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Simple Summary: Gastric cancer has a poor prognosis when diagnosed in advanced stages, but
curative treatment is possible if an early diagnosis is made. Endoscopy represents an essential tool
for the detection of early neoplastic and pre-neoplastic gastric lesions and for surveillance. Many
endoscopy imaging technologies have been developed to increase diagnostic accuracy. In this review,
we summarize these endoscopy technologies.

Abstract: Gastric cancer is an aggressive disease with low long-term survival rates. An early diagnosis
is essential to offer a better prognosis and curative treatment. Upper gastrointestinal endoscopy
is the main tool for the screening and diagnosis of patients with gastric pre-neoplastic conditions
and early lesions. Image-enhanced techniques such as conventional chromoendoscopy, virtual
chromoendoscopy, magnifying imaging, and artificial intelligence improve the diagnosis and the
characterization of early neoplastic lesions. In this review, we provide a summary of the currently
available recommendations for the screening, surveillance, and diagnosis of gastric cancer, focusing
on novel endoscopy imaging technologies.
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1. Introduction

Gastric cancer (GC) is the fourth most common cause of cancer deaths worldwide,
with 768,793 cases and an estimated incidence of 10,839,103 new cases yearly, according to
The International Agency for Research on Cancer. Eastern Asia has the highest incidence,
accounting for 60% of the cases [1]. According to gender, both the incidence and death rate
in males were more than twice that in females. Most GC cases occur in patients older than
45 years of age, with a higher incidence at 65 to 70 years.

Although advanced GC is associated with a poor prognosis and high mortality, early
detection and treatment have a good prognosis, with 5-year survival rates higher than
95% [2]. Unfortunately, more than 70% of GCs in Western countries are diagnosed in
advanced stages [3].

Histologically, GC is classified as diffuse (composed of non-cohesive cells) or intestinal
types (gland-forming), with different epidemiological patterns [4]. Helicobacter pylori (H. py-
lori) is considered a risk factor for non-cardia GC, with nearly 89% of cancers associated
with this pathogen infection [5], mainly intestinal-type cancer. According to Pelayo Correa’s
model of carcinogenesis, a cascade of events beginning with active chronic inflammation
may progress to multifocal atrophic gastritis (AG), intestinal metaplasia (IM), dysplasia,
and carcinoma [6]. The eradication of H. pylori infection has been associated with a signifi-
cant reduction in the incidence and mortality of GC, especially among patients younger
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than 50 years of age [7]. In a meta-analysis, a pooled incidence rate ratio of 0.53 (95% CI:
0.44−0.64) was observed comparing individuals who received H. pylori eradication with
individuals who did not receive eradication therapy [8].

Esophagogastroduodenoscopy (EGD) is the gold-standard exam for the diagnosis of
neoplastic and pre-neoplastic gastric conditions, such as AG and IM. However, in a meta-
analysis of 22 studies, the authors demonstrated that nearly 10% of GCs were potentially
missed during white-light endoscopy (WLE), mainly adenocarcinomas located at the gastric
body. Predictive factors for diagnostic failure were a younger age (<55 years), female,
advanced atrophy, adenoma, ulcer lesions, and an insufficient number of biopsies [9].

Image-Enhanced Endoscopy (IEE) has been used to overcome the diagnostic limita-
tions of standard endoscopy. IEE refers to various methods, such as dye chromoscopy,
high-resolution imaging, virtual chromoscopy, and artificial intelligence. IEE provides a
better assessment of the mucosal surface, increasing the detection of subtle changes and
improving the diagnosis of pre-neoplastic lesions [10–12]. In this article, we will discuss the
technical measures and imaging technologies that can be adopted to increase endoscopy
diagnostic yield.

2. Indications for Endoscopic Screening of Gastric Cancer

In Eastern countries, radiographic screening programs for GC diagnosis were imple-
mented in the 1960s, reducing its mortality [13]. Nowadays, screening methods include
radiography and EGD. A cohort study comparing the two methods showed that subjects
screened by EGD had a 67% reduction in GC mortality compared with subjects screened
by radiography (RR 0.327; 95% CI, 0.118–0.908) [14]. In South Korea, GC screening by
EGD every 2 years was shown to be associated with a significant (≥80%) reduction in
GC mortality, while for those undergoing radiographic examinations every 2 years, the
reduction in mortality was only 20% [7]. In a metanalysis, EGD screening detection of GC
(0.55%, 95% CI 0.39–0.75%) and early-GC (EGC) (0.48%, 95% CI 0.34–0.65%) was superior to
radiography screening (GC 0.19%, 95% CI 0.10–0.31%; EGC 0.08%, 95% CI 0.04–0.13%) [15].

In Western countries, where the incidence of GC is lower than in Eastern countries,
screening focuses on high-risk patients with AG or IM. The management of epithelial
precancerous conditions and lesions in the stomach (MAPS) guideline recommends the
use of a staging system in patients with AG and/or IM, such as the Operative Link on
Gastritis Assessment (OLGA) or the Operative Link on Gastritis Assessment based on
Intestinal Metaplasia (OLGIM) systems [16,17]. Patients with extensive atrophy and/or IM,
i.e., affecting both antral and corpus mucosa, should be identified and sampled as they are
considered to be at higher risk for GC [17]. These patients should be followed-up with a
high-quality EGD every 3 years. In patients with a family history of GC, close follow-up is
suggested (e.g., every 1–2 years after diagnosis). The association of high-risk OLGA stages
(III/IV) with GC was demonstrated in a meta-analysis including 6 case–control studies
and 2 cohort studies (2.64 and 27.7 times higher chance of GC than lower OLGA stages,
respectively). Among patients with OLGIM III/IV, the risk of GC was 3.99 times higher
(95% CI 3.05–5.21) [18].

The American Gastroenterological Association (AGA) suggested EGD surveillance
every 3–5 years in patients at high risk for GC, including those with advanced AG, extensive
and incomplete IM, a family history of GC, and new immigrants from areas of high
risk, such as East Asia or South America. The AGA also recommended testing and the
eradication of H. pylori infection among individuals with IM [19,20]. Similarly to the AGA,
the American Society of Gastrointestinal Endoscopy (ASGE) recommended surveillance
for high-risk individuals with IM, as well as testing and treating H. pylori infection [21].

The British Society of Gastroenterology emphasized the importance of IEE for the
diagnosis of pre-neoplastic lesions. The society advised a baseline endoscopy among
individuals with laboratory evidence of pernicious anemia, such as vitamin B12 deficiency,
and positive gastric parietal cell or intrinsic factor antibodies [22].
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3. White-Light Endoscopy (WLE)

EGD has the possibility of identifying pre-neoplastic mucosal changes, detecting
early-stage GC, and reducing cancer-related mortality by diagnosing and treating gastric
mucosal alterations and/or EGC. Under WLE, EGC should be suspected in the presence of
mucosal surface irregularity and/or mucosal coloration changes. Spontaneous bleeding,
pallor coloration, and alterations in the mucosa surface and in light reflection should raise
a concern about neoplastic lesions, as shown in Figure 1.
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Figure 1. Endoscopic appearance of early gastric cancer (A) white-light endoscopy (WLE) showing
spontaneous bleeding, (B) WLE showing irregular surface, showing a slightly elevated lesion with a
central depression, (C) pallor color change in the posterior wall of the stomach enhanced by FICE
(Flexible spectral imaging color enhancement), (D) change in light reflection (arrow) under WLE.

Early gastric cancer is defined as a lesion confined to the mucosa and submucosa (T1),
regardless of lymph node involvement. These lesions usually manifest as superficial lesions
(type 0), which can be subclassified into polypoid (Type 0-I), flat (Type 0-II), and excavated
(Type 0-III). Flat lesions are categorized as slightly elevated (0-IIa), completely flat (0-IIb),
or slightly depressed (0-IIc). Superficial tumors with two or more components should have
all the components described (e.g., 0-IIa + IIc) [23] (Figure 2).

A high-quality level of endoscopic examination is imperative to make a proper diag-
nosis of early neoplastic lesions. The use of pre-endoscopy medications (mucolytic and
defoaming agents), high-definition endoscopes, adequate inspection time, obtaining index
images, and the application of the MAPS biopsy protocol when AG and chronic inflamma-
tion are suspected have been recommended by the European Society of Gastrointestinal
Endoscopy (ESGE) guidelines [24,25].

