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Abstract: Gastric cancer (GC) is one of the most common malignancies worldwide and it is the fourth
leading cause of cancer-related death. GC is a multifactorial disease, where both environmental and
genetic factors can have an impact on its occurrence and development. The incidence rate of GC
rises progressively with age; the median age at diagnosis is 70 years. However, approximately 10%
of gastric carcinomas are detected at the age of 45 or younger. Early-onset gastric cancer is a good
model to study genetic alterations related to the carcinogenesis process, as young patients are less
exposed to environmental carcinogens. Carcinogenesis is a multistage disease process specified by
the progressive development of mutations and epigenetic alterations in the expression of various
genes, which are responsible for the occurrence of the disease.

Keywords: gastric cancer; H. pylori; incidence; mortality; molecular markers; adjuvant chemotherapy;
targeted therapy

1. Introduction

The cancer development process is caused by both genetic and environmental factor influences.
Around 50% of cancer incidents might be provoked by environmental agents, mostly dietary habits and
social behavior. The development and progression of tumors is a multiannual and multistage process.
Cancer usually occurs after 20-30 years of exposure to damaging carcinogenic agents. The possibilities
of modern medicine allow for better recognition of most cancers, in their advanced stages, where among
50% of cases radical resection enables recovery.

Gastric cancer (GC) is a multifactorial disease, where many factors can influence its development,
both environmental and genetic [1]. Current statistics display GC as the fourth leading cause of cancer
deaths worldwide, where the rate of median survival is less than 12 months for the advanced stage [2].
Gastric carcinoma as a malignancy of a high aggressiveness with its heterogenous nature, and still
constitutes a global health problem [3]. That is why alternative prevention, considered as a proper
diet, early diagnosis and follow-up proper treatments, leads to the reduction of recorded incidents [4].
GC is rather rare and is not prevalent in the young population (under 45 years of age), where no more
than 10% of patients are suffering from disease development [5-9].
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The most popular classification of GC is the Lauren classification. According to this division,
two subtypes of GC are displayed: intestinal and diffuse [10]. They present different characteristics,
including clinical features, genetics, morphology, epidemiology and expansion properties. This division
also has an impact on surgical decisions, regarding the range of stomach resections. The intestinal
subtype encompasses tubular and glandular elements, with multiple degrees of differentiation.
The diffuse subtype displays poorly cohesive single cells without gland formation [11,12]. Additionally,
GC with signet ring cells is relatively prevalent, being classified as a “diffuse type” according to the
Lauren classification [10]. Currently, signet ring cell carcinoma is described as a weakly cohesive type
of cancer, consisting mostly of tumor cells with prominent cytoplasmic mucin and an eccentrically
placed crescent-shaped nucleus [13]. Regarding the age at the diagnosis, GC is divided into early-onset
gastric carcinoma (45 years or younger) and conventional GC (older than 45) [9,14].

Describing the pattern of signatures for GC development might be an important approach for
better recognition of treatment strategies. To reveal these signatures, it is of great importance to find
future appropriate therapies in personalized medicine.

2. Epidemiology and Risk Factors for Gastric Carcinoma Development

2.1. Incidence, Mortality and Geographical Variability

Every year, around 990,000 people are diagnosed with GC worldwide, of whom approximately
738,000 die [15]. GC is the fourth most common incident cancer and the second most common cause of
cancer death [16].

GC incidence is different concerning sex and geographical variability. Men are two to three times
more susceptible than women [15]. The incidence displays huge geographical diversity. It is noted that
more than 50% of new incidents come up in developing countries. Areas with the highest probability
for GC development encompass regions like Central and South America, Eastern Europe and East
Asia (China and Japan). The low-risk regions include Australia and New Zealand, Southern Asia,
North and East Africa and North America [17]. The five-year survival rate is mildly good only in
Japan. In Europe, the ratio fluctuates between 10-30% [18]. The increased five-year survival rate is
probably due to early diagnosis using the endoscopic examination method, which allows for the early
detection and resection of cancer.

2.2. Trends

GC incidence rates have decreased in the last few decades in most parts of the world [19].
The decline in sporadic intestinal types of GC is observed, and the occurrence of the diffuse type GC
has increased [20,21]. The rate of proximal GC is higher in comparison to the distal one. This trend
might be explained by the increased standards of hygiene, better food conservation, a high intake of
fresh fruits and vegetables and Helicobacter pylori eradication [22].

2.3. Risk Factors

Several factors have been noted to have a significant impact on the increased risk of developing
GC, like family history, diet, alcohol consumption, smoking, Helicobacter pylori and Epstein—Barr virus
(EBV) infections, which are summarized in Figure 1.

A family history of GC is also one of the most crucial risk factors [23]. However, GCs are mostly
sporadic, around 10% display a familial aggregation [24]. Inherited GCs with a Mendelian inheritance
pattern encompass less than 3% of all gastric carcinomas [25]. Hereditary diffuse gastric cancer (HDGC)
is the most recognizable familial GC, which is caused by cadherin 1 gene (CDH1) alterations. The risk of
gastric carcinoma in patients with a family history is around three-fold higher than among individuals
without such a history [26]. The number of available studies on GC incidence and family history is rather
low, the family history of individuals undergoing health check-ups has been noted for around 11% [27].
The ratio of GC with a family history is greater in Asian regions than in Europe and North America,
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however the frequency of HDGC, in comparison to the incidence of familial gastric carcinogenesis in
Asia, is rather low [28]. Therefore, environmental agents, more than genetic alterations, can affect the
development of familial GC in countries with an increased incidence of the disease.

Epstein-
Barr
virus

Figure 1. Risk factors for GC development.

The correlation between dietary factors and the risk of GC development has been broadly
studied. The World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR)
summarized that fruit and vegetables are protectors against GC development, whereas broiled and
charbroiled animal meats, salt-preserved foods and smoked foods probably enhance GC progression [29].
Food carcinogens might interact with gastric epithelial cells and provoke changes in genes and their
expression. Interestingly, a high intake of sodium chloride was described as devastating the gastric
mucosa, promoting cell death and regenerative cell proliferation in animal models [30]. The dietary or
endogenous role of N-nitroso compounds has been displayed to significantly increase gastrointestinal
cancer risk, mostly among non-cardia GCs [31].

Among a variety of habits which play a role in GC development, the impact of smoking and
alcohol intake has been considered. Studies show that smokers display around an 80% increase in the
risk for GC development among non-drinkers. Additionally, heavy drinkers show a higher risk of GC;
in a group of smokers, the risk of GC is estimated to be 80% [32]. In the European prospective nutrition
cohort study, 444 cases of GCs were examined; heavy alcohol intake at the baseline was positively
correlated with GC risk, whereas a decreased intake was not [33]. Intestinal non-cardia carcinoma was
accompanied by heavy alcohol consumption. The dependence between alcohol intake and the risk of
GC development was studied in a Korean population showing the ALDH?2 genotype [34]. Among a
group of patients with ALDH2*1/*2 carriers, current/ex-drinkers displayed a higher probability for
cancer development in comparison to the group of never/rare drinkers. The study showed the
association for alcohol consumption and GC development among a group of patients with ALDH?2
polymorphisms and the ALDH2*1/*2 genotype.

Helicobacter pylori (H. pylori) is a Gram-negative bacterium that has been described as a class I
carcinogen of GC development by the World Health Organization since 1994 [35]. The effect of H. pylori
on the oncogenesis process has been described by two main mechanisms: an indirect inflammatory
reaction to H. pylori infection on the gastric mucosa and a direct epigenetic outcome of H. pylori on gastric
epithelial cells [36]. Several virulence factors of H. pylori, like CagA or VacA, are noted to increase
the risk of GC development [37]. H. pylori with cagA and vacA relate to a higher risk of developing
both intense tissue responses and premalignant and malignant lesions in the distal stomach [38].
Multiple epidemiological studies have shown that H. pylori infection is one of the risk factors of GC
development. Besides, H. pylori infection impairs the gastric tissue microenvironment, promoting
epithelial-mesenchymal transition (EMT) and further GC progression [39,40].
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Apart from H. pyloriinfection, the second factor associated with GC development is the Epstein—Barr
virus (EBV). EBV is a ubiquitous infectious factor. The EBV genome subsists in the tumor cells and
transforming EBV proteins are expressed among them [41]. About 10% of GCs have been described
to be EBV-positive, but there is not enough evidence for a distinct etiological role of EBV in GC
development [42]. EBV-positive gastric carcinomas differ due to patients” characteristics, like sex,
age or anatomic subsite, and decrease with age among males [43].

3. Gastric Cancer Classification

3.1. Classification Systems in Gastric Cancer

In 1965 the Lauren classification of GC was established, and nowadays it is the most frequently used,
compared to other available GC classifications [10]. According to the Lauren division, two histological
subtypes of GC can be distinguished—intestinal and diffuse; later the indeterminate type was also
included to characterize infrequent histology. Signet ring cell carcinoma is assigned to the diffuse
subtype. Multiple studies have shown that the intestinal type is the most common, the second is diffuse
and ending with the indeterminate type [10]. Intestinal carcinoma is characterized by visible glands
and cohesion between tumor cells. The diffuse subtype encompasses poorly cohesive cells, diffusely
infiltrating the gastric wall with little or no gland formation. The cells are usually small and round,
also with a signet ring cell formation. There is evidence that the intestinal subtype is associated with
intestinal metaplasia of the gastric mucosa and the occurrence of H. pylori infection. Some studies also
revealed that the incidence of the diffuse GC subtype is higher among females and younger patients,
and that this type of GC originates from the normal gastric mucosa [44].

The World Health Organization (WHO) classification issued in 2010 is perceived to be the most
detailed among all classification systems. The WHO classification, apart from stomach adenocarcinomas,
also describes other types of gastric tumors with decreased attendance [45]. The gastric adenocarcinoma
type includes multiple subgroups, like tubular, mucinous, papillary and mixed carcinoma, which are
similar to the indeterminate type according to the Lauren classification system. The poorly cohesive
carcinoma type contains the signet ring cell carcinoma. The remainder of the classified gastric
adenocarcinomas are described as uncommon, mainly because of their low clinical importance.
Following the WHO classification, the most common GC subtype is tubular adenocarcinoma, then the
papillary and mucinous types. The signet ring cell carcinoma encompasses around 10% of GCs and is
described by the occurrence of signet ring cells in over 50% of the tumor [44—47].

GC development onsets are present in Figure 2, where the percentage of each carcinoma is displayed.

Gastric Cancer Subtypes

M Conventional Gastric Cancer
M Early-Onset Gastric Cancer
M Gastric Stump Cancer

W Hereditary Diffuse Gastric Cancer

Figure 2. Onsets of gastric cancer development.
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3.2. Conventional Gastric Cancer

Gastric carcinomas that appear intermittently mostly occur among the older population, at over
45 years of age, and are so-called “conventional gastric cancers”. The genetic factors that cause cancer
development are less important in this type of cancer, where environmental agents are prevalent [48].
Patients are diagnosed between 60 and 80 years of age. These gastric carcinomas affect mostly men,
who are two times more likely to develop them than women [49,50].

3.3. Early-Onset Gastric Cancer

Early-onset gastric cancer (EOGC) is described as a GC occurring at the age of 45 years or
younger. Around 10% of GCs are categorized as EOGCs, however rates differ between 2.7% and
15%, depending on the performed cohort studies [14]. In the young population, diffuse lesions are
more frequent and they are related to the background of the histologically “normal” gastric mucosa.
Young patients are less exposed to environmental carcinogens, therefore, an EOGC is a good model to
study genetic alterations in the gastric carcinogenesis process [51]. H. pylori infection is important for
the development of tumors in EOGC patients, however, there is no statistically significant difference
in the distribution of IL1f3 polymorphisms between young and old patients [9]. EBV infection is
observed to be importantly decreased or absent in EOGCs [52]. It is postulated that around 10% of
EOGCs have a positive family history [53]. It has been revealed that the early-onset type has different
clinicopathological characteristics compared to the conventional subtype, which suggests that they
display separate models within gastric carcinogenesis, and molecular patterns support this [54].

3.4. Gastric Stump Cancer

Gastric stump cancer (GSC) is described as a carcinoma in the gastric remnant after partial gastric
resection, usually due to peptic ulcer disease (PUD). The incidence of GSC varies from 1% to 8% [55].
The major pathogenesis of GSC is biliary pancreatic reflux, provoking chronic inflammation of the
mucosa, followed by atrophic gastritis, intestinal metaplasia and dysplasia. Other possible causes
are achlorhydria and bacteria overgrowth, and H. pylori seem to be the main agent included in the
etiopathogenesis of the GSC [56]. The surveillance of these patients with endoscopy and biopsies
might allow for the early diagnosis of these patients, however, the benefit to cost ratio is still to be
considered. Viste et al. (1986), made a comparison of GSC patients with other GC patients and
discovered relevant differences in gender, age, staging, resectability rates and operative procedures,
however, the postoperative mortality and survival rates were approximate [57].

