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Abstract
BACKGROUND 
Remnant gastric cancer (RGC) is a carcinoma arising in the stomach remnant after 
previous gastric resection. It is frequently reported as a tumor with a poor 
prognosis and distinct biological features from primary gastric cancer (PGC). 
However, as it is less frequent, its profile regarding the current molecular 
classifications of gastric cancer has not been evaluated.

AIM 
To evaluate a cohort of RGC according to molecular subtypes of GC using a panel 
of immunohistochemistry and in situ hybridization to determine whether the 
expression profile is different between PGC and RGC.

METHODS 
Consecutive RGC patients who underwent gastrectomy between 2009 and 2019 
were assessed using seven GC panels: Epstein-Barr virus in situ hybridization, 
immunohistochemistry for mismatch repair proteins (MutL homolog 1, MutS 
homolog 2, MutS homolog 6, and PMS1 homolog 2), p53 protein, and E-cadherin 
expression. Clinicopathological characteristics and survival of these patients were 
compared to 284 PGC patients.

RESULTS 
A total of 40 RGC patients were enrolled in this study. Compared to PGC, older 
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age (P < 0.001), male (P < 0.001), lower body mass index (P = 0.010), and lower 
hemoglobin level (P < 0.001) were associated with RGC patients. No difference 
was observed regarding  Lauren’s type and pathologic Tumor Node Metastasis 
stage between the groups. Regarding the profiles evaluated, EBV-positive tumors 
were higher in RGC compared to PGC (P = 0.039). The frequency of microsatellite 
instability, aberrant p53 immunostaining, and loss of E-cadherin expression were 
similar between RGC and PGC. Higher rates of simultaneous alterations in two or 
more profiles were observed in RGC compared to PGC (P < 0.001). According to 
the molecular classification, the subtypes were defined as EBV in nine (22.5%) 
cases, microsatellite instability in nine (22.5%) cases, genomically stable in one 
(2.5%) case, and chromosomal instability in 21 (52.5%) cases. There was no 
significant difference in survival between molecular subtypes in RGC patients.

CONCLUSION 
RGC was associated with EBV positivity and higher rates of co-altered expression 
profiles compared to PGC. According to the molecular classification, there was no 
significant difference in survival between the subtypes of RGC.

Key Words: Stomach neoplasms; Gastric remnant; Gastric remnant cancer; 
Adenocarcinoma; Immunohistochemistry

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

Core Tip: This is a retrospective study to evaluate the molecular subtypes of gastric 
cancer (GC) using a panel by immunohistochemistry and in situ hybridization in 
remnant GC (RGC). We also compared the RGC patients with primary GC (PGC) to 
investigate whether the expression profiles were different between both types of GC. 
The findings indicated that RGC was associated with the Epstein-Barr virus. RGC also 
exhibited higher rates of simultaneous changes in two or more profiles compared to 
PGC. However, molecular subtypes of GC had no significant prognostic impact in 
terms of survival in RGC patients.

Citation: Ramos MFKP, Pereira MA, Cardili L, de Mello ES, Ribeiro Jr U, Zilberstein B, 
Cecconello I. Expression profiles of gastric cancer molecular subtypes in remnant tumors. 
World J Gastrointest Oncol 2021; 13(4): 265-278
URL: https://www.wjgnet.com/1948-5204/full/v13/i4/265.htm
DOI: https://dx.doi.org/10.4251/wjgo.v13.i4.265

INTRODUCTION
Gastric cancer (GC) remains one of the most frequent malignancies and the third-
leading cause of cancer-related deaths[1]. Remnant GC (RGC) accounts for 1%-8% of all 
GC and is defined as a carcinoma arising in the stomach remnant after the previous 
gastrectomy for benign disease or after 5 years of previous GC resection[2-4].

In recent years, the number of patients who underwent gastrectomy for peptic 
ulcers has declined due to the improvement of drug therapy for duodenal and gastric 
ulcers. However, it is expected that the incidence of RGC after partial gastrectomy for 
malignant disease will increase, largely attributable to the increase in the number of 
patients diagnosed with early GC based on routine examinations and due to the 
improvement in the prognosis of patients with GC[5].

