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This document from the American Society for Gastrointestinal Endoscopy (ASGE) provides a full description of

the methodology used in the review of the evidence used to inform the final guidance outlined in the accompa-
nying Summary and Recommendations document regarding the role of endoscopic submucosal dissection (ESD)
in the management of early esophageal and gastric cancers. This guideline used the Grading of Recommenda-
tions, Assessment, Development and Evaluation framework and specifically addresses the role of ESD versus
EMR and/or surgery, where applicable, for the management of early esophageal squamous cell carcinoma
(ESCC), esophageal adenocarcinoma (EAC), and gastric adenocarcinoma (GAC) and their corresponding precur-
sor lesions. For ESCC, the ASGE suggests ESD over EMR for patients with early-stage, well-differentiated, nonul-
cerated cancer >15 mm, whereas in patients with similar lesions �15 mm, the ASGE suggests either ESD or EMR.
The ASGE suggests against surgery for such patients with ESCC, whenever possible. For EAC, the ASGE suggests
ESD over EMR for patients with early-stage, well-differentiated, nonulcerated cancer >20 mm, whereas in patients
with similar lesions measuring �20 mm, the ASGE suggests either ESD or EMR. For GAC, the ASGE suggests ESD
over EMR for patients with early-stage, well or moderately differentiated, nonulcerated intestinal type cancer
measuring 20 to 30 mm, whereas for patients with similar lesions <20 mm, the ASGE suggests either ESD or
EMR. The ASGE suggests against surgery for patients with such lesions measuring �30 mm, whereas for lesions
that are poorly differentiated, regardless of size, the ASGE suggests surgical evaluation over endosic approaches.
(Gastrointest Endosc 2023;-:1-21.)
This guidelinedocumentwaspreparedby the Standardsof
Practice Committee of the American Society for Gastrointes-
tinal Endoscopy using the best available scientific evidence
and considering a multitude of variables including but not
limited to adverse events, patient values, and cost implica-
tions. The purpose of these guidelines is to provide the best
practice recommendations that may help standardize pa-
tient care, improve patient outcomes, and reduce variability
in practice.

We recognize that clinical decision-making is complex.
Guidelines, therefore, are not a substitute for a clinician’s
judgment. Such judgements may, at times, seem contradic-
tory to our guidance because of many factors that are
impossible to fully consider by guideline developers. Any clin-
ical decisions should be based on the clinician’s experience,
local expertise, resource availability, and patient values
and preferences.

This document is not a rule and should not be
construed as establishing a legal standard of care or as
encouraging, advocating for, mandating, or discouraging
any particular treatment. Our guidelines should not be
used in support of medical complaints, legal proceedings,
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ESD for the management of early esophageal and gastric cancers Lee et al
and/or litigation, as they were not designed for this
purpose.

Endoscopic resection is a safe, effective, and minimally
invasive treatment for various GI neoplastic lesions. Endo-
scopic resection encompasses endoscopic submucosal
dissection (ESD) and EMR, both of which have replaced
surgery as first-line therapies in the management of several
preneoplastic lesions and early stage cancers of the GI
tract. Endoscopic resection can be highly effective in erad-
icating early malignant lesions when performed for appro-
priate indications by expert endoscopists.

Although several technical modifications of EMR have
evolved over time, EMR procedures involve the basic tech-
nique of using a snare to resect the mucosa with or without
the assistance of bands or caps. Hence, specimens that can
be removed en bloc by EMR generally measure under 2
cm,whereas larger lesions require several distinct resections
(piecemeal resection). This limitation in en-bloc lesion size
is likely the most significant factor prohibiting the applica-
tion of EMR in larger early-stage cancers, because of the
inability to determine whether the lateral resection margins
are disease-free based on the fragmentation or thermocau-
tery injury of pathology specimens. ESD, which instead re-
lies on cutting knives for dissection, largely mitigates this
limitation by allowing en-bloc resection of larger lesions.
Achieving a margin-free en-bloc resection has been reliably
associated with a lower risk of locoregional tumor recur-
rence.1 The basic technique of ESD involves several steps:
the initial delineation of lesion margins, followed by submu-
cosal lifting of the lesion using various available solutions,
then dissecting the submucosa to lift the lesion away from
themuscularis propria, and, finally, cutting themucosalmar-
gins of the lesion and completing the en-bloc resection.2 To
enhance the efficiency of submucosal dissection (which is
the most time-consuming part of the procedure), various
new techniques have been described such as the pocket
technique, the tunneling technique, and the introduction
of novel traction devices.3,4

Determining the presence of invasive disease in a malig-
nant lesion can be challenging, asmucosal biopsy specimens
often donot include sufficient submucosal representation to
allow an accurate assessment. Several morphology-based
classifications of invasiveness have been developed to assist
with this process, including the Kudo pit pattern system,5

the Paris classification,6 and various narrow-band imaging–
based classifications.7,8 The decision on whether to perform
EMRversus ESD for lesionswith no invasive components can
be difficult and depends on numerous patient- and lesion-
related factors.9-12 Similarly, although EMR is generally suffi-
cient for small premalignant lesions and malignant lesions
with no invasive component (ie, carcinoma in situ), theman-
agement of more advanced (but still early-stage) cancers of
the upper GI tract is less straightforward. Although it is
generally accepted that malignant lesions with invasion of
the submucosa should not be removed by EMR, it is unclear
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which of these lesions are best managed by ESD versus sur-
gery, given that each approach carries its own set of advan-
tages and disadvantages including a unique set of potential
adverse events (AEs).13

Pioneered in Asia, the application of ESD continues to
grow in Europe and North America but remains limited to
large referral centers with expertise in third-space endos-
copy. This could be related to underlying population risks
and to the lack of dedicated screening programs for upper
GI cancers in the West (outside of Barrett’s esophagus
[BE]), reducing the potential opportunity for intervention
using endoscopic resection for early-stage malignancies.
Furthermore, EMR is generally less technically demanding
and time-consuming compared with ESD. These factors
make selection of the optimal modality even more difficult
for clinicians treating patients with early-stage upper GI ma-
lignancies. Therefore, formal guidance is needed on the
appropriate selection of patients for ESD (vs EMRor surgery)
for early-stage esophageal and gastric cancer.

AIMS AND SCOPE

The aim of this American Society for Gastrointestinal
Endoscopy (ASGE) guideline is to provide evidence-based
recommendations on the use of ESD in the management
of early-stage esophageal and gastric cancers. This docu-
ment, subtitled “Methodology and Review of Evidence,”pro-
vides a detailed account of the evidence synthesis process
that ultimately led to our recommendations, summarized
in the article subtitled “Summary and Recommendations”
that accompanies this document.

Throughout these 2 documents, the term “early-stage”
refers to malignant tumors with no locoregional or distant
spread where the tumor remains confined to the mucosa
and submucosa only. This guideline synthesizes the evi-
dence and makes recommendations on the following 3
clinical questions:
1. In patients with early-stage esophageal squamous cell

carcinoma (ESCC), what is the role of ESD compared
with (a) EMR and (b) surgery?

2. In patients with early-stage esophageal adenocarcinoma
(EAC), what is the role of ESD compared with EMR?

3. In patients with early-stage gastric adenocarcinoma
(GAC), what is the role of ESD compared with (a) EMR
and (b) surgery?

METHODS

Overview
This document was prepared by the Standards of

Practice Committee of the ASGE and is a continuation of
our society’s effort to produce evidence-based clinical
guidelines using the Grading of Recommendations, Assess-
ment, Development and Evaluation (GRADE) approach.14

GRADE is a standardized and transparent process for as-
sessing and presenting summaries of evidence with the
www.giejournal.org
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TABLE 1. GRADE categories of quality of evidence and corresponding meaning and interpretation15 and implications of the strength of GRADE
recommendations on various stakeholders133

Quality of evidence Meaning Interpretation

High We are confident that the true effect lies
close to that of the estimate of the effect.

Further research is very unlikely to
change our confidence in the estimate of

the effect.

Moderate We are moderately confident in the
estimate of the effect; the true effect is
likely to be close to the estimate of the
effect, but there is a possibility that it is

substantially different.

Further research is likely to have an
impact on our confidence in the estimate

of the effect and may change the
estimate.

Low Our confidence in the estimate of the
effect is limited; the true effect may be

substantially different from the estimate of
the effect.

Further research is very likely to have an
impact on our confidence in the estimate
of the effect and is likely to change the

estimate.

Very low We have very little confidence in the
estimate of the effect; the true effect is

likely to be substantially different from the
estimate of the effect.

Any estimate of the effect is very
uncertain.

Implications for Strong recommendation Conditional recommendation

Patients Most individuals in this situation would
want the recommended course of action
and only a small proportion would not.

Most individuals in this situation would
want the suggested course of action, but

many would not.

Clinicians Most individuals should receive the test.
Formal decision aids are not likely to be
needed to help individual patients make
decisions consistent with their values and

preferences.

Recognize that different choices will be
appropriate for individual patients and
that you must help each patient arrive at
a management decision consistent with

his or her values and preferences.
Decision aids may be useful in helping
individuals to make decisions consistent

with their values and preferences.

Policymakers The recommendation can be adopted as
policy in most situations. Compliance with
this recommendation according to the
guideline could be used as a quality
criterion or performance indicator.

Policymaking will require substantial
debate and involvement of various

stakeholders.

GRADE, Grading of Recommendations, Assessment, Development and Evaluation.

Lee et al ESD for the management of early esophageal and gastric cancers
goal of informing evidence-based clinical practice recom-
mendations.15 For all early upper GI cancers, all evidence
comparing ESD with EMR and comparing ESD with surgery
was considered, where available. For EAC, comparative ev-
idence between ESD and surgery was not available; hence,
our recommendations focus only on ESD versus EMR for
EAC.

The recommendations in this guideline document
were based on an up-to-date meta-analysis of the available
literature for each clinical question. The quality or certainty
of evidence and strength of recommendations were based
on the GRADE approach and followed the evidence-to-
decision framework.16

Evidence profiles were created with the help of GRADE
methodologists (B.S., R.L.M., and N.F.), and a guideline
development panel was held virtually on March 29, 2022
where the evidence was reviewed and recommendations
were generated. In developing our recommendations, we
took into consideration the certainty of the evidence, bene-
www.giejournal.org
fits and harms of different management options, patient
values and preferences, resource utilization including direct
costs, cost-effectiveness, health equity, acceptability, and
feasibility. The final wording of the recommendations
including direction and strength were approved by all mem-
bers of the panel and the ASGE governing board. Strong rec-
ommendations are typically stated as “we recommend.,”
whereas conditional ormore closely balanced recommenda-
tions are indicated by the phrase “we suggest..” Themean-
ings and interpretations of various qualities of evidence and
the implications of corresponding recommendations are
summarized in Table 1.

Formulation of clinical questions
Clinical questions were conceptualized by the authors of

the documents and members of the ASGE Standards of
Practice Committee and approved by the Governing Board.
The questions followed the PICO format: P, population; I,
intervention; C, comparator; and O, outcomes of interest.17
Volume -, No. - : 2023 GASTROINTESTINAL ENDOSCOPY 3
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TABLE 2. Summary of guideline questions according to population, intervention, comparator, and outcomes

Population Intervention Comparator Outcomes and importance

Patients with early-stage ESCC ESD EMR � Clinical success (en-bloc R0 resection): critical
� Technical success (gross lesion removal): important
� Short-term adverse events (�30 days), ie,

bleeding, perforation, infection, death: critical
� Long-term adverse events (>30 days), ie,

stricture formation: important
� Tumor recurrence (local/distant): critical
� Time to recurrence: important
� Overall survival: critical
� Disease-free survival: critical
� Disease-specific mortality: critical
� All-cause mortality: critical
� Procedural duration: important
� Length of hospitalization: important
� Adequacy of histologic specimen: important

Patients with early-stage ESCC ESD Surgery (Same as above)

Patients with early-stage esophageal adenocarcinoma ESD Surgery (Same as above)

Patients with early-stage GAC ESD EMR (Same as above)

Patients with early-stage GAC ESD Surgery (Same as above)

ESCC, Esophageal squamous cell carcinoma; ESD, endoscopic submucosal dissection; GAC, gastric adenocarcinoma.

ESD for the management of early esophageal and gastric cancers Lee et al
For all clinical questions, relevant outcomes were identified
a priori and rated from not important to critically important
for decision-making through a consensus process. A detailed
list of PICO questions and outcomes is provided in Table 2.
The guideline addresses the differential clinical outcomes in
patients treated with EMR or surgery compared with ESD
including short- and long-term AEs and survival when
available.

Literature search and study selection criteria
To inform the evidence review, comprehensive elec-

tronic searches of PubMed, Embase, Web of Science, Ovid,
and Cochrane EBM Reviews were designed and carried out
by an experienced health research librarian from the
inception of each database through the search date of
September 17, 2020. In addition, the reference sections of
any relevant meta-analyses or articles were manually
reviewed, as were 5 years of proceedings (2016-2020) from
the following conferences: Digestive Disease Week,
American College of Gastroenterology’s annual scientific
meeting, United European Gastroenterology Week, and
Society of American Gastrointestinal and Endoscopic Sur-
geons. The searches were limited to comparative studies
published in the English language. Tobe considered eligible,
studies were required to meet all inclusion criteria (English
language, comparative study, 1 ormoreoutcomes of interest
assessed) and were excluded if any exclusion criteria were
met (case report or review, case series, cohort study with
no comparator arm, comparative study with <10 patients
included, missing or incomplete data).

The full search strategy is provided in Appendix 1 (avail-
able online at www.giejournal.org). Citations were im-
ported into EndNote (Thompson Reuters, Philadelphia,
4 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2023
Pa, USA), and duplicates were removed. The library was
uploaded into Covidence (Covidence, Melbourne, Victoria,
Australia), and 3 reviewers (M.A.A., S.E.E., and N.F.)
screened titles and abstracts for eligibility, with the first 2
independent assessments used to determine inclusion or
exclusion in the next stage and with disagreements
resolved by consensus. Full-text screening then took place
in a similar fashion, with disagreements again resolved by
consensus.

Data extraction and statistical analysis
Data were abstracted using a pilot-tested and standard-

ized form. To avoid overinclusion of patients with low-
grade and nondysplastic pathology, only studies with fewer
than 25% of lesions with low-grade dysplasia (LGD) or non-
dysplastic neoplasia were included in the final analyses.
When appropriate, for each outcome, measures of effect
comparing ESD (the interventional group) and EMR or sur-
gery (the comparator groups) were summarized using for-
est plots.

