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Abstract

BACKGROUND

Gastric cancer (GC) is a highly heterogeneous disease, and the identification of
molecular subtyping of gastric adenocarcinoma emerged as a promising option to
define therapeutic strategies and prognostic subgroups. However, the costs and
technical complexity of molecular methodologies remains an obstacle to its adop-
tion, and their clinical significance by other approaches needs further evidence.

AIM
To evaluate the clinicopathological characteristics and long-term survival of GC

based on the subgroups of molecular classification by immunohistochemistry
(IHC) and in situ hybridization (ISH).

METHODS

We retrospectively evaluated all patients who underwent D2-gastrectomy
between 2009 and 2016 in a Western cohort of GC patients treated with curative
intent. Microsatellite instability (MSI) status, E-cadherin, and p53 expression were
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analyzed by IHC, and Epstein-Barr virus (EBV) by ISH. Tissue microarrays were
constructed for analysis. Clinicopathological characteristics and survival of GC
were evaluated according to subtypes defined by The Cancer Genome Atlas
(TCGA) Research Network Group and Asian Cancer Research Group (ACRG)
classification systems.

RESULTS

A total of 287 GC patients were included. Based on IHC and ISH analysis, five
profiles were defined as follows: E-cadherin aberrant (9.1%), MSI (20.9%), p53
aberrant (36.6%), EBV positivity (10.5%), and p53 normal (31%), which corres-
ponded to tumors that showed no alteration in another profile. A flowchart
according to the TCGA and ACRG classifications were used to define the sub-
types, where clinical and pathological characteristics associated with GC subtypes
were evidenced. Proximal location (P < 0.001), total gastrectomy (P = 0.001), and
intense inflammatory infiltrate (P < 0.001) were characteristics related to EBV
subtype. MSI subtype was predominantly associated with advanced age (P =
0.017) and the presence of comorbidities (P = 0.011). While Laurén diffuse type (P
< 0.001) and advanced stage (P = 0.029) were related to genomically stable (GS)
subtype. GS tumors and microsatellite stable/epithelial to mesenchymal transi-
tion phenotype subtype had worse disease-free survival (DFS) and overall survi-
val (OS) than other subtypes. Conversely, MSI subtype of GC had better survival
in both classifications. Type of gastrectomy, pT and the TCGA subtypes were
independent factors associated to DFS and OS.

CONCLUSION

The IHC/ISH analysis was able to distinguish immunophenotypic groups of GC
with distinct characteristics and prognosis, resembling the subtypes of the mo-
lecular classifications. Accordingly, this method of classification may represent a
viable option for use in a clinical setting.

Key Words: Stomach neoplasms; Gastric cancer; Translational medical research; Molecu-
lar classification; Immunohistochemistry; Biomarkers

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, patients with gastric cancer (GC) were retrospectively evaluated
based on subgroups of molecular classification by immunohistochemistry and in situ
hybridization. Microsatellite instability status, e-cadherin, p53 expression, and Epstein-
Barr virus were evaluated in a Western cohort of GC patients treated with curative
intent, where it was possible to obtain subgroups with different clinicopathological
characteristics and prognosis. Thus, our findings demonstrate that through techniques
used in the routine pathological evaluation it is possible to identify immunophenotypic
groups of GC similar to those determined by the molecular classification.

Citation: Ramos MFKP, Pereira MA, de Mello ES, Cirqueira CDS, Zilberstein B, Alves VAF,
Ribeiro-Junior U, Cecconello I. Gastric cancer molecular classification based on
immunohistochemistry and in situ hybridization: Analysis in western patients after curative-
intent surgery. World J Clin Oncol 2021; 12(8): 688-701

URL: https://www.wjgnet.com/2218-4333/full/v12/i8/688.htm

DOI: https://dx.doi.org/10.5306/wjco.v12.i8.688

INTRODUCTION

Gastric cancer (GC) remains one of the most common cancers and the 3™ cause of
cancer-related mortality globally[1]. In addition to this important burden on public
health, GC management also represents a challenge due to its great heterogeneity in
presentation and behavior. Tumors that appear to have similar characteristics may
have extremely different outcomes. In order to better characterize GC, different classi-

August 24,2021 | Volume12 | Issue8 |


https://plataformabrasil.saude.gov.br
https://plataformabrasil.saude.gov.br
https://plataformabrasil.saude.gov.br
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2218-4333/full/v12/i8/688.htm
https://dx.doi.org/10.5306/wjco.v12.i8.688

Ramos MFKRP et al. Gastric cancer molecular classification

P-Reviewer: Wang YF
S-Editor: Fan JR
L-Editor: Filipodia
P-Editor: Wang LYT

Jaishideng®

fications using clinical and histological aspects have been employed[2-4]. However,
these parameters are not able to contemplate the whole disease spectrum.

