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ABSTRACT

Background and study aims The advantages of endo-

scopic submucosal dissection (ESD) over endoscopic muco-

sal resection for large colorectal neoplasms are well estab-

lished; however, the technical challenges and lack of ade-

quate training in ESD limit its widespread adoption in Wes-

tern countries.

Methods A literature search was performed in Medline,

Embase, Web of Science, and the Cochrane Library for stud-

ies conducted in non-Asian countries evaluating the effec-

tiveness of colorectal ESD. A random effects model was

used to obtain pooled en bloc, R0 resection rates, and ad-

verse events (AEs).

Results Thirty-three studies comprising 3,958 ESD proce-

dures met the inclusion criteria. Of the polyps, 96.7%

(2,817 of 2913) were ≥ 2 cm. Pooled en bloc resection (31

studies), R0 resection (29 studies), and curative resection

rates were 84.6% (95% confidence interval [CI] [83.3%–

85.9%]), 75.6% (95% CI [74.1%–77.0%]), and 81.9% (95% CI

[78.6%–84.9%]), respectively. Surgery for invasive cancer

was performed in 4.8% (23 studies). ESD-related perfora-

tion (25 studies) was observed in 5.5% and bleeding in

4.1% (delayed bleeding 3.4%). 1.8% of patients underwent

surgery for procedure-related complications. A high degree

of heterogeneity was observed for en bloc resection, R0 re-

section, and curative resection. Heterogeneity for AEs (per-

foration [I2 13%], delayed bleeding [I2 30%], and overall

bleeding [I2 49%]) was low to moderate.

Conclusions The effectiveness of colorectal ESD for large

colorectal polyps and early colorectal cancers is improving

in Western countries, and recent resection rates are com-

parable to that seen in Asia. Colorectal perforation is still

observed in about 5% of ESD; however, < 2% of patients

need emergency surgery for AEs.

Additional material is available at

https://doi.org/10.1055/a-2181-5929
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Introduction
Endoscopic submucosal dissection (ESD) is an advanced endo-
scopic resection technique developed in Japan to treat superfi-
cial upper gastrointestinal neoplasms [1]. Over the last decade,
ESD has been popularized in Asia for the resection of large non-
pedunculated colorectal polyps. Wide-field endoscopic muco-
sal resection (EMR) remains the most popular endoscopic tech-
nique for large colorectal polyps and low-risk submucosal inva-
sive cancer in Europe and North America [2]. Both EMR and ESD
offer a cost-effective treatment strategy with reduced hospital
length of stay and morbidity compared to surgical treatment of
these advanced colorectal mucosal neoplasms [3]. However,
EMR has a much lower en bloc resection rate for larger lesions.
A large multicenter study from Japan demonstrated an en bloc
resection rate of < 50% for lesions > 2 cm [4].

High en bloc resection rate, low recurrence rate, and poten-
tial cure of intramucosal neoplasms make ESD an outstanding
technique for large, sessile, and laterally spreading colorectal
neoplasms [5]. Despite the well-established advantages of ESD
over EMR for managing large and complex colorectal neo-
plasms, its acceptance outside of Asia lags. The excellent profi-
ciency and outcomes in colorectal ESD in Japan and some other
Asian countries are primarily accounted for by the high preval-
ence of gastric cancer, which provides an adequate learning op-
portunity for trainees to overcome the steep learning curve [6,
7]. On the contrary, several constraints, including reluctance to
adopt a new technique, steep learning curve, limited availabil-

ity of experts performing ESD, low incidence of gastric cancer,
and a bias toward using EMR among endoscopists have impe-
ded ESD training and its widespread application in non-Asian
countries [8].

Despite the challenges, colorectal ESD is increasingly be-
coming popular in the United States and European countries.
While previous studies have shown lower en bloc and R0 resec-
tion rates for colorectal ESD in non-Asian countries, more re-
cent studies have demonstrated success in achieving accept-
able performance levels [9]. The primary aim of the study was
to evaluate R0, en bloc, and curative resection rates of colorec-
tal neoplasms with ESD in the Western setting. We also aimed
to assess the rate of ESD-related adverse events (AEs) and the
need for surgery for colorectal perforation in patients undergo-
ing ESD for colorectal neoplasms. Furthermore, we aimed to
compare older studies (before 2017) with more recent studies
(2017 and after), and high-volume with low-volume centers for
the effectiveness of colorectal ESD and AEs associated with
ESD.