Relative risks (RRs) were reported for dichotomous out-
comes, and weighted mean differences were reported for
continuous outcomes, with each presented along with their
associated 95% confidence intervals (CIs). Meta-analysis was
carried out with DerSimonian and Laird random-effects
models. In the primary analyses, the Yates correction was
used wherein a value of .5 was inputted to all cells in out-
comes with no events in any of the treatment arms.18

Studies with no events in both arms were excluded. A sensi-
tivity analysis was used where instead of the Yates correc-
tion, a Sweeting correction was used for single-zero
studies (the reciprocal of the opposite group arm size was
inputted).19 The Cochrane I2 statistic was used to measure
www.giejournal.org
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TABLE 3. Terms and definitions used throughout this guideline

Term Definition

Early-stage cancer A malignant tumor that is confined to the mucosa and/or submucosa, with no deeper
involvement and no locoregional or distant spread

En-bloc resection A resection whereby the entirety of neoplastic, dysplastic, and/or cancerous tissue is removed in 1
piece rather than in multiple pieces

Clinical success/curative resection Where the following criteria are fulfilled on histology of the resected specimen:
1. Lateral and deep margins are microscopically free of malignant cells (R0 resection)

2. There is well (G1) or moderate (G2) differentiation
3. There is no lymphovascular invasion

4. There is no deep invasion beyond the submucosa
For the purposes of this document, clinical success was considered equivalent to curative resection

Cancer recurrence Pathologically demonstrated recurrence at the site of previous resection or surgery or lymph node
metastasis

Depth of invasion M1: intraepithelial noninvasive carcinoma, carcinoma in situ
M2: microinvasive carcinoma into the lamina propria

M3: microinvasive carcinoma into the muscularis mucosa
SM1: microinvasive carcinoma into the upper third of the submucosa
SM2: microinvasive carcinoma into the middle third of the submucosa
SM3: microinvasive carcinoma into the lower third of the submucosa

Lee et al ESD for the management of early esophageal and gastric cancers
and report statistical heterogeneity.20 Publication bias was
assessed visually using funnel plots for all outcomes with
10 or more studies.21 Risk of bias assessment, using the
Newcastle-Ottawa scale,21 was performed by 3 independent
authors (M.A.A., S.E.E., and N.F.). Statistical analyses were
performed using RStudio version 1.2.1335 (Integrated
Development Environment for R, Boston, Mass, USA).

Certainty of evidence (quality of evidence)
The certainty of evidence was assessed using the GRADE

approach. Randomized controlled trials (RCTs) start at an
initial certainty level of high and nonrandomized studies at
an initial certainty level of low. Reviewers assessedmethodo-
logic limitations (risk of bias), inconsistency, indirectness,
imprecision, and publication bias and, for nonrandomi‑
zed studies, potential large-study effects, dose–response
gradients, and plausible confounding.22 The final certainty
of evidence ranges from very low to high (Table 1). When
the results of meta-analyses and the assessments above are
used, a GRADE evidence profile was prepared for each clin-
ical study using the GRADEpro GDT application (http://gdt.
guidelinedevelopment.org/app). We note that data were
notably lacking on surveillance tools and intervals after
ESD. Hence, recommendations presented throughout this
document relied heavily on the expert opinion of the panel.

Panel composition and conflict of interest
management

The entire body of evidence was presented at a guide-
line development panel that took place virtually on March
29, 2022 and included the Standards of Practice Committee
members, an oncologist (I.S.), a GI surgeon (E.P.C.), a GI
pathologist (M.M.F.), ESD content experts (P.V.D. and
www.giejournal.org
M.O.O.), an expert on reimbursement (V.K.), a GRADE
methodologist (N.F.), and a patient representative (Dr Ka-
tia Gugucheva). All members were asked to disclose their
respective conflicts of interests based on the relevant
ASGE policies (available at https://www.asge.org/forms/
conflict-of-interest-disclosure and https://www.asge.org/
docs/ default-source/about-asge/mission-and-governance/
asge-conflict-of-interest-and-disclosure-policy.pdf).

Definitions and pathologic considerations
When considering studies that assessed EMR, we included

all variations of EMR techniques (cap, band ligation
assisted, or freehand technique) but excluded those
with circumferential cut EMR because of technique over-
lap with ESD. Similarly, snare-assisted ESD cases were
excluded. Terms and definitions used throughout this
guideline can be found in Table 3.

In the esophagus, squamous cell neoplasia encompasses
various grades of neoplasia, including LGD, high-grade
dysplasia (HGD), carcinoma in situ, and invasive ESCC.
Depth of mucosal extent of invasive carcinomas is subdi-
vided into M1 (carcinoma in situ), M2 (microinvasive carci-
noma into the lamina propria), and M3 (invasion into the
muscularis mucosa). Depth of submucosal invasion is classi-
fied as invasion into the upper third (SM1), middle third
(SM2), or lower third (SM3). The exact depth of invasion
can be difficult to assess on ESD specimens. Therefore, the
maximum depth of submucosal invasion (in mm) can be
measured instead. In the esophagus, SM1 depth of invasion
is �200 mm. In this document, “early-stage ESCC” encom-
passes all mucosal tumors and those extending to the sub-
mucosa with no lymphadenopathy or distant metastasis on
pre-endoscopic resection staging.
Volume -, No. - : 2023 GASTROINTESTINAL ENDOSCOPY 5
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TABLE 4. Summary of clinical recommendations

Clinical question/population

American Society for
Gastrointestinal Endoscopy

recommendation

Strength of
recommendation, quality of

evidence

Patients with
� Esophageal dysplasia or early-stage ESCC
� Well differentiated, nonulcerated
� Without submucosal invasion
� Measuring over 15 mm

We suggest ESD over EMR Conditional recommendation,
low quality of evidence

Patients with
� Esophageal dysplasia or early-stage ESCC
� Well differentiated, nonulcerated
� Without submucosal invasion
� Measuring �15 mm

We do not make a
recommendation for or against

either ESD or EMR

Conditional recommendation,
low quality of evidence

Patients with
� Esophageal dysplasia or early, well-differentiated,

nonulcerated ESCC without submucosal invasion

We suggest against surgery Conditional recommendation,
low quality of evidence

Patients with
� Early-stage EAC (T1) or Barrett’s nodular dysplasia
� Well differentiated, nonulcerated
� Measuring over 20 mm

We suggest ESD over EMR Conditional recommendation,
low quality of evidence

Patients with
� Early-stage EAC (T1) or Barrett’s nodular dysplasia
� Well differentiated, nonulcerated
� Measuring �20 mms

We do not make a
recommendation for or against

either ESD or EMR

Conditional recommendation,
low quality of evidence

Patients with
� Well or moderately differentiated early-stage GAC
� Nonulcerated, intestinal type
� Measuring under 20 mm

We do not make a
recommendation for or against

either ESD or EMR

Conditional recommendation,
low quality of evidence

Patients with
� Well or moderately differentiated early-stage GAC
� Nonulcerated, intestinal type
� Measuring 20-30 mm

We suggest ESD over EMR Conditional recommendation,
low quality of evidence

Patients with
� Well or moderately differentiated early-stage GAC
� Intestinal type
� Measuring �30 mm

We suggest against surgery Conditional recommendation,
low quality of evidence

Patients with
� Poorly differentiated early-stage GAC (any size)

We suggest surgical evaluation
over endoscopic approaches

Conditional recommendation,
low quality of evidence

Please also refer to the algorithms in Figures 1-3.
EAC, Esophageal adenocarcinoma; ESCC, esophageal squamous cell carcinoma; ESD, endoscopic submucosal dissection; GAC, gastric adenocarcinoma.

ESD for the management of early esophageal and gastric cancers Lee et al
Barrett’s neoplasia is also subdivided into LGD, HGD, and
carcinoma. Invasive carcinoma that extends into the submuco-
sal layer should be further qualified into thirds (SM1-SM3).
When the maximum depth of submucosal invasion is
measured, the limit for SM1 in Barrett’s carcinoma is �500
mm.23 In this document, “early-stage EAC” encompasses all
mucosal tumors and those extending to the submucosa with
no lymph node or distant metastasis on pre-endoscopic resec-
tion staging.

In the stomach, neoplasms can be classified into LGD,
HGD, and carcinoma. Carcinoma is subdivided intomucosal
carcinoma (M-type, staged as T1M) and submucosal
carcinoma (SM1toSM3 type, staged as T1SM). SM1 tumors
involves a depth of invasion �500 mm. The types of
carcinomas are classified according to the World Health Or-
6 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2023
ganization classification and to the Lauren classification (in-
testinal type, diffuse type, and mixed).24,25
RESULTS

A summary of recommendations for each clinical question
is provided in Table 4. In addition to the recommendations
provided, we prepared accompanying clinical care algo-
rithms with additional details based on patient and lesion
characteristics. These algorithms are provided in Figures 1
to 3 as well as in the “Summary and Recommendations”
document. For each recommendation, we discussed impor-
tant considerations including lesion size and morphology as
important determinants of resection technique as well is
treatment of recurrence and surveillance protocols.
www.giejournal.org
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Figure 1. Recommended clinical care algorithm for patients presenting with early-stage ESCC. ESCC, Esophageal squamous cell carcinoma; ESD, endo-
scopic submucosal dissection; LNM, lymph node metastasis; HGD, high-grade dysplasia; CIS, carcinoma in situ; LGD, low-grade dysplasia.

Figure 2. Recommended clinical care algorithm for patients presenting with early-stage EAC. EAC, Esophageal adenocarcinoma; ESD, endoscopic sub-
mucosal dissection; HGD, high-grade dysplasia; LGD, low-grade dysplasia.

www.giejournal.org
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Figure 3. Recommended clinical care algorithm for patients presenting with early-stage GAC. GAC, Gastric adenocarcinoma; ESD, endoscopic submuco-
sal dissection; HGD, high-grade dysplasia.

8

ESD for the management of early esophageal and gastric cancers Lee et al
Question 1a: In patients with esophageal squamous
dysplasia or early, well-differentiated, nonulcerated
ESCC, should EMR or ESD performed?

Recommendations: In patients with esophageal
squamous dysplasia or early, well-differentiated, non-
ulcerated squamous cell carcinoma, the ASGE suggests
that the resection strategy be based on lesion size:
� Lesion size >15 mm: suggest ESD over EMR
� Lesion size �15 mm: suggest either ESD or EMR
� See Figure 1 algorithm for all considerations
(Conditional recommendations, low quality of evi-

dence)
Evidence. We identified 8 comparative studies meeting
eligibility criteria that reported on any relevant outcome(s)
in 821 patients receiving ESD and 1306 patients receiving
EMR.26-33 A Preferred Reporting Items for Systematic Re-
views and Meta-analyses diagram detailing study screening
and inclusion is provided in Figure 4, which outlines the
search and screening process for all review questions in
this guideline. All 8 studies were observational. In 6 obser-
vational studies including 473 ESD patients and 594 EMR
patients, a higher clinical success rate of 93.3% was
observed in the ESD cohort compared with 72.1% in the
EMR cohort (RR, 1.33; 95% CI, 1.02-1.74; very low certainty
of evidence). In 8 observational studies totaling 776 pa-
tients treated with ESD and 1289 patients treated with
GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2023
EMR, local recurrence rates were lower with ESD, at .5%
and 5.2% respectively (RR, .19; 95% CI, .07-.48; I2 Z .0%).
No differences were observed in the rates of distant recur-
rence between the 2 cohorts (1.9% vs 1.1% for ESD and
EMR, respectively), with an RR of 1.35 (95% CI, .50-3.65;
I2 Z 0.0%). based on 3 observational studies.

AEs associatedwith endoscopic resectionswere generally
low. In 5 observational studies, bleeding was observed in
2.2% versus 1.7% of patients with ESD versus EMR, respec-
tively (RR, 1.55; 95% CI, .60-4.03; I2 Z 31.8%). The risk of
perforation was significantly higher with ESD in 8 observa-
tional studies (5.7% vs .8%; RR, 4.30; 95% CI, 1.22-15.12; I2

Z 61.3%). The perforation rates in esophageal ESD were
mostly amenable to endoscopic management, with 32 of
34 perforations (94.1%) successfully treated with endo-
scopic clipping, whereas 2 of 34 perforations (5.9%)
required surgical management. The rates of stricture forma-
tion in 5 observational studies were similar between ESDand
EMR (9.2% vs 7.4%; RR, 1.2; 95% CI, .68-2.11; I2 Z 36.5%).
Procedural timewas significantly longer with ESD compared
with EMR in 6 studies (weighted mean difference, 46.77 mi-
nutes longer; 95% CI, 33.4-60.14; I2 Z 92.3%). Forest plots
for these findings are presented in Supplementary Figures
1-7, available online at www.giejournal.org. No direct data
were available regarding cost-effectiveness in this popula-
tion. The panel discussed the importance of averting the
high costs of surgery where possible, which justified the
increased time required to perform ESD. No data were no
available on patient values on EMR versus ESD in this clinical
www.giejournal.org
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Figure 4. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram outlining search and screening results. ESCC, Esophageal
squamous cell carcinoma; EAC, esophageal adenocarcinoma; GAC, gastric adenocarcinoma.
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setting. Thepatient representative on thepanel stressed that
dedicated educational efforts aimed toward patients and pri-
mary care providers are critical to inform them about these
procedures and their associated outcomes. The panel dis-
cussed that lesion size strongly impacts the choice between
ESD and EMR, given the need for en-bloc resection to be
considered curative and for staging accuracy.

Certainty in the evidence. There were significant
sources of potential bias, particularly related to the degree
of selection and comparability of patients managed by EMR
versus ESD. We also rated down for inconsistency for clin-
ical success given the high I2 values exceeding 90%. There
were no major concerns relating to the studies included in
assessing local recurrence but were concerns with incon-
sistency (I2 values exceeding 90%) in the studies reporting
on procedural time. There were no issues with indirectness
with any of the included studies. A full evidence profile for
this question is provided in Supplementary Table 1 (avail-
able online at www.giejournal.org), with a full description
of outcomes and studies included for Questions 1a and
1b provided in Supplementary Tables 2 and 3, respectively
(available online at www.giejournal.org).

Discussion. Lesion size. In ESCC, lesion size continues
to strongly impact the choice of endoscopic resection mo-
dality because of the necessity of en-bloc resection to pro-
vide cure or as staging to guide further treatment
decisions. Additional factors that weigh in on the choice of
resection approach include depth of invasion, histopatho-
logic type, and presence of ulceration. ESD is preferred
not only in lesions with suspected invasion of themuscularis
mucosa with no lymph node metastasis (LNM), but also in
those that exceed 1.5 cm in size. However, in 1 study, the
www.giejournal.org
risk of LNM and local recurrence was increased in lesions
>5 cm,34 no limit on size has been determined, and ESD
continues to be offered to patients with large and circumfer-
ential lesions that are confined to the mucosa.