Recently, classifications based on the molecular profile of GC were proposed|[5,6].
The major molecular classification systems published by The Cancer Genome Atlas
(TCGA) and by the Asian Cancer Research Group (ACRG) established several
subtypes of GC related to distinct clinical and molecular characteristics, providing a
molecular subtyping structure, as well as a guide to target agents.

Through complex analyses of molecular data, a TCGA study identified four distinct
molecular subtypes: Epstein-Barr virus (EBV)-positive; microsatellite instability (MSI);
genomically stable (GS); and chromosomal instability (CIN)[5]. Meanwhile, the ACRG
proposed a different classification based on tumor protein p53 (TP53) status,
constituted by the subtypes: MSI, microsatellite stable/epithelial to mesenchymal
transition (MSS/EMT), MSS/TP53+, and MSS/ TP53-[6].

Despite some differences, molecular classifications can be defined by four major
signatures: EBV-positivity, alteration of mismatch repair (MMR) proteins, TP53 gene,
and cellular cohesion. Although the current molecular classifications have expanded
our insight regarding the complex nature of GC, the technologies used to achieve such
knowledge have not yet reached full clinical utility. The cost and complexity remain
significant obstacles to translate these methodologies into daily clinical practice.

To overcome the complexity of molecular analysis, the search for other methods that
could reproduce those findings led to the emergence of different strategies to define
molecular subtypes. Techniques such as immunohistochemistry (IHC) and in situ
hybridization (ISH) were employed successfully to define the molecular subtypes[7-
9]. Indeed, the assessments of EBV status by ISH and MSI by immunostaining for
DNA MMR proteins (MutL homolog 1, MLH1; MutS homolog 2, MSH2; MutS
homolog 6, MSH6; PMS1 homolog 2, PMS2) are already well-defined methods in
diagnostic practice. With regard to the other GC subtypes, p53 staining can be a simple
and feasible method to detect gene alterations indirectly, common in the CIN and
MSS/TP53+ subtypes. While e-cadherin staining is easily assessable, and the loss of
staining is associated with diffuse-type histology and mesenchymal-like morphologic
features, which are characteristic of the GS and MSS/EMT subtypes[5-10].

Thus, the aim of this study was (1) to define GC subtypes based on MSI, E-cadherin,
and p53 expression determined by IHC and EBV status by ISH; and (2) to evaluate the
clinicopathological characteristics and survival of these subtypes according to TCGA
and ACRG classification in a western cohort of GC patients treated with curative
intent.

MATERIALS AND METHODS

Patients

This study included all patients with GC who underwent potentially curative gas-
trectomy with lymphadenectomy identified between 2009 and 2016 from a prospective
database. We included patients with gastric adenocarcinoma, D2 lymphadenectomy,
and RO resection. Gastric stump tumors, metastatic, palliative resections, and patients
with formalin-fixed paraffin-embedded tissue (FFPE) blocks unavailable for analysis
were excluded.

Abdominal and pelvis computed tomography, endoscopy, and laboratory tests
were used for preoperative staging. Tumor stage was classified according to the 8*
edition of the TNM[11]. Chemotherapy (CMT) was indicated for locally advanced GC
(N+ and/or T3-4) with potentially resectable tumor. Lymph node (LN) dissection was
performed based on the guidelines of the Japanese GC Association[3].

Postoperative follow-up was performed every 3 mo in the first year-and every 6 mo
in the following years. Follow-up exams for recurrence detection were performed
based on the presence of symptoms. Clinical outcomes were evaluated, including
disease-free survival (DFS) and overall survival (OS). The study was approved by the
hospital ethics committee and registered online (https://plataformabrasil.saude.
gov.br/; CAAE: 37009120.0.0000.0068).