3.5. Hereditary Diffuse Gastric Cancer

Hereditary diffuse gastric cancer (HDGC) is an autosomal dominant susceptibility for diffuse GC,
a weakly differentiated adenocarcinoma that penetrates into the stomach wall leading to the thickening
of the wall, usually without producing an explicit mass. The median age of HDGC onset is around
38 years, with a range of 14-69 years [58]. HDGC should be considered for screening with several
important symptoms, like two or more documented cases of diffuse GC in first- or second-degree
relatives, with at least one diagnosed before the age of 50, or three or more cases of documented diffuse
gastric cancer in first/second-degree relatives, independent of the age of onset [59]. When clinical
characteristics and family history are insufficient, the identification of a heterozygous germline CDH1
pathogenic variant using screening with available genetic tests checks out the diagnosis and enables
for family research [60,61].

Among CDH1 mutation-negative patients within HDGC families, there were displayed candidate
mutations within genes of high and moderate penetrance, like: BRCA2, STK11, ATM, SDHB, PRSS1,
MSR1,CTNNA1 and PALB2 [62]. Therefore, in HDGC families, with no detected alterations in the CDH1
gene, the clinical importance of other tumor suppressor genes, like CTNNA1, should be considered.
CTNNAT1 is concerned in intercellular adhesion and is a questionable tumor suppressor gene for HDGC.



Int. ]. Mol. Sci. 2020, 21, 4012 6 of 20

The group discovered a novel variant (N1287fs) in the BRCA2 gene, which is the first report of the
occurrence of a truncating BRCA2 variant among HDGC families. That is why it is important to
consider HDGC syndrome as associated to CDHI mutations and closely related genes, then consider
the clinical criteria of families with heterogeneous susceptibility profiles.

4. Genomic Characteristics of Gastric Cancer Development

Many studies on the molecular biomarkers of GC have been broadly investigated to reveal the
wide spectrum of recognition patterns in this field. The main signatures for GC disease development
encompass the modules of HER2 expression, factors that regulate apoptosis, cell cycle regulators,
factors that influence cell membrane properties, multidrug resistance proteins and microsatellite
instability [63], which are presented in Table 1.

Table 1. Molecular biomarkers in gastric cancer development.

Molecular Biomarker Impact on Gastric Cancer Development Authors
-Amplification and overexpression in GC, the positive cases range
from 6% to 30%.
HER2 -HER2/neu amplification is higher in the intestinal histologic subtype of GC, [64,65]

compared to the diffuse subtype, and is not associated with gender and age,
but with the poor survival of GC patients.

-Mutations in the p53 gene occur in the early stages of gastric carcinoma,
p53 and their frequency is increased in advanced stages of cancer development. [66,67]
-TP53-positive patients are also classified as one of the GC subtypes.

-The expression of PDLI1 is significantly increased in cases with PCNA and
PD1 C-met expression, EBV-positive, and without metastasis; a better outcome is [68]
associated with increased PD-L1/PD-1 expression.

-The p73 gene is not an object of genetic modification in gastric
p73 carcinogenesis, wild-type p73 is quite often highly expressed in GC tissues by [69]
transcriptional induction of an active allele or the activation of a silent allele.

The expression level of the MDM2 protein is importantly increased in
mdm2 intestinal metaplasia and gastric carcinomas in comparison to simple [70]
intestinal metaplasia and chronic gastritis.

Lymph node metastases, depth of invasion and the negative expression of

Bel-2 Bcl-2 are associated with an increased chance of cancer recurrence. (711
-Cyclin D1 is a positive regulator of the cell cycle process; retinoblastoma
protein (pRb) acts as cell cycle repressor, it promotes G1/S arrest and growth
Rb restriction through the inhibition of the E2F transcription factors; their higher
P expression is merged with cell overgrowth and cancer development. [72,73]
CCND1 -The expression of pRb and cyclin D1 might be present in the early stages of "

gastric carcinogenesis, with the higher expression of Rb and cyclin D1 among
nonneoplastic mucosa comprising dysplasia, intestinal metaplasia,
atrophy and gastritis to carcinoma.

The p16 gene plays a main role as a tumor suppressor gene, the deletion of
pi6 the p16 gene is associated with the carcinogenesis process, as well as the [74]
progression of gastric carcinoma.

Cyclin-dependent kinase inhibitor 1B, called p27X¥P! with low protein
expression in GC, is assigned to advanced tumors, it is importantly higher in

p27Kir ) . . . . ) [75]
weakly differentiated cases and is described as a negative prognostic factor
for the survival of patients.
Mucins are a group of extracellular, huge molecular weight, strongly
glycosylated proteins; they have significant characteristics assigned to cell
MUC signalling, the creation of chemical barriers, facilities to create a gel, a major [76,77]

function related to lubrication. One of their main roles is also as an inhibitory
function, and the high expression of mucin proteins, like MUC1, MUC2,
MUCS5AC and MUCE6 is associated with gastric carcinogenesis process.
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Table 1. Cont.

Molecular Biomarker Impact on Gastric Cancer Development Authors

The overexpression of MRP2 is significant in the initial absence of reaction to
MRP2 chemotherapy treatments of tumors, which allow us to consider it as an [78]
important biomarker for chemotherapy response.

MDR1 is a very significant candidate gene in the progress of GC susceptibility,
MDR1 as well as displaying an important impact on drug resistance response, [79,80]
and the knockdown of MDR1 might reverse this phenotype among GC cells.

The expression of GST-P is visibly increased in tumors that are chemically
GST-P induced, it is also associated with tumor invasion and recurrence, [81,82]
as well as poor prognosis.

-Microsatellite instability (MSI) is an important indicator of the DNA
mismatch repair deficiency, which is an agent in the higher accumulation of
genetic alterations in gastric carcinogenesis; MSI-positive patients do not
MSI have a high content of targeted mutations, some of them were detected in [83,84]
PIK3CA, EGFR, ERBB3 and ERBB2 genes.
-GC cases with a high MSI can have long-term survival, regardless of the
positive resection margin status.

Abbreviations: HER2—tyrosine kinase-type cell surface receptor, p53—tumor protein p53, PD-1—cell surface
receptor programmed death-1 and its ligand (PDL1), p73—tumor protein p73, mdm2—murine double minute gene 2,
Bcl-2—B-cell lymphoma 2, pRb—retinoblastoma protein, CCNDI—cyclin D1 gene, p16—cyclin dependent kinase
inhibitor 2A, p275#1—cyclin-dependent kinase inhibitor 1B, MUC—mucin, MRP2—multidrug resistance-associated
protein 2, MDRI—multidrug resistance 1 gene, GST-P—glutathione S-transferases Pi, MSI—microsatellite instability,
PIK3CA—phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha, EGFR — epidermal growth factor
receptor, ERBB3—Erb-B2 receptor tyrosine kinase 3, ERBB2—Erb-B2 receptor tyrosine kinase 2.

Possible Biomarkers of Gastric Cancer

Carbohydrate antigen 19-9 (CA 19-9) is the serum tumor marker most commonly used in cases of
pancreatic cancer diagnosis or therapy monitoring. Physiologically, the serum concentration of CA
19-9 is small (less than 37 U/mL), being overexpressed in inflammatory conditions (e.g., pancreatitis) or
other gastrointestinal diseases (esophageal, gastric or biliary cancers) [85]. The utility of CA 19-9 as
a diagnostic biomarker of GC is slightly controversial and the results of the studies usually remain
contradictory. Feng et al. reported that increased levels of CA 19-9 are associated with female gender
and the presence of lymph node metastasis [86]. CA 19-9 might be associated with the tumor depth,
tumor stage and lymph node metastasis in GC patients [87,88]. Besides, serum CA 19-9 levels are more
diagnostically important than CEA regarding the estimation of the tumor size [89]. Serum levels of CA
19-9 are higher in GC patients compared to those with gastric benign diseases [90]. Increased CA 19-9
concentrations can also constitute a marker of an early recurrence after curative gastrectomy for GC,
as well as of possible peritoneal dissemination [91,92]. Increased serum CA 19-9 and CA 72-4 levels are
associated with an increased mortality rate among GC patients [93]. Song et al. reported that increased
CA 19-9 levels are primarily observed in cases of stage III/IV group GC relative to the I/II group [94].
Usually, single tumor markers are not sufficiently sensitive and specific, therefore, the combined
detection of several markers is inherent. In cases of GC, serum CA 19-9, carcinoembryonic antigen
(CEA), carbohydrate antigen 72-4 (CA 72-4) and carbohydrate antigen 15-3 (CA 15-3) are important
during an early GC diagnosis and therapy monitoring [95,96].

5. Prevention and Treatment Strategies

5.1. Prevention Strategies for Gastric Cancer

The two main primary prevention activities for gastric carcinoma at a population level could
encompass a better diet habit and a lowering of the occurrence of H. pylori infection, the major cause
of GC. The secondary prevention strategy is early detection using available resources, mainly the
endoscopic method, as a gold standard.
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5.2. Improvement in Diet

Prevention through dietary intervention might be possible through a higher intake of fresh fruit
and vegetables and the restricted consumption of salt and salt-preserved food. Lifestyle modifications,
including a higher level of physical activities and smoking limitation, could also reduce the risk of getting
the disease. Fruit and vegetables are rich sources of folate, carotenoids, vitamin C and phytochemicals,
which might have a protective role in the carcinogenesis process [97]. In the European Prospective
Investigation into Cancer and Nutrition, 330 GC patients, both men and women, were examined [98].
A preventive role of vegetable consumption was displayed, mostly for the intestinal type of GC. Citrus
fruit intake could play a role in protection against gastric cardia cancer. A subsequent report by the
International Agency for Research on Cancer (IARC) described that the increased consumption of fruit
“probably”, and higher intake of vegetables “possibly”, reduces the risk of GCs [99].

5.3. Helicobacter pylori Eradication

The prevention of GC development through H. pylori eradication is another approach.
The explanation that the bacterium is a disease-causing factor allowed some authors, by 2005, to call
for different programs to eradicate the infection among the population, as a way to limit the disease
development [100]. A meta-analysis conducted by Ford et al. (2014) provides limited, moderate-quality
proof that H. pylori eradication causes a reduction in the incidence of GC in healthy, asymptomatic,
infected Asian individuals, however, these results cannot necessarily be extrapolated to various
populations [101]. In the Shandong Intervention Trial, after two weeks of antibiotic dosing for H. pylori,
the prevalence of precancerous gastric lesions decreased, while 7.3 years of oral supplementation with
garlic extract, selenium and vitamins C and E did not [102]. In the prospective trial performed by
Choi et al. 2014, the eradication of H. pylori after the endoscopic resection of GCs did not lower the
incidence of metachronous gastric carcinoma [103]. Fukase et al. (2008) checked the prophylactic effect
of H. pylori eradication on the development of metachronous gastric carcinoma after the endoscopic
resection of early GC [104]. The study confirmed that the prophylactic eradication of H. pylori after
the endoscopic resection of early GC should be used to prevent the development of metachronous
gastric carcinoma. Although the randomized trials showed that H. pylori treatment might decrease GC
incidence by 30-40%, there are still significant restrictions to the displayed data [104].

5.4. Early Detection Importance

The early detection of GC requires financial and population support, as well as available health
services. Several tests are recommended and were used in various countries for GC screening. In Japan,
mass screening for gastric carcinoma with a photofluorography method was started in 1960. Currently,
over 6 million people are examined each year. The sensitivity and specificity of photofluorography are
70-90% and 80-90%, respectively. The five-year survival rate is 15-30% better among screen-detected
cases than in symptom-diagnosed patients [105]. Additionally, endoscopic examination for gastric
carcinoma has a higher sensitivity than the radiographic method [106]. The sensitivity of the endoscopic
method in the population study was higher or the disclosure of distant or regional GC than for localized
GC [106]. Upper gastrointestinal endoscopy has been established as the gold standard for the
diagnosis of gastric carcinoma [107]. It is also performed for the minimally invasive treatment of
early GC by endoscopic mucosal resection and endoscopic submucosal dissection. Matsumoto et al.
(2013) performed the evaluation of the efficacy of radiographic and endoscopic examination for GC
patients and suggested that both screening methods can allow for the avoidance of gastric carcinoma
development [108]. Hamashima et al. (2013) investigated the evaluation of the reduction of mortality
for GC patients by endoscopic examination. The results showed a 30% reduction in GC mortality using
endoscopic screening in comparison to a control, the non-examined group, within 36 months before
the date of diagnosis of GC [109].
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5.5. Treatment Strategies for Gastric Cancer: Surgical Resection

Surgery plays a crucial role as a strategy in the treatment of GC [110]. The best time for surgery
is when a tumor is mostly sensitive to the chemotherapy. The development of two new methods,
endoscopic resection and minimally invasive access, have had an important impact on the treatment
strategies revolution in the last few decades [111] Nevertheless, vertical and horizontal margin
invasion and the chance of nodal implication should also to be taken under serious consideration
to prevent real oncological lapses. The standard treatments are directed to the endoscopic mucosal
resection, or, even better, endoscopic submucosal dissection (ESD) for differentiated types of gastric
adenocarcinoma without ulcerative findings [112]. Both endoscopic mucosal resection and ESD provide
favorable long-term outcomes. Laparoscopic surgery of GCs, as a minimally invasive method, was
originally limited to treat distal-sided early GCs, with no necessity for complete gastrectomy or extended
lymphadenectomy [113]. Bothlaparoscopic and robotic-assisted gastrectomies are considered to provide
positive clinical outcomes, equivalent to those in cases of open surgeries. Furthermore, compared to open
surgeries, minimally invasive techniques have even lower rates of postoperative complications, such as
incisional hernias or bowel obstructions [114-116]. Limited surgical approaches—pylorus-preserving
gastrectomy, proximal gastrectomy and local resection—significantly reduce the resection area of the
stomach, as well as the extent of nodal dissection [117]. Conversion therapy in GC is an application of
either chemotherapy or radiotherapy followed by surgical treatment in cases of originally unresectable
or marginally resectable GCs, the application of which might be of great importance, especially in cases
of stage IV GCs [118]. Comprehensive surgical resection with lymphadenectomy D2 still constitutes
the major treatment strategy aimed at cure for GC. The continuation of chemotherapy is usually crucial
after the resection, preventing adverse events. Several reconstruction methods, such as Billroth I
gastroduodenostomy, Billroth II gastrojejunostomy, casual/uncut Roux-en-Y gastrojejunostomy and
jejunal interposition are often employed after the subtotal gastrectomy [119].