Our analyses found no direct comparative data on lesion
size in ESD versus EMR. Recurrence rates for piecemeal
EMR of ESCC were reported to be up to 25%.35,36 Based
on the mean lesion size removed by EMR in our analyses,
the panel chose a cutoff of 15 mm. Lesions >15 mm should
preferably not be resected with cap-assisted EMR but rather
with ESD. Although size-stratified meta-analyses would
have been optimal, these were not possible given the input
data. Furthermore, the panel wished to re-emphasize the
conditional recommendation in support of a 15 mm cutoff
but that this should not be considered a strict cutoff, and
the decision to proceed with ESD should be based on
several other considerations, such as local availability and
expertise, endoscopist’s discretion, and patient prefer-
ences. No upper limit on lesion size was established.

Morphology and/or invasion. The panel discussed the
issue of lesion morphology as a predictor of depth of inva-
sion in detail. The depth of invasion is a major predictor of
LNM. However, determining the depth of invasion before
endoscopic resection remains challenging. The risk of
LNM increases to up to 18% for lesions invading the muscu-
laris mucosae (M3), up to 50% for lesions invading the sub-
mucosal layer to �200 mm (SM1), and up to 54% for deeper
lesions (SM2-SM3).37,38 The Japan Esophageal Society pub-
lished guidelines for treatment of esophageal cancer with
the absolute indication for endoscopic resection defined
as flat lesions (Paris 0-II), with M1 to M2 invasion, and
circumferential extent of no more than two-thirds, whereas
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the relative indication was defined as M3 to SM1 lesions and
where endoscopic resection would leave a mucosal defect
of circumferential extent exceeding 75%.37-39 Tumors with
T1 stages of M1 (intraepithelial) or M2 (invading the lamina
propria) are typically associated with negligible-risk LNM.

EUS remains the standard tool for T staging with positive
predictive values previously reported to be as high as 75%
to 100%. EUS remains superior to CT in assessing T and N
staging40; however, its utility in accurately predicting the
depth of submucosal invasion remains limited. Selection
bias could reduce the impact of these data. In Japan, Lugol
chromoendoscopy and narrow-band imaging have been
adopted and are increasingly replacing EUS with promising
accuracy for prediction of depth of invasion by enhancing
and characterizing the boundaries and the microvascular
pattern of the lesion.41-44 Besides the depth of invasion,
the incidence of LNM correlates closely to tumor histology
and differentiation (G1-G2 vs G3). Endoscopic resection
should be limited to well-differentiated lesions.

Management of recurrent lesions. Our analyses demon-
strated that local recurrence rates were lower with ESD, at .5%
compared with 5.2% in lesions treated by EMR. The panel dis-
cussed various treatment options for local recurrence of ESCC
after endoscopic resection and recommended a multidisci-
plinary review and individualized approach based on a case-
by-case discussion. ESD remains a feasible option in many
of these lesions, particularly if a patient is not fit for surgery.
However, data to inform on the comparative effectiveness
of various strategies to manage recurrence are limited. Forest
plots for these findings are presented in Supplementary
Figures 8-14, available online at www.giejournal.org.

Surveillance. We did not identify any comparative studies
assessing various surveillance methods or intervals. The panel
used existing protocols from published studies to guide our
recommendation on this issue. Based on our review, the panel
suggested that all lesions with T1a pathologic stage should un-
dergo endoscopic surveillance with consideration of cross-
sectional imaging after endoscopic resection. For T1a lesions,
we propose surveillance endoscopy to be performed every 3
to 6 months for the first year, then every 6 to 12 for the
following 2 years, and then annually. However, patients with
only HGD or LGD can undergo post–endoscopic resection
endoscopic surveillance every 6 months for the first 2 years
and then annually thereafter (see Fig. 1 algorithm).

Question 1b: In patients with esophageal squamous
dysplasia or early, well-differentiated, nonulcerated
ESCC without overt signs of submucosal invasion,
should surgery or ESD be considered?

Recommendation: In patients with esophageal
dysplasia or early, well-differentiated, nonulcerated
ESCC, without overt signs of submucosal invasion, the
ASGE suggests against surgical resection.

(Conditional recommendation, low quality of evi-
dence)
10 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2023
Evidence. We identified 5 observational comparative
studies meeting eligibility criteria that reported on 463 pa-
tients treated with ESD and 495 patients treated with sur-
gery.45-49 In 3 observational studies that included 463
ESD and 495 surgery patients, a lower clinical success
rate of 87.5% was observed in the ESD cohort compared
with 98.2% in the surgery cohort (RR, .85; 95% CI, .74-
.98; I2 Z 84.6%). Local recurrence was assessed in 2 obser-
vational studies of 190 patients treated with ESD and 351
patients treated with surgery, with no differences in local
recurrence rates between ESD and surgery (4.7% vs
6.8%; RR, 1.14; 95% CI, .60-2.17; I2 Z 0.0%). There was
no difference in distant recurrence with surgery compared
with ESD (9.0% vs 3.6%; RR, .48; 95% CI, .14-1.64; I2 Z
27.8%). Thirty-day mortality was lower in the ESD group
compared with the surgery group (1.0% vs 4.6%; RR, .30;
95% CI, .11-.88; I2 Z .0%). Of note, no mortality was re-
ported beyond 30 days in the ESD group. However, there
was no difference in periprocedural bleeding or long-term
stricture formation. No difference in 5-year overall survival
was observed in our analysis based on 2 observational
studies.

No direct comparisons of costs were available in this
population, but 1 study assessing patients with EAC largely
favored endoscopic resection to surgery given a shorter
hospitalization, even after accounting for the need for
future endoscopic surveillance.50 No data were identified
on patient values and preferences. However, the panel’s
patient representative strongly favored endoscopic resec-
tion where possible given the lower periprocedural risk.

Certainty in the evidence. No significant issues with
bias were found except in 1 study46 assessing the 5-year
overall survival as determined using the Newcastle-
Ottawa tool. There were no concerns with imprecision
with the outcomes of local recurrence, distant recurrence,
bleeding, stricture formation, and 5-year overall survival
because of the small number of events. However, we rated
down for inconsistency for clinical success (I2 Z 84.6%).
There were no issues with indirectness with any included
study. A full evidence profile for this question is provided
in Supplementary Table 4 (available online at www.
giejournal.org).

Discussion. Esophagectomy has traditionally been the
criterion standard for early-stage ESCC; however, it is asso-
ciated with 30-day mortality rates of 4% to 10%.51 The long-
term outcomes of ESD in comparison with esophagectomy
remain less understood, especially in lesions invading SM1,
where the risk of LNM is slightly increased. When
compared with other esophageal cancers like those arising
from BE, the propensity for LNM is higher with ESCC;
hence, accurate lesion staging and pathologic assessment
of the resected specimen are very important.

Decision-making for primary esophagectomy is com-
plex. Systemic therapy (including radiation, chemotherapy,
and immunotherapy) offers a reasonable and effective
www.giejournal.org
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treatment option for those with metastatic and locally
advanced disease who are not surgical candidates.52 There-
fore, the potential for curability with endoscopic resection
for ESCC and the opportunity for staging are both achiev-
able with an en-bloc histologic specimen. Unlike BE, no
screening programs are endorsed for ESCC in the West.
In Japan, a national screening program yields more early-
stage ESCC compared with the West, where patients might
present with more advanced stages of disease not
amenable to endoscopic resection.

It is important to note that previous ESD does not pre-
clude patients from receiving additional future therapies
(surgery or systemic therapy). The risks associated with
AEs related to ESD such as perforation and possible delays
in providing definitive therapy like surgery should be
considered but overall remain nonprohibitive of staging
endoscopic resection.

The panel considered additional evidence on cost-
effectiveness analyses, patient values, patient preferences,
and harm. None of the studies included in our analyses
compared direct costs of care between endoscopic and surgi-
cal techniques. Comparative cost-effectiveness analysis in the
ESCC literature is lacking, but direct cost analysis in EAC favors
endoscopic resections compared with surgery largely because
of the shorter hospital stay, despite the need for repeated
endoscopic sessions for primary treatment and surveillance.50

The panel weighed heavily on the views expressed by the pa-
tient representative on the panel strongly supporting endo-
scopic resection in lesions amenable to EMR or ESD and
low value on any burden or harms associated with esophageal
surgery. None of the studies included in our analyses, or any
others found by a search of the literature, compared patient
preferences specific for ESCC treatments.

Lesion size. As per the algorithm in Figure 1 and our
recommendations, we suggest against surgery for ESCC
in the absence of overt signs of submucosal invasion (Paris
classification types 0-I, 0-IIc, and 0-III), ulceration, or poor
differentiation, regardless of size. However, we acknowl-
edge the practical and technical limitations to performing
ESD beyond a certain size range. Therefore, particularly
very large lesions (>5 cm) should likely be discussed on
a multidisciplinary level and could still end up requiring
surgery as the safest and most practical option. This again
could depend on local availability and expertise, endoscop-
ist discretion, and patient values.

Morphology and/or invasion. ESD remains the preferred
method for resecting potentially curative lesions (mucosal
stage up to M3 in all patients and up to SM3 in patients with
higher surgical risk). Because of the lower risk of short-term
mortality associated with ESD, the panel recommended ESD
be considered for nonulcerated, well-differentiated lesions
with low risk of submucosal invasion (see Fig. 1 agorithm).
Patientspresentingwith lesionswithulceration, suspected sub-
www.giejournal.org
mucosa invasion, or with poorly differentiated pathology are
recommended to be referred for multidisciplinary review,
regardless of the lesion size. However, many of these patients
may still be candidates for ESD after considering risks of sur-
gery, locally available expertise, and patient preference. Given
the risk of LNM in lesions that extend to the superficial submu-
cosa (SM1) and the highly morbid nature of the surgical alter-
native, ESD should be considered in patients with this stage,
particularly thosewithhigh risk for surgery and thosewithmul-
tiple comorbidities.

Management of recurrent lesions. As above, the panel
discussed various treatment options for local recurrence
of ESCC after endoscopic resection and recommended a
multidisciplinary review and individualized approach based
on a case-by-case discussion. From limited numbers of
observational studies, there were no significant differences
between ESD and surgery in terms of local or distant recur-
rence. Definitive systemic therapy may be considered as a
treatment in those with local recurrence who are not can-
didates for endoscopic or surgical options. Again, data to
inform clinicians on the comparative effectiveness of
different strategies to manage recurrence are limited.

Surveillance. Data to inform clinicians on the compara-
tive effectiveness of different surveillance strategies are
limited. In ESCC, endoscopic surveillance is recommended
to detect local recurrences and metachronous lesions. All le-
sions with a T1a pathologic stage should undergo endo-
scopic surveillance with consideration for cross-sectional
imaging. For T1a lesions, we propose surveillance endos-
copy to be performed every 3 to 6 months for the first
year, then every 6 to 12 for the following 2 years, and
then annually. However, lesions with only HGD or LGD
can be surveyed by performing endoscopy every 6 months
for the first 2 years and then annually (see Fig. 1 algorithm).

Question2: In patientswith early,well-differentiated,
nonulcerated EAC (T1 stage) or nodular Barrett’s
dysplasia, should EMR or ESD performed?

Recommendations: In patients with early, well-
differentiated, nonulcerated EAC (T1 stage) or
nodular Barrett’s dysplasia, the ASGE suggests that
the resection strategy should be based on lesion size:
� Lesion size >20 mm: suggest ESD over EMR
� Lesion size �20 mm: suggest either ESD or EMR
� See Figure 2 algorithm for all considerations

(Conditional recommendations, low quality of evi-
dence)
Evidence. Our search identified 4 studies meeting eligi-
bility criteria that reported on 247 patients treated with ESD
and 761 patients treated with EMR.53-56 Three studies were
observational and 1 was an RCT.53 Clinical success rates
were similar in the ESD group (76.1%) compared with the
EMR group (64.6%; RR, 1.38; 95% CI, .83-2.29; I2 Z
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93.9%). Local recurrence rates were 3.2% for ESD versus
26.1% for EMR (RR, .19; 95% CI, .04-.98; I2 Z 52.8%).
Bleeding was significantly lower with ESD compared with
EMR (2.2% vs 10.5%; RR, .32; 95% CI, .13-.78; I2 Z 1.0%).
The risks of perforation or stricture formation were not
different. Two studies reported on post-ESD treatment of
perforations,53,56 with all 3 patients treated with endoscopic
clipping (including the use of an over-the-scope clip in 1 pa-
tient). No studies reported on the treatment of post-EMR
bleeding or perforation. In EAC, none of the studies classi-
fied recurrences based on margin status, depth of invasion,
or lymphovascular invasion (LVI). Data on recurrence treat-
ment were available on 1 ESD patient only,53 who was suc-
cessfully treated with EMR. No data were available on any
EMR recurrences Forest plots for these findings are pre-
sented in Supplementary Figures 15-19, available online at
www.giejournal.org.

Certainty in the evidence. No significant issues with
bias were found except in 1 study56 when assessing the cura-
tive resection outcomes, where concerns about selection
bias and comparability domains emerged. This study carried
45% of the weight in a pooled analysis that resulted in impre-
cision and inconsistency across several outcomes. Also, con-
cerns with inconsistency arose in the 3 included studies in
regards to assessing the local recurrence outcome, where
point estimates varied, the CIs of some of the studies did
not overlap, and the magnitude of statistical heterogeneity
was considerable, with I2 Z 52.8%. There were no issues
with indirectness overall. A full evidence profile for this
question is provided in Supplementary Table 5 (available on-
line at www.giejournal.org), with a full description of out-
comes and studies included for Question 2 provided in
Supplementary Tables 6 and 7, respectively (available online
at www.giejournal.org).