Pathological analysis

Hematoxylin and eosin (HE)-stained histologic sections from all patients included in
the study were reviewed to tissue microarray (TMA) construction. Representative
tumor areas (3 tumor and 2 adjacent non-tumoral mucosa tissue cores) were selected
from each case, and punched out from individual FFPE tumor blocks using a precision
mechanized system. TMA blocks were sectioned at 4 pm thick, and histological
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sections were submitted to HE staining, IHC and ISH.

For THC reactions, all sections were de-paraffinized in xylene and rehydrated
through graded ethanol. IHC to MSI status was performed with Ventana automated
staining system (BenchMark Ultra), according to the manufacturer’s instructions. The
following monoclonal antibodies were used for MMR proteins: Anti-MLH1 (clone
M1), anti-MSH2 (clone G219-1129), anti-MSHS6 (clone-44), anti-PMS2 (clone EPR 3947),
all ready to use. The reactions were qualitatively interpreted according to the
deposition of the chromogen product on the nuclei of the cancer cells. GC was
considered negative only if there was a complete absence of tumor cells staining. GCs
negative for MLH1, MSH2, PMS2, or MSH6 expression were considered deficient for
MMR (dMMR) proteins, constituting the MSI profile. Tumors that maintained the
expressions of all markers were defined as microsatellite stable (MSS status).

For E-cadherin (clone 36B5) and p53 (clone DO-7) staining, peroxidase activity was
blocked with hydrogen peroxide and antigen retrieved by heat induction using citrate
buffer (pH 6.0) Then, slides were incubated with the primary antibody (4 °C). Avidin-
biotin free short polymer-based peroxidase amplification system and diaminoben-
zydine as chromogen were used for development of reaction products. After the
reactions, sections were counterstained with hematoxylin.

A scoring system was used for the evaluation of E-cadherin expression. Scores 0 and
1 (0 = complete loss; and 1 = cytoplasmic expression) were considered aberrant
expression. Scores 2 and 3 were defined as normal status (2 = cytoplasmic and
membrane labeling; and 3 = membrane labeling)[12]. For p53, two different patterns
were considered as aberrant expression: p53 overexpression, in which a strong nuclear
staining was observed in at least 70% of tumor cells; and tumors with complete loss of
p53 expression that include tumors with no staining or less than 5% staining. Stromal
cells and benign epithelium served as control[13]. EBV status was determined by ISH,
with probes against Epstein-Barr encoded RNA 1 (EBER1-Y5200). Tumor cell nuclei
with dark-blue staining were considered positive.

All analyses were performed by two pathologists. If there was difference between
these two observers, these slides were re-evaluated by both investigators.

Statistical analysis

Categorical and continuous variables were compared using the Chi-square or Fisher
Exact Tests and ANOVA, respectively. Survival curves were estimated according to
the Kaplan-Meier method and compared using the log-rank test. Alive patients were
censored at the date of last contact. Postoperative mortality (defined as 30-d mortality
in post-operative or during hospitalization) was omitted from the DFS analysis. Cox
regression analyses, including hazard ratios with 95% confidence intervals, were
performed to evaluate the prognostic association of clinicopathological characteristics
with survival. P value < 0.05 was considered statistically significant. SPSS software
(version 20.0) was used for statistical analysis.

RESULTS

A total of 287 patients were enrolled in the study, consisting of 168 (58.5%) men and
119 (41.5%) women. The mean age was 61.5 years. Most of the tumors had a distal
location and subtotal gastrectomy was performed in 60.6% of cases. The most common
macroscopic configuration was type III (48.4%) and intestinal Laurén (47.4%) the
predominant histological type. The mean number of LN retrieved was 41.8, and LN
metastases were presented in 56.4% of cases. Stage III was the predominant final stage,
which occurred in 43.6% of the cases. Surgical mortality was 4.2%, neoadjuvant
therapy was performed in 11.8% of cases, and 55.1% of patients received adjuvant
therapy (Supplementary Table 1).

After IHC and ISH analysis for the 4 profiles evaluated (EBV, MSI, p53, E-cadherin),
abnormal expression for a single profile was observed in 175 cases (60.9%), and 23
(8.1%) had alteration in two or more profiles. The remaining 89 cases (31%) showed no
alteration in the assessed expression profile. Aberrant expression of p53 was observed
in 105 cases (36.6%) (negative expression in 33 cases and strong expression in 92 cases),
MSI in 60 cases (20.9%), and reduced or abnormal E-cadherin expression in 26 cases
(9.1%). EBV positivity was present in 30 cases (10.5%). The protein expression and ISH
results are summarized in Figure 1 and the microscopic findings in Figure 2.