3.1. Mucolytic and Defoaming Agents

To achieve a proper mucosal evaluation during EGD, the cleansing of mucus, bubbles,
and foam is important. The most common mucolytic agents used worldwide are Pronase®

and n-acetylcysteine, and both are used to eliminate gastric mucus using non-osmotic
solutions. Simethicone (activated dimethicone) is a commonly used defoaming agent that
decreases the surface tension of gas bubbles without significant adverse interactions. It can
improve the mucosal observation when used 20 min before the procedure [26].
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Figure 2. Paris classification of gastric superficial lesions—0-I: polypoid lesion; 0-IIa: flat and
slightly elevated lesion; 0-IIb: completely flat lesion; 0-IIc: flat and slightly depressed lesion; 0-III:
excavated lesion.

3.2. Antispasmodic Agents

Antispasmodic agents, such as cimetropium bromide, scopolamine, and hyoscine N-
butyl bromide, can reduce peristalsis and may be used during EGD [27]. However, there is
no scientific evidence supporting the benefits of antispasmodic agents in the detection rate
of upper gastrointestinal (GI) neoplasia. In addition, patients may have adverse reactions
to these drugs, such as arrhythmia, benign prostate hypertrophy, and glaucoma. Thus, its
use should be selective and at the discretion of the endoscopist.

3.3. Inspection Time

Limited consensus exists about the optimum inspection time for EGD compared to
the colonoscopy quality protocol recommendation (withdrawal time of 6 min or more). In
a retrospective Korean study [28], endoscopists who dedicated at least 3 min to evaluate
the gastric mucosa detected more gastric adenomas or cancers than faster endoscopists
(0.28% versus 0.20%, respectively; p < 0.01). A Japanese study showed that faster endo-
scopists, with a mean inspection time below 5 min, may overlook neoplastic lesions in the
upper gastrointestinal tract. In this study, endoscopists were classified into fast (<5 min
examination), moderate (between 5–7 min), and slow (>7 min) groups. The odds ratio of
diagnosing neoplastic lesions was 1.90 for the moderate group and 1.89 for the slow group
compared to the fast group (p = 0.03 and p = 0.06, respectively) [29].

3.4. High-Resolution Endoscopes

The resolution of an image depends on the pixel density, which is directly associated
with the capacity to distinguish two adjacent points. Higher pixel density endoscopes
provide higher imaging resolution. Standard endoscopes produce a signal image with
a resolution of 100,000 to 400,000 pixels. High-resolution or high-definition endoscopes
generate images with up to 1,000,000 pixels [30]. The development of high-resolution
endoscopes enabled to distinguish subtle mucosal surface details compared to standard
endoscopes, allowing more accurate suspicious diagnoses and targeted biopsies [31].

3.5. Obtain Index Images

The requirements of minimum photo documentation vary from each endoscopy so-
ciety recommendation. While USA guidelines do not specify the minimum number of
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EGD images to report, the ESGE suggested at least ten images indicating the anatomical
index [32]. In Japan, a systematic screening protocol for the stomach included 22 images,
with the rationale to study the full gastric mucosa and avoid blind spots [33]. The World En-
doscopy Organization proposed a total of 28 image areas, including the hypopharynx [34].
Adherence to a standardized photo protocol may increase the EGD neoplastic detection rate
because the endoscopist must examine the entire stomach, including potential blind spots.

3.6. Target Biopsies of Suspicious Lesions

Target biopsies improve the diagnosis of GC. The ESGE recommends at least six
biopsies of suspected advanced GC [35]. For EGC, only one to two targeted biopsies are
recommended to avoid scars or submucosal fibrosis, as it is best staged and treated by
endoscopic resection [36].

Moreover, some conditions, including chronic AG or IM, carry a higher risk for GC.
The updated Sydney system recommended at least five biopsies: two from the antrum
(greater and lesser curvature, 3 cm from the pylorus), one from the incisura, and two from
the gastric body (from lesser curvature and greater curvature) [37]. The MAPS I and II
guidelines question the necessity of sampling the incisura, as it yielded minimal additional
diagnostic information, with more costs [17]. The inclusion of an incisura biopsy, however,
increased the proportion of patients classified as high-risk stages (OLGA III/IV or OLGIM
III/IV) [38,39]. It is also important to label the biopsies from different sites, and to apply a
validated staging system, such as OLGA or OLGIM.

4. Chromoendoscopy

Chromoendoscopy (CE) is an IEE modality consisting of spraying dyes on the mucosal
surface to improve visualization of the lesions under investigation. The use of CE in
the screening of malignant and premalignant lesions may increase the detection rate
and provide a better understanding of the lesion boundaries and microsurface, which
helps differentiate benign or inflammatory from suspected malignant conditions and to
determine the adequate region for biopsy. CE has a relatively low cost and it can be used in
any endoscopy unit. CE with acetic acid, methylene blue, and indigo carmine are the main
dye spray techniques to improve the diagnosis of GC. CE had higher accuracy compared to
SD-WLE for the diagnosis of EGC (p = 0.005) and premalignant lesions (p = 0.001) [10].

4.1. Acetic Acid

The acetic acid solution is used in a concentration of 1.5 to 3%. After spraying it into
the gastric mucosa, an acetowhite reaction is seen immediately: the structure of the cellular
protein is reversibly altered and the superficial pH is lowered in the mucosa, causing a
white reflection. The intensity of the whitening differs for normal mucosa and IM, as well as
the duration for cancerous and non-cancerous tissue, disappearing earlier in the carcinoma.
This creates a contrast between the regular mucosa versus IM and the pinkish cancer lesion
surrounded by non-neoplastic tissue [40,41], as seen in Figure 3.

4.2. Methylene Blue

Ida et al. first described the methylene blue staining in endoscopy to improve the
diagnosis of EGC. Methylene blue is absorbed by the small bowel and colon mucosa
and is not absorbed by the stratified squamous epithelium of the esophagus or normal
gastric mucosa [42]. The effectiveness of methylene blue, used as a 5% solution, is to
highlight subtle mucosal changes through the staining of IM within the stomach. This
vital staining dye improves the accurate delineation of the anatomical extent of histological
abnormalities in the stomach. This strategy improves the accuracy of mapping IM and
guides target biopsies.
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Figure 3. (a) White-light endoscopy with acetic acid chromoendoscopy showing an elevated lesion
with central depression. The lesion is slightly reddish compared to the surrounding mucosa, suggest-
ing a neoplastic lesion. Biopsy revealed tubular adenocarcinoma; (b) chromoendoscopy with indigo
carmine dye delineating gastric lesion’s edges (Paris 0-IIa + IIc).

4.3. Indigo Carmine

CE with indigo carmine dye was first described by Tada et al. [43] in 1976. This contrast
staining dye is not absorbed by the mucosa. It is used to enhance crevices and valleys,
defining irregularities in the mucosal architecture more accurately (Figure 4). Indigo
carmine is used in a concentration of 0.2–0.5% and is an important modality to classify and
delimit gastric lesions (e.g., Figure 4).
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Figure 4. (a) High-definition magnifying view of normal fundic mucosa. Note the round pits
surrounded by a white-colored structure (marginal crypt epithelium—yellow arrow). The regular
arrangement of collecting venules is easily seen (blue arrow); (b) normal pyloric gland mucosa shows
a reticular aspect with grooves.

5. Virtual Chromoendoscopy

Virtual or electronic chromoendoscopy are image-processing techniques capable of
enhancing mucosal surface patterns. It is easy to use because it is activated by pressing a
button in the endoscope, being less time-consuming than conventional dyes. Currently,
there are several types of electronic IEE, which can be basically separated into two methods:
post-processed images (ex., FICE and i-SCAN), which electronically select filters and
reconstruct images, and pre-processed images, which use optical filters (ex., NBI, LCI,
and BLI).

The basic principle consists of different tissue wavelengths absorption according to
the depth of penetration. Narrow-band imaging (NBI) developed by Olympus (Olympus
Medical Systems Co., Ltd., Tokyo, Japan) relies on a bandwidth light filter resulting in
an increased contrast of the mucosal microsurface and microvessels. Several studies and
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meta-analyses have demonstrated the efficacy of NBI on the detection, characterization,
differentiation, and margin delineation of GC [12,44–47].