Discussion. Endoscopic resection is recommended
for the removal of all visible abnormalities arising from
BE.57,58 The adoption of endoscopic therapy for Barrett’s
neoplasia was built on the evidence that HGD and T1m
carcinoma are associated with a low rate of LMN, reported
to be up to 10% in endoscopic and surgical series, whereas
submucosal invasion, when present, carries a higher risk
up to 46%.59,60 Because of the inaccuracies of detecting
the full extent of pathology in nodular lesions noted within
BE, the ASGE recommends endoscopic resection, which
has been shown to upgrade the pathology previously ob-
tained by mucosal biopsy sampling by up to 40%.61,62

Therefore, all lesions suspected to harbor cancer should
be removed en bloc when possible, including those with
Paris type I and IIaþc lesions. EMR of visible nodular le-
sions followed by eradication of residual BE reduces the
risk of metachronous neoplasia and is widely accepted by
Western endoscopists as the standard of care for early-
stage Barrett’s adenocarcinoma.58,62

Given the relative infrequency of BE in Asian countries,
the data on ESD in BE remain very limited. Several studies
and a meta-analysis established the safety and efficacy of
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ESD in BE.63-65 Clinical success in endoscopic resection is
judged by the ability to produce negative lateral and deep
resection margins (ie, curative resection). Additional
criteria identified for “curative” resection include well to
moderately differentiated histology, lack of LVI, and submu-
cosal invasion confined to the superficial submucosa (<500
mm).59,66 Lesions that do not fit these criteria are consid-
ered at higher risk for LNM. Similar to ESCC, the ability of
white-light endoscopy, image-enhanced endoscopy, digital
chromoendoscopy, and EUS in accurately predicting the
depth of invasion remains suboptimal, with inaccuracies
observed in as many as 60% of reported cases.63,67

Because of length of the procedure and the technical
complexity associated with ESD, AEs are higher in ESD
compared with EMR. Our analysis does not reveal any sig-
nificant differences between EMR and ESD in terms of risk
of perforation or stricture formation, but the number of pa-
tients assessed was limited. The risk of bleeding, however,
was higher in EMR, with reasons for this remaining unclear.
We hypothesize that this may be related to the reduced
ability to manage intraprocedural bleeding in EMR
compared with ESD, where the operators are well versed
in methods of hemostasis, as expected from those per-
forming third-space endoscopy, and have access to the
needed tools (needle-knives, coagulation forceps).

Our analysis reported lower curative rates of ESD in
early-stage EAC compared with ESCC. The small number
of studies and patients included (4 studies with 155 pa-
tients for this outcome) may have contributed to this. Ter-
heggen et al53 reported on 17 patients (10.9% of the
weight of this outcome and the only RCT included) with
only a 58.8% curative resection rate in a cohort of patients
with Barrett’s adenocarcinoma.

The panel considered additional evidence on cost-
effectiveness, patient values, patient preferences, and harm.
None of the studies included in our analyses compared direct
costs of care between endoscopic and surgical techniques. A
comparative cost-effectiveness analysis in the EAC literature is
lacking, but very limited direct-costs analysis in EAC favors
endoscopic resections compared with surgery. The reduced
total costs of care in endoscopically managed EAC are largely
because of the shorter hospital stay compared with esopha-
gectomy, despite the need for repeated endoscopic sessions
for primary treatment and surveillance.50 The panel again
relied heavily on the patient representative’s views support-
ing endoscopic resection in lesions amenable to EMR or
ESD and a low value on burden or harm associated with
esophageal surgery. None of the studies included in our ana-
lyses, or any others found by search of the literature,
compared patient preferences specific for esophageal surgi-
cal versus endoscopic adenocarcinoma treatments.

Lesion size. Both EMR and ESD can be used for early-
stage EAC, but EMR remains the first-line therapy for BE,
particularly in lesionsmeasuring�20mm. The panel deliber-
ated on additional scenarios where ESD should prioritized
www.giejournal.org
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TABLE 5. Absolute, expanded, and relative resection criteria for endoscopic resection of early gastric cancer

Criteria Recommendation

Absolute For EMR or ESD:
Differentiated-type T1a adenocarcinoma without ulceration measuring <20 mm

For ESD:
Differentiated-type T1a adenocarcinoma without ulceration measuring >20 mm

OR
Differentiated-type T1a adenocarcinoma with ulceration measuring �30 mm

Expanded Undifferentiated-type T1a adenocarcinoma without ulceration measuring �20 mm

Relative Lesions not fulfilling absolute or expanded criteria

ESD, Endoscopic submucosal dissection.
Adapted from Japanese gastric cancer treatment guidelines.94
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over EMR in EAC and BE with nodular dysplasia. The panel
deliberated at length about the size cutoff to consider ESD
versus EMR.Our analyses demonstrated that themean lesion
size resected by EMR was 11.9 mm compared with a mean
lesion size of 35.22 mm for ESD. The benefit of ESD over
EMR is less established for EAC and raised focal lesions in
BE because of scant literature. The panel agreed that adopt-
ing a 20-mm size cutoff highlights themaximal ability of EMR
to resect nodular dysplasia en bloc based on the various avail-
able devices, including themost widely used ligation-assisted
EMR system.

Morphology and/or invasion. Although lesion mor‑
phology may predict the extent of submucosal invasion
in early-stage EAC, it is widely accepted that the most ac-
curate local staging remains pathology of endoscopically
resected nodular lesion. Paris types 0-Is and 0-IIc lesions,
where the depth of submucosal invasion can be esti-
mated to exceed 500 mm, are best triaged to ESD. Addi-
tional scenarios were discussed in depth. For example,
ESD, when available, remains the best-suited endoscopic
therapy in lesions previously removed by EMR and found
to have positive deep margins, poorly lifting tumors, and
lesions at risk for submucosal invasion and locally recur-
rent neoplasia after prior EMR. Additionally, the panel
deliberated on the impact of a positive lateral margin in
a lesion removed with piecemeal EMR when other cura-
tive resection criteria were fulfilled. The consensus of
the panel was that in this case, the resection can still be
considered as curative, but this needs to be confirmed
at repeat endoscopy. The panel recommended a multi-
disciplinary review for all other lesions that fall outside
of the recommended resection criteria (see Fig. 2 algo-
rithm) and emphasized the importance of the early initi-
ation of BE ablation therapy after endoscopic resection to
achieve eradication of remaining intestinal metaplasia.58

Management of recurrence. Treatment of local recur-
rence after ESD in EAC remains largely under-reported in
the literature compared with ESCC and GAC. The panel
discussed various treatment options and recommended a
multidisciplinary review and case-by-case determination.
The feasibility of ESD in treating post-EMR recurrences
can be extrapolated to post-ESD local recurrences, which
www.giejournal.org
is likely feasible in a proportion of these lesions. Other op-
tions include surgery (in appropriate patients), endoscopic
ablative therapies, or systemic therapy.

Surveillance. We encountered no studies that assessed
post-EMR or ESD surveillance systematically. We propose
a risk-based approach derived from known risk factors
for tumor recurrence and recommend endoscopy, EUS,
and cross-sectional imaging studies for lesions with evident
submucosal invasion but negative deep margins (see Fig. 2
algorithm).

Question 3a: In patients with early-stage GAC,
should EMR or ESD be performed?

Recommendations: The choice of ESD or EMR in
patients with early-stage GAC depends on 4 factors: dif-
ferentiation (well or moderate vs poor), morphology
(ulcerated vs nonulcerated), type of cancer (intestinal
vs diffuse), and size.
� The ASGE suggests either ESD or EMR in well- or moderately
differentiated, nonulcerated, intestinal type early GAC
measuring <20 mm.

� The ASGE suggests ESD over EMR in well- or
moderatelydifferentiated lesions measuring 20 to 30 mm,
with or without ulceration, intestinal type early GAC.

� See Figure 3 algorithm for all considerations.

(Conditional recommendations, low quality of evi-
dence)
Evidence. Our search identified 13 studies that met
eligibility criteria and reported on 3232 patients treated
with ESD and 3154 patients treated with EMR.68-80 All studies
identified were observational, except for 1 RCT81 that
compared outcomes of ESD-treated patients with cancer
with a control group of EMR patients. ESD resulted in higher
rates of clinical success in comparison with EMR (86.5% vs
54.4%; RR, 1.79; 95% CI, 1.40-2.30; I2 Z 98.2%). Similarly,
the rates of local recurrence were significantly lower in the
ESD group compared with the EMR group (1.7% vs 7.2%;
RR, .16; 95%CI, .08-.33; I2Z 74.7%). Reports on AEs demon-
strated no difference between ESD and EMR in bleeding risk,
but ESD was associated with higher perforation rates (3.7%
vs 1.9%; RR, 2.23; 95% CI, 1.19-4.19; I2 Z 64.7%).
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Disease-free survival data at 1, 3, and 5 years were
mixed, with no clear trends in favor of 1 modality over
another, although only 2 studies were available for each
survival interval. Finally, in the 6 studies that reported on
procedural time, the duration of ESD was longer than
the duration of EMR (weighted mean difference, 48.93 mi-
nutes; 95% CI, 22.45-75.42; I2 Z 97.9%). Only 1 GAC study
reported on post-EMR recurrence based on margin status69

whereby 30 of 39 recurrences (76.9%) occurred in lesions
with positive deep margins. The same study was the only
study that reported on post-EMR recurrences based on
absolute or expanded criteria (Table 5), with 10 of 39 re-
currences (25.6%; or 10/387, 2.6% of the entire cohort)
occurring in the absolute criteria cohort and 29 of 39 recur-
rences (74.4%; or 29/387, 7.5% of the overall cohort) occur-
ring in the expanded criteria cohort. Recurrence treatment
was detailed in only 4 EMR studies with 85 local recur-
rences.69,73,77,82 Repeat EMR was successful in 11 patients,
whereas a mixed endoscopic approach was reported in 37
patients (EMR and ESD), and 37 patients with post-EMR re-
currences were referred to surgery. No studies reported on
metachronous lesions in the EMR cohort.

One study reported on endoscopic treatment of the 2
post-EMR bleeding cases.30 Data available on post-EMR
perforations from3 studies included 7perforations, ofwhich
6 (85.7%) were treated with clipping and 1 (14.3%) required
surgery. Data were available on treatment of post-ESD
perforations in 6 studies, and among the 37 perforations,
31 (84%) were treated with conservative management and
endoscopic closure (clipping) and 6 (16%) required surgery.

Only 1 ESD study reported on local recurrence stratified
based on margin status. In that study, all 23 recurrences
(100%) were associated with a positive deep margin.69

Four studies classified recurrences after ESD based on ab-
solute versus expanded criteria: 7 recurrences occurred in
the absolute criteria group out of 1024 patients (.68%),
whereas 22 recurrences occurred in the expanded criteria
group out of 611 patients (3.6%).69,77,83,84 Eight studies
(including 2701 ESDs) evaluated for the detection of meta-
chronous lesions13,80,84-89 and reported a total of 149 meta-
chronous lesions within 1 year (5.5%). Finally, data on local
recurrence treatment of GAC were available in 13 ESD
studies including 4450 patients with 69 local recur-
rences13,69,71,75-77,80,84-90 that were successfully treated
with EMR in 9 cases, repeat ESD in 29, surgery in 28, and
argon plasma coagulation in 3. Forest plots for these find-
ings are presented in Supplementary Figures 20-25, avail-
able online at www.giejournal.org.

The reviewed studies showed no definite pattern for
endoscopic and imaging surveillance after endoscopic resec-
tion. Surveillance was initiated as early as 3 months or as late
as 12 months in most studies. In the EMR cohort, 7 studies
reported on postresection endoscopic surveillance using a
combination of endoscopy from 3 to 12 months after resec-
tion and then annually. In the ESD cohort, 25 studies re-
ported on the postresection surveillance using endoscopy
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from 3 to 12 months and then annually after resection,
with a trend toward earlier and more frequent endoscopy
in cases of noncurative resection. In the same cohort, 14
studies reported on postresection imaging surveillance
with CTs 6 to 12 months after resection. Overall, no proto-
cols tailored to depth of invasion, margin status, LVI, or tu-
mor grade were noted in any of the studies included.

We found nodirect comparisons of the cost of ESD versus
EMR for GAC. Nevertheless, data from colorectal ESD versus
EMR pointed to a lack of cumulative difference in total costs,
with a small trend toward higher costs in EMR because of a
higher number of surveillance endoscopies.91 No data
were available on patient values on EMR versus ESD in this
setting, and the patient representative on the panel re-
emphasized the importance of presenting comparative
data to patients in a clear but simplified form.

Certainty in the evidence. The 2 most critical out-
comes (curative resection and local recurrence) both had
problems with inconsistency. In the case of curative resec-
tion, the direction of the effect was not consistent between
the included studies, and themagnitude of statistical hetero-
geneity was considerable, leading to rating this outcome
down (I2 Z 99.2%).

In the case of local recurrence, point estimates vary
considerably, and CIs of most studies do not overlap. The di-
rectionof the effectwas not consistent between the included
studies, and the magnitude of statistical heterogeneity was
considerable, leading to rating this outcome down (I2 Z
74.7%). All disease-free survival outcomes (1, 3, and 5 years)
had problems with inconsistency and were rated down
because of a considerable degree of statistical heterogeneity
(I2 Z 96%, 81.8%, and 89.3%, respectively). A full evidence
profile for this question is provided in Supplementary
Table 8 (available online at www.giejournal.org), with a full
description of outcomes and studies included for Questions
3a and 3b provided in Supplementary Tables 9 and 10,
respectively (available online at www.giejournal.org).

Discussion. Gastric ESD is the most well-studied endo-
scopic resection technique for early neoplasia among the 3
main conditions discussed in this document. Gastric ESD is
backed by a robust and expanding body of evidence from
the East and emerging data from the West supporting its
use for early-stage gastric lesions.92,93 Although our analyses
demonstrated no difference in disease-free survival between
ESD and EMR in GAC, the number of studies that reported
on this outcome were limited. Our analysis confirms the
resource-intensive nature of gastric ESD as evidenced by its
longer procedural time and higher risk of perforation. Never-
theless, ESD-related AEs are increasingly beingmanaged with
endoscopy alone with high rates of success.

We found no direct comparisons of the cost of ESD
versus EMR for GAC. Nevertheless, data from colorectal
ESD versus EMR pointed to a lack of cumulative difference
in total costs, with a small trend toward higher costs in EMR
because of higher number of surveillance endoscopies.91

The panel expressed the importance of considering issues
www.giejournal.org
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of access to institutions with well-trained individuals who
have the ability to safely and proficiently perform ESD.

Size. The panel agreed that our guidelines should largely
support the absolute and expanded resection criteria
proposed in the existing Japanese gastric cancer treatment
guidelines (Table 5).94 These suggest that differentiated-
type T1a lesions without ulceration measuring up to 20 mm
can be removed by EMR or ESD. In our review, mean GAC
lesion size resected by EMR was 15.36 mm compared with
20.30mm for ESD. This, in addition to the data showing lower
risk of recurrence with ESD, led the panel to suggest ESD
preferentially over EMR in this scenario, although this deci-
sion should be made based on patient preferences and avail-
ability of local endoscopy expertise.