RGC has potential differences in carcinogenesis from primary GC (PGC). 
Duodenogastric reflux is considered one of the most important etiologic factors after 
Billroth II reconstruction, where both bile acids and pancreatic juice seem to be 
carcinogenic factors[6]. Denervation of the gastric mucosa also promotes carcinogenesis 
in the remnant stomach. In RGC after GC, some precancerous circumstances that 
already have existed at the time of initial surgery—such as atrophic gastritis and 
intestinal metaplasia—are considered factors associated with the tumor development 
in the residual stomach[2,7].

RGC is frequently diagnosed at an advanced stage and is associated with a low rate 
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of curative resection and dismal prognosis, suggesting that RGC may have distinct 
biological features from PGC[5,8,9]. Thus, difficulties in predicting the prognosis and the 
best therapeutic approach in these patients are still challenges found in clinical 
practice.

Recently, GC was classified into four distinct molecular subtypes according to The 
Cancer Genome Atlas study: Epstein-Barr virus (EBV), microsatellite instability (MSI), 
genomically stable (GS), and chromosomal instability (CIN). This new classification 
elucidated the heterogeneity that GC can present with subtypes with distinct 
characteristics, prognosis, and therapeutic response[10,11]. However, as RGC occurs less 
often, its profiles, distribution of molecular subtypes, and prognostic impact have not 
been evaluated.

Therefore, in this study, we analyzed a cohort of RGC according to molecular 
subtypes of GC using immunohistochemistry (IHC) and in situ hybridization (ISH). 
Clinical and pathological results were also compared with PGC to determine whether 
the expression profile and prognosis are different between PGC and RGC.

MATERIALS AND METHODS
All GC patients who underwent gastrectomy at our Institute between 2009 and 2019 
were retrospectively evaluated. Inclusion criteria were: (1) Tumor located in the gastric 
remnant; (2) Curative intent resection; (3) Histological diagnosis of adenocarcinoma; 
and (4) Formalin-fixed paraffin-embedded tissue blocks available for analysis.

Patients with RGC were enrolled in this study, regardless of the previous resection 
due to benign or malignant disease. Patients with PGC who underwent D2-
gastrectomy with curative intent were selected as the comparison group. Palliative 
resections, non-adenocarcinoma histology, Siewert I-II tumors, and patients with the 
previous resection due to GC less than 5 years apart were excluded.

The clinical variables collected included age, sex, preoperative body mass index 
(BMI), albumin level, hemoglobin level, neutrophil-lymphocyte ratio, American 
Society of Anesthesiologists classification, and comorbidities following Charlson-Deyo 
Comorbidity Index (without the inclusion of age and GC as comorbidity)[12]. 
Clinicopathological and follow-up data of these patients were collected from our 
database of GC patients.

The preoperative staging was performed through abdominal and pelvis computed 
tomography, endoscopy, and laboratory tests. Adjuvant or perioperative platinum-
based chemotherapy (CMT) was administered according to clinical indication (T3/T4 
and/or N+).

Gastrectomy and lymphadenectomy extension followed the recommendations of 
guidelines and were defined by the attending surgeon to achieve a complete R0 
resection[3]. All patients were operated at a high-volume center by specialist surgeons. 
The final stage was classified according to the 8th edition of the Tumor Node Metastasis 
(TNM)-Union for International Cancer Control-American Joint Committee on Cancer 
classification[13].

Postoperative follow-up appointments were performed every 3 mo for the first year, 
and every 6 mo in the following years. Follow-up image tests for recurrence detection 
were performed based on the presence of symptoms. Lost to follow-up was defined as 
an absence for more than 12 mo in follow-up appointments. The study protocol was 
approved by the Institutional Review Board at our Hospital (CAAE: 37009120. 
0.0000.0068).

Tissue microarray
Hematoxylin and eosin (HE) stained slides from all patients selected were reviewed 
for tissue microarray construction. Briefly, three representative tumor cores (1 mm in 
diameter) and two non-tumor gastric mucosa cores were obtained from the formalin-
fixed paraffin-embedded tissue block in each case. Tissue cylinders were punched 
from representative tissue areas of each donor tissue block and brought into one 
recipient paraffin block using a precision mechanized system. Serial 4 μm sections 
were prepared and used for HE staining, IHC, and ISH.

