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Abstract

Gastric cancer is the fifth most common cancer and in 2018, it was the third most
common cause of cancer-related deaths worldwide. Endoscopic advances continue to be
made for the diagnosis and management of both early gastric cancer and premalignant
gastric conditions. In this review, we discuss the epidemiology and risk factors of
gastric cancer and emphasize the differences in early vs late-stage gastric cancer
outcomes. We then discuss endoscopic advances in the diagnosis of early gastric cancer
and premalignant gastric lesions. This includes the implementation of different imaging
modalities such as mnarrow-band imaging, chromoendoscopy, confocal laser
endomicroscopy, and other experimental techniques. We also discuss the use of
endoscopic ultrasound in the diagnosis and staging of early gastric cancer. We then
discuss the endoscopic advances made in the treatment of these conditions, including
endoscopic mucosal resection, endoscopic submucosal dissection, and hybrid
techniques such as laparoscopic endoscopic cooperative surgery. Finally, we comment
on the current suggested recommendations for surveillance of both gastric cancer and

its premalignant conditions.
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Core Tip: Consider screening for gastric cancer in appropriate patient populations, as
early gastric cancer outcomes are associated with improved survival. Use of different
imaging modalities during endoscopy such as narrow-band imaging may improve
detection of gastric cancer and premalignant gastric conditions. Endoscopic mucosal

resection and submucosal dissection have shown favorable long-term outcomes. While
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there are no established evidence-based gastric cancer surveillance guidelines in the
United States, other studies have suggested annual surveillance after gastric cancer
resection. Endoscopic surveillance of premalignant gastric conditions may be

considered, with closer intervals in patients with evidence of dysplasia.

INTRODUCTION

Globally, gastric cancer is the fifth most common cancer, with an estimated 1 million
new cases annuallyl®-3l. In 2020, it was the fourth most common cause of cancer-related
deaths worldwidel'3l. In recent years, many endoscopic advances have been made for
both the diagnosis and therapy of gastric cancer. In this article, we review the
endoscopic tools used for the diagnosis and treatment of gastric cancer and
premalignant gastric conditions. First, we discuss briefly the epidemiology of gastric
cancer and outline the differences in outcomes for early-stage vs late-stage gastric
cancer. We then review the endoscopic approaches in the diagnosis and treatment of
gastric cancer and premalignant conditions. Finally, we review the current guidelines

for endoscopic surveillance of gastric cancer and premalignant conditions.

Epidemiology, risk factors, and high-risk populations
According to the International Agency for Research on Cancer GLOBOCAN project,
there were over 1 million new cases of gastric cancer and 768793 deaths from gastric
cancer in 202014, The majority of cases of gastric cancer are found in East Asia such as
Japan and Korea, as well as Eastern Europe and South America. It is also more highly
associated with the male sex, as well as with increasing agelll. Other risk factors include
low socio-economic status, cigarette smoking, alcohol use, pernicious anemia, and
autoimmune gastritisl®l. Obesity and gastroesophageal reflux disease are associated
with an increased risk of specifically gastric cardia cancer!2!.

Infection with Helicobacter pylori (H. pylori) is a significant cause of gastric cancerl®l.
Chronic infection may lead to inflammatory mucosal changes including atrophic

gastritis and ultimately intestinal metaplasial7l. The risk of gastric cancer in patients

3/11




with H. pylori may also be increased with salted food intake, as there is thought to be a
synergistic effect. Treatment of H. pylori may reduce the risk of the development of
gastric cancer, and earlier treatment of this infection has been associated with risk

reduction of gastric cancer(!l.

Early vs late-stage gastric cancer outcomes

Overall, outcomes for gastric cancer are poor, especially in advanced stagesl”5l. Correa’s
cascade describes the development from atrophic gastritis to intestinal metaplasia,
dysplasia, and ultimately invasive gastric adenocarcinomal®l. Each step in this cascade
offers an opportunity to screen and perform sur\reillace in order to arrest the
development of gastric cancer. The implementation of gastric cancer screening
programs in countries with a high incidence of gastric cancer such as Japan and South
Korea has demonstrated that earlier diagnosis leads to improved survivall’l. The
biennial screening program in South Korea has led to an increase in the diagnosis of
early gastric cancer from 39% to 73%, as well as an increase in 5-year survival from 46 %
to 75%[°l. The difference in survival between early and late stage gastric cancer

emphasizes the importance of early diagnosis and treatment.