Morphology and/or invasion. Lesion selection remains
of upmost importance to reduce the risk of including le-
sions with LNM not suitable for ESD. Cross-sectional imag-
ing rarely contributes to the staging process of early GAC
because of an overall low risk of LNM. Endoscopic features
associated with submucosal invasive disease include irreg-
ular surface, marginal elevation of lesion, and abrupt cut-
ting or fusion of converging folds. Endoscopy with
optical magnification and with dye or digital chromoendo-
scopy enhances diagnostic accuracy and staging, improves
the ability to delineate the tumor margins, and helps in as-
sessing feasibility of achieving an en-bloc resection.95,96

The Japanese guidelines have defined a number of criteria
to reduce the probability of endoscopic resection of lesions
with deep invasive components, commonly referred to as
the absolute versus expanded criteria (Table 5). According
to the Japanese Gastric Cancer Association, absolute indica-
tions for ESD include noninvasive neoplasia (irrespective of
size); all differentiated, nonulcerated adenocarcinomas
limited to the mucosa (T1m); and size of �2 cm. After the
assessment of additional lesion-related criteria in a large Japa-
nese study of over 5200 patients, additional criteria were
considered suitable for ESD because of low risk of LNM
(expanded criteria, Table 5).94 Meta-analyses have confirmed
the presence of acceptably low-risk LNM in patients with
early-stage GAC treated according to the absolute criteria
(.2%) and those treated according to the expanded criteria
(.7%), which remain practically acceptable risks.97 Several
studies showed comparable outcomes between the absolute
and expanded indications.69,98

The role of EUS in staging of early-stage GAC remains
controversial and is driven by the presence of local exper-
tise and is generally more valued in the West. Concerns
about overstaging (and hence committing lesions to sur-
gery that would otherwise be suitable to ESD) and inferior
staging performance compared with enhanced optical and
digital chromoendoscopy–based staging led to reduced
use of EUS for early-stage GAC staging in Asian countries.99

The panel deliberated on the implications of positive
margins, submucosal tumor infiltration >500 mm, poorly
or undifferentiated pathology, ulcerated tumors >3 cm
www.giejournal.org
size, and those with LVI, all of which become only evident
on pathology analysis after ESD. Although referral to sur-
gery is very appropriate in these cases, the panel empha-
sized the importance of a multidisciplinary review given
the risks associated with gastrectomy. In the studies
included in our analysis, we observed variable approaches
to handling lesions with such a profile, ranging from empir-
ically repeating ESD of the resection site to close endo-
scopic surveillance every 3 to 6 months to referral to
surgery and systemic therapy. Studies where ESD was per-
formed for local recurrences after endoscopic resection
indicated that this approach is both safe and feasible and
is associated with lower rates of AEs in select patients.71,100

The long-term management strategy in the case of a posi-
tive lateral margin as the only noncurative criterion re-
mains to be answered. However, evidence is mounting
that additional endoscopic therapy within 3 to 6 months af-
ter ESD can be sufficient in lieu of surgery and is associated
with long-term tumor-free remission.101,102

Management of recurrence. Comparative data on the
optimal strategy for management of recurrence after endo-
scopic resection of early GAC are scarce. Although outside
the scope of our review, we identified a small number of
studies assessing ESD versus surgery for metachronous
and/or recurrent early GAC after endoscopic resection. One
study demonstrated a higher chance of complete resection
with ESD versus surgery in this scenario,101 whereas others
demonstrated strong trends toward incomplete resection
with ESD.103,104 However, these studies did not clearly differ-
entiate between true recurrences and incomplete resections,
among other issues, and therefore no conclusions can be
made regarding surgery versus ESD for recurrence. Data on
recurrence rates with the subsequent management strategy
are also similarly limited in comparing surgery with ESD for
recurrence. Studies assessing EMR versus ESD for recurrent
disease, although fraught with the same limitations, are
clearly in favor of ESD.100 Although a systematic review of
available comparative studies in this area is needed, we sug-
gest for the time being that a multidisciplinary meeting
should inform decision-making in this scenario but that
EMR should likely not be attempted for recurrent disease.

Surveillance. In GAC, endoscopic surveillance is recom-
mended to detect local recurrences and metachronous le-
sions. All lesions with a T1b pathologic stage but with
negative margins should undergo endoscopic surveillance
with consideration for cross-sectional imaging and/or EUS
and earlier start of surveillance. Endoscopy under 3 months
after resection is unlikely to be helpful in surveillance. We
propose the first endoscopy should be in 3 to 6 months
and then annually because most recurrences happen in the
first year.105,106 The value of biopsy sampling in the absence
of clear endoscopic recurrence has not been established.
Nevertheless, given the higher risk of recurrence after piece-
meal resection and/or positive margin findings, we believe
that in this context biopsy sampling should be performed.
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Long-term surveillance is warranted given the 10% to 20%
risk of synchronous and metachronous cancers.107,108

Question 3b: In patients with early-stage GAC,
should surgery or ESD be performed?

Recommendations: The choice of endoscopic or
surgical resection in patients with early-stage GAC de-
pends on 3 factors: differentiation (well or moderate
vs poor), type of cancer (intestinal vs diffuse), and size.
� The ASGE suggests against surgical resection in lesions that
meet all the following criteria: well- or moderately
differentiated, intestinal type, early GAC measuring �3 cm.

� TheASGE suggests surgical resectionover endoscopicapproaches
in lesions with poor differentiation measuring any size.

� See Figure 3 algorithm for all considerations.

(Conditional recommendations, low quality of evi-
dence)
Evidence. Our search identified 21 studies meeting eligi-
bility criteria that reported on 2947 patients treated with ESD
and 3484 patients treated with surgery.13,80-87,89,109-119,133 All
studies identified were observational except for 1 clinical trial
(Chiu et al,81 in abstract form) that compared outcomes of
ESD-treated patients with cancers with a control group of pa-
tients who underwent gastrectomy. The performance of ESD
was associated with lower rates of clinical success compared
with surgery (91.7% vs 99.5%; RR, .92; 95% CI, .89-.95; I2 Z
88.1%). Similarly, the rates of local recurrence were significantly
higher in the ESD group compared with the surgery group
(2.1% vs .6%; RR, 4.27; 95% CI, 2.36-7.73; I2 Z 9.4%). Reports
on AEs demonstrated no difference between ESD and surgery
regarding bleeding risk, but ESD was associated with signifi-
cantly lower rates of postoperative infections (.3% vs 7.7%; RR,
.12; 95% CI, .02-.71; I2 Z 67.1%). Mortality within 30 days was
not statistically different (.1% vs .4%; RR, .34; 95% CI, .05-2.54;
I2 Z 78.3%); similarly, long-term death rates were no different
between the 2 cohorts. Nodifference in the rates of stricture for-
mation was found between the 2 groups. Four- and 5-year over-
all survival as well as 4- and 5-year disease-free survival were not
different between the ESD and surgery cohorts (Supplementary
Materials). Finally, in the 8 studies that reported on procedural
time, ESD was associated with shorter procedures compared
with surgery (median difference, 129.8 minutes less; 95% CI,
89.0-170.6; I2Z 99.1%). Forest plots and funnel plots for these
findings are presented in Supplementary Figures 26-37, avail-
able online at www.giejournal.org.

We found nodirect comparisons of the cost of ESD versus
surgery in theUnited States. However, 1 study showed lower
overall hospital costs associated with ESD compared with
surgery, mainly because of a shorter hospital stay.120 The pa-
tient representative on the panel indicated the preference
for ESD in appropriate cases of GAC because of early intro-
duction of diet, shorter hospital stay, and earlier resumption
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of daily activities. This is further supported by literature high-
lighting the positive impact on health-related quality of life
perspectives associated with ESD when compared with
gastrectomy.118,121,122

Certainty in the evidence. For clinical success, there
were concerns with inconsistency, where point estimates
varied and CIs of some of the studies did not overlap. The di-
rectionof the effectwas not consistent between the included
studies, and the magnitude of statistical heterogeneity was
high, leading to rating this outcome down (I2 Z 88.1%).
The local recurrence outcome had problems with impreci-
sion because of the presence of a large effect with wide
95% CIs based on small number of events.

Estimates of bleeding and infection risks were inconsis-
tent, with non-overlapping CIs in some of the studies. The
direction of the effect was not consistent between the
included studies, and the magnitude of statistical heteroge-
neity was high, leading to rating down in both with I2 Z
77.6% and 67.1%, respectively.

Overall survival data showed no issues with bias particu-
larly related to the degree of selection and comparability of
ESD and surgery, but issues of bias were found when consid-
ering the 4- and 5-year disease-free survival, respectively.
Disease-free survival outcomes (4 and 5 years) had problems
with inconsistency and were rated down because of a consid-
erable degree of statistical heterogeneity (I2 Z 96%, 81.8%,
and89.3%, respectively).No issueswere foundof indirectness
in any outcome assessed. A full evidence profile for this ques-
tion is provided in Supplementary Table 11 (available online
at www.giejournal.org), with full assessments of study quality
for all review questions provided in Supplementary Table 12
(available online at www.giejournal.org).

Discussion. Our data clearly demonstrate that surgery
was associated with higher postprocedure morbidity than
ESD, particularly risk of infections. Five patients (.38%)
died within 30 days of surgery compared with 1 (.1%) in
the ESD group. Death beyond 30 days was noted in 3 pa-
tients (2%) in the ESD group compared with 15 patients
(7.1%) in the surgery group. However, this did not reach sta-
tistical significance, likely because of being underpowered.
Our data also supported longer operative time, although
data on open versus laparoscopic surgery were not available
in most included studies. Postoperative AEs might prolong
the hospital stay, leading to increased total medical cost.
As ESD continues to evolve as a mainly outpatient surgery
(or 1 with very limited hospital stay), we expect this cost dif-
ferential to be more evident in future analyses.

Lesion size. A decision to proceed with surgical evalua-
tion and/or management over endoscopic resection in
GAC should not typically be based on size but rather on
the degree of differentiation (if known), diffuse type (over
intestinal type), or clear ulceration. Lesions meeting
expanded criteria could also still have potential LNM, which,
www.giejournal.org
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if present, is not treated by ESD and could contribute to
higher recurrence rates.

Morphology and/or invasion. A careful endoscopic ex-
amination of lesions with early-stage GAC is essential and
can potentially predict the extent of submucosal invasion.
Although the use of cross-sectional imaging and EUS for le-
sions with early-stage GAC remain controversial, a detailed
endoscopic evaluation with the use of optical magnification
and dye or digital chromoendoscopy remains an important
step for assessing the mucosal surface, vascular pattern,
and borders of the lesion before selecting the appropriate
resection approach.123,124 In our review, surgery was associ-
ated with higher postprocedure morbidity than ESD.
Furthermore, mortality within 30 days of surgery was .38%
compared with .1% in the ESD group, and mortality beyond
30 days of surgery was 7.1% compared with 2% in the ESD
group. The panel suggests against surgical resection for
well- or moderately differentiated, intestinal type early
GAC lesions measuring �3 cm given the relatively low risk
of LNM in such lesions and the higher morbidity associated
with surgery. However, the panel suggests surgical resection
for tumors with poor differentiations regardless of lesion
size (see Fig. 3 algorithm).

Management of recurrent lesions. ESD is associated with
higher rates of local recurrence compared with surgery.
Despite the generally high rates of curative resections in
ESD, other theories could explain this difference in recurrence.
ESD only allows the removal of the primary tumor along with
the submucosal layer. However, the surrounding mucosa still
might carry the risk of developing cancer because of ongoing
atrophic gastritis, intestinal metaplasia, and Helicobacter py-
lori. In fact, eradicationofHpyloricould lower the riskof recur-
rent andmetachronous cancers.125On theother hand, surgical
resection commonly involves removal of the gastric body and
antrum, which removes the entire high-risk portion of the
stomach because fewer cancers develop in the proximal third
of the stomach.

Management of residual GAC after noncurative ESD remains
controversial. Two meta-analyses suggested gastrectomy with
lymph node dissection for patients undergoing noncurative
endoscopic resectionbecauseofsurvivalbenefits.126,127Because
of themorbidity associated with gastrectomy, additional criteria
have been discussed to identify higher risk patients who may
benefit from surgical resection versus those whose can be
managed endoscopically. Ameta-analysis by Zhao et al128 identi-
fied LVI, deeper submucosal invasion (SM2or deeper), andpos-
itive deep margins as factors favoring referral for additional
surgery. For management of local recurrence, the panel recom-
mended a multidisciplinary review and discussed various treat-
ment options including referral to surgery if the patient is
clinically fit and systemic therapy or endoscopic therapies if
the patient is not a candidate for surgical resection.

Surveillance. The viability of endoscopic follow-up after
noncurative endoscopic resection has been assessed in 2
www.giejournal.org
studies in patients with increased comorbidities and might
be a reasonable option inR0but otherwise noncurative resec-
tions.129,130 In addition, studies have demonstrated that sur-
gery outcomes are not compromised by prior ESD.131,132

For lesions with a T1b pathologic stage, the panel recommen-
ded endoscopic surveillance every 3 to 6 months for the first
year and then annually, with consideration of cross-sectional
imaging every 6 to 12 months for 3 to 5 years. However, for
T1a lesions or HGD, the panel recommended endoscopic
surveillance every 6 months for the first 3 years and then
annually.
FUTURE DIRECTIONS

Our systematic review uncovered several gaps that
represent priority areas for future research in the field of
ESD for upper GI malignancy:
1. RCTs to assess differences in outcomes between ESD,

EMR, and surgical approaches
2. Studies with longer follow-up periods to assess potentially

important differences in long-term survival outcomes
3. Studies assessing potential differences in various surveil-

lance approaches after the initial resection
4. Comparative studies assessing approaches to treat

recurrence after initial (failed) resection including novel
full-thickness resection techniques

5. Studies assessing the learning curves associated with
each type of procedure studied

6. Cost-effectiveness studies to better gauge the impacts of
procedure times, costs, and recovery
SUMMARY AND CONCLUSIONS
These ASGE guidelines have summarized the best available

evidence to support recommendations regarding endoscopic
resection in the management of upper GI malignancies. ESD
plays a crucial role in the management of esophageal and
gastric cancer, but its safe and efficient performance depends
on endoscopist expertise and local availability.
GUIDELINE UPDATE

ASGE guidelines are reviewed for updates approxi-
mately every 5 years or in the event that new data may in-
fluence a recommendation. Updates follow the same ASGE
guideline development process.
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ESD for the management of early esophageal and gastric cancers Lee et al
APPENDIX 1

Final electronic search strategy
Search date: September 17, 2020
Databases searched: MEDLINE(R) and Epub Ahead of

Print, In-Process & Other Non-Indexed Citations and Daily
1946 to September 16, 2020; EBM Reviews - Cochrane
Central Register of Controlled Trials August 2020, EBM
Reviews - Cochrane Database of Systematic Reviews 2005
to September 10, 2020

Limits: English, 2005 onward
Excluded: Case reports, editorials, letters, comments,

conference abstracts published before 2018

Embase, Ovid MEDLINE(R)
2

Number
1.e1 GA
Searches
STROINTESTINAL ENDOSCOPY Volume -, No.
Results
1
 exp *esophageal ESCC/
 10,837

2
 ((Esophag* or oesophag*) adj2 (dysplas* or

metaplas* or adenocarcinoma* or carcinoma*
or cancer* or neoplas* or tumor* or tumour* or
preneoplas* or pre-neoplas*)).ti,kw.
62,132
3
 exp *Barrett Esophagus/ use ppez
 6541

4
 exp *barrett esophagus/ use oemezd
 9928

5
 Barrett*.ti,kw.
 18,733

6
 exp *Stomach Neoplasms/ use ppez
 82,609

7
 exp *Stomach Cancer/ use oemezd
 80,298

8
 ((Gastric or stomach) adj2 (dysplas* or metaplas*

or adenocarcinoma* or carcinoma* or cancer* or
neoplas* or tumor* or tumour* or preneoplas* or
pre-neoplas*)).ti,kw.
145,452
9
 or/1-8
 275,958

10
 exp Endoscopic Mucosal Resection/
 8337

11
 (Endoscop* adj2 (mucosal or submucosal) adj2

(Resection or Dissection)).ti,kw.