Methods
Preferred reporting items for systematic reviews and meta-a-
nalysis (PRISMA) statement 2020 was followed for reporting
this review (▶Fig. 1) [10]. The study was registered in the Inter-
national Prospective Register of Systematic Reviews, PROSPERO
(https://www.crd.york.ac.uk/PROSPERO/, registration number:
CRD42021247492).

Identification of studies via databases and registers Identification of studies via other methods

Records identified = 3707

Records removed before screening:
▪ Duplicate records removed = 374
▪ Records marked as ineligible by
 automation tools (NA)

Records screened = 3333 Records excluded = 3157

Reports sought for 
retriveal = 176 Reports not retrieved = 5

Reports assessed for 
eligibility = 171

Studies included in review = 33

Reports excluded = 136
45 Wrong patient population
19 Wrong intervention
16 Abstract without relevant details
13 Wrong outcomes
12 Incomplete data
11 Wrong study design
10 sample size <10
8 Wrong setting
7 Duplicate patient data

Records identified from:
▪ Citation searching = 3

Reports sought for 
retrieval = 3

Reports 
not retrieved = 0

Reports assesssed 
for eligibility = 3

Reports 
excluded = 0
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▶ Fig. 1 Study search strategy following the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 2020 guidelines [10].
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Literature search

A Johns Hopkins medical librarian (J.N.) conducted the litera-
ture search on May 11, 2021, in Medline (PubMed), Embase,
Web of Science, and the Cochrane Library. Databases were
searched again on August 23, 2022, for additional relevant
publications since the original search. Controlled vocabulary
(MeSH, Emtree) and keywords were used. The searches were
limited to English language. Moreover, studies from relevant re-
ferences not found in the above search were considered for in-
clusion.

Three main categories were included in the search, com-
bined using the Boolean operators: 1) colorectal neoplasm; 2)
endoscopic submucosal dissection; and 3) ESD. Details of the
database search and search results are presented in Supple-
mentary tables. All search results were exported to Covidence,
and relevant studies were saved in a citation management tool
(EndNote). The Bramer method was used to remove duplicates
(Supplement tables).

Selection of manuscripts
Inclusion and exclusion criteria

Studies were considered for inclusion if ESD was used as the pri-
mary endoscopic treatment modality for colorectal neoplasms
(neoplastic polyps and intramucosal carcinoma). Studies that
reported en bloc and/or R0 resection rates were included in
the quantitative analysis. Prospective and retrospective publi-
cations available as full text and abstracts with data on 10 or
more patients were included. There was no time restriction for
inclusion in the meta-analysis. Only studies published in English
language were included.

Studies conducted in Asian countries (except when multi-
center, including a non-Asian country) were excluded. Case se-
ries with data on fewer than 10 patients or ESD subgroups com-
prising less than 10 patients were excluded. Studies in which
ESD was used as part of the hybrid procedure or ESD was used
as salvage treatment were also excluded. In studies in which the
same cohort of patients was published more than once by the
same group of authors, the most recent publication with the
highest number of patients was included for analysis. However,
if the same authors recruited patients at different periods, each
study was considered for inclusion. Studies on neuroendocrine
tumors, animal models, or translational research studies, and
review articles were also excluded from the analysis.

Study selection and data extraction

Two authors (RRS and NK) independently reviewed the full texts
to determine study eligibility for data analysis. Any discrepancy
in study selection and data extraction was resolved by common
consensus. The following data were extracted from individual
studies; study design and population studied, single-center or
multicenter, the number of lesions treated, demographic char-
acteristics (mean age, gender), ESD technique, tumor location,
mean tumor size, mean procedure time, number of patients in
follow-up, and mean follow-up duration. Data on Paris classifi-
cation of colorectal neoplasms were collected when available.

Lateral spreading tumors were defined as lesions > 10mm that
are relatively flat and tend to spread laterally or horizontally, as
per Japanese classification. Histopathological information
about the colorectal lesions was collected and categorized into
low-grade dysplasia (LGD), high-grade dysplasia (HGD), intra-
mucosal carcinoma (IM-CA), and submucosal carcinoma (SM-
CA). Intramucosal carcinoma was defined as invasive carcino-
mas in which the invasion is confined to the lamina propria. Sig-
nificant lesions, such as serrated polyps and neuroendocrine tu-
mors (NET), were also noted.

