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Gastric cancer remains one of the most common causes of cancer-related death worldwide, 
although the incidence is declining gradually. The primary risk factor for gastric cancer is Helico-
bacter pylori infection. The Kyoto global consensus report recommends eradication of H. pylori 
in all infected patients. However, because it is difficult to stratify the risk of carcinogenesis among 
patients with a history of H. pylori infection, annual endoscopic surveillance is performed for 
everyone after eradication. This review summarizes the current approaches used to screen for 
novel molecules that could assist in the diagnosis of gastric cancer and reduce mortality. Most 
well-studied molecules are tissue protein biomarkers expressed by the gastric epithelium and as-
sociated with metaplasia-dysplasia-carcinoma sequences. Other strategies focus on the origin of 
cancer stem cell-related markers, such as CD44, and immune reaction-related markers, such as 
matrix metallopeptidases. Noninvasive methods such as blood-based approaches are more at-
tractive. Serum pepsinogen levels predict the severity of gastric mucosal atrophy before H. pylori 
eradication, whereas plasma ghrelin levels are associated with atrophy even after eradication. 
Cell-free DNAs and RNAs are attractive tools for the early detection of cancer. These ideas could 
lead to the development of more personalized strategies for cancer prevention based on cutting-
edge technologies. (Gut Liver 2021;15:3-12)
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INTRODUCTION

Worldwide, gastric cancer is the fifth most common 
malignancy and the fourth leading cause of cancer-related 
death.1 More than half of the world’s total incident gastric 
cancers occur in East Asia. Although many factors con-
tribute to the risk of gastric cancer, the single greatest risk 
factor for the development of non-cardia gastric cancer 
is infection with Helicobacter pylori (relative risk of 5.9).2 
Screening strategies for the detection of gastric cancer at 
an early and more curable stage have led to a significant 
reduction in mortality from the disease.3 In addition, H. 
pylori eradication therapy has been shown to be effective at 
preventing gastric cancer in several well-conducted clini-
cal trials.4-8 Therefore, according to the Kyoto global con-
sensus report, it is recommended that all infected patients 
be treated, irrespective of age or the severity of the gastric 
mucosal lesions, especially in regions with a high incidence 

of gastric cancer.9-12

However, Uemura et al.13 reported that the rate of gastric 
cancer in patients with H. pylori infection was only 2.9% 
over a mean follow-up period of 7.8 years. Furthermore, 
according to data from previous trials, 125 patients would 
need to be treated with H. pylori eradication therapy to 
prevent one case of gastric cancer.14 However, H. pylori 
eradication cannot reduce the cancer risk to zero.15 Thus, 
no strategy to prevent gastric cancer has been established. 
Our next challenge will be the proper selection of target 
populations for screening endoscopies. In this review, we 
summarize potentially useful epidemiological, biological, 
and molecular findings to further optimize strategies for 
the early detection and risk stratification of gastric cancer 
(Table 1, Fig. 1).
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RISK STRATIFICATION BASED ON 
HISTOLOGY AND MORPHOLOGY 

Atrophic gastritis is the initial step in non-cardia gastric 
carcinogenesis. Gastric mucosal atrophy consists of both 
the absolute loss of resident glandular units and the trans-
formation of native glands to intestinal metaplasia or spas-
molytic polypeptide-expressing metaplasia (SPEM). Rugge 
et al.16,17 have established a gastritis staging system (stage 
0, I, II, III, and IV) based on histology called the Opera-
tive Link for Gastritis Assessment (OLGA) system. OLGA 
stage is determined by combining the atrophy scores in 
the corpus and antrum, and reflects the risk of progression 
to gastric cancer. The atrophy score is a four-tiered scale 
(0–3), based on the visual analogue scale of the updated 
Sydney system.18 OLGA staging also requires a five-point 
biopsy: two from the antral mucosa, one from the mucosa 
of the angularis incisura, and two from the oxyntic area. In 
a large European study in which patients were followed for 
5 years after H. pylori eradication, neoplastic lesions only 
occurred in patients that had stage III or IV gastritis at the 

