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	❚ Highlights
	۪ Our Brazilian cohort with gastric cancer has a distinct 
distribution between mutated and normal p53.

	۪ New genetic marker-based classifications improve gastric 
cancer diagnosis accuracy.

	۪ Machine learning integration enhances predictive value in 
gastric cancer diagnosis.

	۪ Molecular biomarkers complement clinical decisions, 
advancing personalized medicine.
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	❚ ABSTRACT
Objective: Gastric adenocarcinoma remains an aggressive disease with a poor prognosis, as 
evidenced by a 5-year survival rate of approximately 31%. The histological classifications already 
proposed do not accurately reflect the high biological heterogeneity of this neoplasm, particularly 
in diverse populations, and new classification systems using genetic markers have recently been 
proposed. Following these newly proposed models, we aimed to assess the cluster distribution 
in a Brazilian cohort. Furthermore, we evaluated whether the inclusion of other clinical and 
histological parameters could enhance the predictive value. Methods: We used a previously 
described four-immunohistochemistry/EBER-ISH marker to classify a cohort of 30 Brazilian 
patients with gastric adenocarcinoma into five different clusters and compared the distribution 
with other genetically diverse populations. Furthermore, we used artificial intelligence methods 
to evaluate whether other clinical and pathological parameters could improve the results of the 
methodology. Results: Disclosing the genetic variability between populations, we observed a 
more balanced distribution of the aberrant/normal p53 ratio (0.6) between patients negative for 
the other markers tested, unlike previous studies with Asian and North American populations. 
In addition, decision tree analysis reinforced the efficiency of these new classifications, as 
the stratification accuracy was not altered with or without additional data. Conclusion: Our 
study underscores the importance of local research in characterizing diverse populations and 
highlights the complementary role of molecular biomarkers in personalized medicine for gastric 
adenocarcinoma, enhancing diagnostic accuracy and potentially improving survival rates.

Keywords: Gastric neoplasms; Cluster analysis; Genetic heterogeneity; Genes, p53; 
Immunohistochemistry; Adenocarcinoma; Biomarkers

	❚ INTRODUCTION 
Gastric cancer (GC) is the fifth most common type of malignancy, with more 
than 1 million new cases per year worldwide.(1-3) Despite improvements in 
diagnostic and therapeutic approaches, the prognosis of patients with GC 
remains unclear. It is the third deadliest cancer, with 783,000 deaths annually 
and a 5-year survival rate of only 31%.(4) Historically, GC classification has 
relied on microscopic features associated with specific marker expression. Over 
the years, a better understanding of the genetic and molecular aspects of GC 
has resulted in new subtype stratification systems, demanding more efficient 
classification tools with clinical applicability, such as prognostic correlations 
and targeted therapies.

Laurén’s classification, one of the first and most widely used GC 
classification systems, divides gastric adenocarcinomas into intestinal, diffuse, 
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or mixed subtypes.(5) However, this classification does 
not entirely consider the heterogeneous nature of 
diseases. Consequently, it has a poor association with 
tumor response to treatment and prognosis, failing to 
identify patients who can benefit from new therapies. 
The World Health Organization (WHO) classification(6) 
is more complex. Relying on more precise histological 
patterns, it considers all rare GC subtypes that were 
not previously included in Laurén’s classification. 
Nevertheless, it lacks clinical applicability because 
distinct histological subgroups are generally not 
implicated in different outcomes.(7)

To better understand the molecular and genetic 
aspects of GC, The Cancer Genome Atlas (TCGA) 
and the Asian Cancer Research Group (ACRG) 
used next-generation sequencing data to identify 
dysregulated pathways and candidate gene mutations.(8,9) 
These mutations have emerged as possible molecular 
biomarkers and may contribute to drug development 
for specific subsets of GC. Some of the identified 
molecular markers include ErbB2 (Her-2), CDH1, and 
mismatch repair (MMR) genes. Although they better 
reflect tumor heterogeneity and correlate subgroups 
with targeted treatments and prognoses, these new 
approaches lack clinical applicability, mainly because 
of the use of sophisticated and expensive technologies, 
which limit reproducibility in the clinical setting.

