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Simple Summary: Although its incidence and the mortality with which it is related seem to be
decreasing, gastric cancer remains the fifth most common cause of new cancer cases and the fourth
most lethal cancer worldwide. Late diagnosis occurs in a substantial portion of patients, but the
increased identification of risk factors and precancerous conditions has allowed for the stratification of
risk, leading to tailored patient surveillance and the early recognition of pre-malignant and malignant
lesions. Since the 1990s, innovative endoscopic resection techniques have revolutionized the treatment
of early gastric cancer, which would otherwise be subject to surgical resection.

Abstract: Early gastric cancer comprises gastric malignancies that are confined to the mucosa or
submucosa, irrespective of lymph node metastasis. Endoscopic resection is currently pivotal for the
management of such early lesions, and it is the recommended treatment for tumors presenting a very
low risk of lymph node metastasis. In general, these lesions consist of two groups of differentiated
mucosal adenocarcinomas: non-ulcerated lesions (regardless of their size) and small ulcerated lesions.
Endoscopic submucosal dissection is the technique of choice in most cases. This procedure has
high rates of complete histological resection while maintaining gastric anatomy and its functions,
resulting in fewer adverse events than surgery and having a lesser impact on patient-reported quality
of life. Nonetheless, approximately 20% of resected lesions do not fulfill curative criteria and demand
further treatment, highlighting the importance of patient selection. Additionally, the preservation
of the stomach results in a moderate risk of metachronous lesions, which underlines the need for
surveillance. We review the current evidence regarding the endoscopic treatment of early gastric
cancer, including the short-and long-term results and management after resection.

Keywords: gastric cancer; endoscopy; treatment; endoscopic submucosal dissection

1. Introduction

Gastric cancer (GC) remains an important cause of cancer worldwide, ranking fifth in
new cancer cases and fourth in terms of mortality [1], although incidence and mortality
rates have been decreasing in recent decades [2]. Nonetheless, GC was still responsible
for just over 1 million new cases in 2020 [1], which is predicted to increase to 1.8 million
worldwide by 2040 [3]. A recent study [4] projecting cancer incidence between 2015
and 2050 in the United States of America estimates not only an increase in the absolute
number of new GC cases (explained by an aging population) but also a 7% increase in
age-standardized incidence rates from 7.5 to 8.0 per 100,000. These numbers underline the
importance of healthcare systems’ adaptability to an increasing burden of disease, shifting
focus to primary prevention and early detection.

The knowledge of gastric carcinogenesis (namely, the Correa cascade [5]) and the sub-
sequent recognition of gastric premalignant conditions and lesions, the current widespread
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use of esophagogastroduodenoscopy, and the implementation of national screening pro-
grams in high-risk countries such as Japan and South Korea [1,6,7] are expected to result in
an increase in the diagnosis of GC at earlier stages.

Early gastric cancer (EGC) comprises gastric malignancies that are confined to the
mucosa or submucosa, irrespective of the status of lymph node metastasis (LNM) [8]. The
presence of LNM constitutes one of the most relevant prognostic factors among patients
with GC, including EGC, which is associated with significantly lower long-term survival [9].
While the standard curative treatment of GC had once been gastrectomy with lymphadenec-
tomy, the development of advanced endoscopic resection techniques has surpassed surgery
as a first-line curative treatment for selected early lesions presenting a minimal risk of LNM.
However, up to 20% of endoscopic resections do not meet curative criteria and require
further surgical treatment [10–12], highlighting the need to improve clinical staging and
patient selection.

This review aims to provide a comprehensive overview of the endoscopic management
of EGC, the challenges physicians still face in their daily practices, and the technical and
technological advances designed to overcome these difficulties.

2. Superficial Gastric Lesions

Superficial gastric lesions are made up of premalignant neoplastic lesions and ma-
lignant lesions that do not invade beyond the submucosa [13]. The Vienna classification
provides a consensus terminology of epithelial neoplasia of the gastrointestinal tract [14].
In the stomach, low-grade dysplasia, high-grade dysplasia, and carcinoma in situ (group 3
and subgroups 4-1 and 4-2 of the Vienna classification, respectively) are considered pre-
malignant lesions in that they are confined to the epithelial layer and do not invariably
progress to invasive carcinoma. Invasion into the lamina propria or the muscularis mucosae
constitutes intramucosal carcinoma (subgroups 4-3 and 4-4 of the Vienna classification),
which, in the stomach, is considered a malignant lesion, contrary to what is seen in the colon.
Additionally, a carcinoma that invades the submucosa (group 5 of the Vienna classification)
is also considered a superficial gastric lesion.

The Paris classification, a morphological classification developed in 2003 and updated
in 2005, categorizes superficial neoplastic lesions of the gastrointestinal tract into three
groups [13]. Type 0-I includes protruding superficial lesions, also known as polypoid
lesions, and is subdivided into pedunculated (0-Ip) and sessile (0-Is) lesions. Type 0-II
encompasses non-protruding non-excavating lesions, otherwise known as flat lesions,
and is made up of slightly elevated (0-IIa), completely flat (0-IIb), and slightly depressed
(0-IIc) lesions. It is common for mixed lesions to occur, containing concomitant depressed
and elevated components, and such lesions are classified as type “0-IIa + IIc” or “0-IIc + IIa”
depending on the predominant component. Finally, type 0-III lesions are excavated (or
ulcerated) and can also be mixed with depressed (0-IIc) lesions. This endoscopic clas-
sification seems to correlate with histological findings and resection outcomes since a
depressed morphology is associated with submucosal invasion and excavated lesions are
associated with piecemeal resection. Although subject to interobserver variability, this
classification’s reliability is acceptable and improves both with training and the use of
virtual chromoendoscopy [15].