time of enrollment.19 
In Japan, to avoid the risks of multiple gastric biop-

sies, the macroscopic extent of gastric mucosal atrophy is 
traditionally classified using the Kimura and Takemoto 
classification system,20 which correlates with the results of 
histological evaluation.21 Based on endoscopic findings, 
gastric mucosal atrophy is classified as the closed type (C-1 
to C-3), which is characterized by borders of atrophy that 
do not exceed the cardia on the lesser curvature side of the 
gastric corpus, and the open-type (O-1 to O-3), which is 
characterized by borders of atrophy that exceed the cardia 
into the greater curvature side.20 Open-type atrophy is a 
significant risk factor for gastric cancer, although follow-
up strategies based on the Kimura and Takemoto classifi-
cation have not been established.22,23 Linked color imaging, 
a newly developed image-enhancing endoscopy technique, 
can detect map-like redness (a high risk feature) and regu-
lar arrangement of collecting venules (a low risk feature) 
more accurately than conventional white-color imaging.24 
Thus, histological and endoscopic approaches are useful 
for identifying high risk groups. However, carcinogenesis is 

Table 1.Table 1. Methodology for Risk Stratification and/or the Early Detection of Gastric Cancer

Methods Strength Limitation

Endoscopic findings ㆍEssential for the diagnosis of cancer location
ㆍ Macroscopic diagnosis of the extent of metaplasia (Kimura 

and Takemoto classification) is associated with the cancer 
risk

ㆍImprovement of image-enhancing endoscopy

ㆍSometimes painful/stressful for some individuals
ㆍWell-trained clinicians are necessary
ㆍRisk of adverse events (perforation, etc.)

Histological findings ㆍEssential for the definitive diagnosis of dysplasia and cancer
ㆍOLGA staging system is well associated with the cancer risk

ㆍInvasive
ㆍRisk of adverse events (bleeding, etc.)
ㆍResults of the analysis depend on the sampling point

Tissue biomarkers ㆍ Molecules related to the metaplasia-dysplasia-adenocar-
cinoma sequence assist the histological diagnosis (TFF2, 
CDX2, miR-124a-3p methylation, etc.)

ㆍ CD44v9 pathway and MMPs could predict the cancer risk 
independently from histological findings

ㆍInvasive
ㆍRisk of adverse events (bleeding, etc.)
ㆍResults of the analysis depend on the sampling point

Gastric microbiota ㆍ Causal relationship between cancer development and the 
presence of carcinogenic microbes is expected

ㆍ Potentially less-invasive diagnosis by sampling of gastric 
juice

ㆍLimited evidences in human

Serum pepsinogen ㆍ Good association with the severity of gastric mucosal atro-
phy in Helicobacter pylori-positive individuals

ㆍMinimally invasive

ㆍ No association with the severity of gastric mucosal at-
rophy after H. pylori eradication

ㆍ Confirmation of the present H. pylori infection is neces-
sary

Plasma ghrelin ㆍ Expected association with the severity of gastric mucosal 
atrophy irrespective of the presence of H. pylori

ㆍMinimally invasive

ㆍLimited evidences in human

Innovative blood-based 
   biomarkers (cell-free 
   DNA, cell-free RNA, 
   etc.)

ㆍHighly accurate early stage diagnosis is expected
ㆍ Potential organ specificity is expected for some biomarkers
ㆍMinimally invasive

ㆍUnclear molecular mechanisms
ㆍ Further improvement of analytical methodology is nec-

essary
ㆍPotentially expensive

CEA, CA19-9 ㆍLow cost
ㆍMinimally invasive

ㆍLow sensitivity and specificity for early stage cancer

OLGA, Operative Link for Gastritis Assessment; TFF2, trefoil factor 2; CD44v9, CD44 variant 9; MMPs, matrix metallopeptidases; CEA, carcinoem-
bryonic antigen; CA19-9, carbohydrate antigen 19-9. 
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observed frequently among histologically low risk patients. 
For more accurate risk stratification, a combination of his-
tological evaluation and other markers is necessary.

MOLECULAR DIAGNOSIS OF  
GASTRIC MUCOSAL ATROPHY AND  

INTESTINAL METAPLASIA

Immunostaining of several protein markers in non-
cancer gastric tissues can assist diagnosis of gastric muco-
sal atrophy. For example, immunostaining for trefoil factor 
2 (TFF2) assists histological assessment of SPEM.25,26 LI-
cadherin staining has good sensitivity and specificity for 
detecting intestinal metaplasia.27