5.6. Adjuvant Chemotherapy

In the last few decades, multiple phase III trials have been undertaken to consider the potential of
adjuvant chemotherapy versus surgery, however, no consistent outcomes have been observed [120-123].
The observations might be explicated by several important factors, like the huge heterogeneity of the
study cohort, a low number of performed series, various levels of surgical precision and dissimilar
chemotherapy regimens. A meta-analysis study, performed by the GASTRIC group in 2010, showed that
postoperative adjuvant chemotherapy based on fluorouracil regimens significantly reduces the mortality
rate of GC patients in comparison to surgery alone [124]. Adjuvant chemotherapy was correlated with
a statistically important benefit in terms of overall survival and disease-free survival. There was no
distinct heterogeneity for overall survival across randomized clinical trials. Five-year overall survival
increased from 49.6% to 55.3% with chemotherapy. An application of oral fluoropyrimidine might
also be effective in cases of advanced GCs [125,126]. Likewise, other phase III trials, including the
CLASSIC or the ACTS-GC, proved that postoperative adjuvant therapy following D2 gastrectomy is a
highly effective treatment strategy [127,128]. An activity of pembrolizumab in the neoadjuvant setting
provides a rationale for its application in combination with chemotherapy in patients with resectable
GCs [129]. The systematic review and meta-analysis performed by Yan et al. (2007) was undertaken
to check the efficiency and safety of adjuvant intraperitoneal chemotherapy for patients with locally
advanced resectable GC [130]. The study displayed that hyperthermic intraoperative intraperitoneal
chemotherapy (HIIC), with or without early postoperative intraperitoneal chemotherapy (EPIC) after
the resection of advanced gastric primary cancer, is assigned to increase the overall survival rate.
Unfortunately, higher risks of intra-abdominal abscess and neutropenia are also displayed. Adjuvant
XELOX might be a valid approach in curable gastric carcinomas among Asian patients. Nowadays,
it is clear that adjuvant chemotherapy brings a survival benefit in radically resected GC for stage > T2
or N+ [131,132]. Neoadjuvant chemotherapy followed by surgery is also highly recommended in cases
of limited metastatic GCs [133]. What is also crucial while applying neoadjuvant chemotherapy is
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the genotype of the GC, which might additionally constitute a prognostic or predictive factor of the
clinical outcome.

5.7. Neo-Adjuvant Chemotherapy

The importance of neoadjuvant chemotherapy in GC, gastroesophageal junction and lower
esophageal adenocarcinoma has been highlighted over the past few decades. In the first Dutch
randomized controlled trial of neoadjuvant chemotherapy, patients with proven adenocarcinoma of
the stomach were randomized to obtain four series of chemotherapy with 5-fluorouracil, doxorubicin
and methotrexate (FAMTX) prior to surgery or to undergo surgery alone. With a median follow-up
of 83 months, the median survival after randomization was 18 months in the FAMTX group, versus
30 months in the surgery alone group [134]. In European regions, perioperative chemotherapy has
been advertised based on the MAGIC [135] and FFCD9703 [136] randomized trials. In the first trial,
Cunningham et al. (2006) investigated tests with epirubicin, cisplatin and infused fluorouracil (ECF)
on patients’ survival with incurable locally advanced or metastatic gastric adenocarcinomas. Among a
group of patients with operable gastric or lower esophageal adenocarcinomas, a perioperative regimen
of ECF caused a lowering in tumor size, stage and importantly benefited progression-free and overall
survival [135]. Boige et al. (2007) used the combination of 5-Fluorouracil (5FU) in a continuous infusion
and cisplatin (FP) as one of the important approaches for advanced adenocarcinoma of the stomach
and lower esophagus (ASLE). Preoperative chemotherapy using 5-fluorouracil/cisplatin improved the
disease-free and overall survival of patients with ASLE [136]. Radiation therapy uses high-energy rays
or particles to kill cancer cells. It is sometimes applied to treat stomach cancer. In the majority of cases,
radiation therapy is given with chemotherapy (chemoradiation). Both neo-adjuvant chemoradiation
therapy and neo-adjuvant chemotherapy significantly improve the clinical outcomes of patients with
resectable GC with a similar efficiency [137].

5.8. Targeted Therapy

The major therapeutic options, based on the molecular characteristics of the gastric tumor,
are ramucirumab and trastuzumab (targeting VEGFR2 and HER2, respectively) [138]. Gastric cancer
often displays heterogeneity of the HER2 genotype and phenotype, which might be partly accountable
for testing inaccuracy. Phase Il trials studied trastuzumab plus chemotherapy (cisplatin, capecitabine)
versus chemotherapy alone in HER2+ advanced gastric patients and underlined that trastuzumab is the
most appropriate therapeutic approach for strongly HER2+ patients [139,140]. Other studies suggested
that lapatinib, as a single targeted therapy, is weakly effective against gastric cancer, which might be
explained by the contribution of antibody-dependent cell-mediated cytotoxicity (ADCC), which is
lacking in the small molecule therapeutic approach [141]. Pertuzumab is another HER2 monoclonal
antibody that interacts with HER2 heterodimerization with different members of the EGFR family [142].

The epidermal growth factor receptor (EGFR) is amplified in approximately 5% of gastric
cancers, specified by poor prognosis. Experiments have displayed a positive correlation between
EGFR overexpression and cetuximab response [143]. A phase II trial assessing cetuximab plus
oxaliplatin/leucovorin/5-fluorouracil displayed a dependence between a higher EGFR copy number
and overall survival [144].

VEGF/VEGFR2-dependent signaling is significant in tumor angiogenesis. It has been noted
that among GC cases, VEGF status and serum levels correlated with advanced stage and poor
prognosis [145]. The role of ramucirumab, a VEGFR-2 mAb, was evaluated in the REGARD study,
as a second line therapy after disease progression on a first line chemotherapy regimen, among cases
with unresectable, advanced gastroesophageal tumors [146]. A phase III study (RAINBOW) tested this
antibody, in combination with paclitaxel, as a second line treatment among cases with metastatic GC
who progressed after a first line chemotherapy [147]. Overall survival was importantly increased in
the paclitaxel plus ramucirumab group in comparison to the placebo.
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The fibroblast growth factor 2 receptor tyrosine kinase (FGFR-2) is overexpressed among
approximately 10% of gastric tumors and its amplification is related to lymphatic invasion and
poor prognosis [148]. Clinical trials in which patients picked for FGFR2 amplification are treated with
inhibitors, such as dovitinib or AZD4547, are ongoing [149]. The activation of the PI3K/AKT/mTOR
pathway is often among GC tumors. A phase III clinical study investigated the mTOR inhibitor
(everolimus) in patients with advanced gastric cancer, and the results showed no improvement in the
overall survival [150]. Additionally, a phase II study of MK-2206, an inhibitor of AKT, displayed no
positive results [151].

5.9. Imaging Strategies

Gastric cancer requires multimodal staging approaches, in which computed tomography (CT)
is the first staging modality, mostly because of its broad availability and proper accuracy [152].
This method is very often used to assess local tumor invasion. It allows for poor soft tissue contrast;
the intravenous contrast material and exposure to radiation is needed. Computed tomography for
overall T-staging displayed a diagnostic accuracy between around 77% and 89% [153]. CT is frequently
applied to image the occurrence of lymph node metastases among GC patients. The sensitivity was
assessed as being between 63-92% and the specificity between 50-88%, according to a systematic
review covering 10 studies [154]. The method of choice for M-staging is a CT of the abdomen and
pelvis [155]. The sensitivity for the imaging of M1 disease using CT is approximately between 14-59%,
and the specificity is between 93-100% [156].

Magnetic resonance imaging (MRI) is an auspicious method for depicting various gastric wall
layers and the differentiation of tumor tissue from fibrosis [157]. The accuracy for the proper evaluation
of the T-stage is between 64-88% [158]. MRI in T-staging was compared with CT, and the accuracy was
rather higher for MRI, however, this difference was only proven to be statistically significant in two
studies: 73% for MRI versus 67% for helical CT [159] and 81% for MRI versus 73% for spiral CT [160].
The precision of MRI for the correct distinction between node-negative and node-positive cases with
GC varied between 65% and 100%, sensitivities and specificities ranged between 72-100%, 20-100%,
69-100% and 40-100%, respectively [161]. MRI is broadly applied to the diagnosis of liver metastases,
as well as displaying capability for the diagnosis of peritoneal seeding [162]. The treatment response
evaluation and the detection of lymph node metastases could take advantage of imaging biomarkers
derived from functional MRI in the future [163].

Positron emission tomography (PET) imaging is not the best option for the evaluation of the T-stage.
The resolution of PET is limited by the volume averaging of the metabolic signal, with prominent uptake
averaged across several millimeters [164]. PET might be a very good method to detect anatomically
small and metabolically active focuses of metastatic disease. The comparatively poor spatial resolution
of PET causes the decreased productivity of differentiation compartment I and II nodes from the
primary tumor itself [165]. PET is probably the most useful for the detection of distant areas of solid
organ metastases. Kinkel et al. (2002) performed a metanalysis and underlined PET as the most
sensitive noninvasive imaging strategy in this field [166]. PET may be a useful tool to prefigure answers
to preoperative chemotherapy in GC cases.

6. Conclusions

In this review, we described GC characteristics, considering the epidemiology, risk factors,
classification and molecular and genomic markers, as well as treatment strategies. We characterize
the incidence of GC, which is variable when taking into account the geographical and sex variability.
We displayed that the decline in sporadic intestinal types of GC is present, whereas the diffuse type
prevalence is increased, and the proximal GC prevalence is higher than for the distal one. Several
risk factors with an important impact on developing GC are mentioned, including family history,
diet, alcohol consumption and smoking, as well as Helicobacter pylori and Epstein-Barr virus infection.
The two main classifications of GC are described: Lauren, which is the most commonly used, and WHO,
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which is perceived to be the most detailed among all of the pathohistological classification systems.
The signatures, which are described, are based on the current literature and research performed
on this topic, which encompass: the module of HER2 expression, factors that regulate apoptosis,
cell cycle regulators, factors that influence cell membrane properties, multidrug resistance proteins
and microsatellite instability. We highlighted the two main primary prevention strategies for gastric
carcinoma, which are better diet habits and a lowering of the occurrence of H. pylori infection, and the
secondary prevention approach, which is early detection using the endoscopic method as a gold
standard. Different treatment strategies are also displayed, including surgical resection, adjuvant and
neo-adjuvant chemotherapy, radiation therapy, hyperthermic intraperitoneal chemotherapy (HIPEC)
and pressurized intraperitoneal aerosol chemotherapy (PIPAC).
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Abbreviations

ASLE advanced adenocarcinoma of the stomach and lower esophagus
CA 153 carbohydrate antigen 15-3

CA 199 carbohydrate antigen 19-9

CA72-4 carbohydrate antigen 72-4

CDH1 cadherin 1 gene

CEA carcinoembryonic antigen

EBV Epstein-Barr virus

ECF epirubicin, cisplatin, and infused fluorouracil
EOGC early-onset gastric cancer

EPIC early postoperative intraperitoneal chemotherapy
ESD endoscopic submucosal dissection

FAMTX fluorouracil, doxorubicin, and methotrexate

FP 5-fluorouracil and cisplatin

GC gastric cancer

GSC gastric stump cancer

H. pylori Helicobacter pylori

HDGC hereditary diffuse gastric cancer

HIIC hyperthermic intraoperative intraperitoneal chemotherapy
HIPEC hyperthermic intraperitoneal chemotherapy

MSI microsatellite instability

PIPAC pressurized intraperitoneal aerosol chemotherapy
PUD peptic ulcer disease

References

1. Yusefi, A.R.; Lankarani, K.B.; Bastani, P.; Radinmanesh, M.; Kavosi, Z. Risk Factors for Gastric Cancer:
A Systematic Review. Asian Pac. ]. Cancer Prev. 2018, 19, 591-603.

