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CLINICAL STUDY
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ABSTRACT
BACKGROUND: The anti-PD-1 monoclonal antibody pembrolizumab has been shown to be associated with a 
good response in patients with metastatic gastric cancer. Excellent therapeutic results of pembrolizumab have 
been shown in patients with tumours showing a high microsatellite instability (MSI) and Epstein–Barr virus 
(EBV) positivity. 
GOAL: This is a retrospective study of 40 bioptic specimens from the patients, who underwent gastrectomy 
for gastric carcinoma. The goal of the study was to identify biomarkers (EBV, MLH-1, PDL-1 expression) that 
are potentially relevant for selecting the patients, who may benefi t from PD-1 inhibition therapy. 
METHODS: Immunohistochemical (IHC) expression of PDL-1 and MSI, cytogenetic FISH amplifi cation of 
the HER-2/neu gene and polymerase chain reaction of EBV RNA, including charge quantifi cation, were 
performed in selected patients with metastatic or advanced gastric cancer.
RESULTS: EBV-encoded RNA was detected in nine patients. None of them exhibited Her-2 overexpression 
or CMV infection. PD-L1 was detected in twelve patients. Ten patients were MLH1 positive. All nine cases of 
EBV infection showed a high expression of PD-L1 and MLH-1 (Tab. 1, Ref. 14). Text in PDF www.elis.sk
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Introduction

Gastric cancer is an exception among cancers as its incidence 
and mortality have both signifi cantly decreased over the last 25 
years. Its incidence has been reduced by one third and its mortality
has been reduced by almost one half. Nevertheless, it remains the 
fi fth most common cancer worldwide. 

According to its location, gastric cancer can be classifi ed as 
cardiac and non-cardiac. In the Western European population, 
there has been an increase in cardiac tumours with a predomi-
nance in men. Cardiac cancer predominates in Central Asia and 
non-cardiac gastric cancer predominates in East and South Asia. 
In some countries, including Australia, the United States and the 
United Kingdom, there is a comparable incidence of both types of 
cancer, perhaps even a slight predominance of cardiac tumours (1). 

Gastric cancer develops through a complex multistage his-
tological process. It is the most common neoplasia of the gastric 
wall. Its development is infl uenced by a complex of interactions 

of bacteria (H. pylori), environmental factors, genetic predis-
positions and molecular mechanisms (2). Much of its aetiology 
and pathogenesis remain unclear, but the basic context is already 
known. Histologically, according to the WHO classifi cation, gas-
tric cancer is classifi ed as adenocarcinoma, which accounts for 
up to 95 % of gastric cancer subtypes (papillary, tubular, muci-
nous, seal ring-shaped cells), adenosquamous or squamous car-
cinoma and undifferentiated carcinoma. Early gastric carcinoma 
is defi ned as being confi ned to the mucosa or submucosa, but not 
growing into the external muscularis. Even this type of tumour 
has a metastatic potential. The small mucosal subtype only shal-
lowly invades the submucosa and has a diameter of less than 4 
cm. The superfi cially spreading subtype is located in the mucosa 
with occasional shallow penetrations into the submucosa and has 
a diameter greater than 4 cm. The pen type penetrates into the 
submucosa and has a diameter less than 4 cm. It can completely 
destroy the internal muscularis (Pen A) or preserve it and pene-
trates it in the form of fenestrations (Pen B). Advanced cancer 
grows into the muscularis externa or deeper. The Lauren classifi -
cation distinguishes between two types of gastric cancers, diffuse 
and intestinal (3). The diffuse type is usually associated with an 
unfavourable prognosis, as it shows a strong tendency to invade 
the surrounding tissue. Tumour cells of this type lose cohesion 
and their original function. The intestinal type has well-defi ned 
stages of development and the tumour cells form functional gas-
trointestinal glands. The intestinal type arises because of chronic 
atrophic gastritis with intestinal metaplasia of the mucosa and 
typically appears in older age. The diffuse type arises in younger 
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patients without gastritis and metaplasia and consists of signet 
ring cells in a fi brous or mucosal stroma. 