In addition to H. pylori infection, the major etiological 
factor for the extension of atrophic mucosa is duodeno-
gastric bile reflux.28 Dixon et al. 29 reported that the in-
dependent risk factors for cardia intestinal metaplasia 
were increasing age, male sex, chronic inflammation, and 
significant bile reflux. Bile acids induce the production of 
reactive oxygen species (ROS), which cause DNA damage 
and activate nuclear factor-κB, resulting in production of 
inflammatory factors such as CDX2, epidermal growth 
factor receptor, interleukin (IL)-1β, IL-8, and cyclooxygen-

ase (COX)-2.30-33 
Epigenetic alterations, represented by aberrant DNA 

methylation, are deeply involved in carcinogenesis. Ab-
errant methylation accumulates during gastric mucosal 
atrophy and can contribute to cancer development.34,35 

This suggests that the mucosal methylation status could be 
useful for the molecular diagnosis of the severity of gastric 
mucosal atrophy.36 In fact, the methylation of miR-124a-
3p, EMX1, and NKX6-1 in biopsy samples taken from the 
lesser curvature 2 cm from the pyloric ring was significant-
ly associated with the cumulative incidence of metachro-
nous gastric cancers in patients after endoscopic resection 
of early gastric cancer.37

STEM CELL MARKER CD44 VARIANT 
9-RELATED MOLECULES

CD44, a major adhesion molecule and receptor for 
hyaluronic acid, has been implicated in a variety of physi-
ological processes in addition to cancer cell growth, inva-
sion, and metastasis.38 Alternative splicing of CD44 mRNA 
produces a standard isoform of CD44 (CD44s) plus several 
variant isoforms. Among these, CD44 variant 9 (CD44v9) 
is the most unique phenotype that characterizes cancer 
stem cell-like properties.39 In fact, reciprocal silencing of 
total CD44 results in reduced tumor-initiating potential of 
gastric cancer cells, which can be rescued by expression of 
CD44v9 but not by that of CD44s.40 CD44v9 interacts with 
xCT, a glutamate–cystine transporter, and to contribute to 
ROS defense by promoting the synthesis of the primary 
intracellular antioxidant glutathione, thereby promoting 
tumor growth and chemoresistance.41,42 CD44v9 expres-
sion is observed not only in cancer tissues, but also in 
gastric mucosal epithelium infected with H. pylori.43,44 We 
reported that CD44v9-positive cells originate from capping 
actin protein of muscle Z-line alpha subunit 1 (CAPZA1)-
overexpressing cells in the gastric epithelium.45 CAPZA1 
overexpression enhanced the expression of β-catenin, 
which is a transcription factor for CD44, and ESRP1 (epi-
thelial splicing regulatory protein 1), which increases alter-
native splicing of CD44 to generate CD44v9.45

On the other hand, H. pylori produces the oncogenic 
protein CagA and delivers it into the gastric epithelial cell 
cytoplasm via a type IV transporter. CagA induces cell pro-
liferation and division by interacting with target molecules 
such as the cytoplasmic Src homology 2 domain of SHP-2 
(Src homology 2 phosphatase).46 CagA is characterized by 
the presence of five repeating amino acid sequences (Glu-
Pro-Ile-Tyr-Ala), designated EPIYA motifs. Four different 
EPIYA motifs (EPIYA-A, EPIYA-B, EPIYA-C, and EPIYA-
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Exosomal contents (microRNAs etc.)
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Accumulation of CagA

-Catenin
44v9
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�
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Fig. 1.Fig. 1. Core etiologies of gastric carcinogenesis and potential bio-
markers for risk stratification and early detection. Unhealthy intra-
gastric conditions, such as Helicobacter pylori infection, dysbiosis, 
and bile reflux, induce the accumulation of reactive oxygen species 
(ROS) and gastric mucosal atrophy/intestinal metaplasia. Levels of 
several tissue biomarker molecules (as indicated) are altered during 
carcinogenesis. To achieve a minimally invasive means of evaluation, 
blood-based diagnostic strategies are needed.
TFF2, trefoil factor 2; COX, cyclooxygenase; CAPZA1, capping actin pro-
tein of muscle Z-line alpha subunit 1; CD44v9, CD44 variant 9; MMPs, 
matrix metallopeptidases.
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D) have been defined. Based on the EPIYA motifs, the 
CagA protein has been classified into Western and Eastern 
types. The Western type contains EPIYA-A and EPIYA-
B, followed by up to five repeated sequences of EPIYA-C, 
whereas the East Asian strain contains EPIYA-A, EPIYA-
B, and EPIYA-D.47 The East Asian strain has been shown 
to be more virulent than the Western strain with respect to 
clinical outcomes.48

