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Abstract

Gastric cancer is a prevalent malignancy that poses a serious threat to global health. Despite advances in
medical technologies, screening methods, and public awareness, gastric cancer remains a significant cause
of morbidity and mortality worldwide. Early gastric cancer frequently does not present with
characteristic symptoms, while advanced stage disease is characterized by a dismal prognosis. As such,
early screening in gastric cancer is of great importance. In recent years, advances have been made globally
in both clinical and basic research for the screening of early gastric cancer. The current predominant
screening methods for early gastric cancer include imaging screening, endoscopic screening and serum
biomarker screening. Imaging screening encompasses upper gastrointestinal barium meal,
multidimensional spiral computed tomography (MDCT), Magnetic resonance imaging (MRI), and
ultrasonography. Endoscopic screening methods include white light endoscopy, chromoendoscopy,
computed virtual chromoendoscopy, and other endoscopic techniques like endocytoscopy, confocal
laser endomicroscopy, optical coherence tomography and so on. Biomarkers screening involves the
assessment of conventional biomarkers such as CEA, CA19-9 and CA72-4 as well as more emerging
biomarkers such as peptides (PG, G-17, GCAA, TAAs and others), DNA (cfDNA, DNA methylation,
MSI), noncoding RNA (miRNA, IncRNA, circRNA, and tsRNA) and others. Each screening method has its
strengths and limitations. This article systematically summarizes worldwide progress and future
development of early gastric cancer screening methods to provide new perspectives and approaches for

early diagnostic and treatment advancements in gastric cancer worldwide.

Keywords: Gastric cancer, Early screening, Imaging, Endoscopy, Biomarkers, Noncoding RNA

Introduction

Gastric cancer is a prevalent gastrointestinal
tumor, with the fifth and third highest incidence and
mortality rates for malignant tumors, respectively [1].
Objective statistics indicate that over 1 million cases
were recorded in 2020 worldwide, resulting in over
768,000 fatalities [2]. The incidence of gastric cancer is
particularly high in East Asia, where it reaches up to
45.7 per 100,000 people (Figure 1) [2]. In recent years,
gastric cancer has remained a significant challenge for
society, despite advancements in diet, hygiene and
medical technology for screening and diagnosis.

Currently, the rate of early gastric cancer (EGC)
detection varies globally. In Japan and Korea, over
50% of cases are detected early, while in Western
countries such as the United States, the rate is only
approximately 20% [4]. In China, although its
incidence accounts for 44.21% of the total number of
cases worldwide, the rate of early gastric cancer
detection is nearly 10~20% [3,5]. Early gastric cancer
typically lacks clear symptoms. By the time symptoms
present, the cancer is often in the advanced stage,
which can cause patients to miss the best opportunity
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for surgical intervention. For progressive gastric
cancer, the primary treatment is the combination of
neoadjuvant chemotherapy, molecular targeted
therapy and immunotherapy [6]. Despite the
combined use of these therapies, the survival rate and
prognosis of gastric cancer patients, particularly those
with progressive gastric cancer, remain unsatis-
factory. The survival rate of those with progressive
gastric cancer is less than 30%, with the 5-year
survival rate of stage IV gastric cancer patients being
particularly low at less than 15% [7, 8]. Conversely,
the survival rate of patients with early gastric cancer is
over 90% [7, 8]. Thus, the primary strategy for
enhancing the diagnosis and treatment of gastric
cancer is early detection.

Studies have shown that screening for gastric
cancer can substantially decrease mortality rates
associated with the condition and enhance patient
survival rates [9]. Evidence from a range of countries
and regions indicates that effective screening methods
are available for the early detection of gastric cancer
[10, 11]. Early gastric cancer screening methods
usually involve imaging, endoscopy, and biomarkers
(Figure 2). Various imaging screening methods can be
used to detect gastric disorders, such as upper
gastrointestinal barium meal (UGI), multilayer spiral
CT, upper abdominal MRI and gastric ultrasono-
graphy. Endoscopic techniques comprise white light
endoscopy, chromoendoscopy, a variety of computed
virtual chromoendoscopy strategies, such as
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narrow-band imaging (NBI) and blue laser imaging
(BLI), cellular endoscopy, confocal laser microendo-
scopy, and optical coherence tomography, among
other techniques. Biomarkers include conventional
markers, specifically CEA, CA19-9, and CA72-4,
which are commonly used in clinical practice as well
as innovative biomarkers that include peptides (PG,
G-17, GCAA, TAAs and others), DNA (cfDNA, DNA
methylation, MSI), noncoding RNA (miRNA,
IncRNA, circRNA, and tsRNA), and circulating tumor
cells. This paper aims to provide an objective and
concise summary of the current and potential
advancements in early gastric cancer screening.

1. Imaging screening for EGC

Medical imaging plays a significant role in
screening for gastric cancer due to its noninvasive,
cost-effective and easily accessible features. From the
classical upper gastrointestinal tract barium meal to
modern-day multilayer spiral CI, MRI, and
ultrasonography (Figure 3), advancements in
equipment and techniques have greatly contributed to
the detection of primary tumors, distant metastasis,
and preoperative evaluation of gastric cancer.

1.1 Upper gastrointestinal barium meal

UGI is a conventional method of gastric cancer
screening. This technique utilizes barium sulfate to
distinguish lesions in the gastrointestinal tract under
X-ray exposure (Figure 4A) [12].

,.,:\'i.; %

Figure 1. Global incidence rate of gastric cancer. The incidence varies globally, especially high in East Asia and east Europe. Data from published literature [1-5].
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Figure 2. Methods of gastric cancer screening. Early gastric cancer screening methods usually involve imaging, endoscopy, and serum biomarker. UGI: Upper gastrointestinal
barium meal; MRI: Magnetic resonance imaging; MDCT: Multi-dimensional spiral computed tomography; NBI: Narrow-band imaging; BLI: Blue laser imaging; LCI: Linked color
imaging; FICE: Flexible spectral imaging color enhancement.
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Figure 3. Imaging techniques of gastric cancer screening. Including UGI, MR, gastric ultrasonography, and endoscopy.
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Figure 4. Typical images of imaging techniques of gastric cancer screening. (A): UGI: Localized rigidity of the gastric lumen, loss of normal mucosal morphology, and filling defects
are observed. (B): Gastric ultrasonography: After oral administration of gastric window contrast agent, there are moderate echoes in the stomach, low echoes in the body of
stomach, involving the body of stomach for one week, the range is about 116 x 41 mm, and local ulcers were found. Several hypoechoic lesions are found in the margin of the
lesion, and the largest one is about 15 X 6 mm in size. (C): MDCT: The stomach is well filled, and the gastric wall of the gastric sinus is uneven and slightly thickened. After
strengthening, it is slightly strengthened. (D): MRI: The mucosa of the greater curvature of the gastric body seemed to be thickened slightly and showed high signal intensity on

DWI.

In the 1980s, the Japanese Health Care Law
integrated a gastric cancer screening program, which
screened over 5 million individuals in one year [13].
Of those screened, over 6,000 cases of gastric cancer
were detected, with an overall detection rate of 0.12%
[13]. Early gastric cancer accounted for 50% of these
cases, and the sensitivity, specificity, and positive
predictive value were 82.4%, 77.2%, and 1.78%,
respectively [13]. With the arrival of double-contrast
upper gastrointestinal barium radiography (UGI-XR),
its diagnostic accuracy has improved even further [14,
15]. Adequate cancer screening by UGI-XR has been
demonstrated to decrease the risk of death caused by
gastric cancer [16].