IHC and ISH
The primary antibodies used for IHC were anti-MutL homolog 1 (MLH1) (clone M1), 
anti-MutS homolog 2 (MSH2) (clone G219-1129), anti-MutS homolog 6 (MSH6) (clone 
44), anti-PMS1 homolog 2 (PMS2) (clone EPR 3947), anti-E-cadherin (clone 36B5), and 
anti-p53 (clone DO-7).
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MLH1, MSH2, MSH6, and PMS2 IHC were performed with a BenchMark ULTRA 
fully automated slide processing system (Ventana, Oro Valley, AZ, United States) 
according to the manufacturer’s instructions.

For p53 and E-cadherin staining, the sections were deparaffinized in xylene, 
dehydrated with graded ethanol, and then immersed in methanol with 0.3% hydrogen 
peroxidase to block endogenous peroxidase activity. Antigen retrieval was carried out 
in a pressure cooker. The slides were then incubated overnight at 4 °C with the 
primary antibody. Avidin-biotin-free short polymer-based peroxidase amplification 
system and diaminobenzidine solution as chromogen were used for the development 
of reaction products. The sections were counterstained with hematoxylin.

GC was defined as MSI only if at least one of the markers showed a complete 
absence of nuclear staining in the tumor cells. Tumors that maintained expressions of 
mismatch repair (MMR) protein were considered to be microsatellite stable.

E-cadherin was evaluated using a score of 0 to 3 (0 = complete loss; 1 = cytoplasmic 
expression; 2 = cytoplasmic and membrane labeling; 3 = membrane labeling). Scores 0 
and 1 were considered as loss of expression[14]. The p53 immunoexpression was 
assessed as previously described and classified in p53-normal or p53-aberrant (strong 
nuclear staining in > 70% of tumor cells or loss of p53 expression)[15].

The presence of EBV infection was determined by ISH using probes against Epstein-
Barr encoded ribonucleic acid 1 (EBER1-Y5200). Cases with dark-blue staining in 
tumor cell nuclei were classified as EBV-positive.

All analyses were carried out by two pathologists. When divergence occurred, a 
third one was consulted, and slides were re-evaluated using a multiheaded 
microscope.

According to the results of the IHC and ISH, the subtypes of GC were classified 
according to the following hierarchy: EBV-positive (positive by ISH), MSI (loss of 
MMR protein expression), GS (loss of E-cadherin expression), and CIN (remaining 
tumors, including those with p53-aberrant expression)[10,16].

Statistical analysis
Statistical analysis was performed using SPSS software (v.20.0; Armonk, NY, United 
States). The independent-samples t-test, Mann-Whitney, or analysis of variance test 
was used for continuous data, and the chi-squared test and Fisher’s exact test were 
used for categorical data, as appropriate.

Survival curves were analyzed using the Kaplan-Meier method, and survival rates 
were compared between groups using the log-rank test. Disease-free survival (DFS) 
was defined as the interval between the date of surgery and the date of recurrence, 
death, or the last observation. Overall survival (OS) was calculated from the time of 
surgery until death or the last observation for surviving patients. All tests were two-
sided, and differences were considered significant when P < 0.05.

RESULTS
A total of 40 RGC patients who met the inclusion criteria were enrolled in this study. 
The previous gastrectomy was due to benign disease in 36 (90%) cases and 
adenocarcinoma in the remaining 4 (10%) cases. The type of the previous 
reconstruction was Billroth II and Roux-en-Y in 38 and 2 patients, respectively.

The mean age of patients at the first surgery was 35.2 years [standard deviation (SD) 
= 13.7, range 19-73.7 years], and the average time from the previous operation to the 
diagnosis of RGC was 33.8 years (SD = 12.2, range 5.8-54.5 years). In 6 cases, the tumor 
in the remnant was located in the cardia (Siewert III) and in the body/fundus in the 
remaining 34 cases.

For the PGC group, a total of 284 GC patients were included for analyses, of which 
60.6% underwent subtotal gastrectomy, and the remaining 39.4% underwent total 
gastrectomy. Clinicopathological and surgical characteristics of the RGC and PGC 
groups are shown in Table 1.