2. Zhang, X.-Y,; Zhang, P-Y. Gastric cancer: Somatic genetics as a guide to therapy. |. Med. Genet. 2016,
54, 305-312. [CrossRef] [PubMed]

3. Gao, J.-P; Xu, W,; Liu, W.T.; Yan, M.; Zhu, Z.-G. Tumor heterogeneity of gastric cancer: From the perspective
of tumor-initiating cell. World ]. Gastroenterol. 2018, 24, 2567-2581. [CrossRef] [PubMed]

4.  Park, J.Y,; Von Karsa, L.; Herrero, R. Prevention Strategies for Gastric Cancer: A Global Perspective.
Clin. Endosc. 2014, 47, 478-489. [CrossRef] [PubMed]

5. Kong, X.; Wang, ].-L.; Chen, H.-M.; Fang, ].-Y. Comparison of the clinicopathological characteristics of young and
Elderly patients with gastric carcinoma: A meta analysis. J. Surg. Oncol. 2012, 106, 346-352. [CrossRef] [PubMed]


http://dx.doi.org/10.1136/jmedgenet-2016-104171
http://www.ncbi.nlm.nih.gov/pubmed/27609016
http://dx.doi.org/10.3748/wjg.v24.i24.2567
http://www.ncbi.nlm.nih.gov/pubmed/29962814
http://dx.doi.org/10.5946/ce.2014.47.6.478
http://www.ncbi.nlm.nih.gov/pubmed/25505712
http://dx.doi.org/10.1002/jso.23004
http://www.ncbi.nlm.nih.gov/pubmed/22331676

Int. ]. Mol. Sci. 2020, 21, 4012 13 of 20

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Kunisaki, C.; Akiyama, H.; Nomura, M.; Matsuda, G.; Otsuka, Y.; Ono, H.A.; Takagawa, R.; Nagahori, Y.;
Takahashi, M.; Kito, E; et al. Clinicopathological Features of Gastric Carcinoma in Younger and Middle-Aged
Patients: A Comparative Study. J. Gastrointest. Surg. 2006, 10, 1023-1032. [CrossRef]

Llanos, O.; Butte, ].M.; Crovari, F.; Duarte, I.; Guzman, S. Survival of Young Patients after Gastrectomy for
Gastric Cancer. World . Surg. 2005, 30, 17-20. [CrossRef]

Takatsu, Y.; Hiki, N.; Nunobe, S.; Ohashi, M.; Honda, M.; Yamaguchi, T.; Nakajima, T.; Sano, T.
Clinicopathological features of gastric cancer in young patients. Gastric Cancer 2015, 19, 472-478. [CrossRef]
Milne, A.N,; Sitarz, R.; Carvalho, R.; Carneiro, E; Offerhaus, G.J.A. Early onset gastric cancer: On the road to
unraveling gastric carcinogenesis. Curr. Mol. Med. 2007, 7, 15-28. [CrossRef]

Lauren, P. The two histological main types of gastric carcinoma: Diffuse and so-called intestinal-type
carcinoma. An attempt at a histo-clinical classification. Acta Pathol. Microbiol. Scand. 1965, 64, 31-49.
[CrossRef]

Bosman, ET.; Carneiro, F.; Hruban, R.H.; Theise, N.D. WHO Classification of Tumours of the Digestive System,
4th ed.; IARC: Lyon, France, 2010.

Vogelaar, I.; Van Der Post, R.S.; Van Krieken, ].H.J.; Spruijt, L.; Van Zelst-Stams, W.A.; Kets, C.M.; Lubinski, J.;
Jakubowska, A.; Teodorczyk, U.; Aalfs, C.M.; et al. Unraveling genetic predisposition to familial or early
onset gastric cancer using germline whole-exome sequencing. Eur. . Hum. Genet. 2017, 25, 1246-1252.
[CrossRef] [PubMed]

Pernot, S.; Voron, T.; Perkins, G.; Lagorce-Pages, C.; Berger, A.; Taieb, J. Signet-ring cell carcinoma of the
stomach: Impact on prognosis and specific therapeutic challenge. World J. Gastroenterol. 2015, 21, 11428-11438.
[CrossRef] [PubMed]

Milne, A.N.; Offerhaus., G.J.A. Early-onset gastric cancer: Learning lessons from the young. World .
Gastrointest. Oncol. 2010, 2, 59-64. [CrossRef] [PubMed]

Ferlay, J.; Bray, F.,; Forman, D.; Mathers, C.; Parkin, N.M.; Shin, H.-R. Estimates of worldwide burden of
cancer in 2008: GLOBOCAN 2008. Int. J. Cancer 2010, 127, 2893-2917. [CrossRef]

Jemal, A.; Center, M.M.; DeSantis, C.; Ward, E.M. Global Patterns of Cancer Incidence and Mortality Rates
and Trends. Cancer Epidemiol. Biomark. Prev. 2010, 19, 1893-1907. [CrossRef]

Ang, T.; Fock, K.M. Clinical epidemiology of gastric cancer. Singap. Med. ]. 2014, 55, 621-628. [CrossRef]
Matsuda, T.; Saika, K. The 5-Year Relative Survival Rate of Stomach Cancer in the USA, Europe and Japan.
Jpn. J. Clin. Oncol. 2013, 43, 1157-1158. [CrossRef]

Ferro, A.; Peleteiro, B.; Malvezzi, M.; Bosetti, C.; Bertuccio, P; Levi, E; Negri, E.; La Vecchia, C.; Lunet, N.
Worldwide trends in gastric cancer mortality (1980-2011), with predictions to 2015, and incidence by subtype.
Eur. J. Cancer 2014, 50, 1330-1344. [CrossRef]

Edwards, B.K.; Noone, A.-M.; Mariotto, A.B.; Simard, E.P.; Boscoe, EP.; Henley, S.J.; Jemal, A.; Cho, H.;
Anderson, R.N.; Kohler, B.A; et al. Annual Report to the Nation on the status of cancer, 1975-2010, featuring
prevalence of comorbidity and impact on survival among persons with lung, colorectal, breast, or prostate
cancer. Cancer 2013, 120, 1290-1314. [CrossRef]

Kaneko, S.; Yoshimura, T. Time trend analysis of gastric cancer incidence in Japan by histological types,
1975-1989. Br. . Cancer 2001, 84, 400-405. [CrossRef]

Sitarz, R.; Skierucha, M.; Mielko, J.; Offerhaus, G.J.A.; Maciejewski, R.; Polkowski, W.P. Gastric cancer: Epidemiology,
prevention, classification, and treatment. Cancer Manag. Res. 2018, 10, 239-248. [CrossRef] [PubMed]

Yaghoobi, M.; Bijarchi, R.; Narod, S.A. Family history and the risk of gastric cancer. Br. ]. Cancer 2009,
102, 237-242. [CrossRef] [PubMed]

Lauwers, G.Y.; Mullen, J.T; Schreiber, K.E.C.; Chung, D.C. Familial Gastric Cancers. Pathol. Case Rev. 2014,
19, 66-73. [CrossRef]

Boland, C.R.; Yurgelun, M.B. Historical Perspective on Familial Gastric Cancer. Cell. Mol. Gastroenterol. Hepatol.
2017, 3, 192-200. [CrossRef]

Pinheiro, H.; Oliveira, C.; Seruca, R.; Carneiro, F. Hereditary diffuse gastric cancer-Pathophysiology and
clinical management. Best Pr. Res. Clin. Gastroenterol. 2014, 28, 1055-1068. [CrossRef]

Lim, S.H.; Kwon, J.-W,; Kim, N.; Kim, G.H.; Kang, ].M.; Park, M.J,; Yim, J.Y,; Kim, H.U.; Baik, G.H;
Seo, G.S.; et al. Prevalence and risk factors of Helicobacter pylori infection in Korea: Nationwide multicenter
study over 13 years. BMC Gastroenterol. 2013, 13, 104. [CrossRef]


http://dx.doi.org/10.1016/j.gassur.2006.03.001
http://dx.doi.org/10.1007/s00268-005-7935-5
http://dx.doi.org/10.1007/s10120-015-0484-1
http://dx.doi.org/10.2174/156652407779940503
http://dx.doi.org/10.1111/apm.1965.64.1.31
http://dx.doi.org/10.1038/ejhg.2017.138
http://www.ncbi.nlm.nih.gov/pubmed/28875981
http://dx.doi.org/10.3748/wjg.v21.i40.11428
http://www.ncbi.nlm.nih.gov/pubmed/26523107
http://dx.doi.org/10.4251/wjgo.v2.i2.59
http://www.ncbi.nlm.nih.gov/pubmed/21160922
http://dx.doi.org/10.1002/ijc.25516
http://dx.doi.org/10.1158/1055-9965.EPI-10-0437
http://dx.doi.org/10.11622/smedj.2014174
http://dx.doi.org/10.1093/jjco/hyt166
http://dx.doi.org/10.1016/j.ejca.2014.01.029
http://dx.doi.org/10.1002/cncr.28509
http://dx.doi.org/10.1054/bjoc.2000.1602
http://dx.doi.org/10.2147/CMAR.S149619
http://www.ncbi.nlm.nih.gov/pubmed/29445300
http://dx.doi.org/10.1038/sj.bjc.6605380
http://www.ncbi.nlm.nih.gov/pubmed/19888225
http://dx.doi.org/10.1097/PCR.0000000000000030
http://dx.doi.org/10.1016/j.jcmgh.2016.12.003
http://dx.doi.org/10.1016/j.bpg.2014.09.007
http://dx.doi.org/10.1186/1471-230X-13-104

Int. ]. Mol. Sci. 2020, 21, 4012 14 of 20

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

Corso, G.; Marrelli, D. Frequency of Familial Gastric Cancer. In Spotlight on Familial and Hereditary Gastric
Cancer; Corso, G., Roviello, F.,, Eds.; Springer: Dordrecht, The Netherlands, 2013; pp. 11-18.

Kim, J.; Cho, Y.A.; Choi, W.J.; Jeong, S.H. Gene-diet interactions in gastric cancer risk: A systematic review.
World |. Gastroenterol. 2014, 20, 9600-9610. [CrossRef]

Zhang, Z.; Zhang, X. Salt taste preference, sodium intake and gastric cancer in China. Asian Pac. J. Cancer Prev.
2011, 12, 1207-1210.

Keszei, A.P.; Goldbohm, R.A.; Schouten, L.J.; Jakszyn, P.; Brandt, P.A.V.D. Dietary N-nitroso compounds,
endogenous nitrosation, and the risk of esophageal and gastric cancer subtypes in the Netherlands Cohort
Study. Am. J. Clin. Nutr. 2012, 97, 135-146. [CrossRef] [PubMed]

Moy, K.A,; Fan, Y.; Wang, R.; Gao, Y.-T.; Yu, M.C.; Yuan, J.-M. Alcohol and tobacco use in relation to gastric
cancer: A prospective study of men in Shanghai, China. Cancer Epidemiol. Biomark. Prev. 2010, 19, 2287-2297.
[CrossRef]

Duell, EJ.; Travier, N.; Lujan-Barroso, L.; Clavel-Chapelon, F; Ruault, B.-; Morois, S.; Palli, D.; Krogh, V.; Panico, S.;
Tumino, R.; et al. Alcohol consumption and gastric cancer risk in the European Prospective Investigation into
Cancer and Nutrition (EPIC) cohort. Am. J. Clin. Nutr. 2011, 94, 1266-1275. [CrossRef] [PubMed]

Shin, C.M.; Kim, N.; Cho, S.-L; Kim, J.S.; Jung, H.C.; Song, 1.S. Association between alcohol intake and risk
for gastric cancer with regard to ALDH?2 genotype in the Korean population. Int. |. Epidemiol. 2011, 40,
1047-1055. [CrossRef] [PubMed]

Ishaq, S.; Nunn, L. Helicobacter pylori and gastric cancer: A state of the art review. Gastroenterol. Hepatol.
Bed Bench 2015, 8, S6-S14. [PubMed]

Khatoon, J.; Rai, R.P; Prasad, K.N. Role of Helicobacter pylori in gastric cancer: Updates. World J. Gastrointest. Oncol.
2016, 8, 147-158. [CrossRef] [PubMed]

Chang, W.L.; Yeh, Y.C.; Sheu, B.S. The impacts of H. pylori virulence factors on the development of
gastroduodenaldiseases. |. Biomed. Sci. 2018, 25, 1-9. [CrossRef] [PubMed]

Roesler, B.M.; Rabelo-Gongalves, E.M.; Zeitune, ].M. Virulence Factors ofHelicobacter pylori: A Review.
Clin. Med. Insights Gastroenterol. 2014, 7, 9-17. [CrossRef] [PubMed]

Baj, J.; Brzozowska, K.; Forma, A.; Maani, A; Sitarz, E.; Portincasa, P. Inmunological Aspects of the Tumor
Microenvironment and Epithelial-Mesenchymal Transition in Gastric Carcinogenesis. Int. J. Mol. Sci. 2020,
21,2544, [CrossRef]

Baj, J.; Korona-Glowniak, I.; Forma, A.; Maani, A.; Sitarz, E.; Rahnama-Hezavah, M.; Radzikowska, E.;
Portincasa, P. Mechanisms of the Epithelial-Mesenchymal Transition and Tumor Microenvironment in
Helicobacter pylori-Induced Gastric Cancer. Cells 2020, 9, 1055. [CrossRef]

lizasa, H.; Nanbo, A.; Nishikawa, J.; Jinushi, M.; Yoshiyama, H. Epstein-Barr Virus (EBV)-associated Gastric
Carcinoma. Viruses 2012, 4, 3420-3439. [CrossRef]

Fukayama, M.; Hayashi, Y.; Iwasaki, Y.; Chong, J.; Ooba, T.; Takizawa, T.; Koike, M.; Mizutani, S.; Miyaki, M.;
Hirai, K. Epstein-Barr virus-associated gastric carcinoma and Epstein-Barr virus infectionof the stomach.
Lab Investig. 1994, 71, 73-81.