Although UGI is easy to perform, inexpensive
and painless, its limitations have drawn public
attention. Scholars have analyzed the reasons for its
missed diagnoses and concluded that multiple factors,
such as gastric lumen filling, barium concentration,
operator's level, and gastric cancer morphology, affect
its detection rate [17, 18]. Additionally, it cannot
reflect the depth of invasion of the lesion or be used to
diagnose the involvement of neighboring organs and
surrounding lymph nodes. Hence, its restricted
usefulness in gastric cancer screening curtails its
significance. The practice of "barium meal followed by
endoscopy", which was established in the early years,

has been progressively phased out [19].

1.2 Multidimensional spiral computed
tomography

The most popular purpose of using
multidimensional spiral computed tomography
(MDCT) in gastric cancer is typically to determine the
extent of local invasion and the existence or absence of
distant metastasis [20]. According to previous
research, the T-staging accuracy in spiral CT scanning
imaging is 84.5%, with that for the T1 stage even
reaching 90.8% [21]. Contrast-enhanced MDCT holds
substantial benefits for the diagnosis of gastric cancer
(Figure 4C) [22]. In fact, some scholars have
developed AI models to detect early gastric cancer
(EGC) in CT portal-stage images in recent years [23].

There are two primary techniques for enhancing
imaging clarity using either gas or water as the
medium [24, 25]. The former was demonstrated to be
a good choice for detecting tumors and their
relationship with the surrounding vascular structures
of the gastric wall [25]. The latter was found to be
advantageous for evaluating the depth of infiltration
of gastric cancers and in displaying tumor histological
alterations. The detection rate of gastric cancer has
been reported to be 65% (96.2% for advanced gastric
cancer and 41.2% for early gastric cancer) [24, 26].
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Its diagnostic value for gastric cancer,
particularly for early gastric cancer and precancerous
lesions, remains somewhat restricted. For instance,
MDCT’s utilization for diagnosing gastric cancer is
based on the principle that a gastric wall thickness of
greater than 1 mm may manifest as white bands or
lines in the wall, while early-stage gastric cancer
typically does not exhibit evident wall thickening [27].
Moreover, the soft tissue contrast of CT images is
relatively low.

1.3 Magnetic resonance imaging of the upper
abdomen

Magnetic resonance imaging (MRI) offers
superior soft tissue resolution to CT and has the
ability to provide multiple sequences and contrast
[28]. In a clinical setting, MRI of the upper abdominal
region is commonly utilized to assess solid organs,
including the liver, gallbladder, and pancreas [29, 30].
Currently, the principal method employed for gastric
cancer screening is diffusion-weighted magnetic
resonance imaging or DW-MRI (Figure 4D) [31].

In 2016, Tang and colleagues demonstrated the
viability of DW-MRI for screening gastric cancers
through a prospective study [32]. In this study, four
signal characteristics of gastric cancer were identified,
and measurements revealed that the apparent
diffusion coefficient (ADC) values were significantly
lower in gastric cancer lesions than in normal gastric
wall structures [32]. Another retrospective analysis
demonstrated that the precision and sensitivity of
DW-MRI in identifying gastric cancer (77.8-78.3%;
75.3-75.9%) were substantially greater than those of
CT (67.7-71.4%; 64.1-68.2%) or traditional MRI
(72-73%; 68.8-70%) [33].

Nonetheless, DW-MRI is also subject to
unavoidable limitations. The stomach, located in the
epigastric cavity, is affected by both macroscopic
motion and a low signal-to-noise ratio (SNR), leading
to decreased examination accuracy [34, 35].
Furthermore, DW-MRI is rather time-consuming and
expensive.

1.4 Gastric ultrasonography

Gastric ultrasonography is a noninvasive,
accurate, convenient and reproducible technique for
detecting gastrointestinal diseases. In the fasting state,
the patient is given an oral dose of an echogenic
contrast agent to fill the stomach cavity, thus
eliminating the interference of gas and contents in the
gastric cavity to improve the quality of the image, and
the sonographer is able to observe the structure of the
gastric wall and its lesions in full-layer visualization,
three dimensions, and real-time dynamics (Figure 4B)
[36].

Liu et al. found that ultrasonography has a
satisfactory detection rate of gastric cancer and
precancerous lesions, with a detection rate of 77% for
T1 b stage gastric cancer, 67% for T1 a stage gastric
cancer, and even 60% for high-grade intraepithelial
neoplasia [37]. In addition, ultrasonography can be
helpful for tumor staging and presurgical preparation
[38, 39].

Ultrasonography has relatively few
contraindications. However, some studies have also
shown that ultrasonography is more accurate and
sensitive in advanced gastric cancer, with accuracies
and sensitivities of 79.7% and 98.6% in the advanced
group and only 38.7% and 61.2% in the early group
[40]. Besides, its detection is also affected by body
size, abdominal contents, tumor size, and the
operator's technique [41, 42]. So that it is not widely
used in gastric cancer screening, especially in Western
countries, and no clear evidence of its value can be
found.

2. Endoscopy screening for early gastric
cancer

The gold standard for diagnosing gastric cancer
is "endoscopy + pathological biopsy". Scholars have
been advancing science and technology to create
endoscopic methods that are more convenient, fast,
and accurate. As a result, chromoendoscopy,
computed virtual chromoendoscopy and other
technological means have emerged from white light
endoscopy (Figure 5).

2.1 White light endoscopy

White light endoscopy (WLE) is the most widely
used method (Figure 6A). High-definition white light
endoscopy (HD-WLE) is gradually being introduced
as technology advances. This technique has greatly
improved image quality and has a sensitivity of
74.6%, specificity of 94%, and accuracy of 88% for
detecting gastric cancer and precancerous lesions such
as intestinal epithelial hyperplasia and atypical
hyperplasia [43].

However, under white light, detecting some
early microscopic lesions remains challenging.
Significant mucosal lesions, including nodular,
elevated, or depressed structures, can be effectively
observed. However, slight mucosal irregularities or
atypical coloration may be overlooked due to their
subtlety. Previously, the missed rate for these
conditions has been reported to be 9.4% according to a
meta-analysis [44].

2.2 Chromoendoscopy

Chromoendoscopy, also known as dye
endoscopy, involves staining the mucosal lining of the
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gastrointestinal tract with pigments or reagents to
enhance the direct naked-eye observation and
diagnosis of lesions (Figure 6B) [45]. The primary
methods of staining include spraying and oral
administration. Commonly used pigments consist of
compound iodine solution, methylene blue, and
indigo carmine, and the most widely adopted method
is endoscopic spraying of acetic acid and indigo
carmine. These pigments can penetrate between the
crevices of the GI mucosa to effectively reveal the
details of the lesions to the examiner [46, 47].

The role of chromoendoscopy in identifying
gastric cancer or precancerous lesions and their
margins has been proven in research [48, 49]. A
prospective study conducted in Korea also
determined this. Interestingly, conventional endo-

Chromoendoscopy

White light

Endoscopy

scopy has inadequate diagnostic capabilities for
identifying tumor boundaries, achieving only a 66%
success rate. Chromoendoscopy improved the
identification rate of tumor boundaries to 84.1% [49],
with particularly notable results for differentiated
carcinomas, reaching up to 89.9% [49].

Nevertheless, there are some limitations to
chromoendoscopy, including issues with localized
over- or under-dyeing, insufficient bowel preparation,
and a need for a longer examination time, all of which
reduce its effectiveness to some degree [50]. Further-
more, Lee et al. discovered that chromoendoscopy
enhanced visibility of the horizontal margins of
differentiated gastric cancers [49]. Moreover, it did
not yield satisfactory results with undifferentiated
cancers such as imprinted cell carcinoma [50].

Narrow-band
imaging

#Blue laser imaging
Other ge———Linked Color Imaging

computed virtual =~ %Flexible spectral imaging color

Fidessopy chromoendoscopy enhancement
%Texture and color enhancement
imaging I-Scan
Other * Endocytoscopy
endoscopic #% Endoscopic ultrasonography

techniques | % Confocal laser endomicroscopy
% Optical Coherence Tomography

% Magnetically controlled capsule
gastroscopy

Figure 5. Endoscopy techniques of gastric cancer screening. Including white light endoscopy, chromoendoscopy, computed virtual chromoendoscopy and others.