On the molecular level, gastric cancer is a very heterogeneous 
disease. The Cancer Genome Atlas classifi es gastric cancer into 
four biological groups according to molecular parameters. These 
are EBV-positive, MSI-high (unstable in microsatellites), chro-
mosomally unstable (CIN) and chromosomally stable (CS), which 
has the worst prognosis. Each group has a distinct predictive prog-
nostic value, essential for the stratifi cation of treatment options in 
planned clinical trials. Therapeutic monoclonal antibodies seem to 
have great potential (4). Heterodimerization of HER-2 and HER-3
receptors is one of the targets of monoclonal antibody therapy. This 
is because dimerization of HER-2 with other members of the HER 
family is the greatest driver of tumour cell growth and survival. The 
human epidermal growth factor (HER) receptor family includes 
four homologous members (5). Activation of these receptors af-
fects essential tumorigenic processes and plays a crucial role in 
the pathogenesis of gastric cancer. Trastuzumab is a monoclonal 
antibody that targets the HER-2 receptors and signifi cantly im-
proves survival, when used in fi rst-line therapy. Ramucirumab, an 
antibody directed against the vascular endothelial growth factor 
receptor 2, has been shown to signifi cantly improve progression-
free and overall survival and has been approved for the second-line 
treatment of gastric cancer. Anti-mesenchymal-epithelial transition 
(c-MET), mammalian target rapamycin inhibitors and polo-like 
kinase 1 inhibitors are under investigation as new treatment op-
tions for gastric cancer. These new therapies focus on key immune 
checkpoint interactions between a T-cell co-inhibitory receptor 
(PD-1) and one of its immunosuppressive ligands, PD-L1.

In approximately 10 % of gastric cancer cases, cancer cells 
show ubiquitous and monoclonal Epstein–Barr virus (EBV) in-
fection. A signifi cant feature of EBV-associated gastric cancer 
(EBVaGC) is a high lymphocytic infi ltration, high expression of 
immune checkpoint proteins, including programmed death-ligand 
1 (PD-L1), hypermethlylation of DNA and frequent PIK3CA mu-
tations (6). This highlights EBVaGC as a strong candidate for im-
mune checkpoint blockade therapy. Indeed, several recent studies
showed that EBV positivity in gastric cancer correlates with a 
positive response to programmed cell death protein 1 (PD-1)/
PD-L1 blockade therapy. This can be done directly through the 
activity of viral proteins and RNA or indirectly by inducing so-
matic changes in the genome and epigenome of the host orga-
nism (6). Understanding the mechanisms that control PD-L1 ex-
pression in EBVaGC can indicate new predictive biomarkers for 
immunotherapy, as well as therapeutic targets for a combination 
therapy. EBV status is also emerging as a potential biomarker for 
personalized treatment strategies in gastric cancer. Nevertheless, 
this subgroup is associated with a better prognosis, thus is less 
frequently found in advanced or metastatic cancers. In particular, 
EBV-positive tumours frequently display PD-L1 overexpression, 
and T lymphocyte activation. T cell activation and the extent of 
the immune response depend on the number of other interactions 
between receptors and ligands that affect the enhancement or at-
tenuation of T cell activation processes. An important inhibitory 
pathway that induces T cell anergy is PD-1/PD-L1. This pathway 

is one of the control points of the immune system and its func-
tion is to protect the body against autoimmune disease. At the 
same time, this pathway may be involved in the development of 
tumour tolerance. Tumour tolerance is accompanied by an imba-
lance between costimulatory and inhibitory signals (7). This is a 
very complex process. If the activity of the PD-1/PD-L1 inhibi-
tory pathway is increased, functional damage to effector T cells 
may occur, causing them to be “depleted”. In this state, lympho-
cytes are incapable of cytotoxic specifi c response and tumour cell 
destruction (8). 

MMR defi ciency is generally characterized by failure to repair 
DNA replication-associated errors, leading to the accumulation of 
mutations in the microsatellite regions of the genome. These phe-
nomena are known as microsatellite instability (MSI). According 
to the frequency, MSI can be divided into three types: high micro-
satellite instability (MSI-H), low microsatellite instability (MSI-L) 
and stable microsatellite (MSS). With the recent development of 
MSI detection technology and immunosuppressants in the treat-
ment of tumours, researchers have found that tumours with MSI-H 
respond positively to immunotherapy (9). Immunohistochemical 
detection evaluates the expression level of MLH-1, from which 
the degree of MMR damage can be deduced. An important aspect 
is the length of microsatellites in the normal state and in tumour 
tissue (10). The occurrence of MSI is the evidence of the MMR 
mechanism malfunction and may thus predispose to the develop-
ment of cancer (Li et al, 2020). MSI can serve as a biomarker, so 
its detection is very important. Tumours bearing an MSI change 
are more likely to respond to treatment with specifi c drugs, includ-
ing PD-1 immune checkpoint inhibitors.