FICE (Flexible spectral imaging color enhancement), developed by Fujifilm (Fujifilm
Co., Kanagawa, Japan), consists of a post-selection of a wide range of spectral combinations,
improving the resolution and enhancement (Figure 1C). Afterward, Fujifilm developed blue
laser imaging (BLI), which uses two different monochromatic lasers to produce a narrow
blue band to intensify changes in the mucosal surface. Similarly to NBI, BLI also showed
high diagnostic accuracy for the detection and characterization of GC [44,48]. The linked
color imaging (LCI), also by Fujifilm, emphasizes the contrast of hemoglobin by expanding
the color redness and, therefore, producing bright images that can improve the visibility
of lesions [49,50]. In a multicenter randomized trial, the percentage of patients with one
or more neoplastic lesions diagnosed with LCI was higher than with WLE (8.0%; 95% CI,
6.2–10.2% vs. 4.8%; 95% CI, 3.4–6.6%), and the proportion of patients with overlooked
neoplasms was lower in the LCI group than in the WLE group (0.67%; 95% CI, 0.2–1.6%
vs. 3.5%; 95% CI, 2.3–5.0%). The I-SCAN method, developed by PENTAX (Tokyo, Japan),
consists of various types of post-processing images to enhance the surface, contrast, and
tone. In a comparison trial, i-SCAN showed similar results compared with dye CE (acetic
acid and indigo carmine) to delineate the margins of gastric lesions [51].

6. Magnifying Endoscopy

Image-enhanced magnifying endoscopy is a tool to better characterize the detected
lesion and to correlate it with pathology, helping the endoscopist to differentiate benign
from malignant or pre-neoplastic conditions. In a meta-analysis study including 1724 pa-
tients and 2153 lesions, the pooled sensitivity, specificity, and area under the curve for the
diagnosis of EGC using WLE were 48%, 67%, and 62%, respectively. The use of magnifying
endoscopy with NBI improved these rates to 83%, 96%, and 96%, respectively [12].

To diagnose subtle mucosal changes, it is necessary to recognize the normal magnifying
features of gastric mucosa. Histologically, there are two different types of gastric glandular
epithelium: fundic and pyloric. Normal fundic mucosa is present in the gastric body and
fundus of patients without pathological changes, such as inflammation or AG secondary
to H. pylori infection. Chromoendoscopy with the magnification of normal fundic mucosa
is characterized by an epithelial surface where the crypt opening is seen as oval or round
surrounded by a white-colored structure (marginal crypt epithelium). Collecting venules
have a regular arrangement (RAC) and a greenish (cyan) color. In normal pyloric mucosa,
the glands open obliquely and not perpendicularly as in the fundic pattern, resulting in a
reticular aspect with grooves. The capillaries form spiral or spring loops (Figure 4):

As stated above, IM is considered a risk factor for the development of intestinal GC.
Even though the definitive diagnosis of IM relies on histopathologic evaluation, magnifying
endoscopy has also been shown to be an important tool for diagnosis, characterization, and
guiding target biopsies. A fine blue-white line on the epithelial surface called the “light
blue crest” was described by Uedo et al. and is a good predictor of IM [52].

Yao et al. first described the vessel plus surface (VS) classification, and later, Muto et al.
reported the magnifying endoscopy simple diagnostic algorithm for early gastric cancer
(MESDA-G) for the differentiation between neoplastic and non-neoplastic lesions [53,54].
The MESDA-G classification relies on the concept that neoplastic changes in gastric mucosa
are followed by a clear demarcation line between the normal and the altered tissue. This
line is defined as an abrupt change in the surface pattern, either in vascular or glandular
structures, as shown in Figure 5.

According to the vs. classification, microvascular and microsurface patterns are
classified into three categories: regular (normal), irregular, and absent. The irregular
vascular pattern shows a variety of different capillaries or shapes irregularly distributed.
When no microvessels are seen, the V pattern is considered absent. This occurs especially
when a white opaque substance (WOS) is present in the superficial mucosal layer and
prevents the visibility of the epithelium vasculature [55]. In such cases, instead of evaluating
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the vascular pattern, the distribution type of the WOS is classified as homogeneous or
heterogeneous to make a differential diagnosis of cancer and adenoma (Figure 6). The
surface pattern (S) is characterized by mucosal glandular structures. When asymmetrically
distributed or in various morphologies, it is classified as irregular. If no glandular structure
is seen, it is classified as absent. In this case, the V pattern is used for differentiation between
neoplastic and non-neoplastic lesions (Figure 7).
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Figure 6. (a) Irregular vascular pattern seen with NBI and near-focus magnification; (b) absent
vascular pattern due to the presence of a white opaque substance inside the demarcation line
(BLI—bright view plus magnification). It has a homogeneous distribution, which leads to classifying
this lesion as non-cancerous (adenoma). NBI = narrow-band imaging; BLI = blue laser imaging.
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The vs. classification showed high accuracy (97%), a positive predictive value (79%),
and a negative predictive value (99%) for the diagnosis of intestinal-type EGC [56]. Never-



Cancers 2023, 15, 2445 9 of 15

theless, diffuse- or undifferentiated-type carcinoma characterization may be a limitation
for endoscopic diagnosis. This occurs because neoplastic involvement occurs horizontally
in the deeper layers of the mucosa without glandular formation, and during the early
phase there may be no visible endoscopic alterations, and even biopsies may be negative
because the cancer cells are usually deeper and more widespread. This difficulty in de-
tection contributes to a late diagnosis and, consequently, a worse prognosis. In addition,
it is also difficult to determine the depth of invasion and distinguish the lateral limits of
undifferentiated lesions.

Under WLE, the typical presentation of undifferentiated tumors is a flat or depressed
lesion with a pale color. According to Yao, this is due to the reduction in hemoglobin
levels [57]. Magnifying endoscopy is important for the evaluation of undifferentiated GC.
Usually, in this type, there is no glandular formation, and, consequently, the microsurface
pattern is classified as absent. In this scenario, only microvessels can be seen [58] and
typically present as a corkscrew pattern with a loop-opened look (Figure 8).
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7. Artificial Intelligence

Artificial intelligence (AI) has been used to support physicians interpreting medi-
cal images. The related applied terminology is computer-aided detection (CADe) and
computer-aided diagnosis (CADx), when algorithms are developed to detect and differenti-
ate pathologies, respectively [59]. For this purpose, the most used system is deep learning
due to the capacity to be trained with a large number of images and to extract specific
clinical features to further predict or classify new images [60,61].

As already discussed, physicians’ ability to adequately diagnose upper GI lesions
varies greatly, with a missing rate of EGC of 9.4% (95% CI 5.7–13.1%) [9]. In contrast to
colorectal lesions, GC is often subtle (e.g., flat or slightly depressed) and hard to recognize
due to the inflammation environment of chronic gastritis [59].

After the publication of the first deep learning-based AI system, which showed promis-
ing results with a sensitivity of 92.2% for detecting GC [62], other studies have been con-
ducted, and the commercialization of the first software may not take long. A tandem
randomized prospective trial showed a significantly lower miss rate of EGC in the AI-
first group than in the routine-first group (6.1%, 95% CI 1.6–17.9% vs. 27.3%, 95% CI
15.5–43%) [63]. Additionally, it was shown that AI was able to predict the superficial
cancer invasion depth with a specificity of 78–95% [64]. Consequently, it will help a more
homogeneous diagnosis across physicians, improving the decision of referring patients to
endoscopic or surgical resection.
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In a meta-analysis, the overall sensitivity, specificity, and area under the curve of
AI were 89% (95% CI 85–93%), 93% (95% CI 88–97%), and 94% (95% CI 0.91–0.98%),
respectively, being comparable to experts and superior to non-experts [64]. Moreover, it is
worth mentioning that the use of AI will also play an important role to help in the diagnosis
of blind spots and photo documentation with an accuracy of 90.4% [65,66], supporting the
quality control of exams and guidelines compliance [32–34].

Although other robust prospective trials should be conducted to deeply evaluate the
real performance of AI during routine EGD exams, randomized controlled trials evaluating
colon AI have proven that this technology is safe to be adopted and potentially improves
patient outcomes while reducing costs [67–69].