Older age (P < 0.001), male (P < 0.001), lower BMI (P = 0.010), and lower 
hemoglobin level (P < 0.001) were associated with RGC patients. On average, 41.9 (± 
17.8) and 23.4 (± 13.5) lymph nodes were dissected in PGC and RGC cases, respectively 
(P < 0.001). No difference was observed regarding Lauren’s type, depth of tumor 
invasion, lymph node metastasis, and pathologic TNM stage between the groups. 
Regarding CMT, 52.8% of patients in the PGC group and 30% of patients in the RGC 
group received some perioperative or adjuvant treatment (P = 0.007).

Concerning the IHC and ISH results (Table 2), a higher incidence of EBV-positive 



Ramos MFKP et al. Remnant gastric cancer subtypes

WJGO https://www.wjgnet.com 269 April 15, 2021 Volume 13 Issue 4

Table 1 Clinical and pathological characteristics of primary gastric cancer and remnant gastric cancer patients

Primary GC Remnant GC

Variables n  284 (%) n  40 (%) P value

Sex < 0.001a

Female 118 (41.5) 5 (12.5)

Male 166 (58.5) 35 (87.5)

Age (yr) < 0.001a

mean (SD) 61.6 (12) 69.0 (7.7)

BMI (kg/cm²) 0.010a

mean (SD) 24.4 (5.4) 22.0 (4.1)

Albumin (g/dL) 0.241

mean (SD) 4.2 (2.0) 3.8 (0.6)

Hemoglobin (g/dL) < 0.001a

mean (SD) 12.3 (2.2) 10.6 (2.1)

Neutrophil lymphocyte ratio 0.600

mean (SD) 2.56 (2.25) 2.75 (1.20)

Charlson-Deyo Comorbidity Index 0.956

0-1 200 (70.4) 28 (70)

> 1 84 (29.6) 12 (30)

ASA classification 0.136

I/II 251 (88.4) 32 (80)

III/IV 33 (11.6) 8 (20)

Tumor size (cm) 0.206

mean (SD) 4.87 (3.14) 5.6 (3.3)

Lauren’s type 0.764

Intestinal 149 (52.5) 22 (55)

Diffuse/mixed 135 (47.5) 18 (45)

Grade of histological differentiation 0.709

Well/moderately differentiated 126 (44.4) 19 (47.5)

Poorly differentiated 158 (55.6) 21 (52.5)

Lymphatic invasion 0.900

No 138 (48.9) 20 (50)

Yes 144 (51.1) 20 (50)

Venous invasion 0.292

No 188 (66.7) 30 (75)

Yes 94 (33.3) 10 (25)

Perineural invasion 0.642

No 144 (51.4) 19 (47.5)

Yes 136 (48.6) 21 (52.5)

Number of lymph nodes < 0.001a

mean (SD) 41.9 (17.8) 23.4 (13.5)

pT 0.590

T1/T2 112 (39.4) 14 (35)
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T3/T4 172 (60.6) 26 (65)

pN 0.617

N0 123 (43.3) 19 (47.5)

N+ 161 (56.7) 21 (52.5)

pTNM 0.518

I/II 155 (54.6) 24 (60)

III/IV 129 (45.4) 16 (40)

aP values are statistically significant. ASA: American Society of Anesthesiologists; BMI: Body mass index; GC: Gastric cancer; SD: Standard deviation; 
TNM: Tumor-node-metastasis.

Table 2 Expression profiles of primary gastric cancer and remnant gastric cancer patients

Primary GC Remnant GC

Variables n  284 (%) n  40 (%) P value

EBV 0.039a

Negative 254 (89.4) 31 (77.5)

Positive 30 (10.6) 9 (22.5)

MSI/MSS status 0.362

MSS 224 (78.9) 29 (72.5)

MSI 60 (21.1) 11 (27.5)

p53 0.121

Normal 177 (62.8) 20 (50)

Aberrant 105 (37.2) 20 (50)

E-cadherin 0.565

Normal 255 90.7) 35 (87.5)

Loss of expression 26 (9.3) 5 (12.5)

Profiles with altered expression (EBV, MSI, E-cadherin, p53) < 0.001a

One or none 261 (91.9) 26 (65)