C

Figure 6. Images of a typical lesion of early gastric cancer. These endoscopic images show gastric mucosal lesions from a 77-year-old male patient. The lesion was discovered
during a physical examination despite the absence of symptoms. (A): White light endoscopy. The mucosa of the gastric antrum appears reddish-white with extensive thinning and
roughening. Blood vessels are partially visible. The lesion, measuring approximately 1.8cm x 2.0cm, is located on the anterior wall of the stomach. (B): Chromoendoscopy. This
technique revealed a clearer boundary and outline of the lesion compared to white light endoscopy. (C): Magnifying-narrow band imaging. Observation of the surface
microstructure is allowed by using this method. Based on the VS classification system, the lesion's scoring results indicate DL (+), IMVP (+), and IMSP (+), suggesting that it may
be an early gastric cancer.
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2.3 Computed virtual chromoendoscopy

2.3.1 Narrow-band imaging

The Narrow-band imaging (NBI) technique is a
widely utilized form of computed virtual
chromoendoscopy that employs two wavelengths of
light, blue and green, which are filtered for
observation. When surface capillaries absorb blue
light, they appear as a teal hue, while deeper blood
vessels absorb green light, resulting in a blue color
[51]. This high-contrast visualization of difficult-to-see
vascular patterns assists in lesion detection.

A multicenter randomized controlled trial
conducted in Japan showed that the positive
predictive value (PPV) of NBI was significantly
greater than that of WLI (13.5% and 20.9%) and that
having a sufficiently high PPV lowered the need for
needless biopsies and their corresponding bleeding
risk [52]. Additionally, the proportion of low-grade
adenomas detected by NBI was higher than that
detected by WLI (90.9% and 70.8%, respectively) [52].
Ascribed to the vascular plus surface structure (VS)
classification system, the amalgamation of NBI and
magnifying endoscopy, M-NBI, has been denoted an
"optical biopsy" (Figure 6C) [53]. M-NBI has been
shown to exhibit superior levels of accuracy (90.4% vs.
64.8%) and specificity (94.3% vs. 67.9%) compared to
white light endoscopy [54].

However, M-NBI only enables visualization of
the surface mucosal layer. It has been noted that the
diagnostic challenges of M-NBI may be linked to
histological characteristics, such as low tumor
heterogeneity, superficial tumor layers that are
covered by noncancerous epithelial cells, and similar
surface structures between cancerous and noncan-
cerous tissues [55]. Furthermore, the superiority of
NBI or even M-NBI in illustrating tumor margins,
particularly in undifferentiated tumor types, has not
been established [56, 57].

2.3.2 Blue laser imaging

Blue laser imaging (BLI) is an endoscopic
imaging technique that utilizes the property of
hemoglobin to absorb short wavelengths and the
reflection of light by mucous membranes for
observation and diagnosis of surface micro vessels
and deep blood vessels [58]. The BLI-bright mode
implements BLI with a reduced narrowband light
component, enhancing image brightness. The
detection rate of gastric cancer by this method has
been shown to be considerably higher than that
observed with WLI (93.1% vs. 50.0%) [59]. Moreover,
its benefits are especially apparent in patients with a
history of endoscopic resection, Helicobacter pylori (H.
pylori) eradication, open atrophic border lesions,
lower third of the stomach lesions, and recessed

lesions. Coupled with magnifying endoscopy, small
distinctive alterations in gastric cancer are more
distinctly visualized [60-62]. Compared to WLI,
M-BLI demonstrates a considerable enhancement in
the diagnostic accuracy of both gastric cancer and
precancerous lesions [60, 61, 63].

2.3.3 Linked color imaging

Linked color imaging (LCI) includes a larger
component of narrow-wavelength light that can be
absorbed specifically by hemoglobin, facilitating the
highlighting of microstructures and blood vessels on
the mucosal surface and providing clear distance
imaging without magnification [64, 65]. A report
highlighted that LCI has a significantly higher mean
color difference compared to WLI [17.2 (5.9) vs. 10.1
(4.4)], depicting its effectiveness in highlighting
mucosal changes [66]. Several clinical studies have
shown that LCI not only has a markedly lower rate of
gastric cancer leakage than white light endoscopy [67,
68] but also is highly effective for post eradication
imaging of H. pylori lesions and flat or indurated
lesions [69]. LCI has also been utilized for the
diagnosis of gastritis, H. pylori infection, gastrointes-
tinal epithelial hyperplasia, and early gastric cancer
[64].

2.3.4 Flexible spectral imaging color enhancement

As opposed to NBI, BLI, and other techniques
that alter light composition, flexible spectral imaging
color enhancement (FICE) employs software-driven
image postprocessing. In FICE images without
magnification, the median color difference between
the malignant lesion and surrounding mucosa is more
pronounced compared to conventional images,
leading to better image contrast (27.2 versus 18.7) [70,
71]. When combined with magnifying endoscopy
(FICE-ME), FICE allows for the achievement of an
"optical biopsy". This is helpful in determining the
degree of differentiation of gastric cancer by
generating a magnified microvascular pattern.
Furthermore, FICE is useful in determining the extent
of the lesion for complete resection of EGC by ESD
[71].

2.3.5 Texture and color enhancement imaging

Texture and color enhancement imaging (TXI)
enhances three key imaging factors—texture,
brightness and color —through the use of white light
endoscopy to improve visibility [72]. Several studies
have demonstrated that the visibility of gastric cancer
is significantly enhanced by TXI [73-75]. Specifically,
one study found that the color difference between
early gastric cancer lesions and nontumor mucosa
was significantly greater with TXI than with WLI
(TXL: 16.0£10.1 vs. WLIL: 10.245.5 [meantstandard
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deviation]) [73]. Furthermore, TXI has been found to
be effective in improving the visibility of EGCs
following H. pylori eradication [76].

2.3.6 I-Scan

I-Scan is a software-based digital technique. The
algorithm processes white light images into surface
enhancement (SE), contrast enhancement (CE), and
tonal enhancement (TE) [77, 78]. SE and CE mostly are
used for detecting gastric mucosal lesions, when
lesions are scrutinized after discovery, TE can be
selected as needed [77, 78]. Several studies have found
that i-Scan does not provide significant advantages in
detecting gastric cancer lesions or determining their
extent when compared with high-definition white
light endoscopy or pigmented endoscopy. However,
the use of i-Scan could largely reduce the need for
unnecessary biopsies compared to WLE (with a mean
number of biopsies per patient of 3.27 and 7.3,
respectively) [79, 80].

2.4 Other endoscopic techniques

2.4.1 Endocytoscopy

Endocytoscopy (EC) is an endoscope featuring
ultrahigh resolution and magnification capabilities
that enable the detection of cellular and nuclear
abnormalities, thereby presenting the potential to
replace conventional histopathological biopsy [81].
EC has been extensively used to diagnose benign and
malignant gastric mucosa [82]. A study reported that
EC can be used to accurately diagnose gastric cancer
using cellular anisotropy, with a sensitivity of 86%,
specificity of 100%, positive predictive value of 100%,
and negative predictive value of 94% [83].

2.4.2 Endoscopic ultrasonography

Endoscopic ultrasonography (EUS) provides
valuable information about lesion infiltration depth
and is regarded as superior to tests such as MDCT in
distinguishing between mucosal and submucosal
lesions. However, its accuracy has shown a wide
range, from 65.0% to 92.1%, and is significantly
influenced by factors such as ulceration, lesion
location, disease stage, and tumor size [84, 85].