8. Other Methods
8.1. Confocal Laser Endomicroscopy

Confocal laser endomicroscopy (CLE) is an endoscopic imaging tool that provides cross-
sectional real-time in vivo images at the cellular and microvascular levels at a 1000-fold
magnification. Fluorescent contrast is required to obtain the imaging, and the most utilized
contrast agents are intravenous fluorescein and topically applied acriflavine. Two types
of CLE systems have been studied for clinical use: electronic CLE, which integrates a
miniature confocal scanner into the tip of a special flexible endoscope, and probe-based
CLE (pCLE), a flexible microprobe that can pass through the working channel of a standard
endoscope. However, only pCLE is commercially available [70].

CLE allows histopathological diagnoses when utilized by trained endoscopists. There-
fore, targeting the region with higher accuracy for a pathology assessment may have a
relevant impact on treatment management, avoiding further diagnostic procedures for
tissue sampling [71]. The use of pCLE optical diagnosis has been deeply studied for gastric
IM, AG, and intraepithelial neoplasia [72–74], and it was shown that it contributes to distin-
guishing normal and neoplastic mucosa through the analysis of both cellular and vascular
patterns [75]. In one study, pCLE was able to diagnose AG and IM with 98% specificity [72].
In a recent meta-analysis that included seven studies, pCLE had a sensitivity of 87.9% (95%
CI 81.4–92.4%), a specificity of 96.5% (95% CI 91.5–98.6%), and an accuracy of 94.7% (95%
CI 89.5–97.4%) to diagnose GC [73].

Despite these encouraging findings, pCLE is not regarded as a standard approach for
diagnosis, as adoption is likely reduced for cost reasons and the lack of cost-effectiveness
studies. There is also a need to define a framework for how to introduce this tool in the
workflow between endoscopists and pathologists [76].

8.2. Endocytoscopy

Similarly to CLE, endocytoscopy has the capability of capturing ultra-magnified
pathology images when placing the endoscope on the target mucosa during inspection [77].
It provides information about the shape of cells and individual cell nuclei of the mucosa’s
superficial layer. For instance, goblet cells for the evaluation of IM and the presence of struc-
tural or nuclear atypia to diagnose cancerous lesions, with a specificity of 93.3–100% [77,78].

Endocytoscopy leads to the benefits of the endoscopic optical biopsy but also requires
additional training and expertise. Moreover, the need for double staining with crystal violet
and methylene blue for optimal evaluation may limit the clinical application because this
additional step often increases the duration of the exam, and the staining may not be easily
available. However, the use of endocytoscopy with NBI (with no staining) using the vs.
classification has been studied with a reported accuracy higher than magnifying NBI [53].
Additionally, it has been shown that this evaluation can be simplified by assessing the
microvascular pattern alone, which showed similar accuracy compared to the evaluation
of microvascular and microsurface patterns [79]. Recently, Noda et al. [80] studied the
application of AI to support the use of endocytoscopy. AI showed a specificity of 90.9% in
diagnosing EGC, which was comparable with experts and superior to non-experts.
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In summary, endoscopy plays a major role in the diagnosis of gastric cancer. It is
important for the endoscopist to be aware of patients at risk, to recognize the endoscopic
aspects of early neoplasms, and to understand the advantages and limitations of each
endoscopic technique, as well as how to overcome them. Table 1 summarizes the advan-
tages and limitations of the endoscopic techniques for the detection and characterization of
gastric cancer.

Table 1. Comparison between endoscopic imaging methods for the diagnosis of gastric cancer.

Technique Advantages Limitations

White-light endoscopy Easy to perform
Readily available Low sensitivity and specificity

Dye-based chromoendoscopy

Low cost
Widely available
Useful for delineating
lesions margins

Time-consuming

Virtual chromoendoscopy
Easy to perform
Valuable tool for evaluation
of microvessels

Low accuracy to predict tumor depth

Magnifying endoscopy

High accuracy to distinguish
benign and malignant lesions
More specific than WLE
and dyes

Low accuracy to distinguish
differentiated- from
undifferentiated-type
adenocarcinoma
Limited field of view
Low accuracy to predict tumor depth

Artificial intelligence Real-time diagnosis
High cost
Lack of validation from prospective
studies

Confocal laser endomicroscopy Real-time diagnosis

High cost
Steep learning curve
Limited field of view
Need for intravenous or topical
contrast

Endocytoscopy
Real-time diagnosis
Technology integrated
(dedicated endoscope)

High cost
Steep learning curve
Limited field of view

9. Conclusions

Despite the significant improvement in endoscopic imaging for GC over the years,
the adequate diagnosis and characterization of EGC is still a challenge. Consequently, GC
awareness is crucial and demands a minimum proficiency among physicians, who should
be encouraged to use chromoendoscopy. While novel imaging modalities are increasingly
being studied, especially for optical diagnosis, specific experience, integration to current
workflow, and cost-effectiveness studies should take place for major endorsement.

As modern imaging technology continues to grow, more complexity and time are
added to endoscopic clinical practice. To overcome part of these challenges, AI systems will
potentially play an important role in supporting physicians with more assertive diagnoses.

Author Contributions: Conceptualization, B.C.M. and R.N.M.; writing—original draft preparation,
R.N.M., A.S.T.K., C.O.M. and S.B.M.; writing—review and editing, B.C.M. and A.V.S.-R.; supervision,
B.C.M.; project administration, B.C.M. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: Carolina Ogawa Matsubayashi has full-time employment with AI Medical
Service America Inc. The other authors declare no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA. Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Crew, K.D.; Neugut, A.I. Epidemiology of Gastric Cancer. World J. Gastroenterol. 2006, 12, 354–362. [CrossRef] [PubMed]

https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3748/wjg.v12.i3.354
https://www.ncbi.nlm.nih.gov/pubmed/16489633


Cancers 2023, 15, 2445 12 of 15

3. Minicozzi, P.; Innos, K.; Sánchez, M.-J.; Trama, A.; Walsh, P.M.; Marcos-Gragera, R.; Dimitrova, N.; Botta, L.; Visser, O.;
Rossi, S.; et al. Quality Analysis of Population-Based Information on Cancer Stage at Diagnosis across Europe, with Presentation
of Stage-Specific Cancer Survival Estimates: A EUROCARE-5 Study. Eur. J. Cancer 2017, 84, 335–353. [CrossRef] [PubMed]

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

5. Plummer, M.; de Martel, C.; Vignat, J.; Ferlay, J.; Bray, F.; Franceschi, S. Global Burden of Cancers Attributable to Infections in
2012: A Synthetic Analysis. Lancet Glob. Health 2016, 4, e609–e616. [CrossRef]

6. Correa, P.; Houghton, J. Carcinogenesis of Helicobacter Pylori. Gastroenterology 2007, 133, 659–672. [CrossRef]
7. Mabe, K.; Inoue, K.; Kamada, T.; Kato, K.; Kato, M.; Haruma, K. Endoscopic Screening for Gastric Cancer in Japan: Current Status

and Future Perspectives. Dig. Endosc. Off. J. Jpn. Gastroenterol. Endosc. Soc. 2022, 34, 412–419. [CrossRef]
8. Lee, Y.-C.; Chiang, T.-H.; Chou, C.-K.; Tu, Y.-K.; Liao, W.-C.; Wu, M.-S.; Graham, D.Y. Association Between Helicobacter Pylori

Eradication and Gastric Cancer Incidence: A Systematic Review and Meta-Analysis. Gastroenterology 2016, 150, 1113–1124.e5.
[CrossRef]

9. Pimenta-Melo, A.R.; Monteiro-Soares, M.; Libânio, D.; Dinis-Ribeiro, M. Missing Rate for Gastric Cancer during Upper Gastroin-
testinal Endoscopy: A Systematic Review and Meta-Analysis. Eur. J. Gastroenterol. Hepatol. 2016, 28, 1041–1049. [CrossRef]

10. Zhao, Z.; Yin, Z.; Wang, S.; Wang, J.; Bai, B.; Qiu, Z.; Zhao, Q. Meta-Analysis: The Diagnostic Efficacy of Chromoendoscopy for
Early Gastric Cancer and Premalignant Gastric Lesions. J. Gastroenterol. Hepatol. 2016, 31, 1539–1545. [CrossRef]

11. Fiuza, F.; Maluf-Filho, F.; Ide, E.; Furuya, C.K.; Fylyk, S.N.; Ruas, J.N.; Stabach, L.; Araujo, G.A.; Matuguma, S.E.; Uemura, R.S.;
et al. Association between Mucosal Surface Pattern under near Focus Technology and Helicobacter Pylori Infection. World J.
Gastrointest. Endosc. 2021, 13, 518–528. [CrossRef]