3. Indications for Endoscopic Resection: Pre-Procedural Evaluation

The reported rate of LNM in intramucosal adenocarcinomas varies between 0% and 9%
and can reach up to 25% in adenocarcinomas with submucosal invasion [16–19]. In certain
circumstances, this risk is minimal or even null. The studies conducted by Gotoda et al. [16],
Nakahara et al. [17], and Hirasawa et al. [18] evaluated the incidence of LNM in gastrectomy
specimens, analyzing the endoscopic and histological characteristics associated with a very
low risk of LNM in cases of EGC. These studies served as the cornerstone for the definition of
the current criteria for endoscopic resection. More recently, the findings of Hasuike et al. [20]
and Takizawa et al. [21] contributed to the expansion of indications for endoscopic resection.
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The Japanese and European guidelines recommend endoscopic resection as the stan-
dard treatment for gastric lesions harboring dysplasia and for EGC when the presumed risk
of lymph node metastasis is less than 1% [22,23]. The Japanese guidelines define expanded
indication lesions as lesions that are presumed to have a <1% risk of LNM but for which
long-term outcomes were not confirmed by a prospective confirmatory trial with 5-year
survival as the primary endpoint [22]. The European guidelines state that EGC with an
LNM risk presumed to be inferior to 3% can be considered for endoscopic resection as an
expanded criterion, although the decision should consider the patient’s characteristics and
preference after the discussion of risks [23].

The absolute criteria for endoscopic resection, according to the Japanese guidelines,
are gastric lesions clinically staged as (i) dysplastic regardless of size, (ii) differentiated
gastric intramucosal (cT1a) adenocarcinomas of any size if not ulcerated and ≤30 mm in
size if ulcerated, and (iii) poorly differentiated gastric intramucosal (cT1a) adenocarcinomas
without ulcerative findings and ≤20 mm in size [22,24]. The European guidelines, on the
other hand, consider the first two groups of lesions as absolute indications for endoscopic
resection and the third one as an expanded indication [23]. In these cases, the decision
to pursue endoscopic treatment should be individualized following the discussion of
the potential risks and benefits of the different treatment options with the patient. The
Japanese guidelines define lesions as expanded indications when a previously resected
lesion meeting the endoscopic curability criterion eCura C-1 (see Section 6) locally recurs
as a clinically staged intramucosal (cT1a) cancer [22,24] (Table 1).

Table 1. Absolute and expanded indications according to European and Japanese guidelines.

Type of Lesion European Guidelines Japanese Guidelines

Dysplasia, any size Absolute indication

Adenocarcinoma

cT1a, well-differentiated,
non-ulcerated, any size Absolute indication

cT1a, well-differentiated,
ulcerated, ≤30 mm Absolute indication

cT1a, poorly differentiated,
non-ulcerated,
≤20 mm

Expanded indication Absolute indication

Recurrence of an eCura-C1 lesion,
staged as cT1a - Expanded indication

cT1a: adenocarcinoma clinically staged as intramucosal.

Although endoscopic resection is considered to result in high rates of curative resec-
tion, approximately 15–20% of the resected lesions do not meet curative criteria [10–12].
Several authors have sought to establish predictive factors for non-curative resection in
order to improve patient selection. A 2019 systematic review and meta-analysis identified
location in the upper third of the stomach (odds ratio (OR) 1.49, 95%CI 1.24–1.79), depressed
morphology (OR 1.49, 95%CI 1.04–2.12), and lesions whose identified characteristics lie
outside standard criteria (OR 3.56, 95%CI 2.31–5.48) as predictors of this outcome [25].
Additional risk factors identified in individual studies include large tumor size (generally
>20 mm), ulceration, undifferentiated tumors (including the presence of an undifferentiated
component in differentiated-type-predominant mixed-type lesions), and old age [26–31].
Regarding lesion differentiation, a meta-analysis incorporating 5644 patients showed that
undifferentiated-predominant mixed-type lesions show more aggressive biological behav-
ior compared to pure undifferentiated-type lesions, presenting a significantly higher risk of
submucosal invasion (OR 2.19, 95%CI 1.90–2.52) and LNM (OR 2.28, 95%CI 1.72–3.03) even
after stratification for depth of tumor invasion [32].

Furthermore, deep submucosal invasion (>500 µm, ≥Sm2) is an independent risk
factor for LNM and a major criterion of non-curability [16–18,23,33–35]. Thus, accu-
rately estimating the depth of invasion is one of the most important components of
an endoscopic preoperative assessment but also one of the most challenging. A few
authors have attempted to identify macroscopic features suggestive of Sm2 invasion.
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Abe et al. [36] suggested that remarkable redness, an uneven surface, margin elevation,
enlarged folds, a tumor size >30 mm, and ulceration were significantly associated with
deeper submucosal invasion.

Magnifying endoscopy, usually applied in combination with narrow-band imaging, is
an ancillary tool for the diagnosis of EGC. Several authors have evaluated whether certain
vascular and surface patterns could predict the histologic type and depth of invasion of a
tumor; however, there is not yet a gastric classification comparable to the ones of colonic
polyps and esophageal lesions. Nakayoshi et al. [37] and Yokoyama et al. [38] found that
a fine network microvascular pattern was associated with differentiated lesions, while a
corkscrew pattern was associated with undifferentiated histology. What Nakayoshi et al.
considered to be an unclassified pattern was designated as an intra-lobular loop pattern by
Yokoyama et al., which subdivided it into type 1 (predictive of differentiated-type EGC) and
type 2 (found in both differentiated and undifferentiated lesions). Tanaka et al. [39] found
that a microsurface pattern of irregular arrangements and sizes was the predominant type
in differentiated tubular adenocarcinomas (although depressed adenomas also presented
the same pattern), while all signet-ring cell carcinomas and poorly differentiated tubular
adenocarcinomas showed a destructive microsurface pattern. Ok et al. [40] concluded that
the magnification patterns with narrow-band imaging could aid in predicting histopathology;
specifically, a fine network or loop microvascular pattern was associated with differentiated
tumors, while an absent microsurface pattern and corkscrew microvascular pattern were
associated with undifferentiated tumors. Furthermore, a destructive microsurface pattern was
associated with submucosal invasion. Kanesaka et al. [41] found that absent microsurface
and opened-loop microvascular patterns did not improve the overall accuracy of white
light endoscopy for the diagnosis of undifferentiated-type EGC in depressed or flat lesions,
although it improved specificity.