2.4.3 Confocal laser endomicroscopy

Confocal laser endomicroscopy (CLE) is a
technique that combines confocal laser microscopy
with conventional electron endoscopy [86]. A
meta-analysis systematically evaluated the diagnostic
effectiveness of CLE and narrow-band imaging (NBI)
in the diagnosis of focal precancerous stages of gastric
cancer. The meta-analysis revealed that both CLE and
NBI demonstrated excellent diagnostic efficiency,
with the pooled sensitivity (90% vs. 87%) and

specificity (87% vs. 85%) of CLE being slightly higher
than those of NBI [87].

2.4.4 Optical coherence tomography

Optical coherence tomography (OCT) is a 3D
imaging technique that provides cross-sectional
images of living tissue morphology with micron-level
resolution. Its objective use extends to screening
gastric cancer and precancerous lesions by
distinguishing between polyp tissue, normal tissue,
and malignant tissue [88].

2.4.5 Magnetically controlled capsule gastroscopy

Magnetically controlled capsule gastroscopy
(MCCQG) enables accurate maneuvering of the capsule
endoscope to any area within the stomach, regulated
by an external magnetic field [89]. This technique has
the benefits of being noninvasive, pain-free, and not
increasing the likelihood of cross-infection. Previous
research has revealed that MCCG can be effective in
screening for gastric cancer and precancerous
conditions, with diagnostic sensitivity and accuracy
rates sometimes exceeding 90% [90].

Furthermore, various novel methods are
progressively utilized to diagnose gastric cancer and
its precancerous lesions. These methods encompass
red dichromatic imaging (RDI), autofluorescence
endoscopy autofluorescence imaging (AFI), and
others. Nonetheless, their efficacy in detecting
early-stage gastric cancer demands further scrutiny.
In recent years, artificial intelligence (Al) technology
has become a key area of interest within the field of
gastric cancer screening and digestive endoscopy.
Previous research indicates that Al systems can
enhance the detection accuracy of lesions, distinguish
between cancerous and noncancerous lesions,
describe lesion borders, detect their differentiation
status, and anticipate the depth of invasion [91, 92].
Improving the endoscopist's ability to recognize
gastric cancer, applying suitable optical techniques
promptly, and obtaining pathological biopsies upon
detecting indeterminate lesions are crucial aspects for
improving the diagnostic rate of gastric cancer and
precancerous lesions, alongside the emerging
technologies available.

3. Biomarker screening for early gastric
cancer

Biomarker screening is favored by patients
undergoing gastric cancer screening due to their
noninvasiveness, inexpensiveness, and ease of
administration. The availability of biomarkers that
offer high sensitivity and specificity greatly aids in the
detection of early gastric cancer. Currently, apart from
the conventional biomarkers of CEA, CA199, CA724,
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and others, there exist numerous biomarkers that
have demonstrated greater reliability. These
biomarkers are generally classified into four main
groups: polypeptides, DNA, RNA, and other
categories (Figure 7).

2

polypeptides IncRNA

o

circRNA

Biomarkers

DNA

—t N

miRNA
&
tsRNA

Figure 7. Biomarkers of gastric cancer screening. Including traditional biomarkers
such as CEA, CA199, CA724, and novel biomarkers which are generally classified into
four main groups: polypeptides, DNA, RNA, and other categories.

3.1 Traditional biomarkers

3.1.1 Carcinoembryonic antigen

Carcinoembryonic antigen (CEA) is the most
commonly used tumor marker in the gastrointestinal
tract, with reported positive rates ranging from 4.3%
to 25.5% [93, 94]. However, it is widely accepted that
CEA alone has low positivity and sensitivity. The
combination of CEA with CA19-9, CA72-4, AFP, and
novel tumor markers such as circRNA significantly
enhances its diagnostic performance [94, 95].
Moreover, the level of CEA is strongly linked with the
prognosis of patients suffering from gastric cancer. In
a study conducted by Feng et al. elevated CEA
expression levels were found to be an independent
risk factor for the poor outcome of early gastric cancer
[93].

3.1.2 Carbohydrate antigen 19-9

Carbohydrate antigen 19-9 (CA19-9) is a
frequently utilized marker for the detection of
colorectal cancer, with potential utility for diagnosing
and forecasting outcomes in gastric cancer patients. A
meta-analysis showed that CA19-9 was detected at a
positive rate of 27.8% in gastric cancer, which is
slightly higher than that of CEA (21.1%) [96].

Moreover, CA19-9 was found to have a specificity of
74% for gastric cancer recurrence, with a sensitivity
rate of 56%. Sensitivity increased up to 87% with the
combination of CA19-9 and CEA [97].

3.1.3 Carbohydrate antigen 72-4

The diagnostic performance of carbohydrate
antigen 72-4 (CA72-4), a mucin-like glycoprotein with
a high molecular weight, is slightly superior to that of
other conventional serological tumor markers for
identifying gastric cancer [98]. A meta-analysis
demonstrated that, among the single serological
indicators for identifying gastric cancer, CA72-4 had
the greatest diagnostic efficacy, with a sensitivity and
specificity of 49% and 91%, respectively [99]. In the
detection of progressive gastric cancer, the positivity
rate of CA72-4 is almost double that of CA19-9 (37.5%
versus 17.9%) [100]. When CA72-4, CA19-9 and CEA
are combined, the diagnostic sensitivity increases to
67%, and the specificity is 89% [100].

3.1.4 Other traditional tumor markers

Alpha fetoprotein (AFP) and carbohydrate
antigen 125 (CA125) are traditional markers
frequently employed to diagnose gastric cancer, with
rates of positivity of 1.5% and 1.9%, respectively [93].
Moreover, serum CA125 is deemed to be a beneficial
prognostic biomarker in patients with unresectable,
progressed or recurring gastric cancer. Carbohydrate
antigen 242 (CA242) sensitivity in digestive tumors
follows a descending order of hepatocellular carci-
noma, gastric carcinoma, colorectal carcinoma and
pancreatic carcinoma, with gastric carcinoma
exhibiting a sensitivity of 11.4% [101]. The expression
level of carbohydrate antigen 50 (CA50), a polymeric
glycoprotein with cross-immunity to CA19-9, is
elevated in patients with gastric cancer, although
some studies have observed comparable serum CA50
levels in patients with gastric cancer and healthy
controls [102].

However, conventional biomarkers are insuffi-
ciently sensitive and specific in screening for gastric
cancer, particularly in early stages. Moreover, their
screening efficiency does not significantly improve
when tested in combination. Therefore, conventional
biomarkers are not the most effective tool for early
detection and gastric cancer screening.

3.2 Novel biomarkers

3.2.1 Polypeptides

Currently, routine laboratory tests for the
diagnosis and monitoring of digestive disorders
comprise four gastric function tests (PGI, PGII, PGI/II,
and H. pylori-IgG antibody) and Gastrin-17 [103, 104],
which called biomarkers suggestive of gastric
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mucosal injury.

Pepsinogen (PG), the inactive pepsin precursor,
can be classified into PGI and PGII based on its
structure and immunological characteristics [105,
106]. The atrophy of the gastric mucosa leads to a
decline in PGI/PGII (i.e., PGR). It was reported to be
"serological biopsy" for the gastric mucosa [107].
Presently, a PGI value of <70 ng/ml and a PGR value
of <3 are acknowledged as the thresholds for
screening gastric cancer in asymptomatic individuals
[107]. However, the application of PG in mass
screening may lead to biased results due to its limited
relevance in detecting intestinal gastric cancer [108]
and the impact of H. pylori eradication and proton
pump inhibitors on PG levels.