12. Zhang, Q.; Wang, F.; Chen, Z.-Y.; Wang, Z.; Zhi, F.-C.; Liu, S.-D.; Bai, Y. Comparison of the Diagnostic Efficacy of White Light
Endoscopy and Magnifying Endoscopy with Narrow Band Imaging for Early Gastric Cancer: A Meta-Analysis. Gastric Cancer
Off. J. Int. Gastric Cancer Assoc. Jpn. Gastric Cancer Assoc. 2016, 19, 543–552. [CrossRef] [PubMed]

13. Oshima, A.; Hirata, N.; Ubukata, T.; Umeda, K.; Fujimoto, I. Evaluation of a Mass Screening Program for Stomach Cancer with a
Case-Control Study Design. Int. J. Cancer 1986, 38, 829–833. [CrossRef] [PubMed]

14. Hamashima, C.; Shabana, M.; Okada, K.; Okamoto, M.; Osaki, Y. Mortality Reduction from Gastric Cancer by Endoscopic and
Radiographic Screening. Cancer Sci. 2015, 106, 1744–1749. [CrossRef]

15. Faria, L.; Silva, J.C.; Rodríguez-Carrasco, M.; Pimentel-Nunes, P.; Dinis-Ribeiro, M.; Libânio, D. Gastric Cancer Screening: A
Systematic Review and Meta-Analysis. Scand. J. Gastroenterol. 2022, 57, 1178–1188. [CrossRef]

16. Dinis-Ribeiro, M.; Areia, M.; de Vries, A.C.; Marcos-Pinto, R.; Monteiro-Soares, M.; O’Connor, A.; Pereira, C.; Pimentel-Nunes,
P.; Correia, R.; Ensari, A.; et al. Management of Precancerous Conditions and Lesions in the Stomach (MAPS): Guideline from
the European Society of Gastrointestinal Endoscopy (ESGE), European Helicobacter Study Group (EHSG), European Society of
Pathology (ESP), and the Sociedade Portuguesa de Endoscopia Digestiva (SPED). Endoscopy 2012, 44, 74–94. [CrossRef] [PubMed]

17. Pimentel-Nunes, P.; Libânio, D.; Marcos-Pinto, R.; Areia, M.; Leja, M.; Esposito, G.; Garrido, M.; Kikuste, I.; Megraud, F.;
Matysiak-Budnik, T.; et al. Management of Epithelial Precancerous Conditions and Lesions in the Stomach (MAPS II): European
Society of Gastrointestinal Endoscopy (ESGE), European Helicobacter and Microbiota Study Group (EHMSG), European Society
of Pathology (ESP), and Sociedade Portuguesa de Endoscopia Digestiva (SPED) Guideline Update 2019. Endoscopy 2019, 51,
365–388. [CrossRef] [PubMed]

18. Yue, H.; Shan, L.; Bin, L. The Significance of OLGA and OLGIM Staging Systems in the Risk Assessment of Gastric Cancer: A
Systematic Review and Meta-Analysis. Gastric Cancer Off. J. Int. Gastric Cancer Assoc. Jpn. Gastric Cancer Assoc. 2018, 21, 579–587.
[CrossRef]

19. Gupta, S.; Li, D.; El Serag, H.B.; Davitkov, P.; Altayar, O.; Sultan, S.; Falck-Ytter, Y.; Mustafa, R.A. AGA Clinical Practice Guidelines
on Management of Gastric Intestinal Metaplasia. Gastroenterology 2020, 158, 693–702. [CrossRef]

20. Shah, S.C.; Piazuelo, M.B.; Kuipers, E.J.; Li, D. AGA Clinical Practice Update on the Diagnosis and Management of Atrophic
Gastritis: Expert Review. Gastroenterology 2021, 161, 1325–1332.e7. [CrossRef]

21. ASGE Standards of Practice Committee; Evans, J.A.; Chandrasekhara, V.; Chathadi, K.V.; Decker, G.A.; Early, D.S.; Fisher, D.A.;
Foley, K.; Hwang, J.H.; Jue, T.L.; et al. The Role of Endoscopy in the Management of Premalignant and Malignant Conditions of
the Stomach. Gastrointest. Endosc. 2015, 82, 1–8. [CrossRef]

22. Banks, M.; Graham, D.; Jansen, M.; Gotoda, T.; Coda, S.; di Pietro, M.; Uedo, N.; Bhandari, P.; Pritchard, D.M.; Kuipers, E.J.; et al.
British Society of Gastroenterology Guidelines on the Diagnosis and Management of Patients at Risk of Gastric Adenocarcinoma.
Gut 2019, 68, 1545–1575. [CrossRef] [PubMed]

23. Japanese Gastric Cancer Association. Japanese Classification of Gastric Carcinoma: 3rd English Edition. Gastric Cancer 2011, 14,
101–112. [CrossRef] [PubMed]

24. Kim, S.Y.; Park, J.M. Quality Indicators in Esophagogastroduodenoscopy. Clin. Endosc. 2022, 55, 319–331. [CrossRef]
25. Bisschops, R.; Areia, M.; Coron, E.; Dobru, D.; Kaskas, B.; Kuvaev, R.; Pech, O.; Ragunath, K.; Weusten, B.; Familiari, P.; et al.

Performance Measures for Upper Gastrointestinal Endoscopy: A European Society of Gastrointestinal Endoscopy (ESGE) Quality
Improvement Initiative. Endoscopy 2016, 48, 843–864. [CrossRef]

26. Chang, W.-K.; Yeh, M.-K.; Hsu, H.-C.; Chen, H.-W.; Hu, M.-K. Efficacy of Simethicone and N-Acetylcysteine as Premedication in
Improving Visibility during Upper Endoscopy. J. Gastroenterol. Hepatol. 2014, 29, 769–774. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ejca.2017.07.015
https://www.ncbi.nlm.nih.gov/pubmed/28865261
https://doi.org/10.1111/apm.1965.64.1.31
https://www.ncbi.nlm.nih.gov/pubmed/14320675
https://doi.org/10.1016/S2214-109X(16)30143-7
https://doi.org/10.1053/j.gastro.2007.06.026
https://doi.org/10.1111/den.14063
https://doi.org/10.1053/j.gastro.2016.01.028
https://doi.org/10.1097/MEG.0000000000000657
https://doi.org/10.1111/jgh.13313
https://doi.org/10.4253/wjge.v13.i10.518
https://doi.org/10.1007/s10120-015-0500-5
https://www.ncbi.nlm.nih.gov/pubmed/25920526
https://doi.org/10.1002/ijc.2910380608
https://www.ncbi.nlm.nih.gov/pubmed/3793262
https://doi.org/10.1111/cas.12829
https://doi.org/10.1080/00365521.2022.2068966
https://doi.org/10.1055/s-0031-1291491
https://www.ncbi.nlm.nih.gov/pubmed/22198778
https://doi.org/10.1055/a-0859-1883
https://www.ncbi.nlm.nih.gov/pubmed/30841008
https://doi.org/10.1007/s10120-018-0812-3
https://doi.org/10.1053/j.gastro.2019.12.003
https://doi.org/10.1053/j.gastro.2021.06.078
https://doi.org/10.1016/j.gie.2015.03.1967
https://doi.org/10.1136/gutjnl-2018-318126
https://www.ncbi.nlm.nih.gov/pubmed/31278206
https://doi.org/10.1007/s10120-011-0041-5
https://www.ncbi.nlm.nih.gov/pubmed/21573743
https://doi.org/10.5946/ce.2022.094
https://doi.org/10.1055/s-0042-113128
https://doi.org/10.1111/jgh.12487
https://www.ncbi.nlm.nih.gov/pubmed/24325147


Cancers 2023, 15, 2445 13 of 15

27. Kim, S.Y.; Park, J.M.; Cho, H.S.; Cho, Y.K.; Choi, M.-G. Assessment of Cimetropium Bromide Use for the Detection of Gastric
Neoplasms During Esophagogastroduodenoscopy. JAMA Netw. Open 2022, 5, e223827. [CrossRef] [PubMed]

28. Park, J.M.; Huo, S.M.; Lee, H.H.; Lee, B.-I.; Song, H.J.; Choi, M.-G. Longer Observation Time Increases Proportion of Neoplasms
Detected by Esophagogastroduodenoscopy. Gastroenterology 2017, 153, 460–469.e1. [CrossRef]