Camargo, M.C.; Murphy, G.; Koriyama, C.; Pfeiffer, R.M.; Kim, W.H.; Herrera-Goepfert, R.; Corvalan, A.-H.;
Carrascal, E.; Abdirad, A.; Anwar, M.; et al. Determinants of Epstein-Barr virus-positive gastric cancer:
An international pooled analysis. Br. J. Cancer 2011, 105, 38-43. [CrossRef] [PubMed]

Hu, B.; El Hajj, N.; Sittler, S.; Lammert, N.; Barnes, R.; Meloni-Ehrig, A. Gastric cancer: Classification,
histology and application of molecular pathology. |. Gastrointest. Oncol. 2012, 3, 251-261. [PubMed]
Fléjou, J.F. WHO Classification of digestive tumors: The fourth edition. Ann. Pathol. 2011, 31, S27-S31.
[CrossRef] [PubMed]

Sarbia, M. Pathology of upper gastrointestinal malignancies. Semin. Oncol. 2004, 31, 465-475. [CrossRef]
Werner, M.; Becker, K.; Keller, G.; Hofler, H. Gastric adenocarcinoma: Pathomorphology and molecular
pathology. |. Cancer Res. Clin. Oncol. 2001, 127, 207-216. [CrossRef]

Kikuchi, S.; Nakajima, T.; Nishi, T.; Kobayashi, O.; Konishi, T; Inaba, Y.; Wada, O.; Satou, H.; Ishibashi, T.;
Ichikawa, S.; et al. Association between Family History and Gastric Carcinoma among Young Adults. Jpn. J.
Cancer Res. 1996, 87, 332-336. [CrossRef]

Forman, D.; Burley, V. Gastric cancer: Global pattern of the disease and an overview of environmental risk
factors. Best Pract. Res. Clin. Gastroenterol. 2006, 20, 633—-649. [CrossRef]


http://dx.doi.org/10.3748/wjg.v20.i28.9600
http://dx.doi.org/10.3945/ajcn.112.043885
http://www.ncbi.nlm.nih.gov/pubmed/23193003
http://dx.doi.org/10.1158/1055-9965.EPI-10-0362
http://dx.doi.org/10.3945/ajcn.111.012351
http://www.ncbi.nlm.nih.gov/pubmed/21993435
http://dx.doi.org/10.1093/ije/dyr067
http://www.ncbi.nlm.nih.gov/pubmed/21507992
http://www.ncbi.nlm.nih.gov/pubmed/26171139
http://dx.doi.org/10.4251/wjgo.v8.i2.147
http://www.ncbi.nlm.nih.gov/pubmed/26909129
http://dx.doi.org/10.1186/s12929-018-0466-9
http://www.ncbi.nlm.nih.gov/pubmed/30205817
http://dx.doi.org/10.4137/CGast.S13760
http://www.ncbi.nlm.nih.gov/pubmed/24833944
http://dx.doi.org/10.3390/ijms21072544
http://dx.doi.org/10.3390/cells9041055
http://dx.doi.org/10.3390/v4123420
http://dx.doi.org/10.1038/bjc.2011.215
http://www.ncbi.nlm.nih.gov/pubmed/21654677
http://www.ncbi.nlm.nih.gov/pubmed/22943016
http://dx.doi.org/10.1016/j.annpat.2011.08.001
http://www.ncbi.nlm.nih.gov/pubmed/22054452
http://dx.doi.org/10.1053/j.seminoncol.2004.04.020
http://dx.doi.org/10.1007/s004320000195
http://dx.doi.org/10.1111/j.1349-7006.1996.tb00226.x
http://dx.doi.org/10.1016/j.bpg.2006.04.008

Int. ]. Mol. Sci. 2020, 21, 4012 15 of 20

50.

51.

52.

53.
54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Correa, P. Human gastric carcinogenesis: A multistep and multifactorial process—First American Cancer
Society Award Lecture on Cancer Epidemiology and Prevention. Cancer Res. 1992, 52, 6735-6740.
Skierucha, M.; Milne, A.N.; Offerhaus, G.J.A.; Polkowski, W.P.; Maciejewski, R.; Sitarz, R. Molecular
alterations in gastric cancer with special reference to the early-onset subtype. World J. Gastroenterol. 2016, 22,
2460-2474. [CrossRef]

Carvalho, R.; Milne, ANN.; Van Rees, B.P; Caspers, E.; Cirnes, L.; Figueiredo, C.; Offerhaus, G.J.A,;
Weterman, M.A. Early-onset gastric carcinomas display molecular characteristics distinct from gastric
carcinomas occurring at a later age. J. Pathol. 2004, 204, 75-83. [CrossRef]

Kokkola, A.; Sipponen, P. Gastric carcinoma in young adults. Hepatogastroenterology 2002, 48, 1552-1555.
Milne, A.N.; Carvalho, R.; Morsink, EM.; Musler, A.R.; De Leng, W.W.; Ristiméki, A.; Offerhaus, G.J.A.
Early-onset gastric cancers have a different molecular expression profile than conventional gastric cancers.
Mod. Pathol. 2006, 19, 564-572. [CrossRef]

Toftgaard, C. Gastric Cancer after Peptic Ulcer Surgery. Ann. Surg. 1989, 210, 159-164. [CrossRef]

Sinning, C.; Schaefer, N.; Standop, J.; Hirner, A.; Wolff, M. Gastric stump carcinoma—Epidemiology and
current concepts in pathogenesisand treatment. Eur. J. Surg. Oncol. 2007, 33, 133-139. [CrossRef]

Viste, A.; Bjornestad, E.; Opheim, P; Skarstein, A.; Thunold, J.; Hartveit, F.; Eide, G.E.; Eide, T.].; Sereide, O.
Risk of carcinoma following gastric operations for benign disease. A historical cohort study of 3470 patients.
Lancet 1986, 2, 502-505. [CrossRef]

Luo, W.; Fedda, F.; Lynch, P; Tan, D. CDH1 Gene and Hereditary Diffuse Gastric Cancer Syndrome: Molecular
and Histological Alterations and Implications for Diagnosis and Treatment. Front. Pharmacol. 2018, 9, 1421.
[CrossRef] [PubMed]

La Vecchia, C.; Negri, E.; Gentile, A.; Franceschi, S. Family history and the risk of stomach and colorectal
cancer. Cancer 1992, 70, 50-55. [CrossRef]

Kaurah, P.; Huntsman, D.G. Hereditary Diffuse Gastric Cancer. In GeneReviews [Internet]; Adam, M.P,,
Ardinger, H.H., Pagon, R.A., Wallace, S.E., Bean, L.].H., Stephens, K., Amemiya, A., Eds.; University of
Washington: Seattle, WA, USA, 1993-2019.

Guilford, P; Blair, V.; More, H.; Humar, B. A short guide to hereditary diffuse gastric cancer. Hered. Cancer
Clin. Pr. 2007, 5, 183-194. [CrossRef]

Hansford, S.; Kaurah, P,; Li-Chang, H.; Woo, M.; Senz, ].; Pinheiro, H.; Schrader, K.A.; Schaeffer, D.F.;
Shumansky, K.; Zogopoulos, G.; et al. Hereditary Diffuse Gastric Cancer Syndrome. JAMA Oncol. 2015, 1,
23-32. [CrossRef]

Machlowska, J.; Maciejewski, R.; Sitarz, R. The Pattern of Signatures in Gastric Cancer Prognosis. Int. |.
Mol. Sci. 2018, 19, 1658. [CrossRef]

Gravalos, C.; Jimeno, A. HER?2 in gastric cancer: A new prognostic factor and a novel therapeutic target.
Ann. Oncol. 2008, 19, 1523-1529. [CrossRef] [PubMed]

Wang, H.-B.; Liao, X.-F.,; Zhang, J. Clinicopathological factors associated with HER2-positive gastric cancer.
Medicine 2017, 96, e8437. [CrossRef] [PubMed]

Busuttil, R.A.; Zapparoli, G.V,; Haupt, S.; Fennell, C.; Wong, S.Q.; Pang, ].-M.B.; Takeno, E.A.; Mitchell, C.;
Di Costanzo, N.; Fox, S.; et al. Role of p53 in the progression of gastric cancer. Oncotarget 2014, 5, 12016-12026.
[CrossRef] [PubMed]

Cristescu, R.; Lee, J.; Nebozhyn, M.; Kim, K.-M.; Ting, ].C.; Wong, S.S; Liu, J.; Yue, Y.G.; Wang, J.; Yu, K; et al.
Molecular analysis of gastric cancer identifies subtypes associated with distinct clinical outcomes. Nat. Med.
2015, 21, 449-456. [CrossRef] [PubMed]

Xing, X.; Guo, J.; Wen, X; Ding, G.; Li, B.; Dong, B.; Feng, Q.; Li, S.; Zhang, J.; Cheng, X.; et al. Analysis of
PD1, PDL1, PDL2 expression and T cells infiltration in 1014 gastric cancer patients. Oncolmmunology 2017,
7,€e1356144. [CrossRef]

Pilozzi, E.; Talerico, C.; Platt, A.; Fidler, C.; Ruco, L. P73 gene mutations in gastric adenocarcinomas.
Mol. Pathol. 2003, 56, 60-62. [CrossRef]

Wang, L.; Zhang, X.-Y.; Xu, L.; Liu, W.-].; Zhang, J.; Zhang, J.-P. Expression and significance of p53 and mdm2
in atypical intestinal metaplasia and gastric carcinoma. Oncol. Lett. 2011, 2, 707-712. [CrossRef]

Wu, J; Liu, X; Cai, H.; Wang, Y. Prediction of tumor recurrence after curative resection in gastric carcinoma
based on bcl-2 expression. World J. Surg. Oncol. 2014, 12, 40. [CrossRef]


http://dx.doi.org/10.3748/wjg.v22.i8.2460
http://dx.doi.org/10.1002/path.1602
http://dx.doi.org/10.1038/modpathol.3800563
http://dx.doi.org/10.1097/00000658-198908000-00004
http://dx.doi.org/10.1016/j.ejso.2006.09.006
http://dx.doi.org/10.1016/S0140-6736(86)90368-5
http://dx.doi.org/10.3389/fphar.2018.01421
http://www.ncbi.nlm.nih.gov/pubmed/30568591
http://dx.doi.org/10.1002/1097-0142(19920701)70:1&lt;50::AID-CNCR2820700109&gt;3.0.CO;2-I
http://dx.doi.org/10.1186/1897-4287-5-4-183
http://dx.doi.org/10.1001/jamaoncol.2014.168
http://dx.doi.org/10.3390/ijms19061658
http://dx.doi.org/10.1093/annonc/mdn169
http://www.ncbi.nlm.nih.gov/pubmed/18441328
http://dx.doi.org/10.1097/MD.0000000000008437
http://www.ncbi.nlm.nih.gov/pubmed/29095284
http://dx.doi.org/10.18632/oncotarget.2434
http://www.ncbi.nlm.nih.gov/pubmed/25427447
http://dx.doi.org/10.1038/nm.3850
http://www.ncbi.nlm.nih.gov/pubmed/25894828
http://dx.doi.org/10.1080/2162402X.2017.1356144
http://dx.doi.org/10.1136/mp.56.1.60
http://dx.doi.org/10.3892/ol.2011.292
http://dx.doi.org/10.1186/1477-7819-12-40

Int. ]. Mol. Sci. 2020, 21, 4012 16 of 20

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Gao, P; Zhou, G.-Y;; Liu, Y,; Li, J.-S.; Zhen, J.-H.; Yuan, Y.-P. Alteration of cyclin D1 in gastric carcinoma and
its clinicopathologic significance. World ]. Gastroenterol. 2004, 10, 2936-2939. [CrossRef]

Arici, D.S.; Tuncer, E.; Ozer, H.; Simek, G.; Koyuncu, A. Expression of retinoblastoma and cyclin D1 in gastric
carcinoma. Neoplasma 2009, 56, 63-67. [CrossRef]

Hayashi, K.; Metzger, R.; Salonga, D.; Danenberg, K.; Leichman, L.P; Fink, U.; Sendler, A.; Kelsen, D.;
Schwartz, G.K.; Groshen, S.; et al. High frequency of simultaneous loss of p16 and p16f3 gene expression
in squamous cell carcinoma of the esophagus but not in adenocarcinoma of the esophagus or stomach.
Oncogene 1997, 15, 1481-1488. [CrossRef] [PubMed]