ENDOSCOPIC ADVANCES IN THE DIAGNOSIS OF EARLY GASTRIC CANCER
AND PREMALIGNANT GASTRIC LESIONS

White-light endoscopy

Conventional endoscopic evaluation of the stomach is performed with white-light
endoscopy. When performing endoscopy with white-light imaging, it is recommended
to take sufficient time to observe the stomach. Prior studies have demonstrated that
endoscopists who took more time to observe the stomach closely detected a greater
number of early gastric cancer lesions!!?). The use of defoaming agents such as
simethicone to wash the stomach during evaluation may also improve visibility of the
stomach lining[!%l. The sensitivity of white-light endoscopy for detecting gastric cancer

and premalignant lesions has been reported to be anywhere between 30%-70%[11-13].
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Additionally, there are now suggested standard mapping protocols in place in order to
carefully examine the entire gastric mucosa and ensure that no areas were not viewed
under white-light endoscopyl'. In recent years, other methods of endoscopic
visualization have been developed in hopes of improving the diagnosis of gastric

cancer.

Chromoendoscopy

In chromoendoscopy, indigo carmine or a similar stain is applied topically to the
mucosa to help improve identification of gastric cancer or premalignant gastric lesions.
Early prospective studies suggest that the use of chromoendoscopy aids in the
diagnosis of gastric neoplasia compared to conventional endoscopy!'®l. Prior meta-
analysis of the diagnostic efficacy of chromoendoscopy suggests that there is an
increased diagnostic efficacy and detection of early gastric cancer and premalignant
gastric conditions, with a sensitivity of 90% and specificity of 82%[1%l. However, it is
important to note that no randomized controlled trials have yet been performed to

evaluate chromoendoscopy.

Narrow-band imaging
In narrow-band imaging (NBI), wavelengths of light used for visualization are limited
to a specific band. This allows for improved visualization of the architecture of the
mucosal417l. NBI is now used as part of a diagnostic algorithm known as magnifying
endoscopy simple diagnostic algorithm for early gastric cancer for classifying early
gastric cancer. With the use of NBI, the lesion is evaluated for a demarcation line (DL).
If a DL is present, the lesion is then evaluated for an irregular microvascular pattern
(IMVP) and an irregular micro surface pattern (IMSP). If the lesion has either an IMVP
or IMSP, the diagnosis of early gastric cancer is madel'sl.

The data for NBI in the diagnostic efficacy and detection of gastric cancer and
premalignant gastric lesions is variable. For gastric cancer specifically, there does not

appear to be a significant difference in diagnostic yield[l. However, prior studies
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indicate that NBI may improve detection of premalignant lesions such as intestinal
metaplasia. One randomized controlled trial revealed that non-magnifying NBI had a
significantly higher detection rate than white-light endoscopy in the diagnosis of
intestinal metaplasia, but not gastric cancer(l. In a systematic review of ten studies
(eight prospective studies and two retrospective studies), NBI appeared to significantly
increase the detection of intestinal metaplasial?*?2, Use of NBI should thus be

considered in high risk populations to evaluate for premalignant gastric lesions.

Confocal laser endomicroscopy

onfocal laser endomicroscopy is an endoscopic technique that uses a low-power laser
to obtain very high magnification of the mucosal layer of the gastrointestinal tract. Prior
studies including meta-analyses evaluating the diagnostic value of confocal laser
endomicroscopy suggest that CLE provides high sensitivity and specificity for the
diagnosis of gastric cancer?324, CLE also appears to have a high sensitivity and
specificity in the diagnosis of premalignant gastric lesions. A meta-analysis of four
studies including 218 patients and 579 lesions evaluating CLE for the diagnosis of

intestinal metaplasia showed a pooled sensitivity of 97% and specificity of 94 %[>,