29. Kawamura, T.; Wada, H.; Sakiyama, N.; Ueda, Y.; Shirakawa, A.; Okada, Y.; Sanada, K.; Nakase, K.; Mandai, K.; Suzuki, A.; et al.
Examination Time as a Quality Indicator of Screening Upper Gastrointestinal Endoscopy for Asymptomatic Examinees. Dig.
Endosc. Off. J. Jpn. Gastroenterol. Endosc. Soc. 2017, 29, 569–575. [CrossRef]

30. Jang, J.-Y. The Past, Present, and Future of Image-Enhanced Endoscopy. Clin. Endosc. 2015, 48, 466–475. [CrossRef]
31. Bhat, Y.M.; Abu Dayyeh, B.K.; Chauhan, S.S.; Gottlieb, K.T.; Hwang, J.H.; Komanduri, S.; Konda, V.; Lo, S.K.; Manfredi, M.A.;

Maple, J.T.; et al. High-Definition and High-Magnification Endoscopes. Gastrointest. Endosc. 2014, 80, 919–927. [CrossRef]
[PubMed]

32. Rey, J.F.; Lambert, R. ESGE Quality Assurance Committee ESGE Recommendations for Quality Control in Gastrointestinal
Endoscopy: Guidelines for Image Documentation in Upper and Lower GI Endoscopy. Endoscopy 2001, 33, 901–903. [CrossRef]
[PubMed]

33. Yao, K. The Endoscopic Diagnosis of Early Gastric Cancer. Ann. Gastroenterol. 2013, 26, 11–22. [PubMed]
34. Emura, F.; Sharma, P.; Arantes, V.; Cerisoli, C.; Parra-Blanco, A.; Sumiyama, K.; Araya, R.; Sobrino, S.; Chiu, P.; Matsuda, K.; et al.

Principles and Practice to Facilitate Complete Photodocumentation of the Upper Gastrointestinal Tract: World Endoscopy
Organization Position Statement. Dig. Endosc. 2020, 32, 168–179. [CrossRef]

35. Pouw, R.E.; Barret, M.; Biermann, K.; Bisschops, R.; Czakó, L.; Gecse, K.B.; de Hertogh, G.; Hucl, T.; Iacucci, M.; Jansen, M.; et al.
Endoscopic Tissue Sampling—Part 1: Upper Gastrointestinal and Hepatopancreatobiliary Tracts. European Society of Gastroin-
testinal Endoscopy (ESGE) Guideline. Endoscopy 2021, 53, 1174–1188. [CrossRef]

36. Chiu, P.W.Y.; Uedo, N.; Singh, R.; Gotoda, T.; Ng, E.K.W.; Yao, K.; Ang, T.L.; Ho, S.H.; Kikuchi, D.; Yao, F.; et al. An Asian
Consensus on Standards of Diagnostic Upper Endoscopy for Neoplasia. Gut 2019, 68, 186–197. [CrossRef] [PubMed]

37. Dixon, M.F.; Genta, R.M.; Yardley, J.H.; Correa, P. Classification and Grading of Gastritis. The Updated Sydney System.
International Workshop on the Histopathology of Gastritis, Houston 1994. Am. J. Surg. Pathol. 1996, 20, 1161–1181. [CrossRef]

38. Isajevs, S.; Liepniece-Karele, I.; Janciauskas, D.; Moisejevs, G.; Funka, K.; Kikuste, I.; Vanags, A.; Tolmanis, I.; Leja, M. The Effect
of Incisura Angularis Biopsy Sampling on the Assessment of Gastritis Stage. Eur. J. Gastroenterol. Hepatol. 2014, 26, 510–513.
[CrossRef]

39. Varbanova, M.; Wex, T.; Jechorek, D.; Röhl, F.W.; Langner, C.; Selgrad, M.; Malfertheiner, P. Impact of the Angulus Biopsy for the
Detection of Gastric Preneoplastic Conditions and Gastric Cancer Risk Assessment. J. Clin. Pathol. 2016, 69, 19–25. [CrossRef]

40. Song, K.H.; Hwang, J.A.; Kim, S.M.; Ko, H.S.; Kang, M.K.; Ryu, K.H.; Koo, H.S.; Lee, T.H.; Huh, K.C.; Choi, Y.W.; et al. Acetic Acid
Chromoendoscopy for Determining the Extent of Gastric Intestinal Metaplasia. Gastrointest. Endosc. 2017, 85, 349–356. [CrossRef]

41. Ji, R.; Liu, J.; Zhang, M.-M.; Li, Y.-Y.; Zuo, X.-L.; Wang, X.; Li, Y.-Q. Optical Enhancement Imaging versus Acetic Acid for Detecting
Gastric Intestinal Metaplasia: A Randomized, Comparative Trial. Dig. Liver Dis. 2020, 52, 651–657. [CrossRef] [PubMed]

42. Taghavi, S.A.; Membari, M.E.; Eshraghian, A.; Dehghani, S.M.; Hamidpour, L.; Khademalhoseini, F. Comparison of Chromoen-
doscopy and Conventional Endoscopy in the Detection of Premalignant Gastric Lesions. Can. J. Gastroenterol. J. Can. Gastroenterol.
2009, 23, 105–108. [CrossRef]

43. Tada, M.; Katoh, S.; Kohli, Y.; Kawai, K. On the Dye Spraying Method in Colonofiberscopy. Endoscopy 1976, 8, 70–74. [CrossRef]
[PubMed]

44. Le, H.; Wang, L.; Zhang, L.; Chen, P.; Xu, B.; Peng, D.; Yang, M.; Tan, Y.; Cai, C.; Li, H.; et al. Magnifying Endoscopy in Detecting
Early Gastric Cancer: A Network Meta-Analysis of Prospective Studies. Medicine 2021, 100, e23934. [CrossRef] [PubMed]

45. Hu, Y.-Y.; Lian, Q.-W.; Lin, Z.-H.; Zhong, J.; Xue, M.; Wang, L.-J. Diagnostic Performance of Magnifying Narrow-Band Imaging
for Early Gastric Cancer: A Meta-Analysis. World J. Gastroenterol. 2015, 21, 7884–7894. [CrossRef] [PubMed]

46. Hu, Y.; Chen, X.; Hendi, M.; Si, J.; Chen, S.; Deng, Y. Diagnostic Ability of Magnifying Narrow-Band Imaging for the Extent of
Early Gastric Cancer: A Systematic Review and Meta-Analysis. Gastroenterol. Res. Pract. 2021, 2021, 5543556. [CrossRef]

47. Zhou, F.; Wu, L.; Huang, M.; Jin, Q.; Qin, Y.; Chen, J. The Accuracy of Magnifying Narrow Band Imaging (ME-NBI) in
Distinguishing between Cancerous and Noncancerous Gastric Lesions: A Meta-Analysis. Medicine 2018, 97, e9780. [CrossRef]

48. Zhou, J.; Wu, H.; Fan, C.; Chen, S.; Liu, A. Comparison of the Diagnostic Efficacy of Blue Laser Imaging with Narrow Band
Imaging for Gastric Cancer and Precancerous Lesions: A Meta-Analysis. Rev. Esp. Enferm. Dig. 2020, 112, 649–658. [CrossRef]

49. Yashima, K.; Onoyama, T.; Kurumi, H.; Takeda, Y.; Yoshida, A.; Kawaguchi, K.; Yamaguchi, N.; Isomoto, H. Current Status and
Future Perspective of Linked Color Imaging for Gastric Cancer Screening: A Literature Review. J. Gastroenterol. 2023, 58, 1–13.
[CrossRef]

50. Kanzaki, H.; Kawahara, Y.; Satomi, T.; Okanoue, S.; Hamada, K.; Kono, Y.; Iwamuro, M.; Kawano, S.; Okada, H. Differences in
Color between Early Gastric Cancer and Cancer-Suspected Non-Cancerous Mucosa on Linked Color Imaging. Endosc. Int. Open
2023, 11, E90–E96. [CrossRef]