Two or more 23 (8.1) 14 (35)

Number of altered profiles -

0 86 (30.3) 13 (32.5)

1 175 (61.6) 13 (32.5)

2 23 (8.1) 11 (27.5)

3 0 (0) 2 (5)

4 0 (0) 1 (2.5)

aP values are statistically significant. EBV: Epstein-Barr virus; GC: Gastric cancer; MSI: Microsatellite instability; MSS: Microsatellite stable.

tumors was found in RGC compared to PGC (P = 0.039). Although not significant, the 
aberrant p53 immunostaining was seen most frequently in the RGC (50% vs 37.2%, P = 
0.121). The frequency of MSI and loss of E-cadherin expression were also similar 
between groups. When evaluating the number of alterations in the expression of one 
or more profiles (EBV, MSI, E-cadherin, and p53), the RGC had a greater number of 
cases with simultaneous alteration compared to the PGC. Figure 1 shows the 
frequency of cases according to the profiles evaluated in the RGC and PGC groups and 
the co-altered expression profiles.

After the assessment of the expression profiles, the patients were divided according 
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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 in remnant gastric cancer and primary gastric cancer patients. A: Remnant gastric cancer; B: Primary gastric cancer. 
EBV: Epstein-Barr virus; MSI: Microsatellite instability; NA: No alteration.

to the four molecular subtypes proposed by the Cancer Genome Atlas (Figure 2). For 
RGC, the subtypes were defined as EBV in 9 (22.5%) cases, MSI in 9 (22.5%) cases, GS 
in 1 (2.5%) case, and CIN in 21 (52.5%) cases. For PGC, the subtypes were determined 
as EBV in 30 (10.6%) cases, MSI in 58 (20.4%) cases, GS in 20 (7%) cases, and CIN in 176 
(62%) cases. Clinical and pathological characteristics of RGC patients according to the 
molecular subtypes are presented in Supplementary Table 1. No statistical difference 
was observed between groups for the variables evaluated, including sex, age, 
histological type, and TNM stage. The presence of changes in p53 expression was 
greater in the MSI group (P = 0.044).

Survival analysis
The median follow-up period for the entire cohort was 51.6 mo. The DFS rates for PGC 
and RGC were 53.3.5% and 34.9%, respectively (P = 0.022). OS survival rates were 

https://f6publishing.blob.core.windows.net/0919dea1-6e18-4d77-86fe-624cd153996c/WJGO-13-265-supplementary-material.pdf
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Figure 2 Flowchart showing the classification of molecular subtypes and final distribution. A: Remnant gastric cancer; B: Primary gastric cancer. 
CIN: Chromosomal instability; EBV: Epstein-Barr virus; GS: Genomically stable; ISH: In situ hybridization; MMR: Mismatch repair; MSI: Microsatellite instability.

55.6% and 36.6% for PGC and RGC, respectively (P = 0.028).
Regarding the recurrence site, among the 17 RGC patients with relapse of disease, 

they had a predominantly peritoneal recurrence (52.9%), followed by locoregional 
(41.2%) and distance recurrence (35.3%). Of the 79 PGC patients with relapse, a higher 
frequency of locoregional recurrence (44.3%), and an equal proportion of peritoneal 
and distant recurrence (40.5% for both sites) were observed. Also, 22.8% (18 out of 79 
cases) and 23.5% (4 out of 17 cases) of patients in the PGC and RGC groups had a 
relapse of the disease in two or more sites.

According to the classification of GC subtypes, the survival curves for RGC and 
PGC are demonstrated in Figure 3. In the RGC group, the subtypes of molecular 
classification did not identify subsets of patients in the DFS analysis. The median DFS 
were 20.4, 16.2, 8.8, and 26.3 mo for EBV, MSI, GS, and CIN groups, respectively (P = 
0.669). Conversely, molecular subtypes were significantly associated with DFS in PGC 
(P = 0.004). A better DFS rate was observed for MSI, while the GS subtype had worse 
survival.