The flowchart with the distribution of the subtypes according to TCGA and ACRG
classifications are shown in Figure 3. According to TCGA classification, GCs were
classified in 4 subtypes as follows: 30 (10.5%) EBV-positive; 58 (20.2%) MSI, 179
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Figure 1 Results for Epstein-Barr virus infection by in situ hybridization, and for microsatellite instability, e-cadherin and p53 expression
by immunohistochemistry. EBV: Epstein-Barr virus; MSI: Microsatellite instability.
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(62.2%) CIN; and 20 (7%) GS.

Clinicopathological characteristics of GC according to the TCGA subtypes are
demonstrated in Table 1. Proximal location (P < 0.001), total gastrectomy (P = 0.001)
and increased inflammatory infiltrate (P < 0.001) were related to EBV subtype. MSI
subtype was predominantly associated to advanced age (P = 0.017) and higher
Charlson comorbidity index (CCI) (P = 0.011). While poorly differentiated histology (P
< 0.001), Laurén diffuse type (P < 0.001), and advanced stage (P = 0.029) were charac-
teristics related to GS subtype. Clinicopathological characteristics of GC based on
ACRG classification subtypes are demonstrated in Supplementary Table 2. Unlike
TCGA, ACRG subtypes were also significantly different regarding category pN
(pathological lymph node metastasis), lymphatic, and venous invasion. Tumor size
and inflammatory infiltrate were characteristics significant only in the TCGA.

Survival analysis

In a mean follow-up period of 37.9 mo, there were 79 recurrences and 95 deaths. GS
and MSS/EMT subtype showed worse DFS and OS than the other subtypes.
Conversely, MSI subtype had better survival in both classifications (Figure 4).

In multivariate analysis, type of gastrectomy, category pT, and the TCGA Classi-
fication subtypes were independent factors associated to DFS and OS (Table 2).
Category pN were associated only to DFS. Regarding ACRG classification, using the
EMT subtype as reference, only the MSI/p53 normal had a significant better DFS and
OS (Supplementary Table 3).

DISCUSSION

The results of this study demonstrated that IHC and ISH techniques represent a
feasible strategy to reproduce the GC molecular classification and can be applied in the
daily diagnostic routine. We show that through the evaluation of the four main
profiles (EVB, MSI, E-cadherin and p53), it was possible to define subtypes of tumors
with distinct clinicopathological characteristics, similar to the findings of previous
molecular classifications. Furthermore, we demonstrate the relationship between both
TCGA and ACRG subtypes with long term survival submitted to curative D2
resection.

Considering the subtypes determined by both classification systems, EBV associated
tumors represent the major point of disagreement between TCGA and ACRG. In the
TCGA Classification, it is the first group to be discriminated[5,7]. Instead, ACRG
Classification does not contemplate EBV GC as a subtype separately[6]. Importantly,
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Table 1 Clinicopathological characteristics of gastric cancer patients according to the Cancer Genome Atlas classification

Variables EBV MSI CIN GS P value
n =30 (10.5%) n =58 (20.2%) n =179 (62.2%) n=20 (7%)

Age (yr) 0.017
mean (+ SD) 61.4 (11.2) 65.9 (12.5) 60.1 (11.7) 60.6 (12.8)

Sex 0.101
Male 23 (76.7) 29 (50) 103 (57.5) 13 (65)
Female 7 (23.3) 29 (50) 76 (42.5) 7 (35)

ASA Classification 0.753
I/11 27 (90) 50 (85.2) 160 (89.4) 19 (95)
1/1v 3 (10) 8 (13.8) 19 (10.6) 15

Charlson-Deyo comorbidity index 0.011
<5 19 (63.3) 23 (39.7) 112 (62.6) 14 (70)
25 11 (36.7) 35 (60.3) 67 (37.4) 6 (30)

Tumor site 0.004
Upper 8(26.7) 6 (10.3) 18 (10.1) 2 (10)
Middle 7 (23.3) 8 (13.8) 34 (19) 3 (15)
Lower 11 (36.7) 44 (75.9) 123 (68.7) 13 (65)
Entire 4 (13.3) 0(0) 4(22) 2 (10)