Gastrin-17 (G-17) is secreted by G cells located in
the gastric antrum, and its serum levels are influenced
by both the function of the gastric antrum and the
secretion of gastric acid by parietal cells. Patients with
gastric acid hypersecretion or atrophic gastric
sinusitis exhibit lower levels of fasting G-17, whereas
serum G-17 levels are significantly elevated in
patients with gastric cancer, with its sensitivity,
specificity and diagnostic accuracy in gastric cancer
reaching 59.31%, 70.59% and 88.65%, respectively
[109]. Currently, the commonly accepted reference
level is G-17 > 7 pmol/L [110]. The secretion of G-17 is
influenced by diet and the usage of PPls. However,
G-17 cannot be used to differentiate early gastric
cancer from the progressive type. Consequently, it
cannot be used independently as a serological
indicator for predicting gastric cancer. Nonetheless,
combining G-17 with PG and other indicators is
expected to enhance the precision of gastric cancer
screening [111].

Clearly, neither PG nor G-17 alone, nor a
combination of both, will provide satisfactory results
in gastric cancer screening. As a result, scholars
worldwide have been continuously innovating based
on this finding, resulting in the emergence of new
combinations and permutations. For instance, Ohata
et al suggested the ABC method as more appropriate
for identifying high-risk groups for gastric cancer by
combining serum PG and H. pylori-IgG antibodies
[112-114]. In a cohort study assessing this technique,
the hazard ratios for groups B, C, and D were 1.1 (95%
Cl 04-34), 60 (24-145), and 82 (3.2-21.5),
respectively, compared to group A [115]. On the basis
of these findings, H. pylori titers are reclassified in the
ABC technique, as suggested by Kishikawa et al. and
the modified ABC method proposed by Yanaoka,
which further subdivides according to serum PG and
H. pylori-IgG antibody titer levels [116-118].
Furthermore, the '"mnew ABC method", integrating
G-17, has been proven beneficial for screening gastric

cancer and managing high-risk groups in various
cohort studies [119]. It is recommended to not
overlook population characteristics such as age, sex,
and dietary habits, in addition to the provided
laboratory  indicators. Furthermore, the joint
method —a predictive model combining both the ABC
method and population characteristics—has shown
promising results with an area under the curve of 0.76
when calibrated [120, 121].

MG7-Ag is an antigen specific to gastric cancer
cells whose expression increases progressively in
normal gastric mucosa, intestinalization, neoplasia
and gastric cancer tissues [122]. It is mainly expressed
in gastric cancer cells and at low levels in other
digestive tract tumors, such as colorectal cancer and
esophageal cancer. We believe that it can be used not
only as a relevant diagnostic indicator of gastric
cancer but also as an early warning indicator of gastric
cancer occurring in precancerous lesions. Over a
decade ago, Zhang and colleagues demonstrated that
the positive rate of MG7-Ag in patients with gastric
cancer was 77.5% [123]. Furthermore, various scholars
have suggested that the combined detection of
MG7-Ag and COX-2 is beneficial for predicting both
gastric cancer and precancerous lesions [124]. More
recently, Wu and colleagues have also explored this
topic. Additionally, a multimolecule predictive model
for gastric cancer has been developed and verified
that incorporates MG7-Ag [125]. This indicates that
MG7-Ag could serve as a serological biomarker for
screening high-risk populations for gastric cancer.

The CagA protein, encoded by the H. pylori
CagA gene, facilitates bacterial entry into the
cytoplasm of gastric epithelial cells upon attachment.
The presence of the CagA gene in H. pylori has a
notable oncogenic impact and allows the bacteria to
evade the host's immune system through immune
escape [126]. An epidemiological study of H. pylori
carrying the CagA gene has confirmed that
individuals with seropositive H. pylori infection and
anti-CagA antibodies are at a higher risk of
developing gastric cancer than those infected with
negative H. pylori [127]. Thus, the combined use of this
indicator holds promise for timely intervention before
patients develop cancerous or precancerous lesions.

Anti-parietal cell antibodies (APCAs), originally
discovered by Taylor et al. in the serum of pernicious
anemia patients, are organ-specific and do not react
with any organs other than the stomach [128]. These
antibodies are generally regarded as biomarkers of
autoimmune gastritis (AIG) and risk factors
associated with atrophic gastritis, which triggers the
subsequent cancerous process by inducing mucosal
atrophy [128].

https://www.jcancer.org



Journal of Cancer 2024, Vol. 15

3055

Hepatocyte growth factors (HGFs) exhibit
significantly higher levels in patients diagnosed with
gastric cancer than in the normal population. Statistics
show that the rate of HGF expression in the serum of
early gastric cancer patients is higher than that of CEA
and CA19-9 [129]. Additionally, there is a correlation
between the elevated level of serum HGFs in patients
with early gastric cancer and lymph node metastasis,
which could have the potential to become a biomarker
for gastric cancer screening [129].

Tumor-associated antigens (TAAs) are proteins
that emerge early in tumorigenesis. It has been
reported that their autoantibody, IgG, can be detected
in the bloodstream approximately 5 years prior to the
clinical manifestation of the tumor. This suggests that
TAAs are crucial in predicting early tumors. They
have also been identified in all types of tumors that
have been analyzed to date, exhibiting high antigenic
specificity and stability in serum [130, 131]. TAAs are
qualitative biomarkers, including proteins such as
p53, p62, c-Myc, PTEN, and heat shock protein 70. In
recent years, several studies have been published
regarding the use of TAAs to establish a predictive
diagnostic model for gastric cancer. Notably, Zayakin
et al. discovered 45 autoantibodies, Zhou et al.
reported 7 autoantibodies against TAAs, and Wang et
al. proposed 9 autoantibodies against TAAs. These
autoantibodies have demonstrated the ability to
differentiate between patients with gastric cancer and
healthy individuals [132-134]. The adaptive immune
system offers significant benefits in detecting cancer
in its early stages. However, additional research is
necessary to expand our understanding of this
promising area.

SNCG is a soluble neuroprotein that is 127 amino
acids in length and belongs to the synaptic
nucleoprotein gene family. It undergoes heightened
expression in gastric adenocarcinomas and is related
to the depth of tumor infiltration and lymph node
metastasis. It was discovered that serum-derived
SNCG had outstanding diagnostic value when
distinguishing between patients with gastric cancer
and healthy individuals. Its sensitivity, specificity,
PPV, and NPV were 95.40%, 86.36%, 93.26%, and
90.48%, respectively [135].

In addition to the above, an increasing number of
protein-based markers, including trefoil factor family
peptides (TFFs), particularly TFF3, have been linked
to gastric cancer. TFF3 demonstrates an 80.0%-80.4%
sensitivity rate for detecting gastric cancer, which is
significantly higher than that of PG (33.3%-39.5%)
[136]. The sensitivity of serum insulin-like growth
factor binding protein 7 (IGFBP-7) in detecting gastric
cancer was shown to be 36.7%, with a specificity of
90.0%, and the sensitivity for early gastric cancer

detection was 33.3% [137]. Other biomarkers, such as
cytoplasmic thymidine kinase 1 (TK1), M2-pyruvate
kinase, cytosolic cyclin ReglV, the inflammatory
signaling molecules olfactoryin 4 and vascular
adhesion protein 1 (vap-1), and serum gastric growth
promoter (ghrelin), were also investigated [136, 138,
139]. They have shown promise as early diagnostic
indicators for gastric cancer; however, their clinical
significance requires further extensive studies to be
confirmed.

3.2.2 DNA

Circulating free DNA (cfDNA) is genetic
material originating from both normal and cancerous
cells and is detectable via blood tests. ctDNA can be
traced back to primary tumors, metastases or
circulating tumor cells (CTCs) [140]. There is evidence
indicating that ctDNA can be detected in the plasma
of patients with malignant tumors in the early stages
of the disease and exhibits the same biological
characteristics as tissue tumors [141]. This suggests
that ¢fDNA from tumor patients is mainly derived
from ctDNA, while ¢fDNA from healthy individuals
is mainly derived from blood cells [142].

