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Abstract
Gastric cancer has a dismal prognosis and remains one of the deadly diseases worldwide. It has increasingly 

been recognized that gastric cancer is a heterogeneous disease, which may be subdivided into different groups 
based on histological, anatomical, and molecular classifications. New classifications combining histological features, 
anatomical locations, and molecular signatures will help improve our understanding of the biology and pathogenesis, 
and aid in finding novel therapeutic targets in gastric cancers.

Gastric Cancer: Is Era of Molecular Classification Here?
Xuchen Zhang1* and Antonio Galvao Neto2

1Department of Pathology, Yale University School of Medicine and VA Connecticut Healthcare System, New Haven, USA 
2Department of Pathology, New York University School of Medicine, New York, USA 

Keywords: Gastric carcinoma; Classification; Molecular pathology

Although the incidence of gastric cancer in the United States has 
been decreasing [1], gastric cancer is still the fourth most common 
malignancy and the second leading cause of cancer-related death 
worldwide [2]. Most patients with gastric cancer present with advanced 
stage disease with an overall survival of approximately 20% [1]. Despite 
the improvements of treatment modalities in recent years, the 5-year 
survival is still dismal which remains less than 30% [1,3,4]. Molecular 
classification of other cancers has contributed to the development of 
personalized and/or targeted therapies and showed improved survival. 
Though molecular classifications based on gene expression profile and 
proteomics have been proposed in gastric cancers [5-7], these have not 
been routinely used toward gastric cancer classification and selection 
for personalized/targeted therapies.

Gastric carcinoma is a heterogeneous group of tumors, 90% of 
which are adenocarcinomas [8]. Clinically, gastric carcinomas are 
classified as early or advanced based on the depth of invasion. Early 
gastric carcinoma is defined as invasive carcinoma limited to the 
mucosa and submucosa, irrespective of lymph node metastasis. Tumor 
invading beyond these layers is classified as advanced carcinoma. 
In contrast to advanced carcinoma, the 5-year survival rate in early 
gastric carcinoma ranges from 85% to 100% [8]. In respect to anatomic 
locations, gastric adenocarcinomas are subclassified as cardial/
proximal or distal tumors. Of note, recent studies have demonstrated 
that adenocarcinomas anatomically located within the gastric cardia 
are a heterogeneous group with different molecular profile, biologic 
behavior, and clinical prognosis [9]. This may be caused in part by 
different anatomic definitions of the gastric cardia and esophagogastric 
junction (EGJ) [9]. The occurrence of distal tumors has decreased 
in recent decades; however, the occurrence of proximal tumors has 
increased, especially in industrialized countries [8]. The most recent 
American Joint Commission on Cancer Staging System requires that 
cancer in which the midpoint is in the lower thoracic esophagus, EGJ, 
or within the proximal 5 cm of the stomach (cardia) that extend into the 
EGJ or esophagus to be classified as adenocarcinoma of the esophagus. 
In contrast, all other cancers with a midpoint in the stomach lying 
more than 5 cm distal to the EGJ, or those within 5 cm of the EGJ 
but not extending into the EGJ or esophagus, to be classified as gastric 
cardiac carcinoma [10].

Based on histopathologic features, several classification 
systems have been proposed to aid in the classification of gastric 
adenocarcinoma. The two most commonly used classifications are the 
Lauren’s and World Health Organization (WHO) systems.

The Lauren’s classification system was first introduced in 1965 [11], 
which is still widely used and accepted worldwide. In this classification, 

gastric adenocarcinomas are divided into 2 main types: intestinal and 
diffuse. Of note, tumors with features of both intestinal and diffuse types 
are designated as mixed-type adenocarcinomas. The intestinal type is 
characterized by the formation of glands resembling those of colorectal 
adenocarcinoma whereas, instead of forming glands, diffuse type 
gastric adenocarcinoma is composed of individual or poorly cohesive 
nests of cells growing in an infiltrative pattern. Often in times, these 
cells contain abundant intracytoplasmic mucin, giving the appearance 
of the so-called “signet ring cells.” Additionally, strong desmoplastic 
stromal response to the tumor cells may be present, contributing to the 
firm and rigid stomach wall often seen in diffuse lesions.