Outcomes data abstracted were the number and proportion
of tumors removed en bloc, the number of lesions with R0 re-
section, and the number of lesions in which an oncologically
curative resection was achieved. Curative resection was defined
as the lack of any positive margin, no subsequent need for sur-
gery or other cancer treatments, and the absence of recurrence
on follow-up.Data on the number of patients developing clini-
cally significant post-procedure bleeding (varying definitions
across studies: hemoglobin drop ≥ 2g/dL, requiring hospitaliza-
tion or prolongation of hospital stay, endoscopic hemostasis if
delayed, or requiring transfusion), delayed bleeding (after ini-
tial 24 hours of ESD), and the number of ESD-related perfora-
tions was noted where available.

Subgroups

To compare the clinical outcomes between studies from the
last 5 years and those before that, we categorized them into
two groups: studies published before 2017 and those published
in 2017 or after. Studies were also grouped into high-volume,
and low-volume based on the volume of ESD performed. An-
nual performance of at ≥ 40 colorectal ESDs by an endoscopist
was classified as high-volume and low-volume < 40 colorectal
ESD were performed annually.

Outcomes

The primary clinical outcomes were R0, curative and en bloc re-
section rates following ESD for colorectal neoplasms, and ESD-
related AEs (perforation rates, delayed and overall bleeding
rates). Secondary outcomes were the rate of surgical interven-
tion for ESD-related AEs and the number of surgical interven-
tions performed following ESD for invasive cancer. Study sub-
groups, "before 2017" versus "2017 and after," and "high-vol-
ume" versus “low-volume” were compared for major clinical
outcomes (R0, curative and en bloc resection rates, and AEs).

Statistical analysis

A simple random effects model was used to combine results
from individual studies to summarize the distribution of each
observation studied as recommended by DerSimonian et al
[11]. A random effects model was chosen over a fixed effect
model considering probable variability in sample means and
the difference between the various population means. This
model integrates any degree of heterogeneity in the analysis
and estimates the degree of heterogeneity. A weighted esti-
mate of the pooled data was used for all the quantitative vari-
ables. The weights were calculated as reciprocal of standard er-
ror [2] and these weights were then used to determine the final
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▶Table 1 Characteristics of included studies.

First author Year

pub-

lished

Study design Country N Mean

age

Mean

tu-

mor

size

(cm)

Mean

proce-

dure

time

(min)

Tumor

morphology*
Histo-

pathology

(LGD, HGD,

CA†)