Other experimental imaging techniques
Flexible spectral imaging color enhancement (FICE) is another technique with the
potential to detect early gastric cancer. In FICE, a narrow bandwidth is obtained from a
hite-light image without optical filters. This allows for the possible visualization of
laminar structures and blood flow in the gastrointestinal mucosa that has been altered
by inflammation or malignancy, which will appear as high contrast compared to
normal mucosal?’l. Prior studies have suggested that FICE is helpful in distinguishing
between non-neoplastic and neoplastic lesions of the stomachl?¢l. However, FICE is
limited in visualization of the mucosal microvasculature of the tumor surface, and

visualization may need to be supplemented with additional imaging techniques|?1..
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Artificial intelligence is a growing field in gastroenterology and has shown efficacy in
the detection of many different gastrointestinal lesions. Initial studies of neural
networks generated from endoscopic images under both white-light endoscopy and
NBI show high sensitivity for both methods in detecting lesions!?7.28]. Real-time artificial

intelligence detection of gastric lesions has yet to be studied.

Endoscopic ultrasound
Endoscopic ultrasound (EUS) allows for assessment of the depth of gastric cancer as it is
able to distinctly identify the layers of the stomach/?l. Ultrasound can be achieved using
the linear or radial transducers on the endoscope or with a through-the-scope
ultrasound catheter probe. The five layers of the gastric wall are identified by their
alternating hyperechoic and hypoechoic appearancel?l. EUS therefore is utilized to
determine the T category of staging according to the TNM classification. A query of the
Surveillance, Epidemiology, and End Results-Medicare claims database performed in
2016 suggested that patients who underwent EUS were more likely to receive National
Comprehensive Cancer Network recommended care such as perioperative
chemotherapyl®l. Prior meta-analysis of 54 clinical studies suggests that EUS is
successfully able to differentiate T1 and T2 stages from T3 and T4 stages, with reported
sensitivity of 86% and specificity of 91%%. Specifically, EUS has been reported to
distinguish T1 from more advanced stages with a sensitivity of 83% and specificity of
96%[31l. However, there was significant heterogeneity among the studies included, with
some studies using older TNM classification systems. Factors that appear to decrease
EUS accuracy include larger cancer diameter, ulceration, undifferentiated histology,
and proximal location[®'32l. Further studies are needed to evaluate the staging accuracy
of EUS based on the updated TNM classification system.

EUS is also a modality to help determine nodal involvement of gastric cancer. Larger
size of the node, sharp margins, and hypoechoic pattern may help endosonographers
determine lymph node involvement. Prior meta-analysis suggests that the sensitivity

and specificity of EUS for the assessment of nodal involvement is less than for the T
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category of staging, with only 69% sensitivity and 84% specificity(???1l. Similar to T

category of staging, there was a large heterogeneity of studies included.

ENDOSCOPIC ADVANCES IN TREATMENT OF GASTRIC CANCER AND
PREMALIGNANT GASTRIC LESIONS

Prior studies have shown that patients diagnosed with early gastric cancer who did not
undergo resection, whether endoscopic or surgical, had a greater 5-year risk for
progression to the advanced stagel3*3l. Current guidelines established for the therapy
of early gastric cancer recommend resection once the diagnosis has been
established?334], Traditional criteria for endoscopic resection of early gastric cancer
included adenocarcinoma that was 2 cm or less in diameter without ulceration or lymph
node or vascular involvement(3>3¢l. More recently, this criteria has been expanded as
additional studies have shown favorable long term outcomes of endoscopic resection in
early gastric cancer, especially with the advances made in endoscopic submucosal
dissection (ESD)[3%%I. In fact, multiple studies have now found 5-year survival rates to

be nearly 100% 1341,

Endoscopic mucosal resection

Endoscopic mucosal resection (EMR) is a procedure where a submucosal injection is
used to lift the lesion, followed by resection of the lesion using snare. This technique
allows for safe removal of intramucosal cancers that are 2 cm or less in diameter7..
EMR has proven to be an effective treatment for early gastric cancer in terms of long-
term qutcomes. In one prior study in Japan with 479 cases of gastric cancer treated with
EMR, there were no gastric cancer-related deaths during a median follow up period of
38 mol*l. Notably, the rates of complete resection with EMR decrease with larger
lesions with prior studies demonstrating complete resection rates as low as 20 %-30% in

lesions greater than 2 cml39l.