For OS, the Kaplan-Meier plot for survival also showed overlapping curves for 
subtypes in RGC. The median OS for EBV, MSI, and CIN groups were 37.4, 27.0, and 
33.3 mo, respectively and not reached for the GS group (P = 0.759). In PGC, we 
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Figure 3 Disease-free survival and overall survival according to the subtypes of molecular classification for remnant gastric cancer and 
primary gastric cancer. A: Disease-free survival of primary gastric cancer; B: Disease-free survival of remnant gastric cancer; C: Overall survival of primary 
gastric cancer; D: Overall survival of remnant gastric cancer. CIN: Chromosomal instability; EBV: Epstein-Barr virus; GS: Genomically stable; MSI: Microsatellite 
instability.

observed a relatively ordered distribution of OS according to the subtypes, with better 
survival attributed to the MSI, followed by EBV, CIN, and GS subtype (P = 0.001).

DISCUSSION
In the present study, the distinct GC molecular subtypes were investigated in 40 
patients with RGC and compared to PGC using routinely applicable techniques. Our 
results demonstrated that RGCs, based on the panel evaluated, comprise a group of 
tumors with a more varied spectrum of changes in their expression profile compared 
to PGC, which may be due to differences related to the process of carcinogenesis in 
this type of GC.

Currently, new classifications based on molecular subtypes have provided a 
convenient screening tool and facilitate the development of targeted agents in clinical 
trials[11,17]. However, RGC is often excluded from trials due to surgical changes related 
to lymph node spread and due to their potential differences in molecular car-
cinogenesis from PGC[2,9,18].

Consequently, even though determining molecular marker may be important to 
identify patients susceptible to developing RGC in clinical practice[19], these subtypes 
and characteristics of profile expression have not been fully exploited in RGC.
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Some molecular alterations have been described in RGC, mainly related to changes 
in the remnant stomach following distal gastrectomy that contribute to tumor 
development[6]. Among these factors, EBV plays a role in gastric carcinogenesis, 
particularly in RGC[20]. EBV-associated GC represents about 10% of GC cases 
worldwide[10], and a high prevalence of EBV positivity in RGC has been reported 
recently—ranging from 22.2%-41.8%[20,21]. In our cohort, 22.5% of RGC patients were 
positive for EBV, which was significantly higher compared to PGC (10.6% in our 
PGC), confirming the relationship between EBV and RGC. It has been suggested that 
repetitive injuries to the gastric mucosa, such as bile reflux and changes in the 
microenvironment, may be involved in the development of EBV-associated GC in the 
remnant stomach[20,22].

Atrophic gastritis of remnant stomach, especially after Billroth II anastomosis, is 
considered the carcinogenic background for EBV-positive RGC. Tanigawa et al[21] 
reported in a series of RGC after distal gastrectomy for peptic ulcer or GC that Billroth 
II cases were frequently associated with EBV infection. In our study, the type of the 
previous reconstruction was Billroth II in 95% of cases, and we also found a high rate 
of EBV infection. The changes of anatomical circumstances in RGC may be the main 
factor, as they directly change the physiological environment and pH value of the 
gastric remnant. These could act as a cofactor mediating EBV infection of the epithelial 
cells or facilitate EBV entering the mucosa epithelia by inducing fusion of EBV 
carrying B cells and epithelial cells[23].

Since the time for tumor development is usually long, and the mean interval 
between the first and the second surgery may be over 30 years, RGC is often associated 
with older age of presentation[2,4]. Accordingly, epigenetic abnormalities may 
accumulate in apparently normal tissue over time, where deoxyribonucleic acid 
(DNA) methylation often correlates with the risk of carcinogenesis[4,24]. As a result, 
carcinogenesis in the remnant stomach is also found to be associated with the MSI 
pathway due to the inactivation of the DNA MMR system[25,26]. In our study, patients 
with RGC were older than PGC (69 years vs 61.6 years, P < 0.001), and the time 
between the first and second surgery for RGC was long (mean of 33.8 years). However, 
although our frequency of MSI in RGC is higher than that described for GC in the 
literature, no statistical difference in MSI was observed compared with our cohort of 
PGC (27% vs 21.1%, P = 0.362, respectively). This may be due to the greater proportion 
of distal tumors among PGC (> 60%), which are generally associated with the presence 
of MSI. When compared only to primary proximal tumors, a previous study showed 
that the MSI rate is higher in RGC (27.5% vs 9.4%, P = 0.022)[27].