51. Koh, M.; Lee, J.Y.; Han, S.-H.; Jeon, S.W.; Kim, S.J.; Cho, J.Y.; Kim, S.H.; Jang, J.Y.; Baik, G.H.; Jang, J.S. Comparison Trial between
I-SCAN-Optical Enhancement and Chromoendoscopy for Evaluating the Horizontal Margins of Gastric Epithelial Neoplasms.
Gut Liver 2022, 17, 234–242. [CrossRef] [PubMed]

https://doi.org/10.1001/jamanetworkopen.2022.3827
https://www.ncbi.nlm.nih.gov/pubmed/35319761
https://doi.org/10.1053/j.gastro.2017.05.009
https://doi.org/10.1111/den.12804
https://doi.org/10.5946/ce.2015.48.6.466
https://doi.org/10.1016/j.gie.2014.06.019
https://www.ncbi.nlm.nih.gov/pubmed/25442091
https://doi.org/10.1055/s-2001-42537
https://www.ncbi.nlm.nih.gov/pubmed/11605605
https://www.ncbi.nlm.nih.gov/pubmed/24714327
https://doi.org/10.1111/den.13530
https://doi.org/10.1055/a-1611-5091
https://doi.org/10.1136/gutjnl-2018-317111
https://www.ncbi.nlm.nih.gov/pubmed/30420400
https://doi.org/10.1097/00000478-199610000-00001
https://doi.org/10.1097/MEG.0000000000000082
https://doi.org/10.1136/jclinpath-2015-202858
https://doi.org/10.1016/j.gie.2016.07.064
https://doi.org/10.1016/j.dld.2020.02.010
https://www.ncbi.nlm.nih.gov/pubmed/32265143
https://doi.org/10.1155/2009/594983
https://doi.org/10.1055/s-0028-1098379
https://www.ncbi.nlm.nih.gov/pubmed/67941
https://doi.org/10.1097/MD.0000000000023934
https://www.ncbi.nlm.nih.gov/pubmed/33545965
https://doi.org/10.3748/wjg.v21.i25.7884
https://www.ncbi.nlm.nih.gov/pubmed/26167089
https://doi.org/10.1155/2021/5543556
https://doi.org/10.1097/MD.0000000000009780
https://doi.org/10.17235/reed.2020.6591/2019
https://doi.org/10.1007/s00535-022-01934-z
https://doi.org/10.1055/a-1989-6643
https://doi.org/10.5009/gnl220025
https://www.ncbi.nlm.nih.gov/pubmed/36317515


Cancers 2023, 15, 2445 14 of 15

52. Uedo, N.; Ishihara, R.; Iishi, H.; Yamamoto, S.; Yamamoto, S.; Yamada, T.; Imanaka, K.; Takeuchi, Y.; Higashino, K.;
Ishiguro, S.; et al. A New Method of Diagnosing Gastric Intestinal Metaplasia: Narrow-Band Imaging with Magnifying
Endoscopy. Endoscopy 2006, 38, 819–824. [CrossRef] [PubMed]

53. Yao, K.; Oishi, T.; Matsui, T.; Yao, T.; Iwashita, A. Novel Magnified Endoscopic Findings of Microvascular Architecture in
Intramucosal Gastric Cancer. Gastrointest. Endosc. 2002, 56, 279–284. [CrossRef]

54. Muto, M.; Yao, K.; Kaise, M.; Kato, M.; Uedo, N.; Yagi, K.; Tajiri, H. Magnifying Endoscopy Simple Diagnostic Algorithm for
Early Gastric Cancer (MESDA-G). Dig. Endosc. Off. J. Jpn. Gastroenterol. Endosc. Soc. 2016, 28, 379–393. [CrossRef]

55. Yao, K.; Iwashita, A.; Tanabe, H.; Nishimata, N.; Nagahama, T.; Maki, S.; Takaki, Y.; Hirai, F.; Hisabe, T.; Nishimura, T.; et al. White
Opaque Substance within Superficial Elevated Gastric Neoplasia as Visualized by Magnification Endoscopy with Narrow-Band
Imaging: A New Optical Sign for Differentiating between Adenoma and Carcinoma. Gastrointest. Endosc. 2008, 68, 574–580.
[CrossRef]

56. Yao, K.; Doyama, H.; Gotoda, T.; Ishikawa, H.; Nagahama, T.; Yokoi, C.; Oda, I.; Machida, H.; Uchita, K.; Tabuchi, M. Diagnostic
Performance and Limitations of Magnifying Narrow-Band Imaging in Screening Endoscopy of Early Gastric Cancer: A Prospective
Multicenter Feasibility Study. Gastric Cancer Off. J. Int. Gastric Cancer Assoc. Jpn. Gastric Cancer Assoc. 2014, 17, 669–679. [CrossRef]
[PubMed]

57. Yao, K.; Yao, T.; Matsui, T.; Iwashita, A.; Oishi, T. Hemoglobin Content in Intramucosal Gastric Carcinoma as a Marker of
Histologic Differentiation: A Clinical Application of Quantitative Electronic Endoscopy. Gastrointest. Endosc. 2000, 52, 241–245.
[CrossRef]

58. Kanesaka, T.; Sekikawa, A.; Tsumura, T.; Maruo, T.; Osaki, Y.; Wakasa, T.; Shintaku, M.; Yao, K. Absent Microsurface Pattern Is
Characteristic of Early Gastric Cancer of Undifferentiated Type: Magnifying Endoscopy with Narrow-Band Imaging. Gastrointest.
Endosc. 2014, 80, 1194–1198.e1. [CrossRef]

59. Ochiai, K.; Ozawa, T.; Shibata, J.; Ishihara, S.; Tada, T. Current Status of Artificial Intelligence-Based Computer-Assisted Diagnosis
Systems for Gastric Cancer in Endoscopy. Diagnostics 2022, 12, 3153. [CrossRef]

60. Khan, S.; Yong, S.-P. A Comparison of Deep Learning and Hand Crafted Features in Medical Image Modality Classification.
In Proceedings of the 2016 3rd International Conference on Computer and Information Sciences (ICCOINS), Kuala Lumpur,
Malaysia, 15–17 August 2016; pp. 633–638.

61. Sharma, P.; Hassan, C. Artificial Intelligence and Deep Learning for Upper Gastrointestinal Neoplasia. Gastroenterology 2022, 162,
1056–1066. [CrossRef]

62. Hirasawa, T.; Aoyama, K.; Tanimoto, T.; Ishihara, S.; Shichijo, S.; Ozawa, T.; Ohnishi, T.; Fujishiro, M.; Matsuo, K.; Fujisaki, J.; et al.
Application of Artificial Intelligence Using a Convolutional Neural Network for Detecting Gastric Cancer in Endoscopic Images.
Gastric Cancer Off. J. Int. Gastric Cancer Assoc. Jpn. Gastric Cancer Assoc. 2018, 21, 653–660. [CrossRef]

63. Wu, L.; Shang, R.; Sharma, P.; Zhou, W.; Liu, J.; Yao, L.; Dong, Z.; Yuan, J.; Zeng, Z.; Yu, Y.; et al. Effect of a Deep Learning-Based
System on the Miss Rate of Gastric Neoplasms during Upper Gastrointestinal Endoscopy: A Single-Centre, Tandem, Randomised
Controlled Trial. Lancet Gastroenterol. Hepatol. 2021, 6, 700–708. [CrossRef]

64. Xie, F.; Zhang, K.; Li, F.; Ma, G.; Ni, Y.; Zhang, W.; Wang, J.; Li, Y. Diagnostic Accuracy of Convolutional Neural Network-
Based Endoscopic Image Analysis in Diagnosing Gastric Cancer and Predicting Its Invasion Depth: A Systematic Review and
Meta-Analysis. Gastrointest. Endosc. 2022, 95, 599–609.e7. [CrossRef]

65. Wu, L.; Zhang, J.; Zhou, W.; An, P.; Shen, L.; Liu, J.; Jiang, X.; Huang, X.; Mu, G.; Wan, X.; et al. Randomised Controlled Trial of
WISENSE, a Real-Time Quality Improving System for Monitoring Blind Spots during Esophagogastroduodenoscopy. Gut 2019,
68, 2161–2169. [CrossRef]

66. Choi, S.J.; Khan, M.A.; Choi, H.S.; Choo, J.; Lee, J.M.; Kwon, S.; Keum, B.; Chun, H.J. Development of Artificial Intelligence
System for Quality Control of Photo Documentation in Esophagogastroduodenoscopy. Surg. Endosc. 2022, 36, 57–65. [CrossRef]