Different modalities for local staging, the foremost of which is endoscopic ultrasonog-
raphy, have not proven to be superior to endoscopic evaluation in assessing depth of
invasion; consequently, European guidelines do not recommend such modalities’ routine
use [23]. Computed tomography and positron emission tomography also have no role
in the pre-resection evaluation of endoscopically resectable EGC since the risk of distant
metastasis is very low.

Therefore, endoscopic resection should only be proposed to a patient should after a
careful evaluation of the gastric lesion by an experienced endoscopist, who should look for
endoscopic features associated with non-curability and account for clinical and pathological
characteristics (Figure 1).
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endoscopic evaluation (pT1b, undifferentiated, and with lymphovascular invasion on surgical spec-
imen). (B) Lesions successfully removed using ESD and meeting curative criteria. (B.1) A Paris 
Iia+Iic 40 mm lesion (pT1a, well-differentiated, and no lymphovascular invasion). (B.2) A Paris 
Iia+Iic 15 mm lesion (pT1a, well-differentiated, and no lymphovascular invasion). (C) A Paris 0-
Iia+Iic 12 mm lesion that was endoscopically resected and did not meet curative criteria (pT1b, well-
differentiated, and with lymphovascular invasion). 
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procedure is effective and safe. However, the size of the snare generally prevents the en 
bloc resection of larger lesions. Piecemeal and/or incomplete resection limits proper his-
topathological evaluation and staging, which are crucial for post-resection management 
and associated with local recurrence [43]. ESD was developed in 1995 [44] to overcome the 
limitations of EMR, allowing for the en bloc resection of lesions of any size. In this method, 
the lesion is circumferentially outlined with coagulation marks and then elevated after the 
injection of a solution in the submucosal layer. The endoscopist makes three to four elec-
trosurgical incisions in the coagulation marks to access the submucosa and completes a 
circumferential incision around the lesion. Finally, the submucosa is dissected in the sub-
mucosal plane to achieve an en bloc resection. 

Several retrospective and prospective studies and meta-analyses have been carried 
out to compare the safety and efficacy outcomes between EMR and ESD (Table 2) [45–48]. 
ESD is significantly superior to EMR in achieving en bloc and complete resection for le-
sions of any size, resulting in significantly higher rates of curative resection and lower 
recurrence. Regarding safety, ESD and EMR present similar levels of post-procedural 
bleeding, while ESD is associated with higher perforation rates and operative time. In-
deed, ESD continues to show high rates of en bloc and complete resection (over 95% and 
90%, respectively) and low local recurrence (<5%) and low rates of adverse events, namely, 
perforation (<3%) and post-operative bleeding (≈5%) [11,49,50]. The endoscopic resection 
of gastric superficial lesions is associated with a good long-term prognosis, with 5-year 
overall (OS) and disease-specific survival (DSS) rates of 89.0–95.0% and >99%, respectively 
[50–52].

Figure 1. Superficial gastric lesions (upper image—white light; lower image—virtual chromoendoscopy).
(A) A Paris 0-IIa+Iic lesion clinically staged as deep submucosal invasion in pre-resection endoscopic
evaluation (pT1b, undifferentiated, and with lymphovascular invasion on surgical specimen). (B) Lesions
successfully removed using ESD and meeting curative criteria. (B.1) A Paris Iia+Iic 40 mm lesion (pT1a,
well-differentiated, and no lymphovascular invasion). (B.2) A Paris Iia+Iic 15 mm lesion (pT1a, well-
differentiated, and no lymphovascular invasion). (C) A Paris 0-Iia+Iic 12 mm lesion that was endoscopically
resected and did not meet curative criteria (pT1b, well-differentiated, and with lymphovascular invasion).
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4. Endoscopic Resection

The endoscopic resection of gastric dysplastic lesions and EGC can be carried out by
performing endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD).

EMR was first described in 1993 [42] for the endoscopic treatment of esophageal,
gastric, and colonic lesions. Before resection, the lesion is elevated through the injection
of a solution in the submucosal space to separate it from the muscularis propria. The lesion
is then placed within a metal wire snare and resected using high-frequency diathermy.
This procedure is effective and safe. However, the size of the snare generally prevents the
en bloc resection of larger lesions. Piecemeal and/or incomplete resection limits proper
histopathological evaluation and staging, which are crucial for post-resection management
and associated with local recurrence [43]. ESD was developed in 1995 [44] to overcome the
limitations of EMR, allowing for the en bloc resection of lesions of any size. In this method,
the lesion is circumferentially outlined with coagulation marks and then elevated after
the injection of a solution in the submucosal layer. The endoscopist makes three to four
electrosurgical incisions in the coagulation marks to access the submucosa and completes
a circumferential incision around the lesion. Finally, the submucosa is dissected in the
submucosal plane to achieve an en bloc resection.

Several retrospective and prospective studies and meta-analyses have been carried out
to compare the safety and efficacy outcomes between EMR and ESD (Table 2) [45–48]. ESD
is significantly superior to EMR in achieving en bloc and complete resection for lesions of
any size, resulting in significantly higher rates of curative resection and lower recurrence.
Regarding safety, ESD and EMR present similar levels of post-procedural bleeding, while
ESD is associated with higher perforation rates and operative time. Indeed, ESD continues
to show high rates of en bloc and complete resection (over 95% and 90%, respectively)
and low local recurrence (<5%) and low rates of adverse events, namely, perforation
(<3%) and post-operative bleeding (≈5%) [11,49,50]. The endoscopic resection of gastric
superficial lesions is associated with a good long-term prognosis, with 5-year overall (OS)
and disease-specific survival (DSS) rates of 89.0–95.0% and >99%, respectively [50–52].

Accordingly, ESD is the recommended first option for the endoscopic treatment of gas-
tric superficial lesions deemed resectable [22,23]. The European guidelines state, however,
that EMR should be considered for elevated lesions (Paris 0-Iia), under 10 mm in size and
with a low likelihood of advanced histology.