To overcome technical difficulties in the clinical care 
of patients with GC and associate molecular profiles 
with treatment and prognosis, more straightforward 
techniques, such as immunohistochemistry (IHC), 
remain the gold standard and cost-effective alternative. 
For instance, patients with microsatellite instability and 
Epstein-Barr virus (EBV) infection are known to express 
PD-L1,(10,11) which makes them potentially eligible for 
chemotherapy using immune checkpoint inhibitors, 
such as nivolumab(12,13) and pembrolizumab.(14) Other 
important biomarkers recently highlighted in GC 
include fibroblast growth factor receptor-2 (FGFR2) 
and Claudin 18.2 (CLDN18.2). Mutations in FGFR2 
are present in approximately 4% of cases and are 
associated with a worse prognosis in GC.(15,16) CLDN18.2 
is exclusively expressed in differentiated epithelial cells 
of the gastric mucosa in primary GC.(17) A recent study 
showed that therapy using the anti-CLDN18.2 chimeric 
monoclonal antibody, zolbetuximab, in combination 
with first-line chemotherapy provides significant survival 
benefits for patients with advanced GC.(18)

As an alternative/complement for Laurén’s 
and WHO classification, and considering the tumor 
molecular aspects, Setia et al. proposed a method to 
segregate patients with GC into five clusters utilizing 

IHC.(19) Cluster 1 (C1) is specifically for patients 
positive for EBV, with other markers not interfering in 
this classification. Patients negative for EBV and with 
a loss of MLH1 expression are classified into cluster 
2 (C2), independent of E-cadherin (ECAD) and p53 
expression. Both clusters have a better prognosis, and 
C1 patients usually benefit from immunotherapy.(20) 
In the case of the absence of EBV and normal MLH1 
expression, patients with aberrant ECAD expression 
(mutated or absent) belong to cluster 3 (C3), which 
has an unfavorable prognosis. p53 is considered 
for classification only if the previous parameters 
are normal. In this case, aberrant p53 expression 
determines cluster 4 (C4), while its normal expression 
defines cluster 5 (C5).

Considering the genetic heterogeneity across 
populations,(20,21) particularly the heterogeneity within 
the Brazilian population for previously described cancer 
markers,(22) it is pertinent to evaluate the performance 
of Setia et al. proposed classification in a Brazilian 
cohort.(19) 

	❚ OBJECTIVE
To assess the cluster distribution in a cohort of 30 
Brazilian patients in comparison with other genetically 
diverse populations, and to evaluate whether the 
inclusion of other clinical and histological parameters 
yielded a better predictive value.

	❚METHODS
Case selection and pathological diagnosis
We identified, selected, and evaluated 30 surgical 
cases of primary GC, representing approximately 20% 
of the annual number of cases during the evaluation 
period. Clinical and pathological data (age, sex, tumor 
histology and topography, invasion level, lymph node 
invasion, and pTNM stage) were obtained from medical 
records and used for patient classification, together 
with Laurén’s criteria.

After approval by the Institutional Ethics 
Committee of Associação Mário Penna (CAAE: 
39672920.2.0000.5121; #4.465.746), a retrospective 
chart review was conducted on all primary GC cases 
analyzed at the Instituto Mário Penna Surgical Pathology 
Lab between May 2018 and August 2020.

Immunohistochemistry 
All specimens were contained in paraffin-embedded 
blocks, which were sectioned into 3-4μm slices for 
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standard immunohistochemical staining of neoplastic 
cells. Mouse monoclonal antibodies directed against 
p53 (Leica, DO-7, ready-to-use), MLH1 (Leica-
Biocore, E305, 1:50), and ECAD (Leica, 36B5, ready-
to-use) were used. For EBV, EBER-ISH (Leica, 
BOND EBER Probe, ready-to-use) was used, and each 
reaction included negative and positive controls. The 
data obtained were used to identify and stratify patients 
into one of the five clusters proposed by Setia et al.(19)

Statistical analysis
Data analysis was performed using GraphPad Prism® 
8.0 statistical software (GraphPad Software, Inc., San 
Diego, USA), using the χ2 test on a contingency table 
to evaluate the association between patient features 
and cluster classification. Differences were considered 
statistically significant at p<0.05. 

Development and training of gastric cancer classifier 
algorithms
Decision trees were built using WEKA software 
(Waikato Environment for Knowledge Analysis, version 
3.6.11, University of Waikato, New Zealand) to classify 
patients with GC into one of five clusters based on 
clinicopathological features and IHC data. Leave-one-
out cross-validation (LOOCV) was applied to estimate 
classification accuracy and test the generalizability of 
the model.