67. Hassan, C.; Spadaccini, M.; Iannone, A.; Maselli, R.; Jovani, M.; Chandrasekar, V.T.; Antonelli, G.; Yu, H.; Areia, M.; Dinis-
Ribeiro, M.; et al. Performance of Artificial Intelligence in Colonoscopy for Adenoma and Polyp Detection: A Systematic Review
and Meta-Analysis. Gastrointest. Endosc. 2021, 93, 77–85.e6. [CrossRef] [PubMed]

68. Shaukat, A.; Lichtenstein, D.R.; Somers, S.C.; Chung, D.C.; Perdue, D.G.; Gopal, M.; Colucci, D.R.; Phillips, S.A.; Marka, N.A.;
Church, T.R.; et al. Computer-Aided Detection Improves Adenomas per Colonoscopy for Screening and Surveillance Colonoscopy:
A Randomized Trial. Gastroenterology 2022, 163, 732–741. [CrossRef]

69. Areia, M.; Mori, Y.; Correale, L.; Repici, A.; Bretthauer, M.; Sharma, P.; Taveira, F.; Spadaccini, M.; Antonelli, G.; Ebigbo, A.; et al.
Cost-Effectiveness of Artificial Intelligence for Screening Colonoscopy: A Modelling Study. Lancet Digit. Health 2022, 4, e436–e444.
[CrossRef] [PubMed]

70. Pilonis, N.D.; Januszewicz, W.; di Pietro, M. Confocal Laser Endomicroscopy in Gastro-Intestinal Endoscopy: Technical Aspects
and Clinical Applications. Transl. Gastroenterol. Hepatol. 2022, 7, 7. [CrossRef]

71. Park, C.H.; Kim, H.; Jo, J.H.; Hahn, K.Y.; Yoon, J.-H.; Kim, S.Y.; Lee, Y.C.; Noh, S.H.; Chung, H.C.; Lee, S.K. Role of Probe-Based
Confocal Laser Endomicroscopy-Targeted Biopsy in the Molecular and Histopathological Study of Gastric Cancer. J. Gastroenterol.
Hepatol. 2019, 34, 84–91. [CrossRef]

72. Bai, T.; Zhang, L.; Sharma, S.; Jiang, Y.D.; Xia, J.; Wang, H.; Qian, W.; Song, J.; Hou, X.H. Diagnostic Performance of Confocal
Laser Endomicroscopy for Atrophy and Gastric Intestinal Metaplasia: A Meta-Analysis. J. Dig. Dis. 2017, 18, 273–282. [CrossRef]
[PubMed]

https://doi.org/10.1055/s-2006-944632
https://www.ncbi.nlm.nih.gov/pubmed/17001572
https://doi.org/10.1016/S0016-5107(02)70194-6
https://doi.org/10.1111/den.12638
https://doi.org/10.1016/j.gie.2008.04.011
https://doi.org/10.1007/s10120-013-0332-0
https://www.ncbi.nlm.nih.gov/pubmed/24407989
https://doi.org/10.1067/mge.2000.107707
https://doi.org/10.1016/j.gie.2014.08.021
https://doi.org/10.3390/diagnostics12123153
https://doi.org/10.1053/j.gastro.2021.11.040
https://doi.org/10.1007/s10120-018-0793-2
https://doi.org/10.1016/S2468-1253(21)00216-8
https://doi.org/10.1016/j.gie.2021.12.021
https://doi.org/10.1136/gutjnl-2018-317366
https://doi.org/10.1007/s00464-020-08236-6
https://doi.org/10.1016/j.gie.2020.06.059
https://www.ncbi.nlm.nih.gov/pubmed/32598963
https://doi.org/10.1053/j.gastro.2022.05.028
https://doi.org/10.1016/S2589-7500(22)00042-5
https://www.ncbi.nlm.nih.gov/pubmed/35430151
https://doi.org/10.21037/tgh.2020.04.02
https://doi.org/10.1111/jgh.14471
https://doi.org/10.1111/1751-2980.12470
https://www.ncbi.nlm.nih.gov/pubmed/28342261


Cancers 2023, 15, 2445 15 of 15

73. Canakis, A.; Deliwala, S.S.; Kadiyala, J.; Bomman, S.; Canakis, J.; Bilal, M. The Diagnostic Performance of Probe-Based Confocal
Laser Endomicroscopy in the Detection of Gastric Cancer: A Systematic Review and Meta-Analysis. Ann. Gastroenterol. 2022, 35,
496–502. [CrossRef] [PubMed]

74. Safatle-Ribeiro, A.V.; Ryoka Baba, E.; Corsato Scomparin, R.; Friedrich Faraj, S.; Simas de Lima, M.; Lenz, L.; Costa Martins, B.;
Gusmon, C.; Shiguehissa Kawaguti, F.; Pennacchi, C.; et al. Probe-Based Confocal Endomicroscopy Is Accurate for Differentiating
Gastric Lesions in Patients in a Western Center. Chin. J. Cancer Res. Chung-Kuo Yen Cheng Yen Chiu 2018, 30, 546–552. [CrossRef]

75. Li, Z.; Zuo, X.-L.; Li, C.-Q.; Liu, Z.-Y.; Ji, R.; Liu, J.; Guo, J.; Li, Y.-Q. New Classification of Gastric Pit Patterns and Vessel
Architecture Using Probe-Based Confocal Laser Endomicroscopy. J. Clin. Gastroenterol. 2016, 50, 23–32. [CrossRef] [PubMed]

76. Han, W.; Kong, R.; Wang, N.; Bao, W.; Mao, X.; Lu, J. Confocal Laser Endomicroscopy for Detection of Early Upper Gastrointestinal
Cancer. Cancers 2023, 15, 776. [CrossRef]

77. Misawa, M.; Kudo, S.-E.; Takashina, Y.; Akimoto, Y.; Maeda, Y.; Mori, Y.; Kudo, T.; Wakamura, K.; Miyachi, H.; Ishida, F.; et al.
Clinical Efficacy of Endocytoscopy for Gastrointestinal Endoscopy. Clin. Endosc. 2021, 54, 455–463. [CrossRef]

78. Tsurudome, I.; Miyahara, R.; Funasaka, K.; Furukawa, K.; Matsushita, M.; Yamamura, T.; Ishikawa, T.; Ohno, E.; Nakamura, M.;
Kawashima, H.; et al. In Vivo Histological Diagnosis for Gastric Cancer Using Endocytoscopy. World J. Gastroenterol. 2017, 23,
6894–6901. [CrossRef]

79. Horiuchi, Y.; Hirasawa, T.; Ishizuka, N.; Tokura, J.; Ishioka, M.; Tokai, Y.; Namikawa, K.; Yoshimizu, S.; Ishiyama, A.;
Yoshio, T.; et al. Evaluation of Microvascular Patterns Alone Using Endocytoscopy with Narrow-Band Imaging for Diagnosing
Gastric Cancer. Digestion 2022, 103, 159–168. [CrossRef]

80. Noda, H.; Kaise, M.; Higuchi, K.; Koizumi, E.; Yoshikata, K.; Habu, T.; Kirita, K.; Onda, T.; Omori, J.; Akimoto, T.; et al.
Convolutional Neural Network-Based System for Endocytoscopic Diagnosis of Early Gastric Cancer. BMC Gastroenterol. 2022,
22, 237. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.20524/aog.2022.0741
https://www.ncbi.nlm.nih.gov/pubmed/36061161
https://doi.org/10.21147/j.issn.1000-9604.2018.05.08
https://doi.org/10.1097/MCG.0000000000000298
https://www.ncbi.nlm.nih.gov/pubmed/25751373
https://doi.org/10.3390/cancers15030776
https://doi.org/10.5946/ce.2021.165
https://doi.org/10.3748/wjg.v23.i37.6894
https://doi.org/10.1159/000520276
https://doi.org/10.1186/s12876-022-02312-y

	Introduction 
	Indications for Endoscopic Screening of Gastric Cancer 
	White-Light Endoscopy (WLE) 
	Mucolytic and Defoaming Agents 
	Antispasmodic Agents 
	Inspection Time 
	High-Resolution Endoscopes 
	Obtain Index Images 
	Target Biopsies of Suspicious Lesions 

	Chromoendoscopy 
	Acetic Acid 
	Methylene Blue 
	Indigo Carmine 

	Virtual Chromoendoscopy 
	Magnifying Endoscopy 
	Artificial Intelligence 
	Other Methods 
	Confocal Laser Endomicroscopy 
	Endocytoscopy 

	Conclusions 
	References