Endoscopic resection, although safer than gastrectomy, can also present adverse events.
Predicting these outcomes can assist in patient selection and help plan periprocedural
measures for the prevention of such outcomes.

Post-procedural bleeding is the most frequent adverse event following ESD, occurring
in 4.4–5.1% of procedures [11,53], and it is linked to prolonged hospital stays, the require-
ment for transfusion, endoscopic reintervention, surgery, and death. A meta-analysis
identified risk factors for PPB, which were either patient-, lesion-, or procedure-related [53].
The risk factors associated with this unfavorable outcome were a male gender, cardiopa-
thy, antithrombotic drug use, cirrhosis, chronic kidney disease, a tumor size > 20 mm, a
resected specimen >30 mm size, localization in the lesser curvature, a flat or depressed
morphology, carcinoma histology, ulceration, a procedure duration of >60 min, and the use
of histamine-2 receptor antagonists as an acid-suppressive therapy instead of proton pump
inhibitors. The latter reduce the rate of delayed bleeding [54,55], and their administration
following ESD is recommended [22]; however, a meta-analysis showed that premedication
with proton-pump inhibitors does not impact bleeding rates, despite significantly increas-
ing gastric pH at the time of ESD [56]. Coagulation of visible vessels in post-ESD ulcers is
also associated with reduced rates of delayed bleeding [57] and is a recommended preven-
tive measure [22]. A network meta-analysis evaluated additional preventive measures and
found that tissue shielding with polyglycolic acid significantly reduced delayed bleeding
risk in high-risk patients [risk ratio (RR) 0.32; 95%CI 0.12–0.79], while hemostatic spray
potentially reduced bleeding in low-risk patients, although heterogeneity was high [58].
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Table 2. Summary of meta-analyses comparing short- and long-term outcomes between endoscopic mucosal resection and endoscopic submucosal dissection.

Author, Year Type of
Resection

Operation Time
(in Minutes) Perforation Rate Local Recurrence En Bloc Resection Complete

Resection

Tao M, 2019 [45] - SMD 1.12 (0.13–2.10) OR 2.55 (1.48–4.39) OR 0.18 (0.09–0.34) OR 9.00 (6.66–12.17) OR 8.43 (5.04–14.09)

Lian J, 2012 [46]

EMR ND 17/1973 (0.9%) 126/1973 (6.4%) 1020/1973 (51.7%) 867/2053 (42.2%)
ESD ND 62/1438 (4.3%) 11/1438 (0.8%) 1328/1437 (92.4%) 1227/1495 (82.1%)
- WMD 59.4 (16.8–102.0) OR 4.67 (2.77–7.87) OR 0.10 (0.06–0.18) OR 9.69 (7.74–12.13) OR 5.66 (2.92–10.96)

Facciorusso A, 2014 [47]

EMR ND 17/1973 (0.9%) 141/2332 (6.0%) 1020/1973 (51.7%) 867/2053 (42.2%)
ESD ND 62/1438 (4.3%) 12/1859 (0.6%) 1328/1437 (92.4%) 1227/1495 (82.1%)
- SMD 1.73 (0.52–2.95) OR 4.67 (2.77–7.87) OR 0.09 (0.05–0.17) OR 9.69 (7.74–12.13) OR 5.66 (2.92–10.96)

Zhao Y, 2018 [48]

EMR - 26/2134 (1.2%) 116/2245 (5.2%) 1422/2551 (55.7%) 1110/1935 (57.4%)
ESD - 86/2676 (3.2%) 4/1932 (0.2%) 2229/2387 (93.4%) 1864/2032 (91.7%)

- MD −49.86
(−71.62 to −28.10) OR 0.37 (0.24–0.57) OR 14.94 (7.26–30.74) OR 0.10 (0.09–0.13) OR 0.14 (0.12–0.17)

MD: mean difference; ND: no data; OR: odds ratio; SMD: standard mean difference; WMD: weighted mean difference. The 95% confidence intervals are shown in parenthesis for MD, OR, SMD, and WMD.
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Perforation is an uncommon adverse event of ESD and can be immediate (<3% of
procedures) or delayed (<1%). A meta-analysis identified the following as risk factors for
perforation: liver disease, location in the upper stomach, a resection size > 20 mm, submucosal
invasion, operation time > 2 h, depressed or flat lesions, and piecemeal resection [59]. Another
meta-analysis, this time comparing gastric ESD in elderly and non-elderly patients, found a
trend for significantly increased perforation risk among patients aged >80 years [60].

5. Endoscopic Resection versus Surgery

Resection of the stomach and regional lymph nodes is the standard surgical curative
treatment for GC, entailing the removal of at least two thirds of the stomach and a D2 lymph
node dissection [24]. This ensures high rates of complete resection, almost negligible rates
of local recurrence, a very low risk of metachronous lesions, and high disease-free and
overall survival. On the other hand, surgical resection has its own adverse events; it can
significantly impact the stomach’s storage and digestive functions, thereby limiting nutrient
absorption; and the resulting effects may impair the patient’s health-related quality of life.

Alternatively, ESD is a minimally invasive procedure that preserves the stomach’s
structure and associated functions and presents a low rate of complications and adverse
outcomes. The spared mucosa constitutes, however, a sustained risk for metachronous
tumors, thereby demanding long-term surveillance.