	❚ RESULTS

A total of 30 patients were included in this study. The 
median diagnosis age was 61.5 years, and almost two-
thirds of the patients were male (63.3%). Laurén’s 
intestinal-type tumors were the most frequent (36.7%). 
Considering only the patients with available information 
(23/30), most cases were positive for lymphovascular 
(77.3%), perineural (78.3%), or lymph node invasion 
(63.6%). Five patients (21.7%) tested negative for 
all three features. Invasion of the subserosal layer 
was diagnosed in 73.9% of the cases. The clinical and 
pathological features of the patients are summarized 
in table 1. No statistically significant association was 
observed between clinicopathological features and 
cluster distribution.

Immunohistochemistry analyses of tumor samples 
for the biomarkers EBV, MLH1, p53, and ECAD 
were used to stratify the patients into the five clusters 

proposed by Setia et al.(19) (Figure 1). More than one-
third of the patients (36.7%) were classified as C5, 
characterized by p53 normal expression and the absence 
of the other tested markers. C2, C3, and C4 were roughly 
equally distributed, corresponding to 16.7%, 20.0%, and 
23.3% of the patients, respectively (Table 2). Only one 
patient was positive for EBV and was classified as C1. 

Decision tree analysis was used to evaluate 
whether the inclusion of other clinical and histological 
parameters yielded a better predictive value. Patients 
with two or more missing data points were excluded, 
and the remaining 23 patients were considered. The 
clusters suggested by Setia et al.(19) were tested using an 
algorithm with the additional data described in table 1. 
Stratification accuracy was not altered with or without 
additional data, highlighting the efficient classification 
proposed by Setia et al.(19) The algorithm correctly 
classified 95.7% (22/23) of the samples tested in both 
the training and LOOCV sets (Figure 2). The use of 
other clinical and pathological parameters as possible 
classifiers did not yield improved results (Table 3).

Figure 1. Histological results for gastric cancer classification. Left column (A, C, 
E, G): hematoxylin-eosin, 400×. Right column: immunohistochemistry (B: EBV 
(EBER-IHS); D: MLH1; F: ECAD; H: p53), 400×

AA BB

DDCC

EE FF

HHGG
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Table 1. Clinicopathological features of patients with gastric carcinoma

Features C1
(EBV)

C2
(MLH1)

C3
(ECAD)

C4
(Aberrant p53)

C5
(Normal p53) n (%) p value

n (%) 1 (3.3) 5 (16.7) 6 (20.0) 7 (23.3) 11 (36.7) 30 (100.0) 0.462
Median age 77.0 73.0 59.0 59.0 61.0 61.5
Sex
     Female 0 (0.0) 4 (80.0) 2 (33.3) 1 (14.3) 4 (36.4) 11 (36.7) 0.187
     Male 1 (100.0) 1 (20.0) 4 (66.7) 6 (85.7) 7 (63.6) 19 (63.3)
Tumor topography
     Antrum-pylorus 1 (100.0) 1 (20.0) 0 (0.0) 1 (14.3) 3 (27.3) 7 (23.3) 0.769
     Body-fundus 0 (0.0) 2 (40.0) 2 (40.0) 3 (42.9) 7 (63.6) 14 (46.7)
     Cardia 0 (0.0) 0 (00.0) 0 (00.0) 1 (14.3) 1 (9.1) 2 (6.7)
     N/A 0 (0.0) 2 (40.0) 3 (60.0) 2 (28.6) 0 (0.0) 7 (23.3)
Laurén’s type
     Diffuse 0 (0.0) 1 (20.0) 5 (83.3) 1 (14.3) 2 (18.2) 9 (30.0) 0.105
     Intestinal-type 0 (0.0) 1 (20.0) 0 (0.0) 4 (57.1) 6 (54.5) 11 (36.7)
     Mixed 1 (100.0) 3 (60.0) 1 (16.7) 2 (28.6) 3 (27.3) 10 (33.3)
Lymphovascular invasion
     Absent 0 (0.0) 1 (20.0) 0 (0.0) 0 (0.0) 3 (27.3) 5 (16.7) 0.632
      Present 1 (100.0) 2 (40.0) 3 (60.0) 4 (57.1) 7 (63.6) 17 (56.7)
      N/A 0 (0.0) 2 (40.0) 2 (40.0) 3 (42.9) 1 (9.1) 8 (26.7)
Perineural invasion
      Absent 0 (0.0) 1 (20.0) 1 (16.7) 0 (0.0) 3 (27.3) 5 (16.7) 0.583