Type of resection <0.001
Subtotal 8(26.7) 45 (77.6) 110 (61.5) 11 (55)
Total 22 (73.3) 12 (22.4) 69 (38.5) 9 (45)

Macroscopic type 0.244
I/1 9 (34.6) 19 (34.5) 37 (22.7) 4(21.1)
I/1v 17 (65.4) 36 (65.5) 126 (77.3) 15 (78.9)

Tumor size (cm) 0.029
mean (+ SD) 6.3 (4.4) 5.3(2.9) 4.5(3.0) 5.2(2.9)

Histological differentiation 0.001
Well/moderately 8(26.7) 28 (48.3) 89 (49.7) 2 (10)
Poorly differentiated 22 (73.3) 30 (51.7) 90 (50.3) 18 (90)

Laurén type <0.001
Intestinal 11 (36.7) 34 (58.6) 88 (49.2) 3 (15)
Diffuse/mixed 12 (40) 22 (37.9) 88 (49.2) 16 (80)
Undetermined 7(23.3) 2(3.4) 3(1.7) 1(5)

Tumor invasion 0.277
pT1/pT2 10 (33.3) 29 (50) 70 (39.1) 6 (30)
pT3/pT4 20 (66.7) 29 (50) 109 (60.9) 15 (70)

pN status 0.147
PN negative 14 (46.7) 32 (55.2) 73 (40.8) 6 (30)
PN positive 16 (53.3) 26 (44.8) 106 (59.2) 14 (70)

Lymphatic invasion 0.156
Absent 16 (53.3) 22 (37.9) 96 (53.6) 8 (40)
Present 14 (46.7) 36 (62.1) 83 (46.4) 12 (60)
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0.300
22 (73.3) 35 (60.3) 125 (69.7) 11 (55)
8(26.7) 23 (39.7) 54 (30.3) 9 (45)

0.267
14 (46.7) 36 (62.1) 91 (50.8) 8 (40)
16 (53.3) 22 (37.9) 88 (49.2) 12 (60)

<0.001
8(26.7) 35 (60.3) 131 (73.2) 17 (85)
22 (73.3) 23 (39.7) 48 (26.8) 3 (15)

0.014
18 (60) 40 (69) 93 (52) 6 (30)
12 (40) 18 (31) 86 (48) 14 (70)

ASA: American Society of Anesthesiologists; CIN: Chromosomal instability; EBV: Epstein-Barr virus; GS: Genomically stable; MSI: Microsatellite

instability; SD: Standard deviation.
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EBV positive GC has been frequently associated to high programmed death-ligand 1
(PD-L1) expression. Since this subtype is a potential candidate for immunotherapy[10,
14], it becomes clinically interesting to maintain EBV positive tumors as a distinct
subtype. Proximal location, larger diameter lesions, and predominance of Laurén's
undetermined and poorly differentiated tumors are also features commonly associated
with positive EBV tumors, and also found in our study. We also observed that there
was a significantly higher frequency of total gastrectomy in this subtype, reinforcing
its proximal predilection and larger dimensions. In relation to morphological aspects,
the EBV subtype exhibited a predominance of intense inflammatory infiltrate, defined
as gastric “lymphoepithelioma-like” carcinoma, which have a solid pattern and are
classified as poorly differentiated[15].

Conversely, MSI status represents a profile considered in both classifications. MMR
proteins assessment by immunoexpression is a well-established and efficient
technique to determine MSI profile. It is commonly used in pathological routine
evaluation for colorectal tumors, since The American College of Gastroenterology
recommends screening for DNA dMMR in all newly diagnosed cases of colorectal
cancer[16]. Compared to polymerase chain reaction-based analysis, IHC demonstrated
sensitivity of 91.1% and specificity of 98.5% in the detection of MSI phenotype in GC
[17].