Multiple studies have demonstrated that
circulating ctDNA levels in cancer patients are
generally higher than those in healthy individuals,
indicating potential diagnostic significance. Qian et al
conducted a study analyzing the levels of cfDNA in
the serum of 124 individuals diagnosed with gastric
cancer, 64 diagnosed with benign gastric disease
(BGD), and 92 healthy controls [143]. The findings
revealed that the levels of cfDNA in GC patients were
significantly higher than those in BGD patients and
healthy controls [143]. Park et al discovered that the
mean plasma cfDNA concentration in a group of 54
GC patients and 59 age-matched healthy controls was
approximately 2.4 times higher in the GC group than
in the control group [144]. In addition, another study
showed that cfDNA levels significantly decreased 24
hours after surgery when compared to preoperative
values [145].

However, studies indicate that ctDNA testing
possesses specific advantages for gastric cancer
diagnosis, with undetectable ctDNA performing
better than conventional protein biomarkers such as
CEA, CA125, and CA724 in terms of sensitivity.
Furthermore, it has been observed that increased
levels of cfDNA are present in individuals with
cardiovascular, infectious, and inflammatory condi-
tions and in healthy individuals following physical
activity, such as running a marathon. This suggests
that the phenomenon is not solely restricted to cancer
patients [146]. Currently, the most extensively
researched matter in cfDNA studies concerns the role
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of ctDNA in cancer therapy, with further refinement
needed for its application in gastric cancer diagnosis,
particularly in early gastric cancer screening.

DNA methylation is the initial epigenetic mark,
which is crucial in tumorigenesis, as it provides a
steady mechanism of gene suppression and regulates
gene expression and chromatin structure. It is linked
with histone modifications and other chromatin-
related proteins [140]. Furthermore, DNA methyla-
tion is the most extensively researched epigenetic
modification and is the most precisely defined
epigenetic feature of gastric cancer. Studies have
demonstrated that the identification of hypermethyl-
ated genes in serum DNA samples of patients could
indicate early detection and prediction of gastric
cancer. Examples of these genes include promoter
methylation of the pl6 gene, RASSF1A methylation,
Runt-associated transcription factor 3 (RUNX3)
methylation and Reprimo methylation [147-149].

Epigenetic alterations are typically considered
early events in gastric carcinogenesis, which may
precede pretumor or early tumor stages, such as DNA
hypomethylation and CpG island hypermethylation.
They may also serve as indicators or biomarkers for
screening patients at an increased risk of developing
GC. Ren et al. conducted a genome-scale DNA
methylation analysis of gastric cancer patients (1=89)
and control participants (n=82) as well as 28 pairs of
GC and adjacent noncancerous tissues, using
MCTA-Seq [147]. The study evaluated the efficacy of
DNA methylation in detecting gastrointestinal
cancers (GCs) and distinguishing between colorectal
cancer (CRC) and hepatocellular carcinoma (HCC). In
total, the research identified 153 ¢fDNA methylation
biomarkers, such as DOCK10, CABIN1, and KCNQ5
[147]. These biomarkers displayed sensitivities of 44 %,
59%, 78%, and 100% for stage I, 11, I1I, and IV tumors,
respectively, with specificities of 92% [147]. Further-
more, the study found that CpG island methylation
phenotype (CIMP) tumors and non-CIMP tumors
could be accurately distinguished and detected. The
results demonstrate that MCTA-Seq can accurately
differentiate between early-stage GC, CRC, and HCC
in the bloodstream using a high-specificity algorithm
[147]. These findings suggest that the methylation of
cfDNA holds promise as a noninvasive blood-based
diagnostic tool for GC.

However, there is a lack of agreement on the
standard process used for experimental procedures to
detect ¢fDNA. Furthermore, there is considerable
overlap in the amount of DNA obtained from the
plasma of both healthy individuals and cancer
patients when comparing plasma and serum samples.
This phenomenon is particularly evident in serum
samples, which complicates the distinction between

healthy individuals and cancer patients [150].
Although there are constraints, utilizing cfDNA levels
alongside other biomarkers has the potential to
enhance the effectiveness of screening.

Microsatellite instability (MSI) is a molecular
phenotype resulting from defects in the DNA
mismatch repair (MMR) mechanism. MSI is
manifested by abnormal lengths (increase or decrease)
of microsatellite repeat sequences [151]. In 2014, The
Cancer Genome Atlas (TCGA) study classified gastric
adenocarcinoma into the following four molecular
phenotypes based on comprehensive molecular
analysis: EBV-positive; high microsatellite instability
(MSI-H); genomically stable (GS); and chromosomal
instability (CIN), with MSI-H accounting for 22% of
all cases. MSI-H is the second most common type after
CIN, which accounts for the majority of cases [152].
Recent research conducted both domestically and
internationally demonstrates that MSI-H tumors carry
a positive prognosis, and it has also been
hypothesized that MSI status could be indicative of a
tumor's response to chemotherapy during stage II/11I
gastric cancer [153, 154].

Nonetheless, there is currently no compelling
evidence that MSI status plays a significant role in
gastric cancer detection. A total of 1,156 tumors were
analyzed in a retrospective study, of which 85 (7.4%)
were MSI-H tumors. Among submucosal gastric
cancers, lymphovascular infiltration (LVI) was found
to occur more frequently in MSI-H tumors than in
MSS tumors (38.9% vs. 25.0%) [155]. However, both
types of tumors had similar prognoses (log-rank test;
hazard ratio for MSI-H adjusted for age, sex, pT stage,
and the number of metastatic LNs was 0.932 with a
95% confidence interval of 0.423-2.054 and a p value
of 0.861) [155]. Nonetheless, the regular incidence of
lymphovascular infiltration (LVI) in MSI-H gastric
cancer, among other factors, may assist in directing
patients toward prompt and suitable treatments,
including endoscopic procedures or restricted
surgical removal of lymph nodes [155].

3.2.3 Noncoding RNA

MicroRNAs (miRNAs) are noncoding RNAs of
approximately 20-24 nucleotides in length that can
control the expression of target genes through
interference or inhibition of transcription and
participate in most biological events, such as tumori-
genesis [156]. Over recent decades, numerous studies
have suggested that miRNAs play a role in the
development of gastric cancer. They are a type of
noncoding RNA that can be found in patients” blood,
gastric fluid and other body fluids. Furthermore,
miRNAs present in peripheral blood are considered
promising novel biomarkers for gastric cancer
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screening [157].

Li and colleagues discovered a downregulation
of miR-381 expression in the blood of patients with
gastric cancer [158]. Additionally, they identified
other conventional biomarkers in the patients' blood.
The AUC of miR-381 was found to be 0.931, with
AUCs of CA199, CA724, and CEA measuring 0.761,
0.843, and 0.788, respectively; thus, it was
demonstrated that the diagnostic performance of
miRNA-381 was significantly superior to that of the
other three biomarkers. Similar findings were
observed in other studies concerning miR-17, miR-25,
miR-196a/b, and so on [159-161]. Our group also
found some miRNAs closely related to gastric cancer,
such as miR-195, miR-378 and miR-421, which have
potential to become biomarkers for gastric cancer
screening [162, 163].

Gastric cancer is a complex illness, and the use of
single miRNAs for diagnosis appears restricted.
Therefore, several academics have proposed a gastric
cancer screening predictive model founded on
multiple miRNAs to address this challenge. [zumi et
al's study, divided into biomarker discovery, tissue
validation, retrospective serum validation, and
multicenter prospective serum performance evalu-
ation phases, presented a prediction model that
employs 3 miRNAs (miR-18a, miR-181b, and
miR-335) to enhance the early detection rates of
gastric cancer among high-risk populations (AUC,
0.87; 95% CI, 0.83-0.92) [164]. Abe et al. proposed four
miRNAs (miR-4257, miR-6785-5p, miR-187-5p, and
miR-5739), which achieved an AUC of 0.996 [165].
Similarly, Zhu et al proposed five miRNAs (miR-16,
miR-25, miR92a, miR-451, and miR-4865p) achieving
an AUC of 0.989 [166]. Huang et al. proposed six
miRNAs  (miR10b-5p, miR132-3p, miR185-5p,
miR195-5p, miR-20a3p, miR296-5p), obtaining an
AUC of 0.764 [167].