Patients

The median age of the patients was 68 years. All the patients 
were diagnosed with advanced or metastatic gastric cancer. Most 
tumours were classifi ed as diffuse adenocarcinoma, adenocarci-
noma and intestinal carcinoma. Overall, 97 % of the tumours were 
poorly differentiated, the rest were moderately or good differenti-
ated. Metastases were present in with lymph node metastases being
the most common site.

Methods

Tumour specimens were obtained from endoscopic biopsies 
or surgical specimen and were fi xed with formalin. Tumour sec-
tions were subsequently stained with haematoxylin and eosin. 
Histologic phenotyping was performed according to World Health 
Organization (WHO) guidelines. Lymphoepithelioma-like carci-
nomas were detected during inspection and lymphovascular and 
perineural invasion were noted when present.

Processing of the tissue
All specimens were immediately fi xed in 10 % formalin, rou-

tinely processed and embedded in paraffi n. Histological evalua-
tion was performed on slides stained with haematoxylin and eosin 
using an Olympus microscope (Tokyo, Japan).
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HER-2. IHC was performed using monoclonal rabbit anti-
body against the HER2 protein (clone 4B5, prediluted, Ventana 
anti-HER2/neu) according to the manufacturer’s instructions. 
Automated HER2 staining was conducted by the immu nostainer 
BenchMark Ultra following the manufacturer’s instructions, with 
an ultraView Universal DAB Detection kit and Bluing reagent 
as the visualization reagent and chro mogen. All materials were 
obtained from Roche Diagnostics GmbH, Mannheim, Germany.

PDL-1. PD-L1 staining was performed to assess the interac-
tions between tumour cells and lymphocytes. PD-L1 in both tu-
mour cells and stroma were recorded. 

IHC analysis of PD-L1 expression alone 
was performed using mouse anti-PD-L1 
antibody (Abcam). MLH-1. IHC analysis 
of MLH-1 expression was performed using
murine anti-MLH-1 (M1) Primary Anti-
body (Roche) monoclonal antibodies. In 
both cases, it was a robotic approach on a 
BenchMark ULTRA device (Ventana Medi-
cal Systems) Roche. The evaluation was 
performed on an Olympus light microscope 
(Tokyo, Japan). EBV and CMV Amplifi ca-
tion analysis was performed by quantitative 
multiplex real-time polymerase chain reac-
tion (qPCR), EBV Real-Time PCR (96) Kit-
Gen and CMV Real-Time PCR (96) KitGen.

Results

The results of the immunochemical 
staining and EBV status of the gastric cancer 
patients are summarized in Table 1. EBV-
encoded RNA was detected in nine of the 
patients (22.5 %), none of which exhibi-
ted Her-2 overexpression or CMV infec-
tion. PD-L1 was detected in eleven patients 
(27.5 %). MLH-1 was detected in sixteen 
patients (40 %).

High PD-L1 expression was detected 
in all nine cases of EBV infection. In two 
additional cases without EBV infection, a 
mild PD-L1 positivity was detected. In fi ve 
cases, MLH-1 expression was detected in-
dependently of EBV infection and PD-L1 
expression.

Conclusion

Surgical resection supplemented with 
chemotherapy or chemoradiotherapy re-
mains the only potential curative treatment 
for gastric cancer. Unfortunately, targeted 
therapy with the monoclonal therapeutic an-
tibody trastuzumab has not brought a major 
shift in the management of gastric cancer 

yet as it has in breast cancer. HER2 testing for targeted therapy is 
currently a part of the basic algorithm in the treatment of breast 
cancer, and potentially may become a part of the biological treat-
ment in gastric cancer (12). Receptors of the large HER family 
play an important role in gastric cancer. From a molecular point 
of view, the therapeutic target is the heterodimerization of HER2 
and HER3 receptors. This is because dimerization of HER2 with 
other members of the HER family is the largest driver of tumour 
cell growth and survival (11). However, targeted therapy against 
this receptor is conditioned by amplifi cation of the gene for this 
Her-2 / neu receptor, which, however, is very sporadic in the case 