GCs with MSI have been associated to some particular characteristic, including
advanced age, intestinal histological type, location in the middle and distal third, and
less advanced stages[18]. Similar to literature, we found that patients were older and
consequently presented more comorbidity according to CCI. Tumors in our cohort
were more frequently localized in the distal third of the stomach and more likely to
undergo subtotal resections, with predominance of the Laurén intestinal type. MSI GC
was the subtype that presented better survival rates. The reason why tumors
associated to MSI usually have a better prognosis is not yet fully elucidated. It is
believed that in these patients the lymphocytic peritumoral infiltrate, in response to
peptides generated by MSI tumors, plays an important role in the anti-tumor response
by inducing tumor cell apoptosis through cytokine stimulation[19]. The best prognosis
can also be attributed to some characteristics related to these tumors, as the lower LN
involvement, which is a hallmark of this subtype. Even in cases with pN+ status,
metastases usually affect a smaller number of LNs and stations, besides being located
closer to the primary tumor[20].

An additional, noteworthy aspect is related to the efficacy of fluopyrimidine/platin-
based CMT in locally advanced GC with MSI. The CMT in these patients did not
provide survival benefit[16,21]. Also, MSI GC patients who received perioperative
CMT were associated with worse OS, further suggesting a deleterious effect with the
addition of treatment in this subgroup of tumors. On the other hand, the immuno-
therapy for MSl-associated tumors has been recently approved, regardless of tumor
site, and has shown a positive impact on the survival of these patients. Thus, the
availability of the evaluation in the current diagnostic practice, as well as its impact on
the CMT regime, makes the identification of the MSI subtype the main candidate for
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Table 2 Univariate and multivariate analysis for disease-free survival and overall survival-including the Cancer Genome Atlas

subgroups

Disease-free survival Univariate Multivariate

Variables HR 95%Cl P value HR 95%ClI P value
Male (vs female) 0.93 0.59-1.46 0.745 - — -

Age > 65 (vs < 65 yr) 1.52 0.95-2.45 0.082 = = =
Charlson <5 (vs 2 5) 0.65 0.40-1.05 0.076 — — —
Total Gastrectomy (vs subtotal) 2.33 1.49-3.62 <0.001 1.8 1.12-2.88 0.015
Diffuse/mixed (vs others) 1.80 1.15-2.83 0.011 124 0.78-1.97 0.367
pT3/pT4 status (vs pT1/pT2) 10.87 4.72-24.98 < 0.001 5.64 2.33-13.64 < 0.001
PN+ (vs pNO) 7.56 3.77-15.15 <0.001 3.25 1.54-6.80 0.002
CMT (vs none) 1.28 0.82-1.98 0.280 = = =
TCGA Classification

GS 1 = = = = =

EBV 0.42 0.17-1.06 0.068 0.37 0.14-0.94 0.037
MSI 0.21 0.09-0.52 0.001 0.31 0.13-0.76 0.010
CIN 0.43 0.21-0.84 0.014 0.43 0.22-0.87 0.018
Overall survival Univariate Multivariate

Variables HR 95%CI P value HR 95%CI P value
Male (vs female) 1.08 0.72-1.63 0.708 = = =

Age > 65 (vs < 65 yr) 1.16 0.77-1.74 0.483 = = =
Charlson <5 (vs 2 5) 1.16 0.84-1.88 0.273 = = =
Total Gastrectomy (vs subtotal) 1.90 1.27-2.84 0.002 17 1.11-2.60 0.014
Diffuse/mixed (vs others) 1.56 1.04-2.34 0.032 1.16 0.77-1.77 0.765
pT3/pT4 status (vs pT1/pT2) 4.50 2.59-7.82 <0.001 3.23 1.74-5.97 <0.001
pN+ (vs pNO) 3.29 2.02-5.35 <0.001 1.69 0.98-2.92 0.061
CMT (vs none) 0.96 0.64-1.44 0.841 = = -
TCGA Classification

GS 1 - - - - -

EBV 0.33 0.13-0.82 0.017 0.27 0.10-0.68 0.006
MSI 0.27 0.12-0.61 0.001 0.35 0.15-0.78 0.01
CIN 0.46 0.24-0.88 0.019 0.47 0.25-0.91 0.025

CI: Confidence interval; CIN: Chromosomal instability; CMT: Chemotherapy; EBV

Microsatellite instability.
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: Epstein-Barr virus; GS: Genomically stable; HR: Hazard ratio; MSI:
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incorporation into the routine evaluation.

