pTNM, pathological TNM.

dIsCussIon
GC is a heterogeneous disease and the TCGA classifica-
tion has improved our understanding of the pathogen-
esis and its most important molecular drivers. However, 
the lack of strong evidence for the clinical implications of 
each subtype, mostly because of the insufficient follow-up 
period, has limited the translation of the results to clinical 
practice.2 Although the MSI and the EBV subtypes of GC 
in the TCGA classification are defined by comprehensive 

multiomics analysis, most studies consider the immuno-
histochemical evaluation of the MMR proteins and the 
hybridisation study for EBER as surrogate markers to 
identify each subtype.8–10 24 27 28 However, there are few 
studies in the literature analysing GC for the correla-
tion between the immunohistochemical expression of 
MMR proteins and the fluorescent multiplex markers by 
PCR.12 15 17 21 22 27 28 Most of the published studies follow 
the international consensus meeting proposed in 1997, 
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Table 2 Clinicopathological features related to EBV expression

EBV-positive, n=13 (6%) EBV-negative, n=196 (94%) P value

Characteristics

  Median age (range) 66.7 (38–87) 69.9 (64–95) 0.47*

Gender, n (%)

  Female 3 (23) 69 (35) 0.37†

  Male 10 (77) 127 (65)

Location, n (%)

  GEJ and cardia 8 (62) 43 (22) 0.005†

  Body and antrum 5 (38) 147 (75)

  Gastric pouch 0 6 (3)

Lauren histological classification, n (%)

  Intestinal 10 (77) 120 (61.2) 0.52†

  Diffuse 2 (15.3) 50 (25.51)

  Mixed 1 (7.7) 26 (13.27)

Tumour location-modified Lauren classification, n (%)

  PND 7 (54) 33 (16.8) 0.01†

  D 3 (23) 76 (38.8)

  DND 3 (23) 87 (44.4)

pTNM stage, n (%)

  I 1 (8.3) 37 (22.4) 0.66†

  II 5 (41.6) 49 (29.7)

  III 5 (41.6) 65 (39.4)

  IV 1 (8.3) 14 (8.5)

pN stage, n (%)

  N0 4 (33.3) 66 (40) 0.73†

  N1 3 (25) 30 (18.2)

  N2 2 (16.7) 30 (18.2)

  N3 3 (25) 39 (23.6)

Lymphovascular invasion, n (%)

  Absent 8 (62) 71 (36.4) 0.11†

  Present 4 (38) 94 (35.4)

Significant p-values are shown in bold
*Wilcoxon test.
†Fisher’s exact test.
D, diffuse; DND, distal non-diffuse; EBV, Epstein-Barr virus; GEJ, gastro-oesophageal junction; PND, proximal non-diffuse; pN, pathological 
N; pTNM, pathological TNM.

the ‘Bethesda panel’, which recommends the use of 
five markers for the uniform analysis of MSI in CRC.29 
These included two mononucleotide repeats (BAT-25 
and BAT-26) and three dinucleotides (D5S346, D2S123 
and D17S250) repeats. However, the sensitivity and 
specificity of this panel were questioned in the revised 
Bethesda guidelines for Lynch syndrome.30 Dinucleo-
tide repeats are also highly polymorphic, and their use in 
MSI screening requires the analysis of the corresponding 
normal tissue. For all these reasons, the revised Bethesda 
guidelines recommend the addition of more mononucle-
otide markers, and highlight the need for further valida-
tion of MSI testing in tumour types other than colorectal 

and endometrial carcinoma.30 The description of quasi-
monomorphic mononucleotides, showing homozygous 
or quasi-homozygous state, with only minor size varia-
tions, allowed the MSI study in the absence of matching 
normal DNA. In our series, NR-21 was the most efficient 
of these markers, constantly unstable in all MSI tumours 
by PCR. According to our results, the agreement between 
the immunohistochemical study and the PCR for the MSI 
status in GC is excellent, and as in CRC the PCR may be 
used only when the immunohistochemistry is not conclu-
sive.

Eighteen per cent of our series showed MSI, a 
frequency included within the range published in the 
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Table 3 Univariate analysis for tumour-specific survival in 
stages I–III

HR 95% CI P value

Gender (male) 0.91 0.55 to 1.50 0.71

MSI 0.43 0.05 to 0.10 0.03

EBER-positive 1.13 0.40 to 3.14 0.81

pT3–4 vs 1–2 1.67 0.78 to 3.57 0.18

Nodal metastasis 2.56 1.17 to 5.59 0.01

Distal location 0.53 0.32 to 0.86 0.01

LV invasion 1.41 0.70 to 2.86 0.32

Histological subtype

  Diffuse (vs intestinal) 1.00 0.57 to 1.75 0.98

  Mixed (vs intestinal) 0.92 0.39 to 2.15 0.84

Tumour location-modified Lauren classification

  D (vs PND) 0.58 0.32 to 1.03 0.06

  DND (vs PND) 0.42 0.23 to 0.75 0.003

Significant p-values are shown in bold
D, diffuse; DND, distal non-diffuse; EBER, Epstein-Barr virus-
encoded small RNAs; LV, lymphovascular; MSI, microsatellite 
instability; PND, proximal non-diffuse.