Feakins, R.M.; Mulcahy, H.E.; Quaglia, A.; Jawhari, A.; Zhang, Z.; Patchett, S.E. p27(Kip1) loss does not
predict survival in patients with advanced gastric carcinoma. Cancer 2000, 89, 1684-1691. [CrossRef]

Boltin, R;; Niv, Y. Mucins in Gastric Cancer—An Update. ]. Gastrointest. Dig. Syst. 2013, 3, 15519. [CrossRef] [PubMed]
Lee, H.S.; Kim, H.S,; Yang, HK,; Kim, Y.I.; Kim, W.H. MUC1, MUC2, MUC5AC, and MUC6 expressions in
gastric carcinomas: Their roles as prognostic indicators. Cancer 2001, 92, 1427-1434. [CrossRef]

Sandusky, G.E.; Mintze, K.S.; E Pratt, S.; Dantzig, A.H. Expression of multidrug resistance-associated protein
2 (MRP2) in normal human tissues and carcinomas using tissue microarrays. Histopathology 2002, 41, 65-74.
[CrossRef]

Qiao, W.; Wang, T.; Zhang, L.; Tang, Q.; Wang, D.; Sun, H. Association between single genetic polymorphisms
of MDRI1 gene and gastric cancer susceptibility in Chinese. Med. Oncol. 2013, 30, 643. [CrossRef]

Zhu, C.-Y,; Lv, Y.-P; Yan, D.-F; Gao, E-L. Knockdown of MDR1 Increases the Sensitivity to Adriamycin in
Drug Resistant Gastric Cancer Cells. Asian Pac. ]. Cancer Prev. 2013, 14, 6757-6760. [CrossRef]

Hayes, P.C.; A Bouchier, L; Beckett, G.J. Glutathione S-transferase in humans in health and disease. Gut 1991,
32, 813-818. [CrossRef]

Yu, P; Du, Y.; Cheng, X.; Yu, Q.; Huang, L.; Dong, R. Expression of multidrug resistance-associated proteins
and their relation to postoperative individualized chemotherapy in gastric cancer. World J. Surg. Oncol. 2014,
12,307. [CrossRef]

Bass, A.].; Thorsson, V.; Shmulevich, I.; Reynolds, S.M.; Miller, M.; Bernard, B.; Hinoue, T.; Laird, PW.;
Curtis, C.; Shen, H.; et al. Comprehensive molecular characterization of gastric adenocarcinoma. Nature
2014, 513, 202-209.

Polom, K.; Marrelli, D.; Smyth, E.C.; Voglino, C.; Roviello, G.; Pascale, V.; Varas, J.; Vindigni, C.; Roviello, F.
The Role of Microsatellite Instability in Positive Margin Gastric Cancer Patients. Surg. Innov. 2018, 25, 99-104.
[CrossRef] [PubMed]

Ballehaninna, U.K.; Chamberlain, R.S. The clinical utility of serum CA 19-9 in the diagnosis, prognosis and
management of pancreatic adenocarcinoma: An evidence based appraisal. J. Gastrointest. Oncol. 2012, 3,
105-119. [PubMed]

Feng, F; Tian, Y.; Xu, G.; Liu, Z,; Liu, S.; Zheng, G.; Guo, M.; Lian, X.; Fan, D.; Zhang, H. Diagnostic and
prognostic value of CEA, CA19-9, AFP and CA125 for early gastric cancer. BMC Cancer 2017, 17, 737.
[CrossRef] [PubMed]

Kochi, M.; Fujii, M.; Kanamori, N.; Kaiga, T.; Kawakami, T.; Aizaki, K.; Kasahara, M.; Mochizuki, F;
Kasakura, Y.; Yamagata, M. Evaluation of serum CEA and CA19-9 levels as prognostic factors in patients
with gastric cancer. Gastric Cancer 2000, 3, 177-186. [CrossRef]

Sisik, A.; Kaya, M.; Bas, G.; Basak, F.; Alimoglu, O. CEA and CA 19-9 are Still Valuable Markers for the
Prognosis of Colorectal and Gastric Cancer Patients. Asian Pac. ]. Cancer Prev. 2013, 14, 4289-4294. [CrossRef]
Zhou, Y.-C.; Zhao, H.-J.; Shen, L.-Z. Preoperative Serum CEA and CA19-9 in Gastric Cancer—A Single
Tertiary Hospital Study of 1,075 Cases. Asian Pac. ]. Cancer Prev. 2015, 16, 2685-2691. [CrossRef]

Chen, C.; Chen, Q.; Zhao, Q.; Liu, M.; Guo, J. Value of Combined Detection of Serum CEA, CA72-4, CA19-9,
CA15-3 and CA12-5 in the Diagnosis of Gastric Cancer. Ann. Clin. Lab. Sci. 2017, 47, 260-263.

Sawayama, H.; Iwatsuki, M.; Kuroda, D.; Toihata, T.; Uchihara, T.; Koga, Y.; Yagi, T.; Kiyozumi, Y.; Eto, T.;
Hiyoshi, Y.; et al. The association of the lymph node ratio and serum carbohydrate antigen 19-9 with early
recurrence after curative gastrectomy for gastric cancer. Surg. Today 2018, 48, 994-1003. [CrossRef]
Hasbahceci, M.; Malya, F; Kunduz, E.; Guler, M.; Unver, N.; Akcakaya, A. Use of serum and peritoneal
CEA and CA19-9 in prediction of peritoneal dissemination and survival of gastric adenocarcinoma patients:
Are they prognostic factors? Ann. R. Coll. Surg. Engl. 2018, 100, 257-266. [CrossRef]


http://dx.doi.org/10.3748/wjg.v10.i20.2936
http://dx.doi.org/10.4149/neo_2009_01_63
http://dx.doi.org/10.1038/sj.onc.1201295
http://www.ncbi.nlm.nih.gov/pubmed/9333024
http://dx.doi.org/10.1002/1097-0142(20001015)89:8&lt;1684::AID-CNCR6&gt;3.0.CO;2-6
http://dx.doi.org/10.4172/2161-069X.1000123
http://www.ncbi.nlm.nih.gov/pubmed/24077811
http://dx.doi.org/10.1002/1097-0142(20010915)92:6&lt;1427::AID-CNCR1466&gt;3.0.CO;2-L
http://dx.doi.org/10.1046/j.1365-2559.2002.01403.x
http://dx.doi.org/10.1007/s12032-013-0643-3
http://dx.doi.org/10.7314/APJCP.2013.14.11.6757
http://dx.doi.org/10.1136/gut.32.7.813
http://dx.doi.org/10.1186/1477-7819-12-307
http://dx.doi.org/10.1177/1553350617751461
http://www.ncbi.nlm.nih.gov/pubmed/29303062
http://www.ncbi.nlm.nih.gov/pubmed/22811878
http://dx.doi.org/10.1186/s12885-017-3738-y
http://www.ncbi.nlm.nih.gov/pubmed/29121872
http://dx.doi.org/10.1007/PL00011715
http://dx.doi.org/10.7314/APJCP.2013.14.7.4289
http://dx.doi.org/10.7314/APJCP.2015.16.7.2685
http://dx.doi.org/10.1007/s00595-018-1684-1
http://dx.doi.org/10.1308/rcsann.2018.0011

Int. ]. Mol. Sci. 2020, 21, 4012 17 of 20

93.

94.

95.

96.

97.

98.

99.

100.
101.

102.

103.

104.

105.
106.

107.

108.

109.

110.

111.

112.

113.

Sun, Z.; Zhang, N.-W. Clinical evaluation of CEA, CA19-9, CA72-4 and CA125 in gastric cancer patients with
neoadjuvant chemotherapy. World J. Surg. Oncol. 2014, 12, 397. [CrossRef] [PubMed]

Song, Y.-X.; Huang, X.-Z.; Gao, P; Sun, ].-X.; Chen, X.-W,; Yang, Y.-C.; Zhang, C.; Liu, H.-P.; Wang, H.-C.;
Wang, Z. Clinicopathologic and Prognostic Value of Serum Carbohydrate Antigen 19-9 in Gastric Cancer:
A Meta-Analysis. Dis. Markers 2015, 2015, 1-11. [CrossRef] [PubMed]

Yu, J.; Zheng, W. An Alternative Method for Screening Gastric Cancer Based on Serum Levels of CEA,
CA19-9, and CA72-4. ]. Gastrointest. Cancer 2016, 49, 57-62. [CrossRef] [PubMed]

Shen, M.; Wang, H.; Wei, K.; Zhang, ].; You, C. Five common tumor biomarkers and CEA for diagnosing
early gastric cancer. Medicine 2018, 97, €0577. [CrossRef] [PubMed]

Elingarami, S.; Liu, M.; Fan, J.; He, N. Applications of nanotechnology in gastric cancer: Detection and
prevention by nutrition. J. Nanosci. Nanotechnol. 2014, 14, 932-945. [CrossRef]

Gonzalez, C.A.; Pera, G.; Agudo, A.; Bueno-De-Mesquita, H.B.; Ceroti, M.; Boeing, H.; Schulz, M.;
Del Giudice, G.; Plebani, M.; Carneiro, E; et al. Fruit and vegetable intake and the risk of stomach
and oesophagus adenocarcinoma in the European Prospective Investigation into Cancer and Nutrition
(EPIC-EURGAST). Int. J. Cancer 2006, 118, 2559-2566.

International Agency for Research on Cancer. Fruit and vegetables. In IARC Handbooks of Cancer Prevention;
IARC: Lyon, France, 2003; Volume 8.

Graham, D.Y,; Shiotani, A. The time to eradicate gastric cancer is now. Gut 2005, 54, 735-738. [CrossRef]
Ford, A.C.; Forman, D.; Hunt, RH.; Yuan, C.Y.; Moayyedi, P. Helicobacter pylori eradication therapy to
prevent gastric cancer in healthy asymptomatic infected individuals: Systematic review and meta-analysis
of randomised controlled trials. BM] 2014, 348, g3174. [CrossRef]

Ma, J.-L; Zhang, L; Brown, LM.,; Li, J.-Y.,; Shen, L; Pan, K.-F; Liu, W.-D.; Hu, Y.; Han, Z.-X,;
Crystal-Mansour, S.; et al. Fifteen-year effects of Helicobacter pylori, garlic, and vitamin treatments
on gastric cancer incidence and mortality. J. Natl. Cancer Inst. 2012, 104, 488—492. [CrossRef]

Choi, J.; Kim, S.G.; Yoon, H.; Im, J.P; Kim, J.S.; Kim, W.H.; Jung, H.C. Eradication of Helicobacter pylori after
Endoscopic Resection of Gastric Tumors Does Not Reduce Incidence of Metachronous Gastric Carcinoma.
Clin. Gastroenterol. Hepatol. 2014, 12, 793-800. [CrossRef]

Fukase, K.; Kato, M.; Kikuchi, S.; Inoue, K.; Uemura, N.; Okamoto, S.; Terao, S.; Amagai, K.; Hayashi, S.;
Asaka, M. Effect of eradication of Helicobacter pylori on incidence of metachronous gastric carcinoma after
endoscopic resection of early gastric cancer: An open-label, randomised controlled trial. Lancet 2008, 372,
392-397. [CrossRef]

Tsubono, Y.; Hisamichi, S. Screening for gastric cancer in Japan. Gastric Cancer 2000, 3, 9-18. [CrossRef] [PubMed]
Choi, K.S.; Suh, M. Screening for Gastric Cancer: The Usefulness of Endoscopy. Clin. Endosc. 2014, 47,
490-496. [CrossRef] [PubMed]

Karimi, P; Islami, F; Anandasabapathy, S.; Freedman, N.D.; Kamangar, F. Gastric cancer: Descriptive
epidemiology, risk factors, screening, and prevention. Cancer Epidemiol. Biomark. Prev. 2014, 23, 700-713.
[CrossRef] [PubMed]

Matsumoto, S.; Ishikawa, S.; Yoshida, Y. Reduction of gastric cancer mortality by endoscopic and radiographic
screening in an isolated island: A retrospective cohortstudy. Aust. J. Rural. Heal. 2013, 21, 319-324. [CrossRef]
Hamashima, C.; Ogoshi, K.; Okamoto, M.; Shabana, M.; Kishimoto, T.; Fukao, A. A community-based,
case-control study evaluating mortality reduction from gastric cancer by endoscopic screening in Japan.
PLoS ONE 2013, 8, €79088. [CrossRef]

Swan, R.; Miner, T.J. Current role of surgical therapy in gastric cancer. World J. Gastroenterol. 2006, 12, 372-379.
[CrossRef]

Parisi, A.; Reim, D.; Borghi, F.; Nguyen, N.T.; Qi, F; Coratti, A.; Cianchi, F; Cesari, M.; Bazzocchi, F;
Alimoglu, O.; et al. Minimally invasive surgery for gastric cancer: A comparison between robotic,
laparoscopic and open surgery. World J. Gastroenterol. 2017, 23, 2376-2384. [CrossRef]