On the other hand, define the aberrant expression of p53 by IHC is a greater
challenge. Different criteria have already been employed[22]. Nuclear localization is
essential for p53 activity, and its nuclear accumulation may result from increased
regulation of wild-type expression or decreased degradation in response to cellular
stresses, including DNA damage. The presence of wild-type protein expression is a
normal physiological response to decrease the G1 cell cycle and allow the repair of
damaged DNA. Therefore, low levels of the wild-type p53 protein can be detected in
the nucleus by IHC. In contrast, mutations in TP53 result in the production of proteins
with a prolonged half-life that accumulates in the nucleus, causing its overexpression.
Conversely, some missense or point mutations can result in a truncated protein that is
not stable enough to cause any detectable nuclear accumulation. Thus, the aberrant
expression of p53 can be defined either by the absence or exacerbated nuclear expre-
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Figure 2 Microscopic findings in gastric cancer cases. A: Tumor positive for Epstein-Barr virus (EBV) by in situ hybridization; B: Gastric cancer (GC)
negative for EBV infection; C: Imuno-histoquimico (IHC) analysis of MLH1 expression in tumors with retained expression of MLH1; D: Loss of MLH1 expression; E:
GC with preserved E-cadherin expression; F: tumor exhibiting loss of E-cadherin expression; G: Normal IHC expression of p53; H: tumor with aberrant p53

expression.
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ssion[13]. As a characteristic, tumors with this phenotype are generally associated with
intestinal histology, which was also demonstrated in our results when comparing the
MSS/p53 and MSS/ p53- groups from ACRG classification.

Finally, the subtype of GC associated with E-cadherin aberrant expression showed
poorly differentiated histology, predominance of diffuse tumors, LN metastasis at
more advanced stages, and worse survival[6,9]. E-cadherin is an essential adhesion
molecule for the consolidation of epithelial architecture, maintenance of cell polarity,
and differentiation during fetal development and in adult life. It acts as a broad-acting
tumor suppressor. It is suggested that loss of E-cadherin expression is the phenotypic
expression of CDH1 and RHOA mutations[23]. IHC expression of E-cadherin is
evaluated by the presence of continuous and linear membrane staining at the boun-
daries between cells, as well as at the base of gastric gland. The altered expression can
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Figure 3 Flowchart showing the classification of molecular subtypes and final distribution. A: Classification by TGCG; B: Asian Cancer Research
Group classification. EBV: Epstein-Barr virus; EMT: Epithelial to mesenchymal transition; GS: Genomically stable; ISH: In situ hybridization; MSI: Microsatellite
instability; MSS: Microsatellite stable.
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be evidenced by the total or partial loss of cell membrane expression or by aberrant
cytoplasmic expression[12]. As in the analysis of p53, E-cadherin evaluation is
subjective, but presents better homogeneity among different studies[24].

It is important to emphasize that the association of E-cadherin expression and
alterations in the CDH1 gene is not yet clearly defined. Only a minority of GC cases
actually have a mutation in the CDH1 gene. Somatic mutation has been reported in
about 3% to 50% of GC with diffuse histology[25]. It is estimated that 70% of patients
with absence of E-cadherin expression do not have a CDH1 mutation. This fact su-
ggests that the E-cadherin expression may be influenced by the interaction of other
post-translational mechanisms[26]. In patients with hereditary diffuse GC (HDGC)
who already have a germline mutated CDHI allele, the hypermethylation of the CDH1
allele is the most common second-hit cause for complete inactivation of the gene[27].

In summary, the analysis through IHC and ISH techniques has proven to be
feasible, but is also subject to technical limitations. It involves the use of different
antibodies and probes, tissue preparation, and evaluation criteria. In addition, TMA
technique allows only the representation of some areas of the tumor, which may lead
to a variation in results considering the tumor heterogeneity[28]. One of the main
aspects that must be considered is that the same tumor may present alterations that
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correspond to two or more profiles[21,29]. Thus, the definition of which subtype
belongs to the patient with more than one profile will depend on the chosen molecular
classification flowchart.

As we only analyze the four main profiles related to the subtypes of GC, some cases
may be misclassified, since GCs may have other alteration in markers not evaluated,
such as RHOA, related to GS subtype, and tyrosine kinase receptor, related to CIN
subtype. Also, limitations in relation to the technique and immunohistochemical
markers may lead to the misclassification some GC in the subtypes, particularly in
terms of the heterogeneous staining pattern. Taking into account the importance and
the usefulness of IHC markers, validating those already identified is necessary to
integrate surgical and molecular pathology with clinical medicine. Another limitation
of the classification based on protein expression is the impossibility to determine if the
change in expression pattern is due to epigenetic factors (such as gene silencing,
frequent in MLH1, for example) or genetic factors. Furthermore, we cannot define if a
genetic alteration is somatic or germinative, an important issue in the context of
tumors with aberrant E-cadherin, which may be related to HDGC.