As a defense mechanism of host cells, CagA is degraded 
by autophagy irrespective of the type of EPIYA motif.49 
However, in CAPZA1-overexpressing cells, autolyso-
some formation is inhibited and CagA escapes autophagic 
degradation.50 The accumulated CagA promotes CD44v9 
expression by inducing the nuclear accumulation of 
β-catenin.45,49 Furthermore, ROS triggers CAPZA1 expres-
sion by increasing histone H3 acetylation of the CAPZA1 
promoter.45 Furthermore, a CD44v9-xCT system-targeting 
intervention prevents development of preneoplastic le-
sions and cancer in mice.51 Thus, the ROS/CAPZA1/
CagA/β-catenin/CD44v9/xCT axis could be a key pathway 
in gastric cancer development. In fact, we showed that 
CD44v9 expression was a better predictor of gastric cancer 
recurrence after resection of early gastric cancer than the 
presence of open-type gastric mucosal atrophy.22

Although other variant isoforms are expressed in the 
gastric mucosa, the functions of each variant are unclear.52 
CD44v6 acts as a co-receptor for the function of c-Met in 
response to H. pylori infection and CagA-induced epithe-
lial proliferation.53

MATRIX METALLOPEPTIDASES

Studies of the interaction between gastric epithelium 
and immune responses reveal that matrix metallopeptidas-
es (MMPs) play key roles. MMPs are a multimember fam-
ily of zinc-containing endopeptidases with a wide substrate 
specificity; MMPs degrade extracellular matrix proteins 
during tissue morphogenesis and remodeling in wound 
healing. In addition, MMPs modify a multitude of non-
matrix substrates such as cytokines, chemokines, growth 
factors, and growth factor receptors, as well as cell-surface 
adhesion receptors.54 

H. pylori infection and translocation of CagA to gastric 
epithelial cells induces EPIYA phosphorylation-dependent 
up-regulation of MMP-1, MMP-3, MMP-7, MMP-9, and 
MMP-10, along with CD44.38,54-57 MMP-10-associated 
inflammation is characterized by influx of CD8+ T cells, 
whose migration is induced via the MMP-10–CXCL16 axis 
in gastric epithelial cells.58 The MMP-9-1562 SNP results in 
gender-specific differences in the risk of intestinal metapla-

sia after H. pylori infection.59 By contrast, MMP-7 inhibits 
H. pylori-induced gastric injury and development of pre-
malignant lesions via Th1- and Th17-mediated pathways, 
and by suppressing M1 macrophage polarization.60,61 Thus, 
altered expression of MMPs is associated with immune 
responses and carcinogenesis in the gastric epithelium, and 
it may serve as a tissue biomarker for cancer risk stratifica-
tion and/or be a molecular target for cancer prevention.

GASTRIC MICROBIOTA COMPOSITION

Until recently, the acidic environment of the stomach 
was thought to prevent bacterial colonization since indig-
enous bacteria from the stomach had not been successfully 
isolated in culture. However, recent technological advances 
such as DNA sequencing of ribosomal RNA genes and 
phylogenetic analysis confirmed the existence of a diverse 
gastric microbiota in humans. The gastric microbiota is 
strongly influenced by H. pylori infection.62-64 Changes in 
the gastric environment such as changes in gastric acid 
secretion can drastically change the gastric microbiota. 
The overgrowth of pathobionts can promote inflammatory 
responses in the stomach, potentially leading to the devel-
opment of gastric cancer. 

Lofgren et al. 65 used human gastrin-overexpressing 
transgenic mice (INS-GAS mice), which develop gastric 
cancer upon H. pylori infection, to understand this effect. 
Under specific pathogen-free (SPF) conditions, H. pylori 
infection induced the onset of gastric cancer within 7 
months of infection, whereas infection of germ-free INS-
GAS mice with H. pylori did not cause tumorigenesis.65 In 
addition, co-infection of germ-free INS-GAS mice with H. 
pylori and three other intestinal bacteria species (ASF356 
Clostridium species, ASF361 Lactobacillus murinus, and 
ASF519 Bacteroides species) led to gastric neoplasia forma-
tion, similar to H. pylori infection under SPF conditions.66 
These results suggest that gastric cancer onset is dependent 
on the presence of symbiotic bacteria that synergize with H. 
pylori infection.