A B

Figure 1 Kaplan-Meier survival curves for tumour-specific survival (TSS). (A) In stages I–III, TSS probability was significantly 
higher than in microsatellite stable cases. (B) No significant differences in TSS probability were observed between EBER-
positive and EBER-negative cases. EBER, Epstein-Barr virus-encoded small RNAs; MSI, microsatellite instability; MSS, 
microsatellite stable; NEG, negative; POS, positive.

Table 4 Multivariate analysis for tumour-specific survival in 
stages I–III

HR 95% CI P value

MSI 0.37 0.12 to 0.95 0.04

Nodal metastasis 3.33 1.49 to 7.43 0.003

Distal location 1.55 0.18 to 12.72 0.68

Tumour location-modified Lauren classification

D (vs PND) 0.17 0.02 to 1.38 0.09

DND (vs PND) 0.71 0.02 to 2.57 0.25

Significant p-values are shown in bold
D, diffuse; DND, distal non-diffuse; MSI, microsatellite instability; 
PND, proximal non-diffuse.

literature.3 4 10–13 We found MSI-GC to be more frequent 
in women and older patients in concordance with the 
results of the TCGA classification. Unlike the TCGA work, 
in which MSI was not associated to a special tumour loca-
tion, we found MSI-GC to be more frequent in distal loca-
tions and in the distal non-diffuse subtypes of the MLC. 
This relation between MSI and distal location has been 
described before in the molecular classification proposed 

by Cristescu et al and has been reproduced in other 
series.3 11 12 17 22 24 31 The relation between this feature and 
Helicobacter pylori infection, which is the most important 
driving force in the development of the distal non-dif-
fuse GC, requires further research.11 12 17 22 23 In our study, 
MSI was significantly associated with a reduced risk of 
mortality in multivariate analysis, independently of other 
factors such as clinical stage or nodal metastasis. For these 
reasons, we consider that MSI testing should be included 
in clinical practice due to its prognosis implications in 
patients with GC. Moreover, MSI may aid valuable infor-
mation to avoid neoadjuvant chemotherapy in patients 
with limited locoregional disease or to consider immu-
notherapy when relapsing or presenting with advanced 
stages.32–36

Six per cent of our cases were positive to EBV. This 
proportion is within the lower limit of the reported 
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prevalence of this subtype. Most of our EBV-positive cases 
were localised in the gastro-oesophageal junction and 
cardias. However, other authors found EBV-GC to be asso-
ciated with distal location.24 Contrary to the TCGA classi-
fication, EBV expression showed no gender preference in 
our series. Larger series are needed to better characterise 
the demographic features of this group of tumours. We 
have identified three EBV-positive cases with defective 
MMR mechanism confirmed by both immunohistochem-
istry and PCR. It has been described that EBV-positive 
GC and MSI-GC are mutually exclusive when analysed by 
comprehensive genomic analysis. However, in our series, 
we used PCR and IHC for determining MSI status and 
ISH to find expression of EBV. These methods could be 
certainly less sensitive, and therefore more limited to 
properly define the true molecular status. In these three 
mentioned cases, EBER was expressed in 10%, 20% and 
100% of tumour cells, respectively. Probably, the lack of 
a diffuse staining for EBER in all tumour cells in most 
MSI cases may lead to consider them as negative for EBV. 
However, there is no a clear cut-off for defining positivity 
in the ISH study for EBER, and most published studies 
consider the nuclear staining in tumour cells as ‘positive’ 
without any reference to the intensity or the percentage 
of cells.19 23 27

Although there is no relation with different outcomes 
for EBV-related tumours, it presents very specific molec-
ular features. The main reported molecular alterations 
in EBV-GC include hypermethylation of the promoter 
region of the gene CDKN2A, as well as several muta-
tions in genes such as phosphatidylinositol-3-kinase 
catalytic subunit alpha (PIK3CA) observed in about 
5%–10%. Furthermore, Janus kinase 2, PD-L1/L2 and 
their receptors (PD-1/2) are frequently overexpressed in 
EBV-GC.2 37 These alterations have important therapeutic 
implications. Indeed, PIK3CA mutations lead to constitu-
tive activation of its pathway even in the absence of growth 
factors,38 causing acquired resistance to inhibitors such as 
anti-p110 and anti-protein kinase B (PKB or AKTs).39

PD-1/PD-L1 have been reported to be significantly 
overexpressed in MSI and EBV-GC subtypes, and recently 
a high sensitivity to pembrolizumab, a checkpoint inhib-
itor, has been observed in these subtypes in a prospective 
phase II clinical trial.40–44

The main limitations of our study are its retrospective 
and exploratory design, and the relatively small propor-
tion of MSI and EVB-positive cases, which make difficult 
the stratification analysis of survival by clinical stages.

In conclusion, MSI status and EBV expression should 
be incorporated in routine pathological report for 
two reasons. First, MSI defines a different pathological 
entity with a better outcome. Second, MSI and EBV 
may be useful predictive biomarkers to identify patients 
responding to immune checkpoint inhibitors. For this 
purpose, immunohistochemical study for MMR proteins 
and ISH study for EBV evaluation are feasible and cost-ef-
fective methods.
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