The WHO scheme subtypes gastric adenocarcinomas into 5 main 
types. This is based on the predominant morphologic component of 
the tumor and includes: papillary, tubular, mucinous, poorly cohesive 
(including signet-ring cell carcinoma and other variants), and mixed 
adenocarcinomas [12]. Regardless of the Lauren’s, WHO or other 
classifications, there is little evidence in the literature in observation 
to the correlation between these different classifications, particularly 
with the molecular signatures present in each subtype. Furthermore, 
the current classifications have a limited role in helping select patients 
with gastric cancer for specific target therapies or clinical trials [13]. As 
a consequence, there is an urgent need for a new classification of gastric 
cancer that provides insight into molecular mechanisms and predicts 
treatment response.

Most recently, Lei et al. proposed a new gastric cancer classification 
which was based on 192 previously reported [14] and 56 new microarray 
expression profiles [15]. The authors included 248 Singaporean primary 
gastric cancers in their study. In the study, the tumors were classified into 
3 groups: proliferative, metabolic and mesenchymal. The classification 
was also validated by the use of a separate set of 70 Australian primary 
gastric cancers. The tumors in the mesenchymal group showed high 
activities of the epithelial-mesenchymal transition and cancer stem 
cell (CSC) pathways, high mRNA levels of CDH2 (N-cadherin) 
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and low levels of CDH1 (E-cadherin), and association with the p53, 
transforming growth factor β, vascular endothelial growth factor, 
nuclear factor κ-light-chain enhancer of activated B cells, mammalian 
target of rapamycin (mTOR), and sonic hedgehog pathways. The 
tumors in the proliferative group were associated with high activities for 
several oncogenic pathways: E2F, MYC and RAS. Finally, the tumors in 
metabolic group showed high metabolism pathways and high activity 
for a pathway related to a particular kind of gastric metaplasia termed 
spasmolytic-polypeptide-expressing metaplasia (SPEM), which has 
been proposed as an intermediate step in the development of gastric 
adenocarcinoma [16,17]. The authors also assessed the histological 
and clinical relevance of the new classification scheme, and found the 
mesenchymal subtype is strongly associated with the Lauren’s diffuse 
type (59% of mesenchymal subtypes are Lauren’s diffuse type), and the 
proliferative subtype is strongly associated with the Lauren’s intestinal 
type (74% of proliferative subtypes are Lauren’s intestinal type). 
Interestingly, the third metabolic subtype tumors are nearly evenly 
split between the Lauren’s diffuse (41%) and intestinal (54%) types. 
More importantly, this new molecular classification provided guidance 
for the selection of chemotherapeutic agents in the treatment of gastric 
cancers. In their study, the gastric cancers of the metabolic group were 
highly sensitive to 5-fluorouracil (5-FU) with a 100% 5-year survival 
among Singaporean patients. Meanwhile, mesenchymal subtype gastric 
cancer cell lines are sensitive to compounds (inhibitors) that target the 
phosphatidylinositol 3-Kinase (PI3K)–AKT–mTOR pathway.

Depth of invasion of the tumor, histopathologic features, lymph 
node or remote organ metastasis, TNM staging, Her2 status and other 
molecular markers are known to be associated with gastric cancer 
prognosis. Therefore, the importance of a new molecular classification 
is clear–gastric cancer can no longer be seen as one disease. The one-
size-fits-all treatment approach will be a thing of the past. Further 
studies are needed to incorporate this new molecular classification into 
the already known prognostic factors. The technology is now available 
to conduct molecular classification, improve our understanding of the 
biology, and aid in finding novel therapeutic targets in gastric cancers. 
We are at the dawn of the era of truly personalized gastric cancer 
care. And based on a number of molecular changes current treatment 
of gastric cancer should and will be replaced with individualized 
treatment plan.
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