Several meta-analyses have compared the short (Table 3) and long-term (Table 4)
outcomes of ESD versus surgery for the treatment of EGC [61–65]. Endoscopic treatment
is associated with significantly decreased operation times, in-hospital stays, and overall
postoperative complication rates, with one meta-analysis also reporting a lower risk of
procedure-related death (OR 0.21, 95%CI: 0.07–0.68) [64]. On the other hand, the rates
of en bloc resection, complete resection, and curative resection seem to be significantly
lower for ESD compared to surgery (OR 0.07, 95%CI 0.03–0.21; OR 0.07, 95%CI 0.03–0.14;
and OR 0.06, 95%CI 0.01–0.27, respectively) [64], resulting in higher rates of recurrence.
However, Gu et al. [62] found that the proportion of patients that were amenable to
radical treatment after recurrence was higher in the ESD group incorporated in their
study (OR 5.27, 95%CI 2.35–11.79). Synchronous and metachronous cancers have been
found to be significantly more prevalent after ESD. Regarding long-term outcomes, the
differences in 5-year disease-free survival (DFS) are not homogeneous across studies.
Some authors found no statistically significant differences [61,63], while others state a
significantly lower DFS in their respective ESD groups [62,64,65]. This may be due to
differences in defining disease-free survival. Abdelfatah et al. [61] did not incorporate
the detection of metachronous lesions as a disease-defining event, Gu et al. [62] included
metachronous GC occurrence in the definition of DFS, and the remaining authors [63–65]
did not specify which events defined DFS. However, the ESD and surgery groups
consistently showed similar 5-year overall and disease-specific survival (OS > 95% and
DSS > 99% in both groups) throughout the different meta-analyses.

Gastric cancer with an undifferentiated histology presents a significantly higher risk of
lymph node metastasis than differentiated tumors [16,66]. Several comparative studies have
been performed to compare long-term outcomes, namely, survival, in patients undergoing
ESD and surgery for undifferentiated mucosal tumors with a diameter <20 mm and without
ulcerative findings. Two meta-analyses summarizing the evidence collected were recently
conducted [67,68]. The results overlap with those stated above for general cohorts, with
ESD showing a significantly lower 5-year DFS, no statistical difference in DSS, and similar
OS (Table 4).
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Table 3. Summary of meta-analyses comparing short-term outcomes between endoscopic submucosal dissection and gastrectomy patients.

Author, Year Type of
Resection

Operation Time
(in Minutes)

in-Hospital Stay
(in Days)

Overall
Postoperative
Complication

Recurrence Synchronous
Lesions

Metachronous
Lesions

Abdelfatah MM, 2019 [61]

ESD

ND ND ND

40/2943 (1.4%) 16/1082 (1.5%) 176/2943 (6%)

Gastrectomy 12/3116 (0.4%) 1/1485 (0.1%) 13/3116 (0.4%)

- OR 0.17 (0.1–4.9) RR 5.7 (1.5–21.9) RR 10.2 (5.9–17.1)

Gu L, 2019 [62] - ND ND ND ND OR 4.94 (3.04–8.03) OR 8.64
(5.00–14.95)

Li H, 2020 [63] - WMD −140
(−254 to −34) −5.41 (−5.93 to −4.89) OR 0.39 (0.28–0.55) OR 9.24

(5.94–14.36) ND ND

Liu Q, 2020 [64] - MD −128
(−204 to −52) −7.13 (−7.98 to −6.28) OR 0.47 (0.34–0.63) OR 5.42

(2.91–10.11)
OR 6.59
(1.96–22.1)

OR 10.84
(6.43–18.26)

Xu X, 2022 a [65] - ND ND OR 0.49 (0.34–0.72) ND OR 9.09 (2.17–50) OR 8.33 (4–20)

MD: mean difference; ND: no data; OR: odds ratio; WMD: weighted mean difference. a Expanded indication lesions. The 95% confidence intervals are shown in parenthesis.
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A number of studies have reported on the hospital costs associated with either proce-
dure [69–71]. ESD seems to account for significantly lower costs when compared to surgery,
which is mostly due to the nature of the procedure itself and differences in the length of
stay. Shin et al. [70] evaluated costs related to general cases, stating that given the superior
rate of adverse events following surgical resection, the difference in costs may be higher
than estimated. Kim et al. [69] also compared medical costs linked to follow-up at 1-year
post-discharge and did not find significant differences.

Table 4. Summary of systematic reviews with meta-analyses comparing long-term survival between
endoscopic submucosal dissection and gastrectomy patients.

Author, Year Type of Resection Overall Survival Disease-Specific Survival Disease-Free Survival

Abdelfatah MM, 2019 [61]
ESD 2914/3034 (96%) 2437/2451 (99.4%) 1415/1476 (95.9%)
Gastrectomy 3088/3203 (96%) 1962/1977 (99.2%) 1816/1844 (98.5%)
- OR 0.96 (0.74–1.25) OR 0.7 (0.16–2.9) OR 1.86 (0.57–6.0)

Gu L, 2019 [62]
ESD 2238/2324 (96.3%) 5/1425 (99.7%) 1241/1376 (90.2%)
Gastrectomy 2563/2662 (96.3%) 17/1841 (99.1%) 1261/1298 (97.2%)
- RR 0.90 (0.68–1.19) RR 0.40 (0.15–1.03) RR 3.40 (2.39–4.84)

Li H, 2020 [63] - HR 0.51 (0.26–1.00) ND ND

Liu Q, 2020 [64] - HR 0.92 (0.71–1.19) HR 0.73 (0.36–1.49) HR 4.58 (2.79–7.52)

Huh CW, 2021 a [67] - OR 2.29 (0.98–5.36) ND ND

Xu X, 2022 b [65] - HR 1.22 (0.66–2.25) ND HR 3.29 (1.60–6.76)

Yang HJ, 2022 a [68]
ESD 383/400 (95.8%) 396/400 (99.0%) 362/400 (90.5%)
Gastrectomy 492/508 (96.9%) 506/508 (99.6%) 491/508 (96.7%)
- RR 1.18 (0.60–2.32) RR 2.49 (0.47–37.93) RR 2.49 (1.42–4.35)

ESD: endoscopic submucosal dissection; HR: hazard ratio; ND: no data; OR: odds ratio; RR: risk ratio.
a Undifferentiated lesions. b Expanded indication lesions. The 95% confidence intervals are shown in parenthesis
for HR, OR, and RR.