      Present 1 (100.0) 2 (40.0) 3 (50.0) 5 (71.4) 7 (63.6) 18 (60.0)
      N/A 0 (0.0) 2 (40.0) 2 (33.3) 2 (28.6) 1 (9.1) 7 (23.3)
Lymph node invasion
     Absent 0 (0.0) 1 (20.0) 1 (16.7) 2 (28.6) 4 (36.4) 8 (26.7) 0.848
     Present 1 (100.0) 2 (40.0) 2 (33.3) 3 (42.9) 6 (54.5) 14 (46.7)
     N/A 0 (0.0) 2 (40.0) 3 (50.0) 2 (28.6) 1 (9.1) 8 (26.7)
pT stage (invasion level)
     T1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (18.2) 2 (6.7) 0.580
     T2 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 1 (9.1) 2 (6.7)
     T3 1 (100.0) 3 (60.0) 2 (33.3) 5 (71.4) 7 (63.6) 18 (60.0)
     T4 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 0 (0.0) 1 (3.3)
     N/A 0 (0.0) 2 (40.0) 2 (33.3) 2 (28.6) 1 (9.1) 7 (23.3)
pN stage
     N0 0 (0.0) 0 (0.0) 1 (16.7) 2 (28.6) 4 (36.4) 7 (23.3) 0.217
     N1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 3 (27.3) 3 (10.0)
     N2 1 (100.0) 0 (0.0) 1 (16.7) 1 (14.3) 1 (9.1) 4 (13.3)
     N3 0 (0.0) 3 (60.0) 1 (16.7) 2 (28.6) 2 (18.2) 8 (26.7)
     NX 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 0 (0.0) 1 (3.3)
     N/A 0 (0.0) 2 (40.0) 2 (33.3) 2 (28.6) 1 (9.1) 7 (23.3)
pM stage
     M0 1 (100.0) 3 (60.0) 3 (50.0) 5 (71.4) 10 (90.9) 22 (73.3) 0.290
     M1 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 0 (0.0) 1 (3.3)
     N/A 0 (0.0) 2 (40.0) 2 (33.3) 2 (28.6) 1 (9.1) 7 (23.3)

N/A: not available.

Table 2. Gastric cancer studies using cluster parameters in different populations

Population
C1

(EBV)
%

C2
(MLH1)

%

C3 
(ECAD)

%

C4
(Aberrant p53)

%

C5
(Normal p53)

%
n Reference

North American 5 16 21 51 7 146 Setia et al., 2016(19)

Asian 7 7 15 49 22 349 Ahn et al., 2017(20)

Brazilian 10 18 7 35 30 287 Ramos et al., 2021(25)

Current study 3 17 20 23 37 30
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	❚ DISCUSSION
Gastric cancer is one of the most aggressive cancers, 
with one of the lowest overall survival rates worldwide.(3) 
Despite the numerous novel chemotherapy regimens 
developed thus far, patient sensitivity to treatment varies, 
and some still fail to obtain satisfactory results. Thus, the 
accuracy of patient histological classification is crucial 
for estimating the prognosis and therapeutic strategies 
for GC and, consequently, improving the survival rate. 
Traditional classification methods, such as Laurén’s 
and WHO classification, consider only histological 
patterns to subdivide patients into groups and do not 
fully represent the differences in treatment responses 
and prognosis. To overcome this limitation, Setia et 
al.(19) proposed a straightforward method using cheaper 
and more broadly available technology to classify GC 
subtypes based on similar patterns found in TCGA and 
ACRG studies. 

The effect of populational genetic diversity on the 
worldwide use of biomarkers is well known.(23,24) In this 
study, we described the distribution of a cohort of 30 
Brazilian patients into the five clusters proposed by 
Setia et al.(19) The results showed that C1 was the least 
represented, with only one patient (3%) positive for 
EBV. A similar underrepresentation was observed in a 
North American population (5%).(19) On the other hand, 
a higher C1 frequency has been described in another 
Brazilian cohort (10%).(25) In an Asian population 
study, C1 and C2 were equally underrepresented 
compared to the other clusters (7% each).(20) The 
higher incidence of microsatellite instability GCs (C2) 
in Western populations than in Asian populations has 
been described previously(26-28) and corroborates our 
results, with 17% of patients classified as C2. Similar to 
an Asian study, we observed an increased median age 
in this group (73.0 years). However, our data differed in 
the prevalence of Laurén’s intestinal-type subtype, with 
all three subtypes equally represented. Our data also 
corroborated the characteristics described in the Asian 
population for the C3 group, such as the prevalence 
of the Laurén’s diffuse subtype (83.3%) and higher 
aggressiveness.(20) In our cohort, this group harbored 
only one patient with distant metastasis.