Facciorusso, A.; Antonino, M.; Di Maso, M.; Muscatiello, N. Endoscopic submucosal dissection vs endoscopic
mucosal resection for earlygastric cancer: A meta-analysis. World |. Gastrointest. Endosc. 2014, 6, 555-563.
[CrossRef]

Son, T.; Hyung, W.J. Laparoscopic gastric cancer surgery: Current evidence and future perspectives. World J.
Gastroenterol. 2016, 22, 727-735. [CrossRef]


http://dx.doi.org/10.1186/1477-7819-12-397
http://www.ncbi.nlm.nih.gov/pubmed/25543664
http://dx.doi.org/10.1155/2015/549843
http://www.ncbi.nlm.nih.gov/pubmed/26576068
http://dx.doi.org/10.1007/s12029-016-9912-7
http://www.ncbi.nlm.nih.gov/pubmed/28028765
http://dx.doi.org/10.1097/MD.0000000000010577
http://www.ncbi.nlm.nih.gov/pubmed/29742692
http://dx.doi.org/10.1166/jnn.2014.9008
http://dx.doi.org/10.1136/gut.2004.056549
http://dx.doi.org/10.1136/bmj.g3174
http://dx.doi.org/10.1093/jnci/djs003
http://dx.doi.org/10.1016/j.cgh.2013.09.057
http://dx.doi.org/10.1016/S0140-6736(08)61159-9
http://dx.doi.org/10.1007/PL00011692
http://www.ncbi.nlm.nih.gov/pubmed/11984703
http://dx.doi.org/10.5946/ce.2014.47.6.490
http://www.ncbi.nlm.nih.gov/pubmed/25505713
http://dx.doi.org/10.1158/1055-9965.EPI-13-1057
http://www.ncbi.nlm.nih.gov/pubmed/24618998
http://dx.doi.org/10.1111/ajr.12064
http://dx.doi.org/10.1371/journal.pone.0079088
http://dx.doi.org/10.3748/wjg.v12.i3.372
http://dx.doi.org/10.3748/wjg.v23.i13.2376
http://dx.doi.org/10.4253/wjge.v6.i11.555
http://dx.doi.org/10.3748/wjg.v22.i2.727

Int. ]. Mol. Sci. 2020, 21, 4012 18 of 20

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Gholami, S.; Cassidy, M.R.; Strong, V.E. Minimally Invasive Surgical Approaches to Gastric Resection.
Surg. Clin. North Am. 2017, 97, 249-264. [CrossRef]

Bobo, Z.; Xin, W,; Jiang, L.; Quan, W.; Liang, B.; Xiangbing, D.; Zigiang, W. Robotic gastrectomy versus
laparoscopic gastrectomy for gastric cancer: Meta-analysis and trial sequential analysis of prospective
observational studies. Surg. Endosc. 2019, 33, 1033-1048. [CrossRef] [PubMed]

Van Boxel, G.I; Ruurda, ].P; Van Hillegersberg, R. Robotic-assisted gastrectomy for gastric cancer: A European
perspective. Gastric Cancer 2019, 22, 909-919. [CrossRef] [PubMed]

Kinami, S.; Nakamura, N.; Tomita, Y.; Miyata, T.; Fujita, H.; Ueda, N.; Kosaka, T. Precision surgical approach with
lymph-node dissection in early gastric cancer. World J. Gastroenterol. 2019, 25, 1640-1652. [CrossRef] [PubMed]
Yoshida, K.; Yamaguchi, K.; Okumura, N.; Tanahashi, T.; Kodera, Y. Is conversion therapy possible in stage
IV gastric cancer: The proposal of new biological categories of classification. Gastric Cancer 2015, 19, 329-338.
[CrossRef]

Santoro, R.; Ettorre, G.M.; Santoro, E. Subtotal gastrectomy for gastric cancer. World ]. Gastroenterol. 2014, 20,
13667-13680. [CrossRef]

Dixon, W.J.; Longmire, W.P.; Holden, W.D. Use of triethylenethiophosphoramide as an adjuvant to the
surgical treatment of gastric and colorectal carcinoma: Ten-year follow-up. Ann. Surg. 1971, 173, 26-39.
[CrossRef]

Lise, M.; Nitti, D.; Marchet, A.; Sahmoud, T.; Buyse, M.; Duez, N.; Fiorentino, M.; Dos Santos, ].G.; Labianca, R.;
Rougier, P. Final results of a phase III clinical trial of adjuvant chemotherapy with the modified fluorouracil,
doxorubicin, and mitomycin regimen in resectable gastric cancer. J. Clin. Oncol. 1995, 13, 2757-2763.
[CrossRef]

Coombes, R.C.; Schein, PS.; Chilvers, C.E.; Wils, J.; Beretta, G.; Bliss, ].M.; Rutten, A.; Amadori, D.;
Cortes-Funes, H.; Villar-Grimalt, A. A randomized trial comparing adjuvant fluorouracil, doxorubicin,
and mitomycin with no treatment in operable gastric cancer. International Collaborative Cancer Group.
J. Clin. Oncol. 1990, 8, 1362-1369. [CrossRef]

Nakajima, T.; Nashimoto, A.; Kitamura, M.; Kito, T.; Iwanaga, T.; Okabayashi, K.; Sasaki, M.; Goto, M.
Adjuvant mitomycin and fluorouracil followed by oral uracil plus tegafur in serosa-negative gastric cancer:
A randomised trial. Lancet 1999, 354, 273-277. [CrossRef]

Paoletti, X.; Oba, K.; Burzykowski, T.; Michiels, S.; Ohashi, Y.; Pignon, ].-P.; Rougier, P.; Sakamoto, J.;
Sargent, D.; Sasako, M.; et al. Benefit of Adjuvant Chemotherapy for Resectable Gastric Cancer. JAMA 2010,
303, 1729.

Sakuramoto, S.; Sasako, M.; Yamaguchi, T.; Kinoshita, T.; Fujii, M.; Nashimoto, A.; Furukawa, H.; Nakajima, T.;
Ohashi, Y.; Imamura, H.; etal. Adjuvant Chemotherapy for Gastric Cancer with S-1, an Oral Fluoropyrimidine.
N. Engl. J. Med. 2007, 357, 1810-1820. [CrossRef] [PubMed]

Van den Ende, T; ter Veer, E.; Machiels, M.; Mali, R.; Nijenhuis, FA.; de Waal, L.; Laarman, M.; Gisbertz, S.S.;
Hulshof, M.C.C.M; van Oijen, M.G.H,; et al. The Efficacy and Safety of (Neo)Adjuvant Therapy for Gastric
Cancer: A Network Meta-analysis. Cancers 2019, 11, 80. [CrossRef] [PubMed]

Noh, S.H,; Park, S.R.; Yang, H.-K.; Chung, H.C.; Chung, I.-].; Kim, S.-W.; Kim, H.-H.; Choi, ].-H.; Kim, H-K;
Yu, W,; et al. Adjuvant capecitabine plus oxaliplatin for gastric cancer after D2 gastrectomy (CLASSIC):
5-year follow-up of an open-label, randomised phase 3 trial. Lancet Oncol. 2014, 15, 1389-1396. [CrossRef]
Sasako, M.; Sakuramoto, S.; Katai, H.; Kinoshita, T.; Furukawa, H.; Yamaguchi, T.; Nashimoto, A.; Fujii, M.;
Nakajima, T.; Ohashi, Y. Five-Year Outcomes of a Randomized Phase III Trial Comparing Adjuvant
Chemotherapy With S-1 Versus Surgery Alone in Stage II or III Gastric Cancer. J. Clin. Oncol. 2011, 29,
4387-4393. [CrossRef] [PubMed]

Bang, Y.-].; Van Cutsem, E.; Fuchs, C.S.; Ohtsu, A.; Tabernero, J.; llson, D.H.; Hyung, WJ.; Strong, V.E.;
Goetze, T.O.; Yoshikawa, T.; et al. KEYNOTE-585: Phase III study of perioperative chemotherapy with or
without pembrolizumab for gastric cancer. Future Oncol. 2019, 15, 943-952. [CrossRef]

Yan, T.D.; Black, D.; Sugarbaker, PH.; Zhu, J.; Yonemura, Y.; Petrou, G.; Morris, D.L. A Systematic Review
and Meta-analysis of the Randomized Controlled Trials on Adjuvant Intraperitoneal Chemotherapy for
Resectable Gastric Cancer. Ann. Surg. Oncol. 2007, 14, 2702-2713. [CrossRef]

Ajani, J.A.; Bentrem, D.J.; Besh, S.; D’Amico, T.A.; Das, P.; Denlinger, C.; Fakih, M.G.; Fuchs, C.S.; Gerdes, H.;
Glasgow, R.E.; et al. National Comprehensive Cancer Network. Gastric cancer, version 2.2013: Featured
updates to the NCCN Guidelines. JNCCN 2013, 11, 531-546.


http://dx.doi.org/10.1016/j.suc.2016.11.003
http://dx.doi.org/10.1007/s00464-018-06648-z
http://www.ncbi.nlm.nih.gov/pubmed/30719561
http://dx.doi.org/10.1007/s10120-019-00979-z
http://www.ncbi.nlm.nih.gov/pubmed/31273481
http://dx.doi.org/10.3748/wjg.v25.i14.1640
http://www.ncbi.nlm.nih.gov/pubmed/31011251
http://dx.doi.org/10.1007/s10120-015-0575-z
http://dx.doi.org/10.3748/wjg.v20.i38.13667
http://dx.doi.org/10.1097/00000658-197101000-00004
http://dx.doi.org/10.1200/JCO.1995.13.11.2757
http://dx.doi.org/10.1200/JCO.1990.8.8.1362
http://dx.doi.org/10.1016/S0140-6736(99)01048-X
http://dx.doi.org/10.1056/NEJMoa072252
http://www.ncbi.nlm.nih.gov/pubmed/17978289
http://dx.doi.org/10.3390/cancers11010080
http://www.ncbi.nlm.nih.gov/pubmed/30641964
http://dx.doi.org/10.1016/S1470-2045(14)70473-5
http://dx.doi.org/10.1200/JCO.2011.36.5908
http://www.ncbi.nlm.nih.gov/pubmed/22010012
http://dx.doi.org/10.2217/fon-2018-0581
http://dx.doi.org/10.1245/s10434-007-9487-4

Int. ]. Mol. Sci. 2020, 21, 4012 19 of 20

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Okines, A.; Verheij, M.; Allum, W.; Cunningham, D.; Cervantes, A. On behalf of the ESMO Guidelines
Working Group Gastric cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up.
Ann. Oncol. 2010, 21, v50-v54. [CrossRef]

Das, M. Neoadjuvant chemotherapy: Survival benefit in gastric cancer. Lancet Oncol. 2017, 18, e307.
[CrossRef]

Hartgrink, H.; Van De Velde, C.; Putter, H.; Songun, I.; Tesselaar, M.; Kranenbarg, EM.-K.; De Vries, J.; Wils, J.;
Van Der Bijl, J.; Van Krieken, J. Neo-adjuvant chemotherapy for operable gastric cancer: Long term results of
the Dutch randomised FAMTX trial. Eur. J. Surg. Oncol. (EJSO) 2004, 30, 643—649. [CrossRef]
Cunningham, D.; Allum, W.H.; Stenning, S.P.; Thompson, ].N.; Van De Velde, C.J.; Nicolson, M.; Scarffe, J.H.;
Lofts, EJ.; Falk, S.J.; Iveson, T.].; et al. Perioperative Chemotherapy versus Surgery Alone for Resectable
Gastroesophageal Cancer. N. Engl. ]. Med. 2006, 355, 11-20. [CrossRef] [PubMed]

Boige, V.; Pignon, J.; Saint-Aubert, B.; Lasser, P.; Conroy, T.; Bouché, O.; Segol, P.; Bedenne, L.; Rougier, P.;
Ychou, M. Final results of a randomized trial comparing preoperative 5-fluorouracil (F)/cisplatin (P) to
surgery alone in adenocarcinoma of stomach and lower esophagus (ASLE): FNLCC ACCORDO07-FFCD 9703
trial. J. Clin. Oncol. 2007, 25, 4510. [CrossRef]

Tsai, C.; Mueller, A.; Maubach, J.; Warschkow, R.; Nussbaum, D.P; Schmied, B.M.; Blazer, D.;
Gloor, B.; Worni, M. No Difference in Survival between Neo-Adjuvant Chemotherapy and Neo-Adjuvant
Chemoradiation Therapy in Gastric Cardia Cancer Patients: A Contemporary View from the National Cancer
Database. Dig. Surg. 2019, 37, 249-257. [CrossRef]

De Vita, F; Borg, C.; Farina, G.; Geva, R.; Carton, I.; Cuku, H.; Wei, R.; Muro, K. Ramucirumab and
paclitaxel in patients with gastric cancer and prior trastuzumab: Subgroup analysis from RAINBOW study.
Future Oncol. 2019, 15, 2723-2731. [CrossRef] [PubMed]

Shitara, K.; Yatabe, Y.; Matsuo, K.; Sugano, M.; Kondo, C.; Takahari, D.; Ura, T.; Tajika, M.; Ito, S.; Muro, K.
Prognosis of patients with advanced gastric cancer by HER2 status and trastuzumab treatment. Gastric Cancer
2012, 16, 261-267. [CrossRef] [PubMed]