To enhance the screening effectiveness of
miRNA-based gastric cancer prediction models,
combining multiple miRNAs and exploring other
combinations, such as traditional biomarkers or novel
biomarker IncRNAs, circRNAs, etc.,, should be
considered. In conclusion, further research and
exploration are needed to establish the application of
miRNAs as novel biomarkers in clinical and
large-scale gastric cancer screening, but their potential
is promising.

Long noncoding RNA (IncRNA) refers to a class
of RNA molecules with a transcript length exceeding
200 nucleotides (nt) that do not have protein-coding
functions [168]. LncRNAs, previously regarded as
"transcriptional noise", have been demonstrated to
participate in gene imprinting, chromatin modifica-
tion, transcription, activation, interference, cell cycle

regulation, splicing, translation and other cellular
processes, performing crucial functions [169, 170].
Numerous domestic and international studies have
identified numerous IncRNAs that are closely linked
to gastric cancer. RMRP, GClIncl, and HCP5, among
others, have been found to regulate gene expression at
various levels and contribute to tumorigenesis and
development. They are also closely connected to
tumor invasion, metastasis, and patient prognosis
[171,172].

The RNA component of the mitochondrial RNA
processing endoribonuclease (RMRP), which is
situated on human chromosome 9p13.3, is a IncRNA
molecule that extends to a complete length of 277
nucleotides. It has various biological functions. Our
group found that IncRNA RMRP plays a significant
role in the development and carcinogenesis of gastric
cancer [173]. We examined its molecular mechanism
in gastric tumorigenesis and then demonstrated that
using RMRP as a serological biomarker for screening
gastric cancer gave sensitivity and specificity scores of
59.1% and 67.8%, respectively [173]. Plasma RMRP
levels were lower in healthy individuals, gastric
cancer patients had significantly increased plasma
RMRP levels conversely. Moreover, plasma RMRP
levels decreased significantly after the surgical
removal of damaged tissues in the patients, indicating
plasma RMRP's potential as a biomarker in gastric
cancer screening and prognostic evaluation.

GClncl also exhibits high accuracy in detecting
EGC. Through a genome-wide transcriptome analysis
and differing between EGC and precancerous lesions
in a multicenter validation analysis, the AUC of
GClncl exceeded 0.87 [171]. The sensitivity exceeded
86%, and the specificity exceeded 76% across all three
independent validation cohorts [171]. Serum-derived
UCA1, PCGEM1, and CUDR are potential new
biomarkers for the early detection of gastric cancer, as
confirmed by qRT-PCR and other techniques
[174-176].

Similar to miRNAs, combining multiple
IncRNAs or using them in conjunction with other
biomarker classes can enhance diagnostic accuracy for
gastric cancer screening. Dong et al discovered that a
screening model featuring a combination of three
IncRNAs (CUDR, LSINCT-5, and PTENP1) effectively
differentiated between healthy individuals and those
suffering from gastric cancer (AUC=0.920, accuracy
87.1%, sensitivity 74.1%, specificity 100%) [176]. This
model serves as a more precise diagnostic biomarker
than CA19-9 and CEA. Chen et al. conducted a study
on a combination of four IncRNAs (CEBPA-ASI,
INHBA-AS1, AKO001058, and UCA1l) and two
miRNAs (PPBP and RGS18) [177]. They discovered
that the combination of three IncRNAs (INHBA-AS1,
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AKO001058, and UCA1) and one miRNA (RGS18) had
the best diagnostic performance, with an AUC of
0.820, sensitivity of 0.782, and specificity of 0.708
[177].

The aforementioned findings indicate that
IncRNAs hold potential for the timely detection of
gastric cancer. However, the efficacy of these
molecules as novel biomarkers necessitates additional
research and refinement before optimal integration
into clinical settings.

Circular RNA (circRNA) pertains to a category
of endogenous, circular RNA molecules created via
variable splicing of precursor RNA and tethered by
5'-terminal and 3'-terminal converse covalent bonds
[178]. These molecules are characterized by their high
abundance, stability, conservation, and specificity to
certain tissues [178]. Notably, circRNA exhibits these
traits without involving encoding proteins and may
perform multiple functions in gene expression
regulation. These molecules have the potential to
regulate gene expression through transcriptional
regulation, acting as sponges for miRNA molecules,
protein translation, and interacting with RNA-
binding proteins (RBPs) to govern downstream
molecular pathways [178]. Furthermore, they play an
essential role in the development of gastric cancer
[179-183].

CircRNAs are abundant in both tissues and
bodily fluids, such as blood, gastric fluid, and saliva
[184]. In gastric cancer, circRNAs display differential
expression. Many scientists tried to figure out the
diagnostic value of plasma-based circRNAs in
comprehensive early gastric cancer screening. In their
cohort study conducted in Japan, Roy et al created
and tested predictive models for potential circRNAs
in both matched GC and adjacent normal mucosal
tissue specimens [185]. They then employed a
diagnostic risk prediction model for GC utilizing eight
circRNAs in serum samples from relevant patients,
subsequently proving that this strategy could
effectively differentiate them from nondiseased
controls, with an AUC value of 0.87, sensitivity of
78.3% and specificity of 78.3% [185]. Even individuals
with early-stage gastric cancer can be accurately
identified irrespective of their tumor histology. This
offers compelling and encouraging evidence for the
clinical use of circRNA as an innovative biomarker in
the early diagnosis of gastric cancer patients.

Hsa_circ_0001020 is a 1631-nucleotide circRNA.
According to our group's series of studies, the plasma
levels of hsa_circ_0001020 increased among people
with gastric cancer [95]. Nevertheless, its level
significantly diminished two weeks after surgery [95].
When used as a single biomarker for gastric cancer
screening, plasma hsa_circ_0001020 showed a higher

AUC value (0.738) than CEA (0.560) and CA72-4
(0.670) [95]. It also exhibited a better sensitivity of
46.55% in contrast to conventional biomarkers such as
CEA (21.1%), CA19-9 (27.8%) and CA72-4 (30.0%)
[95]. Combined with CEA and CA19-9, the AUC,
sensitivity and specificity values were 0.852, 68.5%
and 89.1%, respectively [95]. Moreover, our group
found that hsa_circ_0000419 showed sensitivity and
specificity values of 0.682 and 0.884 when used for
screening gastric cancer [181], while hsa_circ_0086720
demonstrated up to 67.4% sensitivity and 87.2%
specificity for early gastric cancer [179]. There is
strong evidence to suggest that both of them are
potential novel screening biomarkers for gastric
cancer.

Currently, numerous circRNAs are undergoing
tissue-based discovery to ascertain their potential as
blood (serum or plasma) biomarkers. Additionally,
some circRNAs remain unvalidated in independent
cohorts with large clinical samples. circRNAs offer the
benefits of easy detection, good diagnostic
performance, and promising early screening for
gastric cancer.

3.2.4 Other serological biomarkers

Exosomes are bilayer lipid vesicles enclosed in a
membrane that cells secrete. They contain an array of
substances, such as nucleic acids, proteins, and
enzymes, allowing them to transport various
molecular signals that range from RNAs to proteins
between cells [186]. Exosomal RNAs encompass
IncRNAs, circRNAs, miRNAs, and others [186].