The p53 aberrant expression rate in the absence 
of other IHC markers was the most discordant 
feature among the studies cited here, resulting in the 
discrepancies observed in the C4 and C5 distribution 
(Table 2). In the Asian population, C4 is twice as frequent 
as C5,(20) and in the North American population, the 
frequency of C4 is more than seven times higher than 
that of C5.(19) The Brazilian cohort described here, in 
turn, corroborates a more balanced distribution between 

Table 3. Accuracy of the classifiers using different features

Classifier Features Full training
%

LOOCV
%

Cluster Clinicopathological + IHQ markers 95.65 (22/23) 95.65 (22/23)
Cluster Clinicopathological 60.87 (14/23) 17.39 (4/23)
Invasion level Clinicopathological + IHQ markers 86.96 (22/23) 65.22 (15/23)
Laurén Clinicopathological 73.91 (17/23) 43.48 (10/23)
Laurén Clinicopathological + IHQ markers 78.26 (18/23) 34.78 (8/23)
IHQ markers: Immunohistochemistry markers (EBER-ISH, MLH1, ECAD, and p53); LOOCV: Leave-one-out cross-validation.

Figure 2. Gastric cancer classification parameters. (A) Cluster classification 
according to the expression of EBV, MLH1, ECAD, and p53. Setia et al. showed 
that patients with positive EBV expression, independent of other evaluated 
parameters, are classified as C1. Patients with a loss of MLH1 expression and 
who are negative for EBV, independent of the other parameters, are classified 
as C2. Patients with a loss of ECAD expression, who maintain normal MLH1 
expression and are negative for EBV, are classified as C3. Patients expressing 
mutated p53, with the absence of EBV and normal expression of ECAD and 
MLH1, are classified as C4. Finally, patients that are negative for EBV with 
normal expression of MLH1, ECAD, and p53 wild type are classified as C5; (B) 
The classification algorithm confirmed the efficiency of cluster classification for 
separating gastric cancer groups without additional clinical parameters

B

A
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the C4 and C5 groups, as observed previously,(25) with 
Laurén’s intestinal-type subtype present in more than 
half of these patients. Considering that the C5 group 
consisted of individuals who were negative for all other 
IHC markers analyzed, we could infer that nearly one-
third of the patients were not stratified. Larger cohort 
studies may help to better characterize this group.

Subsequently, to select attributes that could 
permit better predictive value, we applied machine 
learning algorithm analysis. During the full training, 
the test included both clinical and pathological data. 
Algorithmic analysis confirmed that the accuracy 
obtained using the clusters proposed by Setia et al.(19) 
was in accordance with our GC classification. The use 
of other clinical and pathological parameters as possible 
classifiers yielded no results, and the clusters were 
more suitable for GC classification.

Our study has some limitations, such as its small 
sample size, which may have influenced the differences 
observed between our cohort’s cluster distribution 
and that of other Brazilian studies. In addition, 
almost one-fourth of the patients were not considered 
for the decision tree analysis because of missing 
clinicopathological data. In addition, other important 
markers, such as PD-L1, FGFR2, and CLDN18.2, 
were not evaluated. Finally, the short follow-up period 
prevented the evaluation of cluster categories associated 
with overall survival. Nonetheless, our data confirm 
the heterogeneity among the Brazilian population and 
reinforce that auxiliary data complementary to clinical 
information are necessary for accurate prognosis 
evaluation and clinical outcome prediction. 

	❚ CONCLUSION
In conclusion, our data corroborate the distinct pattern 
of aberrant p53 expression in Brazilian patients with 
gastric adenocarcinoma compared to other populations. 
Furthermore, this study highlights the importance 
of local research in characterizing specific groups of 
patients for personalized medicine and improving 
gastric adenocarcinoma survival rates. More studies 
with larger cohorts and long-term follow-up are essential 
to fully assess the utility of molecular analysis in gastric 
adenocarcinoma diagnosis and prognosis evaluation.
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