In addition to MLH1, other genes may also be associated with hypermethylation in 
RGCs, such as the E-cadherin[19]. E-cadherin plays an important role in cell adhesion 
among epithelial cells, and its mutations are associated with hereditary diffuse GC and 
sporadic GC[14]. A previous study with RGC showed that E-cadherin hypermethylation 
was significantly higher in initially obtained specimens of non-cancerous mucosa from 
patients with the previous diagnosis of benign disease than in all other specimens of 
non-cancerous mucosa[19]. DNA methylation is well known to occur as part of 
carcinogenesis, and risk accumulation in the surrounding non-cancerous mucosa is 
thought to lead to cancer[19,28]. In our study, only one patient experienced a single loss 
of E-cadherin expression while the others had associated positive EBV or MSI, which 
suggests a predominance of alterations by DNA methylation in these patients. Thus, it 
is suggested that establishing a risk model for the investigation of hypermethylation of 
genes involved in gastric carcinogenesis could help in post-gastrectomy endoscopic 
surveillance in these patients.

Remarkably, half of our RGC patients had an aberrant p53 expression. A similar 
result was found in a previous analysis, where p53 overexpression was observed in 
51.1% of RGC patients[21]. Indeed, p53 alterations are more commonly described in 
proximal tumors than in distal ones, suggesting that the molecular events leading to 
the development of GC may be different in proximal vs distal tumors[15]. Furthermore, 
it is suggested that p53 alterations occur early in the development of gastric carcinoma, 
being present even in the non-neoplastic mucosa and increasing in frequency during 
the pathway of development and progression of GC[3,21]. The presence of positive 
epithelial cells for p53 is known to be present in inflammatory conditions, and the 
increase of p53 positive cells in the anastomosis area—especially after BII 
reconstruction—was suggested as a reflection of increased DNA damage by active 
gastritis[21]. In invasive GC, the p53 immunoreactivity is seen in 17%-90.7% of cases[15]. 
In this sense, surveillance of the status of p53 in follow-up endoscopic biopsies could 
serve as a marker for early detection in patients with a previous gastrectomy.

Regarding the other clinicopathological variables, due to the often late diagnosis, 
RGC is commonly related to advanced stages and worse prognostic compared to those 
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for primary GC[5,8,9]. In our cohort, older age, male patients, lower BMI, lower 
hemoglobin level, and an inferior number of resected lymph nodes were related to 
patients with RGC. No difference, however, was observed concerning the TNM stage 
between patients, which have also been described in other series[29-31]. Despite the 
similar stage, fewer patients in the RGC group received chemotherapeutic treatment. 
A lower rate of adjuvant treatment in the RGC was also reported by other authors[32]. 
This may be attributed to the advanced age and postoperative complications related to 
the completion of gastrectomy, which together with other factors contribute to the 
lower adherence to CMT in these patients[33].

The prognostic impact of RGC has long been a matter of debate[2,9]. Compared to 
PGC, patients with RGC had worse survival in our study. Regarding the profiles 
evaluated, previous studies reported that survival was relatively better in MSI and 
EBV GC[10,16], although this was not observed in our RGC patients. This finding may be 
partially attributed to the low number of cases available. Another factor that may 
likely contribute to this finding was the high number of markers that were 
simultaneously altered in RGC. In our study, 35% of RGC patients had changes in 
expression related to two or more profiles, while in primary tumors, only 8% exhibited 
simultaneous changes for EBV status, MSI, p53, and E-cadherin expression.

Some hypotheses may explain these differences. It was found that the binding of the 
proteins encoded by the EBV to p53 can inactivate this tumor suppressor pathway[34]. 
The EBV encoded Epstein-Barr nuclear antigen-5 protein (also designated EBNA-LP), 
which can form a molecular complex with the p53 tumor suppressor protein, may 
cause a prolonged lifespan of wild-type p53 in the EBV-infected remnant carcinomas, 
resulting in positive p53 IHC[34]. The increased DNA damage associated with the MSI 
in RGC development may also contribute to p53 positivity, which is known to be 
present in inflammatory conditions. In our study, 44.4% and 88.9% of patients in the 
EBV and MSI subtypes had aberrant p53 expression, respectively—both superior to 
that found in the CIN group (38.1%), which was expected to have a predominance of 
p53 abnormal expression. Intriguingly, although EBV infection and MSI are reported 
as mutually exclusive in PGC[10,11], we found that 5% of RGC were both EBV-positive 
and MSI, compared to 0.7% in PGC. Still, the loss of E-cadherin expression was also 
evidenced along with alterations in other markers in RGC, suggesting that alterations 
in expression may be predominantly related to methylation events.