Considering that gastrectomy with lymphadenectomy is a major surgical procedure
entailing the resection of a considerable portion of the stomach and ESD is a minimally
invasive and stomach-sparing procedure, a few authors have evaluated patient-reported
quality of life after curative treatment. We found three comparative studies, one of which
was retrospective [72] and the other two were prospective [73,74]. In all three, quality of
life was assessed using the European Organization for Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire Core 30 (QLQ-C30) and a GC-specific module,
namely, the EORTC QLQ-STO22. Song et al. [72] reported a significantly higher overall
health status in the ESD group compared to the surgery group (p < 0.05) and a global trend
in all function and symptom scales in favor of endoscopic treatment, although statistical
differences were only found in relation to physical function, social function, fatigue, nausea
and vomiting, appetite loss and constipation, reflux, eating restrictions, and body image.
Libânio et al. [73] found, at 1-year, a net benefit in overall health favoring ESD (p = 0.006).
ESD was not associated with worsening in any functional dimensions or symptom scales
compared to baseline. This result contrasts with those regarding the surgery group, whose
patients reported a significant decrease in role function and worsened fatigue, pain, appetite
loss, diarrhea, dysphagia, eating restrictions, taste, and body image. ESD patients did not
more frequently report fear of recurrence, new tumors, or death when compared with
surgical patients. Kim et al. [74] reported significant differences between groups only with
regard to physical functioning, eating restrictions, dysphagia, diarrhea, and body image.

Taking all the above into account, when a superficial gastric lesion is amenable to
endoscopic resection with a high likelihood of curability, guidelines consider endoscopic
resection to be a more desirable choice of curative treatment compared to surgery [23]. Es-
pecially in cases of expanded indications, this should be a shared decision between a patient
and their physician that is finalized after a discussion of the advantages and downsides of
both treatment modalities with respect to both short- and long-term outcomes [75].
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6. Management after Resection

After endoscopic resection, a pathological examination is essential in order to properly
characterize the resected lesion and classify the resection as curative or non-curative,
thereby guiding posterior management. The criteria for curability regarding resections
have been defined according to the risk of LNM based on the histological findings of
surgical specimens. Several studies throughout the years have consistently identified
lymphovascular invasion, deep submucosal invasion (>500 µm), undifferentiated histology,
and a size ≥30 mm as independent risk factors for LNM [16–18,23,33–35], and this evidence
is the cornerstone for the definition of current curative criteria.

European guidelines [23] consider two groups of curative resections (Figure 2):

• Very-low-risk resections (LNM risk < 0.5–1%), i.e., when a differentiated mucosal
(pT1a) lesion, without lymphovascular invasion, and independent of size if there are
no ulceration findings or ≤30 mm in size if ulcerated, is resected en bloc and with
negative margins;

• Low-risk resections (LNM risk <3%), i.e., when a poorly differentiated pT1a lesion ≤ 20 mm
in size or a differentiated pT1b lesion (submucosal invasion ≤ 500 µm) ≤30 mm in size,
that present neither ulceration nor lymphovascular invasion, is resected en bloc with
negative margins.
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Figure 2. Post-resection management according to the European Society of Gastrointestinal En-
doscopy guidelines on ESD. pT1a: intramucosal adenocarcinoma. pT1b (SM1): adenocarcinoma with
superficial submucosal invasion (≤500 µm). UL0: non-ulcerated. UL1: ulcerated. VM0: negative
vertical margin. Ly0, V0: no lymphovascular invasion. HM0: negative horizontal margin. HMx:
piecemeal resection. HM1: positive horizontal margin.

A very-low-risk resection does not require any further radiological staging or treat-
ment, whereas for lesions meeting low-risk criteria, further treatment is generally not
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recommended, but the patient should undergo complete staging, and the decision to
pursue additional surgical therapy should be individualized after discussion with a multi-
disciplinary team.

A third group of lesions is classified as local-risk resections—due to a very low risk
of LNM but an increased risk of local recurrence—when a piecemeal resection or tumor-
positive horizontal margin occurs in (i) lesions otherwise meeting very low risk criteria and
(ii) differentiated pT1b lesions with submucosal invasion ≤ 500 µm, a size ≤ 30 mm, and
negative vertical margins, provided that there is no evidence of submucosal invasion at
the resection margin. Management in such situations should be tailored, for which patient
preferences should be considered, with guidelines preferring either close observation with
scar biopsy or re-ESD/scar ablation over surgery given its poorer safety profile. However,
surgery is an adequate alternative, especially for cases of recurrence that are not amenable
to endoscopic re-intervention.

Finally, endoscopic resections are classified as noncurative for any lesion with: posi-
tive vertical margins; lymphovascular invasion; deep submucosal invasion (>500 µm from
the muscularis mucosae); ulceration or a size > 20 mm in poorly differentiated lesions; a
size > 30 mm in pT1b differentiated lesions with submucosal invasion ≤500 µm and in
intramucosal ulcerated lesions. In these cases, complete staging is recommended, and
a further curative resection should generally be pursued, namely, gastrectomy and lym-
phadenectomy, since the presence of LNM is linked to a poor prognosis. For patients who
refuse salvage surgery or are unfit for a major surgical procedure, surveillance may be an
acceptable alternative.

The Japanese guidelines [22,24], on the other hand, use the eCura grading system to
categorize the curability of resected lesions. Lesions are classified as endoscopic curability
A (eCuraA) when the effect of endoscopic resection is equal to or superior to surgery with
respect to long-term outcomes. These include the same resections classified as very low
risk in European guidelines as well as the en bloc resection of intramucosal (pT1a) predom-
inantly undifferentiated-type lesions that are ≤20 mm and non-ulcerated, possess negative
horizontal and vertical margins, and do not present lymphovascular invasion. However,
predominantly differentiated lesions with an undifferentiated component > 20 mm are
considered non-curative resections (endoscopic curability C-2). When curability can be
expected, although there is not yet sufficient evidence of long-term results, lesions are
graded as endoscopic curability B (eCuraB), and are constituted by en bloc resection of
predominantly differentiated-type lesions with a minute degree of submucosal invasion
(≤500 µm from the muscularis mucosae, pT1b1), negative horizontal and vertical margins,
and no lymphovascular invasion. If an undifferentiated component is present in the submu-
cosal portion of the lesion, the resection is considered non-curative. Every other lesion not
fulfilling eCuraA or eCuraB criteria is a non-curative resection and classified as endoscopic
curability C lesions (eCuraC). This group subdivides into eCuraC-1, which encompasses
differentiated eCuraA or eCuraB lesions that were either not resected en bloc or had positive
horizontal margins, and eCuraC-2, which is made up of all other non-curative resections.