12,748
12
 (ESD or EMR).ti,kw.
 6247

13
 or/10-12
 21,673

14
 9 and 13
 7043

15
 limit 14 to english language
 6543

16
 limit 15 to yrZ"2005 -Current"
 6248

17
 limit 16 to (editorial or letter or case reports or

comment) [Limit not valid in Embase; records
were retained]
538
18
 exp Case Report/
 4,642,961

19
 16 not (17 or 18)
 5270

20
 limit 19 to (conference abstract or congress) [Limit

not valid in Embase, Ovid MEDLINE(R), Ovid
MEDLINE(R) Daily Update, Ovid MEDLINE(R) In-
Process, Ovid MEDLINE(R) Publisher; records were
retained]
1697
21
 limit 20 to yrZ"1860 - 2017"
 1389

22
 19 not 21
 3881

23
 remove duplicates from 22
 2849
- : 2023
Cochrane EBM reviews. ((esophageal ESCC or
((Esophag* or oesophag*) adj2 (dysplas* or metaplas* or
adenocarcinoma* or carcinoma* or cancer* or neoplas* or tu-
mor* or tumour* or preneoplas* or pre-neoplas*)) or Barrett
Esophagus or Barrett* or Stomach Neoplasms or ((Gastric or
stomach) adj2 (dysplas* or metaplas* or adenocarcinoma*
or carcinoma* or cancer* or neoplas* or tumor* or tumour*
or preneoplas* or pre-neoplas*))) and (Endoscopic Mucosal
Resection or (Endoscop* adj2 (mucosal or submucosal) adj2
(ResectionorDissection))) or (ESDorEMR))).hw,kw,sh,ti. 498
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Supplementary Figure 1. Forest plot for question 1a: ESD versus EMR for esophageal squamous cell carcinomadclinical success outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 2. Forest plot for question 1a: ESD versus EMR for esophageal squamous cell carcinomadlocal recurrence outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 3. Forest plot for question 1a: ESD versus EMR for esophageal squamous cell carcinomaddistant recurrence outcome. ESD,
Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 4. Forest plot for question 1a: ESD versus EMR for esophageal squamous cell carcinomadshort-term bleeding outcome. ESD,
Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

21.e3 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2023 www.giejournal.org

ESD for the management of early esophageal and gastric cancers Lee et al

http://www.giejournal.org


Supplementary Figure 5. Forest plot for question 1a: ESD versus EMR for esophageal squamous cell carcinomadshort-term perforation outcome. ESD,
Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 6. Forest plot for question 1a: ESD versus EMR for esophageal squamous cell carcinomadlong-term stricture formation
outcome. ESD, Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 7. Forest plot for question 1a: ESD versus EMR for esophageal squamous cell carcinomadprocedure time outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; SMD, standardized mean difference.

Supplementary Figure 8. Forest plot for question 1b: ESD versus surgery for esophageal squamous cell carcinomad5-year overall survival outcome.
ESD, Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 9. Forest plot for question 1b: ESD versus surgery for esophageal squamous cell carcinomadclinical success outcome. ESD,
Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 10. Forest plot for question 1b: ESD versus surgery for esophageal squamous cell carcinomadlocal recurrence outcome. ESD,
Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 11. Forest plot for question 1b: ESD versus surgery for esophageal squamous cell carcinomaddistant recurrence outcome. ESD,
Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 12. Forest plot for question 1b: ESD versus surgery for esophageal squamous cell carcinomadshort-term bleeding outcome.
ESD, Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 13. Forest plot for question 1b: ESD versus surgery for esophageal squamous cell carcinomadshort-term mortality outcome.
ESD, Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 14. Forest plot for question 1b: ESD versus surgery for esophageal squamous cell carcinomadlong-term stricture formation
outcome. ESD, Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 15. Forest plot for question 2: ESD versus EMR for esophageal adenocarcinomadclinical success outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 16. Forest plot for question 2: ESD versus EMR for esophageal adenocarcinomadlocal recurrence outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 17. Forest plot for question 2: ESD versus EMR for esophageal adenocarcinomadshort-term bleeding outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 18. Forest plot for question 2: ESD versus EMR for esophageal adenocarcinomadshort-term perforation outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 19. Forest plot for question 2: ESD versus EMR for esophageal adenocarcinomadlong-term stricture formation outcome. ESD,
Endoscopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 20. Forest plot for question 3a: ESD versus EMR for gastric adenocarcinomad5-year disease-free survival outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 21. Forest plot for question 3a: ESD versus EMR for gastric adenocarcinomadclinical success outcome. ESD, Endoscopic sub-
mucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 22. Forest plot for question 3a: ESD versus EMR for gastric adenocarcinomadlocal recurrence outcome. ESD, Endoscopic sub-
mucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

www.giejournal.org Volume -, No. - : 2023 GASTROINTESTINAL ENDOSCOPY 21.e12

Lee et al ESD for the management of early esophageal and gastric cancers

http://www.giejournal.org


Supplementary Figure 23. Forest plot for question 3a: ESD versus EMR for gastric adenocarcinomadshort-term bleeding outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 24. Forest plot for question 3a: ESD versus EMR for gastric adenocarcinomadshort-term perforation outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 25. Forest plot for question 3a: ESD versus EMR for gastric adenocarcinomadprocedure time outcome. ESD, Endoscopic sub-
mucosal dissection; CI, confidence interval; RE, random effects; SMD, standardized mean difference.

Supplementary Figure 26. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomad5-year overall survival outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 27. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomadclinical success outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 28. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomadlocal recurrence outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 29. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomaddistant recurrence outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 30. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomadshort-term bleeding outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 31. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomadshort-term infection outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 32. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomadshort-term mortality outcome. ESD, Endo-
scopic submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 33. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomadlong-term stricture outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.

Supplementary Figure 34. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomadlong-term mortality outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; RR, risk ratio.
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Supplementary Figure 35. Forest plot for question 3b: ESD versus surgery for gastric adenocarcinomadprocedure time outcome. ESD, Endoscopic
submucosal dissection; CI, confidence interval; RE, random effects; SMD, standardized mean difference.

Supplementary Figure 36. Funnel plot for question 3a: endoscopic
submucosal dissection versus EMR for gastric adenocarcinomadclinical
success outcome.

Supplementary Figure 37. Funnel plot for question 3a: endoscopic
submucosal dissection versus EMR for gastric adenocarcinomadshort-
term perforation outcome.
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Supplementary Figure 38. Funnel plot for question 3a: endoscopic
submucosal dissection versus EMR for gastric adenocarcinomadlocal
recurrence outcome.

Supplementary Figure 39. Funnel plot for question 3b: endoscopic
submucosal dissection versus surgery for gastric adenocarcinomad
clinical success outcome.

Supplementary Figure 40. Funnel plot for question 3b: endoscopic
submucosal dissection versus surgery for gastric adenocarcinomad
short-term bleeding outcome.

Supplementary Figure 41. Funnel plot for question 3b: endoscopic
submucosal dissection versus surgery for gastric adenocarcinomadlocal
recurrence outcome.
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SUPPLEMENTARY TABLE 1. Evidence profile for clinical question 1a: ESD vs EMR for early-stage esophageal squamous cell carcinoma

Certainty assessment

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations

Clinical success

6 Observational studies Not serious* Seriousy Not serious Not seriousz None

Local recurrence

8 Observational studies Not seriousx Not seriousk Not serious{ Not serious** None

Distant recurrence

3 Observational studies Not seriousyy Not serious Not serious Seriouszz None

Short-term AE: bleeding

5 Observational studies Seriousxx Not seriousǁǁ Not serious Seriouszz None

Short-term AE: perforation

8 Observational studies Not seriousx Not serious{{ Not serious Seriouszz None

Long-term AE: stricture

5 Observational studies Not serious*** Not seriousyyy Not serious Seriouszzz None

Procedure time (min)

6 Observational studies Not seriousxxx Seriousy Not serious Not seriousz None

ESD, Endoscopic submucosal dissection; AE, adverse event; CI, confidence interval; RR, risk ratio; d, not applicable.
*Three studies had problems with selection bias, comparability, and outcome/comparison domains; however, most of the weight was from studies with minimal problems with
quality.
yThe magnitude of statistical heterogeneity was high, I2 > 90%, and the confidence interval of some studies did not overlap with those of most included studies/the point
estimate of some of the included studies.
zDecided not to rate down further because inconsistency (high heterogeneity and not overlapping 95% CIs of primary studies because of precise estimation of effect) and use of
random-effects model caused the wide 95% CIs for the pooled effect.
xThree studies had problems with selection bias domain and 4 studies had problems with comparability. Decision for not rating down further was based on considerable
overlap of studies effect estimates and their 95% CIs.
kI2 Z .0% and most studies point estimates and 95% CIs overlap.
{Only 1 study (Yu et al33) was judged to have serious indirectness with 10% of the weight and considerable overlap of effect estimates with most studies included in the analysis
**Large effect based on small number of events.
yyOne study (Yu et al33) was judged to have serious indirectness and problems with selection bias and outcome/comparison domain with 31% of the weight. Decision for not
rating down further was based on considerable overlap of effect estimates and their 95% CIs.
zzWide CIs, based on small number of events.
xxThree studies had problems with selection bias, comparability, and outcome/comparison domains with more than 70% of weight.
kkI2 Z 31.8%, but seems to be driven by the risk of bias.
{{I2 Z 61.3%, but seems to be driven by risk of bias and indirectness from Yu et al.33
***Two studies had problems with selection bias and comparability domains, 1 study had problems with comparability and outcome/comparison domains, but most studies had
minimal or no concerns for risk of bias.
yyyI2 Z 36.5%, point estimates from 2 studies with wide 95% CIs had different direction of effect.
zzzSmall number of events with wide 95% CIs for pooled effect. Inconsistency and random-effects model may be the reason for wide 95% CIs and therefore not double
penalized for inconsistency and imprecision.
xxxMost weight for the pooled effect estimate comes from studies with minimal risk of bias concerns.
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SUPPLEMENTARY TABLE 1. Continued

No. of patients Effect

Certainty ImportanceESD EMR Relative (95% CI) Absolute (95% CI)

444/473
(93.9%)

428/594 (72.1%) RR 1.33 (1.02-1.74) 238 more per 1000 (from 14 more to 533 more) ⨁���
Very low

CRITICAL

4/776 (.5%) 67/1289 (5.2%) RR .19 (.07-.48) 42 fewer per 1000 (from 48 fewer to 27 fewer) ⨁⨁��
Low

CRITICAL

10/514 (1.9%) 10/893 (1.1%) RR 1.35 (.50-3.65) 4 more per 1000 (from 6 fewer to 30 more) ⨁���
Very low

CRITICAL

13/579 (2.2%) 18/1036 (1.7%) RR 1.55 (.60-4.03) 10 more per 1000 (from 7 fewer to 53 more) ⨁���
Very low

CRITICAL

47/821 (5.7%) 11/1306 (.8%) RR 4.30 (1.22-15.12) 28 more per 1000 (from 2 more to 119 more) ⨁���
Very low

CRITICAL

48/524 (9.2%) 44/595 (7.4%) RR 1.20 (.68-2.11) 15 more per 1000 (from 24 fewer to 82 more) ⨁���
Very low

IMPORTANT

539 610 d Mean difference 46.77 min more (33.4 more to 60.14 more) ⨁���
Very low

IMPORTANT
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SUPPLEMENTARY TABLE 2. Outcomes for esophageal squamous cell carcinoma

Outcome
Relative risk (95% confidence

interval)
I2

statistic
No. of
studies

No. of patients
(ESD)

No. of patients
(EMR)

Comparison: ESD vs EMR

Complete gross resection 1.22 (1.00-1.49) 99.2 6 571/597 561/698

Clinical success 1.33 (1.02-1.74) 97.3 6 444/473 428/594

Local recurrence .19 (.07-.48) .0 8 4/776 67/1289

Distant recurrence 1.35 (.50-3.65) .0 3 10/514 10/893

Adequacy of specimen 1.00 (.99-1.01) .0 4 240/240 466/466

Procedure time SMD 1.75 (1.12-2.39) 95.3 6 539 610

Short-term adverse effect: bleeding 1.55 (.60-4.03) 31.8 5 13/579 18/1036

Short-term adverse effect:
perforation

4.30 (1.22-15.12) 61.3 8 47/821 11/1306

Long-term adverse effect: stricture 1.20 (.68-2.11) 36.5 5 48/524 44/595

Outcome Relative risk (95% confidence interval) I2 statistic No. of studies No. of patients (ESD) No. of patients (surg)

Comparison: ESD vs surgery

Clinical success .85 (.74-.98) 84.6 3 405/463 486/495

Local recurrence 1.14 (.60-2.17) .0 2 14/190 24/351

Distant recurrence .48 (.14-1.64) 27.8 3 6/169 16/178

Short-term adverse effect: bleeding .33 (.05-2.23) .0 2 1/378 3/309

Short-term adverse effect: death .30 (.11-.88) .0 2 4/385 17/367

Long-term adverse effect: stricture 1.34 (.89-2.02) .0 3 51/463 36/495

5-y overall survival 1.01 (.95-1.08) .0 2 96/106 74/85

ESD, Endoscopic submucosal dissection; SMD, standardized mean difference.
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SUPPLEMENTARY TABLE 3. Study matrix with outcomes reported for esophageal squamous cell carcinoma