ESD
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ESD is a technique in which the submucosal layer is injected to lift the lesion. Following
injection, careful dissection of the submucosal layer from the muscular layer is
performed using through-the-scope endoscopic knives, until the entire lesion is
completely removed(#! (Figure 1). More recently, tools including various endoscopic
knives and hemostatic forceps have been developed in order to perform quicker, more
secure, and more precise incisions*3*41l. ESD has been shown to be more effective at
complete resection of larger gastric cancer lesionsi3l. In a meta-analysis of 18
observational studies, ESD proved to have a greater incidence of complete and curative
resection compared to patients who underwent EMRI42. ESD also has been associated

with a lower risk of recurrence compared to EMR.

Endoscopic vs surgical resection

There are no randomized trials yet comparing endoscopic and surgical management of
early gastric cancer, though several studies report favorable outcomes in endoscopic
resection. Endoscopic resection has been associated with fewer complications and an
improved quality of life when compared to surgical resectionl®44, likely because
endoscopic resection allows for preservation of the stomach. Notably, studies also
suggest that the recurrence rates are significantly higher with endoscopic resection than

surgical resection°.

Hybrid techniques

A more recently developed technique for removal of early gastric cancer lesions is
laparoscopic endoscopic cooperative surgery (LECS). LECS involves endoscopic
mucosal or submucosal dissection with laparoscopic seromuscular resection, with the
intention to preserve as much of the normal stomach as possiblel*>4¢]. LECS was initially
used for the removal of submucosal tumors, but more recently has been studied for the
removal of early gastric cancerl748l. It is important to note that with all types of LECS,

laparoscopic peri-gastric lymph node dissection is also performed/46l.
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ENDOSCOPIC SURVEILLANCE

Surveillance of gastric cancer

At present, there are no established evidence-based gastric cancer surveillance
guidelines in the United States. Patients with gastric cancer that was treated with
resection continue to have a risk for metachronous gastric cancer. Prior studies report
an incidence of metachronous gastric cancer of 3 to 4 percent per yearl®l. Japanese
guidelines suggest annual or biannual endoscopic surveillance. Other studies have
recommended earlier follow-up of 3 mo after resection, followed by gradual spacing to

6 mo and then a year if no lesion identified!*].

Surveillance of premalignant gastric conditions

Premalignant gastric conditions include atrophic gastritis and intestinal metaplasia.
There are various guidelines for the surveillance of these premalignant conditions. The
European Society of Gastrointestinal Endoscopy suggests surveillance intervals
depending on the degree and extent of the premalignant lesionl®l. However, the
American Gastroenterological Association suggests against endoscopic surveillance in
patients with gastric intestinal metaplasia in the general population, and elective
surveillance for those with a higher risk of gastric cancer, including family history,
certain ethnic minorities, or extensive premalignant conditions®!l. In Japan, patients
with atrophic gastritis are recommended to have surveillance endoscopy at 1-2 year
intervals[®2l.

Prior studies report varying rates of progression of dysplastic lesions to gastric
cancer, ranging anywhere from 0% to 73% per yearl®l. This is in part due to the
difference between specific populations such as Asian populations, who appear to have
a greater risk of progression. A prior cohort of patients with dysplastic lesions showed
progression from high grade dysplasia to gastric cancer in 25% of patients, and
progression from low grade dysplasia to gastric cancer in 7% of patients(>. Based on
the current evEence, the International Consensus Project from 2012 has proposed that

patients with intestinal metaplasia should be offered endoscopic surveillance every 3
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years, while patients with low grade dysplasia should have surveillance imaging every
12 mo. Those with high grade dysplasia are recommended to have surveillance every 6

mol34l.

CONCLUSION

Over recent years, many endoscopic advances have been made for the diagnosis and
treatment of gastric cancer lesions. Further studies to enhance visualization and
diagnosis of early-stage gastric cancer tumors as well as different techniques for

removal should be encouraged.
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