Sample CMV EBV HER-2 PDL-1 MLH-1 Note
1 neg neg neg neg positive instability only
2 neg positive neg positive positive  
3 neg neg neg neg neg  
4 neg neg neg neg positive instability only
5 neg neg neg neg neg  
6 neg neg neg neg neg  
7 neg neg neg neg neg  
8 neg neg neg neg positive instability only
9 neg positive neg positive positive  

10 neg positive neg positive positive  
11 neg neg neg neg neg  
12 neg neg neg neg positive instability only
13 neg neg neg neg neg  
14 neg neg neg neg neg  
15 neg neg neg neg neg  
16 neg positive neg positive positive  
17 neg neg neg neg neg  
18 neg positive neg positive positive  
19 neg neg neg positive positive mild positivity
20 neg neg neg neg neg  
21 neg neg neg neg neg  
22 neg neg neg neg neg  
23 neg neg neg neg neg  
24 neg neg neg neg neg  
25 neg positive neg positive positive  
26 neg neg neg neg neg  
27 neg neg neg neg neg  
28 neg neg neg neg neg  
29 neg positive neg positive positive  
30 neg positive neg positive positive  
31 neg neg neg neg neg  
32 neg neg neg neg neg  
33 neg neg neg neg neg  
34 neg neg neg neg positive instability only
35 neg neg neg neg neg  
36 neg neg neg neg neg  
37 neg neg neg neg neg  
38 neg positive neg positive positive  
39 neg neg neg neg neg  
40 neg neg neg positive positive mild positivity

Tab. 1. The results of the immunochemical staining and EBV status.
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of metastatic cancer, occurring in only 5–8 % of cases (12), as 
evidenced by our results, in which the amplifi cation was ruled 
out in all the patients (0/40). However, immunotherapy with the 
anti-PD-1 monoclonal antibody pembrolizumab appears to be 
very promising in the case of tumours with a high microsatellite 
instability and Epstein–Barr virus (EBV) positivity. Large studies 
showed that the incidence of EBV infection is relatively high and 
is detected in approximately 10–20 % of gastric cancers (13, 14). 
Our results (9/40 (22.5 %)) indicate a similar incidence of EBV 
as in these studies. However, it should be taken in consideration 
that this was a small cohort of patients, and this may only be a 
coincidence rather than statistical evidence. An important aspect 
is that overexpression of PD-L1 programmed cell death ligands 
has been described in EBV-positive gastric tumours (7). Thus, 
the Epstein–Barr virus could serve as a potential biomarker in 
the treatment of gastric cancer with anti-PD-L1 therapy. Positive 
expression of PD-L1 was observed in the study by Xie et al in 7 
out of 9 patients (77.7 %) diagnosed with gastric cancer and posi-
tive for EBV infection. Our analysis showed a positive expression 
of PD-L1 in 11 out of 40 patients diagnosed with gastric cancer. 
EBV infection was confi rmed in all 9 cases of high PD-L1 expres-
sion. In two cases, only mild expression of PD-L1 was detected. 
In large studies, a similar incidence of PD-L1 expression of about 
25 % of the total number of patients with gastric cancer and EBV 
positivity has been reported (13, 14). Patients with gastric cancer 
were also the subject of the study by Liu et al, who showed that 
out of a total of 300 patients tested, 27 patients (9 %) showed a 
very high PD-L1 expression, of which 10 patients had a high MSI 
and 6 patients were positive for EBV infection. Based on EBV 
infection, these 6 patients had a high MSIs and strong PD-L1 
expression, and these patients are expected to benefi t most from 
immunotherapy. Our results also indicate an association between 
EBV infection, microsatellite instability and PD-L1 expression. 
Mild expression of PD-L1 and MLH-1 independent of EBV in-
fection was also demonstrated. In our study, we achieved similar 
results as in the previous study in terms of fi nding a mild and high 
expression and expression associated with EBV infection, but the 
incidence of individual markers cannot be compared, due to the 
small cohort of the patients.
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