Study

Outcome Lee
202045

Urabe
201130

Yamauchi
201749

Yu
202033

Zhang
201947

Watanabe
201046

Berger
201926

Jin
201628

Takahashi
201029

Ishihara
200832

Furue
201927

Gong
201948

Min
2018

Yamashita
201131

Yamauchi
202149

Comparison: ESD vs EMR

Complete gross
resection

X X X X X X

Clinical success X X X X X X

Local
recurrence

X X X X X X X X

Distant
recurrence

X X X

Adequacy of
specimen

X X X X

Procedure time X X X X X X

Short-term AE:
bleeding

X X X X X

Short-term AE:
perforation

X X X X X X X X

Long-term AE:
stricture

X X X X X

Comparison: ESD vs surgery

Clinical success X X X

Local
recurrence

X X

Distant
recurrence

X X X

Short-term AE:
bleeding

X X

Short-term AE:
death

X X

Long-term AE:
stricture

X X X

5-y overall
survival

X X

ESD, Endoscopic submucosal dissection; AE, adverse event.
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SUPPLEMENTARY TABLE 4. Evidence profile for clinical question 1b: ESD vs surgery for early-stage esophageal squamous cell carcinoma

Certainty assessment

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations

5-y overall survival (patients surviving at 5 y)

2 Observational studies Serious* Not seriousy Not serious Seriousz None

Clinical success

3 Observational studies Not serious Seriousx Not serious Not seriousk None

Local recurrence

2 Observational studies Not serious Not serious Not serious Seriousz None

Distant recurrence

3 Observational studies Not serious{ Not serious** Not serious Seriousz None

Short-term AE: bleeding

2 Observational studies Not seriousyy Not seriousy Not Serious seriousz None

Short-term AE: death

2 Observational studies Not serious Not seriousy Not Serious Not seriouszz None

Long-term AE: stricture

3 Observational studies Not serious Not seriousy Not serious Seriousz None

Length of stay (days)

3 Observational studies Not serious Seriousxx Not serious Not serious None

ESD, Endoscopic submucosal dissection; AE, adverse event; CI, confidence interval; RR, risk ratio; d, not applicable.
*One study (Watanabe et al46) with 70% of weight had problems with selection bias, comparability, and outcome/comparison domains.
yI2 Z .0% and considerable overlap of studies point estimates and 95% CIs.
zWide CIs, based on small number of events.
xPoint estimates vary, and the CIs of the studies do not overlap. The magnitude of statistical heterogeneity was high, with I2 Z 84.6%.
kInconsistency and random-effects model may be the reason for wide 95% CIs and therefore not double penalized for inconsistency and imprecision.
{One study (Watanabe et al46) with w22% of weight had problems with selection bias, comparability, and outcome comparison domains.
**Statistical heterogeneity was low (I2 Z 27.8%) with considerable overlap of effect estimates and their 95% CIs.
yyOne study (Watanabe et al46) with 36% of weight had problems with selection bias, comparability, and outcome/comparison domains.
zz95% CIs for pooled effect does not include null value, and given the importance of the outcome (death) it was decided not to rate down despite small number of events.
xxThe magnitude of statistical heterogeneity is high at 83.3%.
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SUPPLEMENTARY TABLE 4. Continued

No. of patients Effect

Certainty ImportanceESD Surgery Relative (95% CI) Absolute (95% CI)

96/106 (90.6%) 74/85 (87.1%) RR 1.01 (.95-1.08) 9 more per 1000 (from 44 fewer to 70 more) ⨁���
Very low

IMPORTANT

405/463 (87.5%) 486/495 (98.2%) RR .85 (.74-.98) 147 fewer per 1000 (from 255 fewer to 20 fewer) ⨁���
Very low

CRITICAL

14/190 (7.4%) 24/351 (6.8%) RR 1.14 (.60-2.17) 10 more per 1000 (from 27 fewer to 80 more) ⨁���
Very low

CRITICAL

6/169 (3.6%) 16/178 (9.0%) RR .48 (.14-1.64) 47 fewer per 1000 (from 77 fewer to 58 more) ⨁���
Very low

CRITICAL

1/378 (.3%) 3/309 (1.0%) RR .33 (.05-2.23) 7 fewer per 1000 (from 9 fewer to 12 more) ⨁���
Very low

CRITICAL

4/385 (1.0%) 17/367 (4.6%) RR .30 (.11-.88) 32 fewer per 1000 (from 41 fewer to 6 fewer) ⨁⨁⨁�
Moderate

CRITICAL

51/463 (11.0%) 36/495 (7.3%) RR 1.34 (.89-2.02) 25 more per 1000 (from 8 fewer to 74 more) ⨁���
Very low

CRITICAL

483 495 d Mean difference 11.62 days lower (15.86 lower to 7.38 lower) ⨁���
Very low

CRITICAL

www.giejournal.org Volume -, No. - : 2023 GASTROINTESTINAL ENDOSCOPY 21.e26

Lee et al ESD for the management of early esophageal and gastric cancers

http://www.giejournal.org


SUPPLEMENTARY TABLE 5. Evidence profile for clinical question 2: ESD vs EMR for early-stage esophageal adenocarcinoma

Certainty assessment

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations

Clinical success

3 Observational studies Serious* Not seriousy Not serious Not seriousz None

Local recurrence

3 Observational studies Not seriousx Seriousk Not serious Not seriousz None

Short-term AE: bleeding

3 Observational studies Not seriousx Not serious{ Not serious Not serious** None

Short-term AE: perforation

4 Observational studies Not seriousx Not seriousyy Not serious Seriouszz None

Long-term AE: stricture

2 Observational studies Not serious Not seriousxx Not serious Seriouszz None

ESD, Endoscopic submucosal dissection; AE, adverse event; CI, confidence interval; RR, risk ratio.
*One study (Chedgy et al56) had some problems with selection bias and comparability domains. This study with 45% of weight seems to be the cause of imprecision and
inconsistency.
yStatistical heterogeneity was considerable (I2 Z 91%) but mainly because of non-overlapping point estimate and 95% CIs from Chedgy et al56 with risk of bias concerns.
zInconsistency and random-effects model may be the reason for wide 95% CIs and therefore not double penalized for inconsistency and imprecision.
xOne study (Chedgy et al56) had some issues with selection bias and comparability domains. However, this study only contributes 20% of the weight to the analysis and point
estimate and 95% CIs overlap with the other studies.
kPoint estimates vary, and CI of some of the studies do not overlap. The direction of the effect was not consistent between the included studies, and the magnitude of statistical
heterogeneity was considerable, with I2 Z 52.8%.
{I2 Z 1.0% and considerable overlap of studies point estimates and 95% CIs.
**Large effect based on small number of events.
yyStatistical heterogeneity was low (I2 Z 26.5%). Point estimates and 95% CIs had considerable overlap.
zzWide 95% CI, based on small number of events with 95% CIs including considerable benefit and important harms.
xxI2 0.0% and considerable overlap of studies point estimates and 95% CIs.
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SUPPLEMENTARY TABLE 5. Continued

No. of patients Effect

Certainty ImportanceESD EMR Relative (95% CI) Absolute (95% CI)

118/155 (76.1%) 201/311 (64.6%) RR 1.38 (.83-2.29) 246 more per 1000 (from 110 fewer to 834 more) ⨁���
Very low

CRITICAL

5/158 (3.2%) 82/314 (26.1%) RR .19 (.04-.98) 212 fewer per 1000 (from 251 fewer to 5 fewer) ⨁���
Very low

CRITICAL

5/227 (2.2%) 78/741 (10.5%) RR .32 (.13-.78) 72 fewer per 1000 (from 92 fewer to 23 fewer) ⨁⨁��
Low

CRITICAL

4/247 (1.6%) 15/761 (2.0%) RR 1.33 (.27-6.63) 7 more per 1000 (from 14 fewer to 111 more) ⨁���
Very low

CRITICAL

12/176 (6.8%) 20/601 (3.3%) RR 1.19 (.60-2.34) 6 more per 1000 (from 13 fewer to 45 more) ⨁���
Very low

IMPORTANT

SUPPLEMENTARY TABLE 6. Outcomes for esophageal adenocarcinoma

Outcome
Relative risk (95% confidence

interval)
I2

statistic
No. of
studies

No. of patients
(ESD)

No. of patients
(EMR)

Comparison: ESD vs EMR

Complete gross resection 3.52 (1.92-6.44) 48.1 2 104/107 54/174

Clinical success 1.38 (.83-2.29) 93.9 3 118/155 201/311

Local recurrence .19 (.04-.98) 52.8 3 5/158 82/314

Short-term adverse effect: bleeding .32 (.13-.78) 1.0 3 5/227 78/741

Short-term adverse effect:
perforation

1.33 (.27-6.63) 26.5 4 4/247 15/761

Long-term adverse effect: stricture 1.19 (.60-2.34) .0 2 12/176 20/601

ESD, Endoscopic submucosal dissection.

SUPPLEMENTARY TABLE 7. Study matrix with outcomes reported for esophageal adenocarcinoma

Study

Outcome Perez 2019 Chedgy 2015 Codipilli 2020 Terheggen 2017

Comparison: ESD vs EMR

Complete gross resection X X

Clinical success X X X

Local recurrence X X X

Short-term adverse effect: bleeding X X X

Short-term adverse effect: perforation X X X X

Long-term adverse effect: stricture X X

All studies are observational, except Terheggen 2017 is a randomized controlled trial.
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SUPPLEMENTARY TABLE 8. Evidence profile for clinical question 3a: ESD vs EMR for early-stage gastric adenocarcinoma

Certainty assessment

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations

5-y disease-free survival (patients survived)

2 Observational studies Not serious* Seriousy Not serious Not seriousz None

Clinical success

11 Observational studies Not seriousx Seriousk Not serious Not seriousz None

Local recurrence

10 Observational studies Not serious{ Serious** Not serious Not seriousyy None

Short-term AE: bleeding

9 Observational studies Seriouszz Not seriousxx Not serious Seriousjjjj None

Short-term AE: perforation

11 Observational studies Not serious{{ Not serious*** Not serious Seriousyyy None

Procedure time

6 Observational studies Seriouszzz Seriousxxx Not serious Not seriousz None

ESD, Endoscopic submucosal dissection; AE, adverse event; CI, confidence interval; RR, risk ratio; d, not applicable.
*One study had some problems with comparability domain and the other study had some problems with outcome/comparison domain. Risk of bias concerns did not seem to
cause variability in effect estimates.
yDespite minimal variability in studies point estimates, the CIs of the studies do not overlap. The magnitude of statistical heterogeneity was high, with I2 Z 89.3%.
zInconsistency and random-effects model may be the reason for wide 95% CIs and therefore not double penalized for inconsistency and imprecision.
xThree studies had some problems with selection bias domain; more than half of studies had some problems with comparability domain, and 5 studies had some problems with
outcome/comparison domains; however, risk of bias does not seem to explain the observed variability in the effect estimates.
kPoint estimates vary considerably, and CIs of most studies do not overlap. The magnitude of statistical heterogeneity was considerable, with I2 Z 98.2%.
{Three studies had some problems with selection bias domain, more than half of studies had some problems with comparability domain, and 3 studies had some problems with
outcome/comparison domains; however, risk of bias does not seem to explain the observed variability in the effect estimates.
**Point estimates vary considerably, and CIs of most studies do not overlap. The direction of the effect was not consistent between the included studies, and the magnitude of
statistical heterogeneity was considerable, with I2 Z 74.7%.
yyPooled estimate had wide 95% CIs informed by small number of events. Inconsistency and random-effects model may be the reasons for wide 95% CIs and therefore not
double penalized for inconsistency and imprecision.
zzOnly 1 study was without risk of bias concern in all domains; 1 study had some problems with comparability domain, and the remainder of studies had some problems with 2
of the 3 domains.
xxI2 Z .0% and there was a considerable overlap of studies point estimates and 95% CIs.
kkWide 95% CIs, based on small number of events.
{{Four studies had some problems with selection bias domain, more than half of studies had some problems with comparability domain, and 6 studies had some problems with
outcome/comparison domains; however, risk of bias does not seem to explain the observed variability in direction or magnitude of the effect estimates.
***Statistical heterogeneity was moderate (I2 Z 64.7%) with noticeable overlap of effect estimates and their 95% CIs. It was decided not to rate further down because
inconsistency and random-effects model may be the reasons for wide 95% CIs and therefore not double penalized for inconsistency and imprecision.
yyyWide 95% CIs, based on small number of events. It was decided not rate down for both inconsistency and imprecision, and some of the observed imprecision can be because
of inconsistency.
zzzAll studies had some problems with at least 1 domain; 5 studies had some problems with comparability domain, and half the studies had some problems with outcome/
comparison domain.
xxxPoint estimates vary considerably, and CIs of most studies do not overlap. The direction of the effect was not consistent between the included studies, and the magnitude of
statistical heterogeneity was considerable, with I2 Z 98%.
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SUPPLEMENTARY TABLE 8. Continued

No. of patients Effect

Certainty ImportanceESD EMR Relative (95% CI) Absolute (95% CI)

525/527 (99.6%) 413/439 (94.1%) RR 1.11 (.95-1.30) 103 more per 1000 (from 47 fewer to 282 more) ⨁���
Very low

CRITICAL

2741/3169
(86.5%)

1630/2998 (54.4%) RR 1.79 (1.40-2.30) 430 more per 1000 (from 217 more to 707 more) ⨁���
Very low

CRITICAL

55/3226 (1.7%) 223/3092 (7.2%) RR .16 (.08-.33) 61 fewer per 1000 (from 66 fewer to 48 fewer) ⨁���
Very low

CRITICAL

133/2742 (4.9%) 130/2675 (4.9%) RR 1.06 (.82-1.38) 3 more per 1000 (from 9 fewer to 18 more) ⨁���
Very low

CRITICAL

106/2887 (3.7%) 59/3154 (1.9%) RR 2.23 (1.19-4.19) 23 more per 1000 (from 4 more to 60 more) ⨁���
Very low

CRITICAL

975 1001 d Mean difference 48.93 min more (22.45 more to 75.42 more) ⨁���
Very low

IMPORTANT

www.giejournal.org Volume -, No. - : 2023 GASTROINTESTINAL ENDOSCOPY 21.e30

Lee et al ESD for the management of early esophageal and gastric cancers

http://www.giejournal.org


SUPPLEMENTARY TABLE 9. Outcomes for gastric adenocarcinoma

Outcome
Relative risk

(95% confidence interval) I2 statistic
No. of
studies

No. of
patients (ESD)

No. of
patients (EMR)

Comparison: ESD vs EMR

Complete gross resection 1.26 (1.10-1.46) 99.8 12 3095/3232 2377/2928

Clinical success 1.79 (1.40-2.30) 98.2 11 2741/3169 1630/2998

Local recurrence .16 (.08-.33) 74.7 10 55/3226 223/3092

Adequacy of specimen 1.00 (1.00-1.00) 15.7 7 1776/1776 1714/1722

Procedure time SMD 1.24 (.30-2.18) 98.6 6 975 1001

Short-term adverse effect: bleeding 1.06 (.82-1.38) .0 9 133/2742 130/2675

Short-term adverse effect: perforation 2.23 (1.19-4.19) 64.7 11 106/2887 59/3154

1-y disease-free survival 1.14 (.90-1.44) 95.9 2 665/674 557/605

3-y disease-free survival 1.03 (.99-1.08) 81.8 2 715/724 733/770

5-y disease-free survival 1.11 (.95-1.30) 89.3 2 525/527 413/439

Outcome Relative risk
(95% confidence interval)