Kadowaki, S.; Masuishi, T.; Eto, T.; Narita, Y.; Taniguchi, H.; Ura, T.; Ando, M.; Tajika, M.; Niwa, Y,;
Yatabe, Y.; et al. Depth of response predicts the clinical outcome of advanced HER2-positive gastric cancer to
trastuzumab-based first-line chemotherapy. Cancer Chemother. Pharmacol. 2017, 80, 807-813. [CrossRef]
Hecht, ].R.; Bang, YJ.; Qin, SK.,; Chung, H.C,; Xu, ] M.; Park, ].O.; Jeziorski, K.; Shparyk, Y.; Hoff, PM.;
Sobrero, A.; et al. Lapatinib in Combination With Capecitabine Plus Oxaliplatin in Human Epidermal Growth
Factor Receptor 2-Positive Advanced or Metastatic Gastric, Esophageal, or Gastroesophageal Adenocarcinoma:
TRIO-013/LOGiC-A Randomized Phase III Trial. . Clin. Oncol. 2016, 34, 443-451. [CrossRef]

Tabernero, J.; Hoff, PM.; Shen, L.; Ohtsu, A.; A Shah, M.; Cheng, K.; Song, C.; Wu, H.; Eng-Wong, J.;
Kim, K; et al. Pertuzumab plus trastuzumab and chemotherapy for HER2-positive metastatic gastric or
gastro-oesophageal junction cancer (JACOB): Final analysis of a double-blind, randomised, placebo-controlled
phase 3 study. Lancet Oncol. 2018, 19, 1372-1384. [CrossRef]

Wang, X.; Fu,R.; Hu, Y.; Du, H,; Li, S; Liu, Y.; Zhang, L.; Ji, ]. EGFR gene status predicts response and survival
benefit in a preclinical gastric cancer trial treating patient?derived xenografts with cetuximab. Oncol. Rep.
2017, 38, 2387-2393. [CrossRef]

Lordick, F; Luber, B.; Lorenzen, S.; Hegewisch-Becker, S.; Folprecht, G.; Woll, E.; Decker, T.; Endlicher, E.;
Rothling, N.; Schuster, T.; et al. Cetuximab plus oxaliplatin/leucovorin/5-fluorouracil in first-line metastatic
gastric cancer: A phase II study of the Arbeitsgemeinschaft Internistische Onkologie (AIO). Br. ]. Cancer
2010, 102, 500-505. [CrossRef]

Macedo, F; Ladeira, K.; Filho, A.L.L.; Martins, S.F. Gastric Cancer and Angiogenesis: Is VEGF a Useful
Biomarker to Assess Progression and Remission? J. Gastric Cancer 2017, 17, 1-10. [CrossRef] [PubMed]
Fuchs, C.S,; Tomasek, J.; Yong, C.J.; Dumitru, F.; Passalacqua, R.; Goswami, C.; Safran, H.; Santos, L.; Aprile, G.;
Ferry, D.R.; et al. Ramucirumab monotherapy for previously treated advanced gastric or gastro-oesophageal
junction adenocarcinoma (REGARD): An international, randomised, multicentre, placebo-controlled, phase 3
trial. Lancet 2014, 383, 31-39. [CrossRef]

Wilke, H.; Muro, K.; Van Cutsem, E.; Oh, S.-C.; Bodoky, G.; Shimada, Y.; Hironaka, S.; Sugimoto, N.;
Lipatov, O.; Kim, T.-Y.; et al. Ramucirumab plus paclitaxel versus placebo plus paclitaxel in patients with
previously treated advanced gastric or gastro-oesophageal junction adenocarcinoma (RAINBOW): A double-
blind, randomised phase 3 trial. Lancet Oncol. 2014, 15, 1224-1235. [CrossRef]


http://dx.doi.org/10.1093/annonc/mdq164
http://dx.doi.org/10.1016/S1470-2045(17)30321-2
http://dx.doi.org/10.1016/j.ejso.2004.04.013
http://dx.doi.org/10.1056/NEJMoa055531
http://www.ncbi.nlm.nih.gov/pubmed/16822992
http://dx.doi.org/10.1200/jco.2007.25.18_suppl.4510
http://dx.doi.org/10.1159/000501678
http://dx.doi.org/10.2217/fon-2019-0243
http://www.ncbi.nlm.nih.gov/pubmed/31234645
http://dx.doi.org/10.1007/s10120-012-0179-9
http://www.ncbi.nlm.nih.gov/pubmed/22797858
http://dx.doi.org/10.1007/s00280-017-3422-6
http://dx.doi.org/10.1200/JCO.2015.62.6598
http://dx.doi.org/10.1016/S1470-2045(18)30481-9
http://dx.doi.org/10.3892/or.2017.5907
http://dx.doi.org/10.1038/sj.bjc.6605521
http://dx.doi.org/10.5230/jgc.2017.17.e1
http://www.ncbi.nlm.nih.gov/pubmed/28337358
http://dx.doi.org/10.1016/S0140-6736(13)61719-5
http://dx.doi.org/10.1016/S1470-2045(14)70420-6

Int. ]. Mol. Sci. 2020, 21, 4012 20 of 20

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

Su, X.; Zhan, P,; Gavine, PR.; Morgan, S.; Womack, C.; Ni, X; Shen, D.; Bang, Y.-J.; Im, S.-A.; Kim, W.H,;
et al. FGFR2 amplification has prognostic significance in gastric cancer: Results from a large international
multicentre study. Br. ]. Cancer 2014, 110, 967-975. [CrossRef]

Inokuchi, M.; Fujimori, Y.; Otsuki, S.; Sato, Y.; Nakagawa, M.; Kojima, K. Therapeutic Targeting of Fibroblast
Growth Factor Receptors in Gastric Cancer. Gastroenterol. Res. Pract. 2015, 2015, 1-8. [CrossRef]

Ohtsu, A.; Ajani, J.A.; Bai, Y.-X,; Bang, Y.-J.; Chung, H.C.; Pan, H.-M.; Sahmoud, T.; Shen, L.; Yeh, K.-H.;
Chin, K;; et al. Everolimus for Previously Treated Advanced Gastric Cancer: Results of the Randomized,
Double-Blind, Phase III GRANITE-1 Study. J. Clin. Oncol. 2013, 31, 3935-3943. [CrossRef]

Ramanathan, R.; McDonough, S.L.; Kennecke, H.E,; Igbal, S.; Baranda, J.C.; Seery, T.E.; Lim, H.].; Hezel, A.F;
Vaccaro, G.M,; Blanke, C.D. Phase 2 study of MK-2206, an allosteric inhibitor of AKT, as second-line therapy
for advanced gastric and gastroesophageal junction cancer: A SWOG cooperative group trial (51005). Cancer
2015, 121, 2193-2197. [CrossRef]

Li, R; Li, J.; Wang, X,; Liang, P.; Gao, J. Detection of gastric cancer and its histological type based on iodine
concentration in spectral CT. Cancer Imaging 2018, 18, 42. [CrossRef]

Kwee, RM.; Kwee, T.C. Imaging in Local Staging of Gastric Cancer: A Systematic Review. J. Clin. Oncol.
2007, 25, 2107-2116. [CrossRef]

Kwee, RM.; Kwee, T.C. Imaging in assessing lymph node status in gastric cancer. Gastric Cancer 2009, 12,
6-22. [CrossRef]

Coburn, N.G.; Seevaratnam, R.; Paszat, L.; Helyer, L.; Law, C.; Swallow, C.; Cardosa, R.; Mahar, A.;
Lourenco, L.G.; Dixon, M.; et al. Optimal Management of Gastric Cancer: Results from an international
RAND/UCLA expert panel. Ann. Surg. 2014, 259, 102-108. [CrossRef] [PubMed]

Kwee, RM.; Kwee, T.C. Modern imaging techniques for preoperative detection of distant metastases in
gastric cancer. World ]. Gastroenterol. 2015, 21, 10502-10509. [CrossRef] [PubMed]

Bruneton, ].N.; Francois, E.; Padovani, B.; Raffaelli, C. Primary tumor staging of gastric and colorectal cancer.
Eur. Radiol. 1996, 6, 140-146. [CrossRef]

Huo, X.; Yuan, K;; Shen, Y.; Li, M.; Wang, Q.; Xing, L.; Shi, G. Clinical value of magnetic resonance imaging
in preoperative T staging of gastric cancer and postoperative pathological diagnosis. Oncol. Lett. 2014, 8,
275-280. [CrossRef]

Sohn, K.-M.; Lee, ].M,; Lee, S.Y.; Ahn, B.-Y,; Park, S.-M.; Kim, K.-M. Comparing MR Imaging and CT in the
Staging of Gastric Carcinoma. Am. J. Roentgenol. 2000, 174, 1551-1557. [CrossRef] [PubMed]

Kim, A.Y,; Han, ] K;; Seong, C.K.; Kim, TK.; Choi, B.I. MRI in Staging Advanced Gastric Cancer: Is It Useful
Compared with Spiral CT? J. Comput. Assist. Tomogr. 2000, 24, 389-394. [CrossRef]

Zhong, L.; Li, L.; Sun, ].H.; Xu, J.R. Preoperative diagnosis of gastric cancer using 2-D magnetic resonance
imaging with 3-D reconstruction techniques. Chin. J. Dig. Dis. 2005, 6, 159-164. [CrossRef]

Wang, Z.; Chen, J. Imaging in assessing hepatic and peritoneal metastases of gastric cancer: A systematic
review. BMC Gastroenterol. 2011, 11, 19. [CrossRef]

Zhang, Y.; Yu, J. The role of MRI in the diagnosis and treatment of gastric cancer. Diagn. Interv. Radiol. 2020,
26,176-182. [CrossRef]

Fonocho, E.; Aydin, N.; Reddy, S.; Misra, S. Limitations in the use of 18F-FDG PET in the pre-operative
staging of gastric cancer: A case series. Int. |. Surg. Case Rep. 2017, 36, 147-150. [CrossRef]

Stahl, A.; Ott, K.; Weber, W.; Becker, K.; Link, T.; Siewert, J.-R.; Schwaiger, M.; Fink, U. FDG PET imaging of
locally advanced gastric carcinomas: Correlation with endoscopic and histopathological findings. Eur. J.
Nucl. Med. Mol. Imaging 2003, 30, 288-295. [CrossRef] [PubMed]

Kinkel, K.; Lu, Y,; Both, M.; Warren, R.S.; Thoeni, R.F. Detection of Hepatic Metastases from Cancers of the
Gastrointestinal Tract by Using Noninvasive Imaging Methods (US, CT, MR Imaging, PET): A Meta-Analysis.
Radiology 2002, 224, 748-756. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1038/bjc.2013.802
http://dx.doi.org/10.1155/2015/796380
http://dx.doi.org/10.1200/JCO.2012.48.3552
http://dx.doi.org/10.1002/cncr.29363
http://dx.doi.org/10.1186/s40644-018-0176-2
http://dx.doi.org/10.1200/JCO.2006.09.5224
http://dx.doi.org/10.1007/s10120-008-0492-5
http://dx.doi.org/10.1097/SLA.0b013e318288dd2b
http://www.ncbi.nlm.nih.gov/pubmed/23478525
http://dx.doi.org/10.3748/wjg.v21.i37.10502
http://www.ncbi.nlm.nih.gov/pubmed/26457011
http://dx.doi.org/10.1007/BF00181129
http://dx.doi.org/10.3892/ol.2014.2135
http://dx.doi.org/10.2214/ajr.174.6.1741551
http://www.ncbi.nlm.nih.gov/pubmed/10845479
http://dx.doi.org/10.1097/00004728-200005000-00006
http://dx.doi.org/10.1111/j.1443-9573.2005.00224.x
http://dx.doi.org/10.1186/1471-230X-11-19
http://dx.doi.org/10.5152/dir.2019.19375
http://dx.doi.org/10.1016/j.ijscr.2017.05.026
http://dx.doi.org/10.1007/s00259-002-1029-5
http://www.ncbi.nlm.nih.gov/pubmed/12552348
http://dx.doi.org/10.1148/radiol.2243011362
http://www.ncbi.nlm.nih.gov/pubmed/12202709
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Epidemiology and Risk Factors for Gastric Carcinoma Development 
	Incidence, Mortality and Geographical Variability 
	Trends 
	Risk Factors 

	Gastric Cancer Classification 
	Classification Systems in Gastric Cancer 
	Conventional Gastric Cancer 
	Early-Onset Gastric Cancer 
	Gastric Stump Cancer 
	Hereditary Diffuse Gastric Cancer 

	Genomic Characteristics of Gastric Cancer Development 
	Prevention and Treatment Strategies 
	Prevention Strategies for Gastric Cancer 
	Improvement in Diet 
	Helicobacter pylori Eradication 
	Early Detection Importance 
	Treatment Strategies for Gastric Cancer: Surgical Resection 
	Adjuvant Chemotherapy 
	Neo-Adjuvant Chemotherapy 
	Targeted Therapy 
	Imaging Strategies 

	Conclusions 
	References