The present study has some limitations. Firstly, there was selection bias in this study 
due to its retrospective nature. Only cases that underwent gastrectomy were included, 
so we do not know whether non-resected patients and those undergoing palliative 
treatment have different characteristics from patients undergoing curative treatment. 
Secondly, the sample size was relatively small. In this sense, some analyses were 
limited. We did not analyze according to the indication for the previous operation or 
the previous reconstruction method. The GC panel was evaluated through the tissue 
microarray construction, in which representative tumor samples were selected. 
However, we examined three tissue cores per case, as previously recommended[35], to 
avoid bias due to tumor heterogeneity.

As for strengths, we investigated in RGC patients a classification of tumors into four 
groups based on applicable and easily reproducible techniques in clinical practice. All 
patients were treated in a single western center, and we provide a cohort of PGC as a 
comparative group. This allows a precise estimate of the IHC/ISH diagnostic accuracy 
and lower prognostic influence of surgical complications and perioperative care.

Thus, clarifying the characteristics and expression profile of RGC is still required to 
improve oncological outcomes in affected patients. As the frequency of simultaneous 
changes in the expression determined by IHC and ISH that characterize more than one 
molecular subtype is high, further investigations with the addition of other molecular 
techniques should be conducted to assess which markers could best define the GC 
subtypes and stratify patients with RGC into the appropriate screening, surveillance, 
or treatment programs.

CONCLUSION
RGC was associated with EBV positivity and higher rates of co-altered expression 
profiles compared to PGC. There was no difference in survival in RGC according to 
the molecular subtypes of GC.
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ARTICLE HIGHLIGHTS
Research background
Remnant gastric cancer (RGC) is defined as a carcinoma arising in the stomach 
remnant after a previous gastrectomy. Despite the improvement in diagnosis and 
treatment, difficulties in predicting the prognosis and the best therapeutic approach in 
RGC patients are still challenges in clinical practice.

Research motivation
New classifications based on molecular subtypes have provided a promising 
prognostic tool and facilitate the development of targeted agents in clinical trials. 
However, gastric cancer (GC) profiles and the distribution of molecular subtypes have 
not been evaluated for RGC.

Research objectives
This study aimed to evaluate RGC according to molecular subtypes and determine 
whether the expression profile is different between RGC and primary GC (PGC).

Research methods
RGC patients who underwent gastrectomy between 2009 and 2019 were assessed 
using a panel of immunohistochemistry (IHC) and in situ hybridization (ISH): Epstein-
Barr virus (EBV) ISH, IHC for mismatch repair proteins (MutL homolog 1, MutS 
homolog 2, MutS homolog 6, and PMS1 homolog 2), p53 protein, and E-cadherin 
expression.

Research results
A total of 40 RGC patients were included, and 284 PGC served as a comparison group. 
EBV-positive tumors were higher in RGC compared to PGC (P = 0.039). The frequency 
of microsatellite instability, aberrant p53 immunostaining, and loss of E-cadherin 
expression were similar between RGC and PGC. Higher rates of simultaneous changes 
in two or more profiles were observed in RGC compared to PGC. According to the 
molecular classification, there was no significant difference in survival between the 
subtypes of RGC.

Research conclusions
The presence of EBV-positive was significantly higher in patients with RGC compared 
to PGC. In addition, they also exhibited higher rates of co-altered expression profile 
profiles compared to PGC.

Research perspectives
Our findings provide new data regarding the profiles of RGC according to the 
subtypes of molecular classification, reflecting potential differences from PGC that 
may assist in determining which markers could best define GC subtypes and stratify 
patients with RGC to the appropriate screening and treatment programs.
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