I2 statistic No. of studies No. of patients (ESD) No. of patients (surgery)

Comparison: ESD vs surgery

Complete gross resection .99 (.98-1.00) .1 9 870/900 1092/1101

Clinical success .92 (.89-.95) 88.1 14 2703/2947 3466/3484

Local recurrence 4.27 (2.36-7.73) 9.4 11 56/2624 18/3191

Distant recurrence 2.15 (.99-4.70) .0 6 27/2061 17/2428

Adequacy of specimen 1.00 (.99-1.01) .0 5 383/383 640/640

Procedure time SMD –2.70 (–3.42 to –1.98) 96.0 8 819 846

Short-term adverse effect: bleeding 1.39 (.65-2.99) 77.6 13 114/2829 109/3270

Short-term adverse effect: infection .12 (.02-.71) 67.1 4 5/1856 178/2298

Short-term adverse effect: death .34 (.05-2.54)
.34 (.05-2.54)

78.3 2 1/970 5/1307

Long-term adverse effect: stricture .86 (.31-2.40) .0 4 9/2120 9/2280

Long-term adverse effect: death .38 (.02-6.65) .0 2 3/132 15/210

4-y overall survival 1.02 (.93-1.12) 50.0 2 75/77 144/150

5-y overall survival 1.00 (.99-1.01) 7.3 8 2378/2447 2855/2981

4-y disease-free survival .96 (.88-1.05) .0 2 52/58 99/106

5-y disease-free survival .91 (.86-.98) 82.1 5 1265/1291 1838/1891

ESD, Endoscopic submucosal dissection; SMD, standardized mean difference.
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SUPPLEMENTARY TABLE 10. Study matrix with outcomes for gastric adenocarcinoma

Study

Outcome
Chiu

201781
Cho

201685
Song

2015109
Shin

201788
Quero
2021110

Bausys
2019

Guo
202086

Hoteya
200972

Jeon
201884

Lim
2019111

Nakamoto
200973

Oda
200674

Oka
201479

Zhao
2019112

Abe
201968

Oka
200675

Hong
202083

Comparison: ESD vs EMR

Complete gross
resection

X X X X X X

Clinical success X X X X X

Local recurrence X X X X

Adequacy of
specimen

X X

Procedure time X X

Short-term AE:
bleeding

X X X X

Short-term AE:
perforation

X X X X X

1-y disease-free
survival

3-y disease-free
survival

X

5-y disease-free
survival

X

Comparison: ESD vs surgery

Complete gross
resection

X X X X X

Clinical success X X X X X X

Local recurrence X X X X X X

Distant recurrence X X X X

Adequacy of
specimen

X

Procedure time X X X X

Short-term AE:
bleeding

X X X X X

Short-term AE:
infection

X

Short-term AE:
death

Long-term AE:
stricture

X

Long-term AE:
death

X

4-y overall survival X

5-y overall survival X X X X

(continued on the next page)
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SUPPLEMENTARY TABLE 10. Continued

Study

Outcome
Chiu

201781
Cho

201685
Song

2015109
Shin

201788
Quero
2021110

Bausys
2019

Guo
202086

Hoteya
200972

Jeon
201884

Lim
2019111

Nakamoto
200973

Oda
200674

Oka
201479

Zhao
2019112

Abe
201968

Oka
200675

Hong
202083

4-y disease-free
survival

X

5-y disease-free
survival

X X X

Study

Outcome
Choi

201971
Anh
2011

Zhuang
2019

Wata‑
nabe
201046

Chiu
2012113

Kim
2014114

Ryu
201687

Shimura
2006

Kim
2018123

Cata‑
lano

200970

Fuku‑
naga

2017117
Hahn
201889

Lee
2018

Libanio
2019118

Najmeh
2016119

Tanabe
201477 Outcome

Comparison: ESD vs EMR

Complete gross
resection

X X X X X X

Clinical success X X X X X X

Local recurrence X X X X X X

Adequacy of
specimen

X X X X X

Procedure time X X X X

Short-term AE:
bleeding

X X X X X

Short-term AE:
perforation

X X X X X X

1-y disease-free
survival

X X

3-y disease-free
survival

X

5-y disease-free
survival

X

Comparison: ESD vs surgery

Complete gross
resection

X X X X

Clinical success X X X X X X X X

Local recurrence X X X X X

Distant recurrence X X

Adequacy of
specimen

X X X X

Procedure time X X X

Short-term AE:
bleeding

X X X X X X X X

Short-term AE:
infection

X X X

Short-term AE:
death

X X

Long-term AE:
stricture

X X X

Long-term AE:
death

X

4-y overall survival X

5-y overall survival X X X X

(continued on the next page)
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SUPPLEMENTARY TABLE 10. Continued

Study

Outcome
Choi

201971
Anh
2011

Zhuang
2019

Wata‑
nabe
201046

Chiu
2012113

Kim
2014114

Ryu
201687

Shimura
2006

Kim
2018123

Cata‑
lano

200970

Fuku‑
naga

2017117
Hahn
201889

Lee
2018

Libanio
2019118

Najmeh
2016119

Tanabe
201477 Outcome

4-y disease-free
survival

X

5-y disease-free
survival

X X

ESD, Endoscopic submucosal dissection; AE, adverse event.
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SUPPLEMENTARY TABLE 11. Evidence profile for clinical question 3b: ESD vs surgery for early-stage gastric adenocarcinoma

Certainty assessment

No. of studies Study design Risk of bias Inconsistency Indirectness Imprecision Other considerations

5-y overall survival (patients surviving at 5 y)

8 Observational studies Not serious* Not seriousy Not serious Not serious None

Clinical success

14 Observational studies Not seriousz Seriousx Not serious Not serious None

Local recurrence

11 Observational studies Not seriousk Not serious{ Not serious Serious** None

Distant recurrence

6 Observational studies Not seriousyy Not seriouszz Not serious Seriousxx None

Short-term AE: bleeding

13 Observational studies Not seriousjjjj Serious{{ Not serious Seriousxx None

Short-term AE: infection

4 Observational studies Not serious*** Seriousyyy Not serious Not seriouszzz None

Short-term AE: death

2 Observational studies Not seriousxxx Not seriouskkk Not serious Seriousxx None

Long-term AE: stricture

4 Observational studies Not serious{{{ Not seriouszz Not serious Seriousxx None

Long-term: death

2 Observational studies Not serious Seriouskkk Not serious Seriousxx None

Procedure time (min)

8 Observational studies Not serious**** Seriousyyyy Not serious Not serious None

Length of hospital stay (days)

14 Observational studies Not serious Seriouszzzz Not serious Not serious None

ESD, Endoscopic submucosal dissection; AE, adverse event; CI, confidence interval; RR, risk ratio; d, not applicable.
*One study had some problems with all domains, and 2 studies had some problems with selection bias and outcome/comparison domains with <10% of weight.
yI2 Z 7.3% and considerable overlap of studies point estimates and 95% CIs.
zFive studies with majority of the weight had no problems with all domains; only 1 study with w2% of the weight had some problems with all domain; the remaining studies
has some problems with at least 1 domain.
xPoint estimates vary, and CIs of some of the studies do not overlap. The direction of the effect was not consistent between the included studies, and the magnitude of
statistical heterogeneity was high, with I2 Z 88.1%.
kOnly 1 study had issues with all domains; 2 studies had some problems with outcome/comparison domain, and 1 study had problems with selection bias domain with majority
of weight (>60%) for the pooled-effect estimate coming from studies with no concern in all domains.
{I2 Z 9.4% and considerable overlap of studies point estimates and 95% CIs.
**Large effect with wide 95% CIs, based on small number of events.
yyFour studies had no issues in all domains, and 2 studies had issues with outcome/comparison domain.
zzI2 Z 0% and considerable overlap of studies point estimates and 95% CIs.
xxWide 95% CIs, based on small number of events.
kkOne study had some problems with all domains; 7 studies had no concern in all domains with majority of the weight (>60%); the remaining studies had some problems with
at least 1 domain.
{{Point estimates vary, and CIs of some of the studies do not overlap. The direction of the effect was not consistent between the included studies, and the magnitude of
statistical heterogeneity was high, with I2 Z 77.6%.
***One study had some problems with selection bias and comparability domain. The remaining 3 studies had no risk of bias concerns.
yyyPoint estimates vary widely, and the CIs of some of the studies do not overlap with those of most included studies or the point estimate of some of the included studies. The
magnitude of statistical heterogeneity was high, with I2 Z 67.1%.
zzzA small number of events with wide 95% CIs for pooled effect. Inconsistency and random-effects models may be the reason for wide 95% CIs and therefore not double
penalized for inconsistency and imprecision.
xxxOne study had some problems with comparability and outcome/comparison domains. It did not seem to have biased the study effect estimate.
kkkPoint estimates vary with minimal overlap of their CIs. The direction of the effect was not consistent between the included studies, and the magnitude of statistical
heterogeneity was high, with I2 Z 78.3%.
{{{All studies had no concern in all domains, except 1 study with some problems with outcome/comparison domain.
****One study had some problems with all domains, 2 studies had some problems with comparability and outcome/comparison domains, and 1 study had some problems with
selection bias and comparability domain with w45% of weight.
yyyyPoint estimates vary considerably, and CIs of most of the studies do not overlap. The magnitude of statistical heterogeneity was high, with I2 Z 99%.
zzzzHigh degree of statistical heterogeneity at 97.8%.
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SUPPLEMENTARY TABLE 11. Continued

No. of patients Effect

Certainty ImportanceESD Surgery Relative (95% CI) Absolute (95% CI)

2378/2447
(97.2%)

2855/2891 (98.8%) RR 1.00 (.99-1.01) 0 fewer per 1000 (from 10 fewer to 10 more) ⨁⨁��
Low

IMPORTANT

2703/2947
(91.7%)

3466/3484 (99.5%) RR .92 (.89-.95) 80 fewer per 1000 (from 109 fewer to 50 fewer) ⨁���
Very low

CRITICAL

56/2624 (2.1%) 18/3191 (.6%) RR 4.27 (2.36-7.73) 18 more per 1000 (from 8 more to 38 more) ⨁���
Very low

CRITICAL

27/2061 (1.3%) 17/2428 (.7%) RR 2.15 (.99-4.70) 8 more per 1000 (from 0 fewer to 26 more) ⨁���
Very low

CRITICAL

114/2829 (4.0%) 109/3270 (3.3%) RR 1.39 (.65-2.99) 13 more per 1000 (from 12 fewer to 66 more) ⨁���
Very low

CRITICAL

5/1856 (.3%) 178/2298 (7.7%) RR .12 (.02-.71) 68 fewer per 1000 (from 76 fewer to 22 fewer) ⨁���
Very low

IMPORTANT

1/970 (.1%) 5/1307 (.4%) RR .34 (.05-2.54) 3 fewer per 1000 (from 4 fewer to 6 more) ⨁���
Very low

CRITICAL

9/2120 (.4%) 9/2280 (.4%) RR .86 (.31-2.40) 1 fewer per 1000 (from 3 fewer to 6 more) ⨁���
Very low

IMPORTANT

3/132 (2.3%) 15/210 (7.1%) RR .38 (.02-6.65) 44 fewer per 1000 (from 70 fewer to 404 more) ⨁���
Very low

CRITICAL

819 846 d Mean difference 129.82 minutes fewer
(89.01 fewer to 170.62 fewer)

⨁���
Very low

IMPORTANT

2517 1969 d Mean difference 6.45 days lower (7.84 lower to 5.07 lower) ⨁���
Very low

CRITICAL
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SUPPLEMENTARY TABLE 12. Summaries of study quality (according to NOS) and estimated indirectness

First author
and year

NOS selection
domain /4

NOS comparability
domain /2

NOS outcome/comparator
domain /3 Estimated indirectness

Studies assessing esophageal squamous cell carcinoma

Lee 202045 3 2 3 Low (nonserious)

Urabe 201130 3 1 2 Low

Yamauchi 201749 3 2 2 Low

Yu 202033 2 2 2 Serious

Zhang 201947 3 2 3 Low

Watanabe 201046 2 1 2 Low

Berger 201926 3 1 3 Low

Jin 201628 2 1 2 Low

Takahashi 201029 3 2 3 Low

Ishihara 200832 2 1 3 Low

Furue 201927 3 2 2 Low

Gong 201948 3 2 2 Low

Min 2018 3 2 3 Low

Yamashita 201131 3 2 2 Low

Yamauchi 202149 3 2 3 Low

Studies assessing esophageal adenocarcinoma

Perez 201954 N/A N/A N/A Low

Chedgy 201556 2 1 3 Low

Codipilly 202055 3 2 3 Low

Terheggen 201753 N/A N/A N/A Low

Studies assessing gastric adenocarcinoma

Chiu 201781 N/A N/A N/A Low

Cho 201685 3 2 2 Low

Song 2015109 3 1 2 Low

Shin 201788 3 2 3 Low

Quero 2021110 2 2 3 Low

Bausys 2019 2 2 2 Low

Guo 202086 3 2 2 Low

Hoteya 200972 2 1 2 Low

Jeon 201884 2 1 2 Low

Lim 2019111 3 2 2 Low

Nakamoto 200973 3 2 2 Low

Oda 200674 3 2 3 Low

Oka 201479 2 2 2 Low

Zhao 2019112 3 2 3 Low

Abe 201968 3 2 3 Low

Oka 200675 3 1 2 Low

Hong 202083 2 1 2 Low

Choi 201971 3 2 3 Low

Anh 2011 2 1 2 Low

Zhuang 2019 3 1 3 Low

Watanabe 201046 3 2 3 Low

Chiu 2012113 2 1 3 Low

(continued on the next page)
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SUPPLEMENTARY TABLE 12. Continued

First author
and year

NOS selection
domain /4

NOS comparability
domain /2

NOS outcome/comparator
domain /3 Estimated indirectness

Kim 2014114 3 1 3 Low

Ryu 201687 3 2 3 Low

Shimura 200776 2 1 3 Low

Kim J 201880 N/A N/A N/A Low

Catalano 200970 3 1 2 Low

Fukunaga 2017117 3 2 3 Low

Hahn 201889 3 2 3 Low

Lee 201813 3 2 3 Low

Libanio 2019118 3 1 2 Low

Najmeh 2016119 3 1 2 Low

Tanabe 201477 3 1 3 Low

NOS, Newcastle-Ottawa Scale; N/A, not applicable.
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