According to analysis of human samples, the most com-
mon bacteria detected in individuals with H. pylori-asso-
ciated gastritis are Helicobacter, Streptococcus, Prevotella, 
and Neisseria.67,68 These symbiotic bacteria mainly colonize 
the oral cavity and esophagus. However, in individuals 
with gastric cancer, the numbers of Helicobacter falls sig-
nificantly, whereas Citrobacter, Clostridium, Lactobacillus, 
Achromobacter, and Rhodococcus are more abundant.67 
These bacteria are mainly symbionts colonizing the lower 
gastrointestinal tract mucosa. Interestingly, abundantly 
detected bacteria in patients with gastric cancer have high 
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nitric acid reductase and nitrous acid reductase activity. 
These bacteria effectively regenerate nitrite, the precur-
sor of N-nitroso compounds, from nitrate.67 Conjugated 
bile acids are a major source of nitrosamides in humans. 
Bile acids are normally present as cholic acid amides of 
glycine or taurine, and these amides are N-nitrosated by 
gastric bacteria. N-nitrosoglycocholic acid and N-nitroso-
taurocholic acid are mutagenic and can contribute to the 
development of gastric cancer.69,70 Thus, the investigation 
of non-H. pylori components of the gastric microbiota will 
be of crucial importance for the risk stratification of gastric 
cancer.

BLOOD-BASED TESTING FOR  
RISK STRATIFICATION

Altered levels of serum pepsinogens (PGs), which are 
mainly produced by the chief cells of the fundic glands of 
the stomach, reflect the atrophic status of the gastric mu-
cosa.71 While PG II is produced by both the antrum and 
the corpus mucosa, PG I is a marker of oxyntic mucosa 
status: any (metaplastic or non-metaplastic) loss of oxyntic 
glands results in lower PG I levels and a lower PG I/II ratio. 
The combination of the serum PG I level and the PG I/II 
ratio is a good predictor of gastric cancer occurrence in H. 
pylori-infected populations.72-74 In fact, a 20-year prospec-
tive cohort study of a Japanese population revealed that the 
combination of serum H. pylori antibody and PG levels 
is a significant predictor of gastric cancer risk.75 When 
participants were categorized into four groups (group A 
[H. pylori–, PG–], group B [H. pylori+, PG–], group C [H. 
pylori+, PG+], and group D [H. pylori–, PG+]), the risk of 
gastric cancer in group B had a hazard ratio of 4.08 (95% 
confidence interval [CI], 1.62 to 10.28), whereas that in 
groups C/D was 11.1 (95% CI, 4.45 to 27.46) when group 
A was used as the reference group.75 However, PG I and II 
decrease, and the PG I/II ratio increases, after successful H. 
pylori eradication, irrespective of any improvement in mu-
cosal atrophy.76,77 Therefore, the serum PG level is a useful 
tool for gastric cancer risk stratification among individuals 
with H. pylori infection. For individuals after eradication, 
other noninvasive biomarkers of atrophic status are needed 
for risk stratification.

Ghrelin is a 28-amino-acid appetite-stimulating peptide 
hormone secreted by the A-like cells of the oxyntic glands 
of the stomach. Under conditions of gastric mucosal at-
rophy, as the number of A-like cells decreases, the plasma 
ghrelin concentration also decreases.78 In fact, the plasma 
levels of total and active ghrelin correlate with the serum 
PG I level, as well as the serum PG I/II ratio, and decrease 

as the extent of gastric mucosal atrophy increases.79,80 More 
studies are needed on the reliability of plasma ghrelin lev-
els for gastric cancer risk stratification.

TFF2 (produced during SPEM) and TFF3 (produced 
during intestinal metaplasia) can be detected in serum. 
Kuo et al.81 investigated whether serum levels of TFF2 and 
TFF3 predict cancer-associated histology. Neither IM nor 
SPEM were associated with serum TFF2 or TFF3. Serum 
TFF2 levels were higher in participants with corpus gastri-
tis who also had advanced SPEM. For participants without 
corpus gastritis, elevated serum TFF2 levels correlate with 
higher H. pylori density and more severe gastritis in the 
antrum. These results suggest that serum levels of TFF2 are 
associated with the extent of SPEM, as well as with the risk 
of gastric cancer. 