Regarding non-curative resections, Libânio et al. [76] reported that 75% of the gastrectomy
specimens of such cases did not show residual lesions, and the 5-year DSS did not seem to
differ between patients in the surgical and non-surgical groups [76,77]. Thus, indiscriminately
recommending surgical treatment to all non-curative resections may be excessive. Accordingly,
Hatta et al. [78] created a scoring system for non-curative resections, attributing the following
points to five different risk factors for LNM: three points for lymphatic invasion, and one point
each for tumors > 30 mm, presenting positive vertical margins, presenting venous invasion,
and whose level of submucosal invasion is >500 µm. Patients were then stratified into three
groups corresponding to LNM risk: low (zero points to one point: 2.5% risk), intermediate
(two to four points: 6.7% risk), and high (five to seven points: 22.7% risk). A validation arm
verified that this categorization is associated with significantly different DSS between risk
groups (99.6, 96.0, and 90.1% at 5 years, respectively; p < 0.001) and that the low-risk group
presents very high DSS, which is comparable to that of EGC patients who fulfill curative
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criteria after endoscopic resection. This tool may be helpful in attempting to predict which
patients will receive the most benefit from salvage surgery after non-curative ESD and for
whom surgical treatment may represent a riskier option than surveillance.

As stated before, endoscopic resection preserves the stomach at the expense of main-
taining gastric mucosa at risk for metachronous lesions and recurrence. The rate of
metachronous lesions after curative endoscopic resection described in the literature varies
between 3% and 20%. In a recent meta-analysis, Ortigão et al. [79] determined a value of
metachronous gastric lesion cumulative incidence at 5 years of 9.5% after endoscopic resec-
tion, which was significantly higher than that of 0.7% for surgery, with the meta-regression
model predicting an increase in the metachronous rate with time, namely, up to 14.9% at
10 years for endoscopic resection versus 2.3% for surgery. This highlights the need for
endoscopic surveillance post-resection.

European guidelines [23] recommend a follow-up endoscopy 3–6 months after a
curative resection or local-risk resection without local recurrence and annually thereafter,
while Japanese guidelines [24] recommend annual endoscopy for an eCuraA resection
and annual or biannual endoscopic surveillance for an eCuraB resection. There are no
studies comparing annual and biannual surveillance, but an endoscopy interval less than
12 months does not seem to increase the proportion of metachronous lesions amenable to
endoscopic resection [79]. On the other hand, one study found that a surveillance interval
greater than 12 months was significantly linked to the recurrence of adenocarcinoma, larger
lesions, and a higher proportion of patients undergoing surgical treatment [80].

Still regarding the surveillance interval, multiple studies have tried to find risk factors
for metachronous GC to enable the tailoring of surveillance according to individual risk.
The aforementioned meta-analysis found the following to be significantly associated with
metachronous: older age (mean difference 1.08 years, 95%CI 0.21–1.96), male sex (OR 1.43,
95%CI 1.22–1.66), a family history of GC (OR 1.88, 95%CI 1.03–3.41), synchronous lesions
(OR 1.72, 95%CI 1.30–2.28), severe gastric mucosal atrophy (OR 2.77, 95%CI 1.22–6.29),
intestinal metaplasia in corpus (OR 3.15, 95%CI 1.67–5.96), a persistent Helicobacter pylori
infection (OR 2.08, 95%CI 1.60–2.72), and a lower pepsinogen I/II ratio (mean difference–0.54,
95%CI −0.86 to −0.22) [79].

Several meta-analyses have evaluated the impact of H. pylori eradication on the
risk of metachronous lesions following an endoscopic resection of EGC and generally
concluded that eradication is associated with reduced rates of metachronous GC [RR 0.46,
95%CI 0.37–0.57 [81]; RR 0.467, 95%CI 0.362–0.602 [82]; RR 0.50, 95%CI 0.41–0.61 [83];
OR 0.42, 95%CI 0.32–0.56 [84]; OR 0.47, 95%CI 0.33–0.67 [85]; hazard ratio (HR) 0.43,
95%CI 0.26–0.70 [86]. One meta-analysis [85] incorporating 6967 patients from nine ran-
domized controlled trials found that there was no difference in metachronous incidence
when patients had already-established atrophic gastritis and intestinal metaplasia at
baseline. International guidelines [22,24,87] recommend that a patient’s H. pylori status
be determined after the endoscopic resection of EGC, with reflex eradication.

Finally, the required duration of a follow-up after resection has not not clearly defined,
and neither is the level of expertise of the endoscopists assigned to this task. The risk of
metachronous lesions is higher for older patients but also seems to increase with time for up
to 10 years after resection (even among younger patients). In one study, a survival analysis
showed a stable cumulative incidence of metachronous cancer 10 years post-resection [88].

7. Future Perspectives

Predicting the depth of invasion of EGC is one of the most challenging aspects of the
endoscopic assessment of superficial gastric lesions. Artificial intelligence (AI) systems
have been used in several medical fields. A few studies have undertaken the evaluation
of the accuracy of AI systems in predicting the depth of invasion of EGC. Zhu et al. [89]
and Tang et al. [90] report an accuracy of around 88–89% for predicting tumor depth,
while Yoon et al. [91] report a sensitivity and specificity of 79.2% and 77.8%, respectively.
Nagao et al. [92] evaluated an AI system’s ability to predict depth of invasion using
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conventional white-light imaging, non-magnifying narrow-band imaging, and indigo-
carmine dye contrast imaging and found no differences, with accuracies varying between
94.5% and 95.5%. Wu et al. [93] report a lower accuracy of 78.57% for predicting EGC
invasion depth, which is still comparable to endoscopists’ results, and Hamada et al. [94]
present similar accuracy values (78.9–82.4%, depending on whether evaluations were
image-based or lesion-based). Two systematic reviews with meta-analyses have assessed
the performance of AI systems with respect to estimating depth invasion [95,96]. The
pooled sensitivity and specificity for predicting deep submucosal invasion were 72–82%
and 79–90%, respectively. Jiang et al. concluded that AI-assisted depth diagnosis is more
accurate than that of experts, while Xie et al. did not find differences on this matter.
Kim et al. [97] compared two AI models, one developed from static images and the second
from video clips, and concluded that models developed from videos could predict EGC
depth invasion more precisely than image-trained models. A recent study [98] suggests
that human–machine cooperation improves performance when compared to the individual
results of either one. Although promising, AI systems have yet to prove themselves more
accurate than experts at predicting depth of invasion. Therefore, they have not been
implemented in clinical practice; however, the technology is expected to improve quickly.