As strengths, in the present study we used data collected prospectively from a
database research project, minimizing the possibility of classification bias of the
variables. In order to make the studied population more homogeneous in relation to
surgical treatment and to reduce selection bias, all consecutive patients submitted to
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resection with curative intent and D2 Lymphadenectomy were included in the selected
period, which provided a better prognostic prediction. Accordingly, the results
obtained in this study add evidence to the literature that the effectiveness of both ISH
and IHC staining to define GC subtypes will allow the adoption of a more individu-
alized therapeutic approach[30]. The ToGA trial represented a major milestone in this
regard, after demonstrating improved survival of GC HER2-positive treated with
Trastuzumab with palliative intent[31]. Recently, Pembrolizumab was approved by
the FDA for patients with unresectable, metastatic, or locally recurrent GC with MSI
profile and/or PD-L1 positive[32-34]. Certainly, new targeted therapy drugs for
specific tumoral markers and immune checkpoints will emerge in the near future,
keeping GC molecular classifications as a major issue of interest and investigation.

CONCLUSION

The IHC/ISH analysis was able to distinguish immunophenotypic groups of GC with
distinct clinicopathological characteristics and prognosis, resembling the subtypes of
the molecular classifications. TCGA subtypes had different outcomes, where MSI
subtype was associated with a better prognosis and GS had worse survival outcomes.
Accordingly, this method of classification may allow an easier definition of GC
subtypes in daily clinical practice, contributing to the therapeutic planning, driving
target therapy and individualized treatment.

ARTICLE HIGHLIGHTS

Research background

Molecular classification of gastric cancer (GC) emerged as a promising option to define
therapeutic strategies and prognostic subgroups. However, the costs and technical
complexity of molecular methodologies remains an obstacle to its adoption. Thus, their
clinical significance by other approaches needs further evidence, especially in the
western GC.

Research motivation

Although molecular classifications as proposed by The Cancer Genome Atlas (TCGA)
Research Network Group and Asian Cancer Research Group (ACRG) subtypes
provided a guide for patient stratification and trials of targeted therapy, the clinical
utility of these classifications is still limited due to the technical complexity, as
indicated by the fact there is little evidence of its application in a real-world setting.

Research objectives

The purpose of this study was to determine the subgroups of molecular classification
by immunohistochemistry (IHC) and in situ hybridization (ISH), and to evaluate its
characteristics and impact on long-term survival in a Western cohort of GC patients
treated with curative intent.

Research methods

We retrospectively evaluated GC patients who underwent D2-gastrectomy between
2009 and 2016 by tissue microarray. Cases were assessed for microsatellite instability
(MSI) status, E-cadherin and p53 expression by IHC and for Epstein-Barr virus (EBV)
by ISH. Clinicopathological characteristics and survival of GC were evaluated
according to TCGA and ACRG classification system.

Research results

A total of 287 GC patients were included. Based on IHC and ISH analysis, 5 profiles
were defined as follows: E-cadherin aberrant (9.1%), MSI (20.9%), p53 aberrant
(36.6%), EBV positivity (10.5%), and p53 normal (31%), which corresponded to tumors
that showed no alteration in other profiles. Flowchart according to the TCGA and
ACRG classifications were used to define the subtypes, where clinical and pathological
characteristics associated with GC subtypes were evidenced. In both classifications, the
MSI group had better survival. While the subtype represented by the loss of e-
cadherin expression (subtype GS and microsatellite stable/epithelial to mesenchymal
transition) was related to a worse prognosis. The classification proposed by the TCGA
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was an independent factor associated with survival in patients with GC.

Research conclusions
The IHC/ISH analysis was able to distinguish immunophenotypic groups of GC with
distinct characteristics and prognosis, and is a viable option for use in a clinical setting.

Research perspectives

The identification of gastric adenocarcinoma subtypes through techniques available in
clinical practice and the development of integrated approaches for diagnostic applic-
ations, such as prognosis prediction or response to therapy intervening, emerge as an
essential phase toward personalized medicine in GC treatment.
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