BLOOD-BASED TESTING FOR  
EARLY DETECTION

Conventional serum tumor biomarkers such as carci-
noembryonic antigen and carbohydrate antigen (CA) 19-9 
are unsuitable for early gastric cancer detection due to 
their insufficient specificity and sensitivity. Compared with 
these, serum TFF3 is a good biomarker for predicting the 
presence of gastric cancer.82 The area under the receiver 
operating characteristics curve (AUROC) of TFF3 for pre-
dicting gastric cancer was 0.65 to 0.81.82-84

Furthermore, recent liquid biopsy technologies could 
provide us with more accurate diagnostic tools based 
on the analysis of cell-free DNA (cfDNA), microRNA 
(miRNA), or extracellular vesicles.85 Circulating cfDNA is 
cell-free extracellular DNA originating from normal and 
cancerous cells in the blood. The fraction of cfDNA that 
derives from primary tumors, metastases, or circulating 
tumor cells is called circulating tumor DNA (ctDNA). A 
recent meta-analysis showed that detection of ctDNA re-
sulted in increased gastric cancer diagnosis specificity over 
conventional protein biomarkers, but there was no increase 
in sensitivity.86 

Dysregulated miRNAs can contribute to cancer initia-
tion and development. miRNAs are short regulatory RNA 
molecules of 17 to 25 nucleotides in length. They modulate 
target gene expression at the post-translational level by 
guiding the RNA-induced silencing complex to miRNA 
target sites in the 3ʹ untranslated region of mRNAs, leading 
to mRNA degradation or the inhibition of translation. Ex-
pression profiling has shown distinctive miRNA signatures 
in different cancers, including gastric cancer.87 miRNAs are 
secreted by cells mainly via exosomes, and are detectable in 
the circulation.88,89 Circulating miRNA profiles are associ-



Gut and Liver, Vol. 15, No. 1, January 2021

8  www.gutnliver.org

ated with various disease conditions and can be good bio-
markers.85 Previous reports have shown that miRNA pro-
files can accurately discriminate between patients with and 
without gastric cancer. For example, Shin et al.90 showed 
that the combination of plasma miR-627, miR-629, and 
miR-652 resulted in the highest AUROC with a sensitiv-
ity of 86.7% and a specificity of 85.5%. Liu et al.91 reported 
that serum levels of miR-1, miR-20a, miR-27a, miR-34, and 
miR-423-5p achieved an AUROC of 0.879. Zhou et al.92 
reported that plasma levels of miR-185, miR-20a, miR-210, 
miR-25, and miR-92b resulted in an AUROC of 0.87. Hou 
et al.93 reported that serum miRNA-206 not only served as 
a novel diagnostic biomarker (AUROC, 0.89), but also pre-
dicted cancer recurrence and patient prognosis. Zhu et al.94 
reported that the combination of plasma miR-16, miR-25, 
miR-92a, miR-451, and miR-486-5p acted as a potential 
biomarker for detecting non-cardia gastric cancer, with 
an AUROC of 0.812. A recent review summarizes other 
related reports.95 Thus, patients with gastric cancer seem 
to have distinct circulating miRNA profiles. However, the 
specific miRNAs that were identified in these studies var-
ied. The protocols that are used for RNA extraction and 
miRNA quantification can significantly affect the results.96 
Worldwide standardization of the methods for evaluating 
circulating miRNAs will be essential for the clinical appli-
cation of the miRNA profile.

Other cell-free RNAs, such as LMX1A mRNA,97 long 
non-coding RNAs (lncRNAs),98 and circular RNAs (cir-
cRNAs),99 are also potential biomarkers for cancer detec-
tion. Tumor-educated platelet RNA signatures could be 
useful for detecting early stage cancer.100 Thus, knowledge 
of various innovative blood-based cancer detection meth-
ods is rapidly accumulating, which could lead to marked 
changes in future clinical practice. 

CONCLUSIONS

Given recent advances in DNA sequencing technology, 
many next generation biomarkers are being utilized. Tra-
ditionally, clinicians have tried to predict the risk of gastric 
carcinogenesis based on the severity of gastric mucosal 
atrophy. To achieve further risk stratification, further in-
vestigation of ROS-related alterations in the gastric mucosa 
and gastric pathobionts are warranted. Pathogenic gastric 
microbial species could be a good biomarker for the risk of 
carcinogenesis as well as a potential source of therapeutic 
targets. Establishment of less invasive blood-based exami-
nations is expected and desirable. Ultimately, surveillance 
of gastric cancer should be performed via blood tests. To 
determine the appropriate interval for blood-based sur-

veillance, risk stratification based on blood tests should be 
performed. Only individuals with suspected gastric cancer 
will undergo endoscopy for definitive diagnosis and to 
determine the therapeutic strategy. Every promising bio-
marker should to be verified strictly and prospectively, al-
though it will take many years to obtain evidence that these 
markers reduce mortality. We must keep on addressing the 
issue and construct an ideal screening strategy, based on 
several biomarkers, for the next generation.
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