There also seems to be room for improvement in cases of non-curative resection, as
the search for the less invasive management of GC continues. As mentioned previously,
a great portion of lesions that do not meet curative criteria fail to show residual disease
or LNM after rescue surgery. Given the post-surgery morbidity and impact on quality
of life of gastrectomy, it would be desirable to avoid surgery among patients who have
not yet developed LNM. In this regard, Abe et al. [99] first described in 2005 a minimally
invasive strategy combining ESD followed by laparoscopic lymph node dissection (LLND).
Theoretically, in a patient with a lesion that has been completely resected via ESD but
with a clinically significant risk of LNM, LLND would offer the potential to confirm the
absence of LNM, hence obviating the need for gastric resection. The same group evaluated
the long-term outcomes of combining ESD and LLND in a group of 21 patients whose
lesions were completely removed but presented at least one risk factor for LNM [100].
Fourteen patients had undifferentiated-type lesions, eight had deep submucosal invasion,
and two had lymphatic invasion. After a median follow-up of 61 months, none showed
evidence of metastatic disease, including two patients with positive lymph node metastasis
as determined via LLND who refused salvage surgery and were followed for 78–85 months.
The authors also evaluated adverse events resulting from the procedure. Gastric lymph
node dissection usually implies the division of major feeding arteries and the resection of
vagal trunks, which may result in early or delayed gastric ischemia on the one hand and
gastritis, perforation or ulcers, and impaired gastric motility on the other. In this study, one
patient suffered gastric perforation from early ischemic gastritis, three patients presented a
moderate amount of gastric residue following gastroscopy, and two patients complained of
postprandial static symptoms such as abdominal distention and belching.

The consequences related to an extended lymph node dissection may be partially
curbed by further limiting the number of patients submitted to radical lymphadenectomy.
As already conducted for other cancer types, a strategy of lymph node mapping in GC
patients has been under study. A lymph node metastasis diagnosis based on the sentinel
lymph node biopsy (SLNB) of patients with a significant risk of LNM after ESD could
theoretically avoid unnecessary gastrectomy and/or radical lymphadenectomy. Several
meta-analyses have evaluated the diagnostic accuracy of SLNB [101–105]. The identifi-
cation rate of sentinel nodes varied between 93.7–99.0%, and sensitivity varied between
76.9–92.0%. However, the studies were highly heterogenous, with stark differences in the
clinical staging of GC patients, tracers used, methods of injection, comparison groups, and
the extent of lymphadenectomy. False negative rates of up to nearly 25% seem unreason-
able considering the prognosis of GC patients with LNM. Sensitivity seems to be higher in
earlier T stages, with a meta-analysis of cT1N0M0 gastric cancer reporting a sensitivity of
92% [104], and a cohort of two randomized controlled trials reporting a pooled sensitivity
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of 97.7% for pT1 tumors after subgroup analysis [106]. A single-arm study of the long-term
oncologic outcomes of SLNB in cT1 gastric cancer cases, incorporating 100 patients and
employing a median follow-up period of 47.5 months, showed a 3-year recurrence-free
survival rate of 96.0% (95%CI 92.2–100.0%) and an OS of 98.0% (95%CI 95.2–100.0%) [107].

New minimally invasive strategies such as SLNB or LLND after ESD could eventually
lead to the expansion of the indications for the endoscopic resection of EGC. However, there
are few studies evaluating the combination of LLND with ESD, and SLNB has not yet shown
consistent and satisfactory results, with a high heterogeneity of methods among studies.

8. Conclusions

ESD is now established as the preferential endoscopic resection technique for gastric
superficial lesions (when compared to EMR) and is also preferable to surgery, offering
advantages in terms of morbidity and quality of life. ESD is being successfully implemented
in western countries, and in the stomach, the corresponding efficacy and safety outcomes
are comparable to eastern studies. As ESD is now recommended as a first-line treatment
for lesions with a low risk of LNM, three aspects should drive future research:

1. Prediction of and decrease in adverse events: The identification of patients at higher
risk of adverse outcomes is important in order to provide patients with more compre-
hensive information and implement preventive strategies such as defect closure or
defect shielding.

2. Better patient selection: Up to 20% of endoscopically resected lesions still do not meet
curative criteria, and it is desirable to improve pre-resection endoscopic assessments
to avoid unnecessary procedures conducted on patients who would not benefit from
them and to better allocate scarce resources. In this regard, AI will probably have a
clear role in assisting endoscopists in treatment allocation.

3. The optimization of the management of patients with non-curative resection: The
stratification of the risk of LNM, with individualized predictions, should be pursued;
this can be achieved through the refinement of existing scoring systems (eCura) and
possibly by incorporating additional variables (and possibly molecular features that
can help predict this undesirable outcome of LNM). Less invasive alternatives to
gastrectomy with lymphadenectomy among patients with non-curative resections
should also be pursued, but more studies are needed to clarify the potential role of
LLND and SLNB.

The efficacy of a follow-up after resection is also a matter of debate, with sparse
evidence backing such intensive and longstanding protocols. We hope that trials evaluating
different surveillance protocols according to a patient’s individual risk of developing
metachronous lesions will soon be found.
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