Serum exosomal miR-1246 expression can be
used to differentiate patients with TNM stage I
gastrointestinal cancer (GC) from both healthy
controls (HCs) and patients with benign diseases
(BDs) with areas under the curve (AUCs) of 0.843 and
0.811, respectively [187]. The RNA Pol II transcript,
IncRNA-GCI, has also demonstrated significant
potential as an early detection biomarker for GC and
holds promise as a disease progression biomarker
[188]. Another study discovered that patients with
gastric cancer exhibit significantly elevated levels of
three serum EV-derived circRNAs (Chr10qll,
Chrlpll, and Chr7q11) compared to those of healthy
controls [189]. Furthermore, when used in conjunction
with CEA, the combination resulted in an area under
the curve (AUC) of 0.866 (95% CI: 0.803-0.915) with a
corresponding sensitivity and a specificity of 80.4%
and 81.8%, respectively [189].

Exosomes, as bilayer lipid vesicles, offer
protection to their transported RNA from degradation
by nucleases and maintain stability under varying
temperature and pH conditions. Consequently,
exosomes secreted by tumor cells can indicate the

https://www.jcancer.org



Journal of Cancer 2024, Vol. 15

3059

presence of cancer and its developmental changes
with more precision. As a result, they hold vital
clinical potential as biomarkers for gastric cancer
screening.

Circulating tumor cells (CTCs) originate from
solid tumors, separate from the primary tumor, and
enter body fluids through the vascular system.
Previous research has indicated that they are a
significant factor in cancer recurrence and metastasis
[190]. CTCs were identified a century ago, but only in
recent years has their potential as a biomarker for the
early detection of gastric cancer been demonstrated,
particularly through the analysis of autoantibodies.
This use in early diagnosis is crucial. Kang et al
carried out a prospective study of 116 gastric cancer
patients and 31 healthy volunteers, confirming that 99
of the patients (97% of the study population) had
positive CTC and autoantibody expression levels
[191]. Only 1% of the 102 individuals with CTC levels
of 22 CTCs/7.5 mL of blood were found to have
gastric cancer [191]. Furthermore, the sensitivity and
specificity of CTCs in distinguishing patients with
gastric cancer from healthy control subjects were
85.3% and 90.3%, respectively [191]. Furthermore, a
recent study discovered that CTCs were present in
47.89% (34/71) of patients with EGC/gastric
precancerous lesions and in 4.76% (1/21) of patients
with basal gland polyps [192]. This provides
additional evidence that assessing peripheral blood
CTCs is a valuable method for assisting in detecting
EGC and precancerous lesions [192].

The neutrophil-lymphocyte ratio (NLR) and
platelet-lymphocyte  ratio (PLR) are widely
recognized to be effective biomarkers of systemic
inflammation. In a recent retrospective study, Fang
and colleagues examined 2,606 patients newly
diagnosed with gastric cancer in the past three years
as well as 3,219 healthy controls during the same
period [193]. A comprehensive analysis of peripheral
blood samples was undertaken for NLR, PLR, CEA
and CA19-9, and the study provides valuable insight
into these inflammatory biomarkers for cancer
patients [193]. The diagnostic significance of NLR and
PLR was found to be superior to that of CEA and
CA19-9 for diagnosing gastric cancer [193]. Moreover,
upon grouping by sex, the diagnostic significance of
NLR and PLR for GC was found to be greater in male
patients [193].

Perspectives

Gastric cancer is a progressive and multistage
disease. The prognosis of advanced gastric cancer is
poor and consumes a large amount of limited medical
resources, whereas early gastric cancer can be
endoscopically resected. Therefore, how to efficiently

and economically screen high-risk groups for gastric
cancer as well as provide accurate assessment and
dynamic follow-up is the key to achieving early
diagnosis and treatment of gastric cancer. With the
emergence of more new gastric cancer biomarkers
and the technological improvement of imaging and
endoscopic methods, existing clinical strategies for
cancer screening have been complemented, and new
options have been provided. However, the
optimization of cancer screening protocols for
different regions and populations still needs to be
tested and explored in practice and clinical research.

Medical imaging is a field that has developed
over the years and has achieved a certain level of
maturity. However, it often falls short in providing
adequate visualization of early lesions. The advent of
molecular imaging technology is expected to
overcome this challenge. Unlike traditional imaging
methods, molecular imaging technology could
identify cellular and molecular level abnormalities
during a disease and detect such changes before any
anatomical alterations occur. This feature is
advantageous in detecting gastric cancer at an early
stage. For example, the application of LGR5-targeting
peptide probe enables the fluorescence rate of gastric
cancer cells is 2 to 10 times higher than that of control
cells [194].

Endoscopy and pathological biopsy remain the
essential and standard methods for diagnosing gastric
cancer. However, their invasiveness and dependence
on equipment and technique pose certain limitations.
Currently, the diagnosis of gastric cancer follows a
fixed procedure. First, high-risk patients undergo an
initial screening with white light endoscopy. Based on
this, comprehensive consideration is given to the size,
location and depth of the lesion, followed by the
selection of appropriate endoscopic techniques for
further confirmation of the diagnosis. The rise in
painless endoscopy has resulted in a greater
acceptance of the procedure. Additionally,
computer-aided diagnostic technology has addressed
some limitations of traditional endoscopy.

Although biomarkers offer a noninvasive, simple
and affordable option for mass screening, the
diagnostic capabilities of established biomarkers are
unsatisfactory. There is a scarcity of biomarkers
exhibiting high sensitivity and specificity, such as
PSA for prostate cancer and AFP for liver cancer.
Various potential new serological biomarkers for
gastric cancer are still in their nascent basic research
phase. To establish their sensitivity, specificity, and
accuracy in gastric cancer screening, more large-
sample clinical cohort studies are necessary in the
future, along with in-depth research on the specific
molecular mechanisms and pathways of the role of
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these markers in the development of gastric cancer.
Recent years, tRNA-derived small RNA (tsRNA) have
been a new hot topic in the screening of gastric cancer.
Our group has conducted extensive research and
identified several tsRNAs, such as tRF-19-3L7L73]D,
tRF-33-PARSYPILON4VDP, and tRF-5026a, as
potential biomarkers for early gastric cancer [194-197].
Undoubtedly, serological biomarkers that demons-
trate superior diagnostic performance will aid in the
early detection of gastric cancer.

Nowadays, there has been significant interest in
tumor-associated  microbiota and endogenous
metabolic small molecules. Some of these microbiota
and molecules may serve as markers for gastric cancer
screening. However, few reports have been published
on their use in early gastric cancer screening.
Regarding the current state of research, the diagnostic
performance of individual microbiota or metabolites
is not optimal. Often, a combination of multiple
markers is necessary to improve their sensitivity and
specificity. Additionally, these substances, particu-
larly metabolites, are unstable in plasma and are
susceptible to various factors. In conclusion, the use of
these markers for gastric cancer screening presents
several challenges that require resolution and further
research and clinical confirmation.

All approaches have their strengths and
limitations, and a combination of methods is often
used in clinical practice to test and fill the gaps and
maximize the benefits. For example, a clinical study
shows that a gastric cancer screening system with
high efficacy can be established by using a
combination of the PG test and barium DR [199].
Furthermore, Cost-effective and straightforward
serological screening methods could be utilized to
initiate the screening of large cohorts. When coupled
with various risk factors, such as sex, age, and living
habits, gastric cancer risk stratification can be carried
out. Consequently, high-risk groups can undergo
endoscopy and pathological biopsy followed by
appropriate treatment and follow-up. This process
aims to enhance early gastric cancer diagnosis rates
and patient survival rates.

In summary, the current major screening
methods for early gastric cancer possess both
strengths and limitations, and none have achieved
ideal perfection. However, with the ongoing progress
of technology and biological multiomics research,
along with the merging and restructuring of novel
and existing methods, it is hoped that the global rate
of early gastric cancer detection will greatly improve
and confer a decrease in the mortality rate worldwide.
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