Agapov 2014 Retrospective Russia 44 64 3.5 120 Is 29, IIa 15 10,22,12

Azzolini 2011 Retrospective Italy 11 56 5.9 132 Is 3, LST 8 4,7,0

Baldaque-Silva 2019 Prospective Portugal,
Sweden

43 NA 3.8 130 NA NA

Brule 2022 Prospective France 663 69 5.8 49 0-Is 85, IIb 566 216,376,55

Emmanuel 2018 Retrospective UK 52 72 5.5 NA NA NA

Farhat 2011 Retrospective France 85 65 NA NA NA NA

Ge 2019 Retrospective USA 77 64 4.8 105 Is 5, LST 72 0, 9, 10

Gupta 2022 Retrospective USA 78 65 3.0 107 Is 15, IIa 56, IIc 6 15 CA

Hurlstone 2007 Retrospective UK 42 68 NA 48 IIa 7, IIa + IIc 7, LST
28

28,12,2

Iacopini 2017 Retrospective Italy 140 67 3.0 76 Is 15, LST 125 NA

Jacques 2019 Retrospective France 192 67 5.4 103 Ip 13, LST 157 59, 73, 51

Kimura 2021 Retrospective Brazil 71 66 6.8 176 Is 6, IIa 65 20,0, 51

Maselli 2019 Retrospective Italy 136 68 4.0 85 Is 25, LST 97 29, 33, 60

Milano 2018 Retrospective USA, Italy 23 66 2.6 120 Is 6, IIa 17 3 CA

Nugent 2021 Retrospective USA 91 65 3.2 NA NA 7 CA

Pagano 2019 Retrospective Italy 57 69 2.9 NA NA 21, 25, 11

Pérez-Cuadra-
do-Robles

2018 Retrospective Belgium 171 67 4.0 116 Ip 4, LST 167 30, 125, 16

Probst 2012 Retrospective Germany 76 64 4.5 176 Is 8, IIa 63, IIc 5 38, 24, 14

Rahmi 2014 Prospective France 45 67 3.5 110 Is 14, LST 31 15, 21, 4

Ramos-Zabala 2020 Retrospective Spain 80 65 3.1 155 Is 30, LST 50 47, 11, 22

Ronnow 2018 Retrospective Sweden 301 72 4.0 98 Is 148, IIa 153 202, 94, 0

Rosa-Rizzotto 2016 Retrospective Italy 48 63 NA 99 NA NA

Santos-
Antunes

2018 Retrospective Portugal 114 64 3.9 119 NA NA

Santos-
Antunes

2021 Retrospective Portugal 147 64 4.4 90 Is 7, Ip 5, LST 135 48, 67, 29, (3
serrated with
dysplasia)

Sauer 2016 Retrospective Germany 182 70 4.1 127 Is 33, LST 149 101, 48, 13

Soune 2010 Retrospective France 26 NA 4.9 65 Is 9, IIa 15, IIb 1, IIc
1

9, 10, 7

Spadaccini 2022 Retrospective Europe,
USA,
Australia

207 67 4.2 NA Is 38, LST 161 207 CA

Spychalski 2015 Retrospective Poland 33 67 3.8 95 Is 14, LST 19 18, 8, 3

Spychalski 2021 Retrospective Poland 601 65 4.4 83 Is 125, IIa 287, Is +
IIa 115, IIa + IIc 74

193, 272, 124

Taskin 2020 Retrospective Turkey 279 64 4.2 NA NA 90 CA

Thorlacius 2013 Retrospective Sweden 29 74 NA NA Is 10, LST 19 19, 5, 5
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mean value and confidence limits. Sampling variances were es-
timated from the study data when they were unknown. The
heterogeneity of individual studies was assessed using Q statis-
tics (significant if P < 0.1), and the magnitude of heterogeneity
was estimated with I2 statistic (< 25% low heterogeneity, 25% to
50% moderate heterogeneity, > 50% high heterogeneity).

Comprehensive Meta-Analysis 3.3.070 (Biostat, Englewood,
New Jersey, United States) was used to obtain all the estimates
for this meta-analysis. Other than the assessment of Q statistics
for heterogeneity, statistical significance was set at P < 0.05.
Subgroup analysis was performed for ESD performed on large
(≥ 2 cm) colorectal polyps, high- (≥ 40 ESD annually) versus
low-volume (< 40 ESD annually) centers, and studies before
2017 versus studies after 2017.

Results
Study and patient characteristics

A total of 5,921 studies (Supplementary table 1) met the initial
search criteria and following removal of duplicates and exclu-
sion of studies after abstract and full-text review, 33 studies
(30 retrospective and three prospective) comprising 4,206 pa-
tients were included in the final quantitative analysis (▶Fig. 1).
Twenty-six studies were conducted in European countries,
three were from the United States, one from Brazil, and three
were multinational. The mean age of the patients was 66.30
years (SD =1.07), the median tumor size was 4 cm (3.59–
4.42), and the median procedure time was 113 minutes (96–
130) (▶Table 1).

Endoscopic morphology and histopathology of
colorectal lesions

Based on the Paris classification, lesions were classified as Is
(629), IIa (678), IIb (567), IIc (12), IIa + IIc (81), Is + IIa (115),
and Ip (22). There were 1,245 lesions classified as LST. Histopa-
thologic data were available for 3,810 lesions, and 1,956
(51.3%) were HGD (1,291) or adenocarcinoma (665). LGD was
identified in 1,338 lesions (35.1%). Among 665 adenocarcino-
mas, 404 were SMCA (submucosal cancer), and 261 were
IMCA (intramucosal cancer). Other neoplastic lesions were ser-
rated polyps (43, 1.1%) and unspecified adenomas or NET (293,

7.7%). Twenty lesions (0.5%) were non-neoplastic, and 160
were unspecified.

Main outcomes

En bloc resection in the pooled sample of ESD procedures from
31 studies was 84.6% (95% confidence interval [CI] 83.3%–
85.9%). R0 resection rate among 29 studies was 75.6% (95% CI
74.1%–77.0%), and 81.9% (95% CI 78.6%–84.9%) of ESD proce-
dures achieved curative resection (22 studies). Forest plots
showing individual study estimates and the pooled estimate
for en bloc resection, R0 resection, and curative resection are
presented in ▶Fig. 2, ▶Fig. 3, and ▶Fig. 4, respectively. Proce-
dure-related perforation rate was reported in 25 studies and
was estimated to be 5.5% (95% CI 4.2%–7.0%) (Supplementary
Fig. 1). Clinically significant bleeding was observed in 111 cases
(4.1%, 95% CI 3.0%–5.5%) as reported in 26 studies. Forty-two
patients (1.8%, 95% CI 1.3%–2.4%) from 30 studies required
surgery for perforation or bleeding that failed conservative or
endoscopic management. Surgery for invasive cancer was per-
formed in 260 patients (4.8%, 95% CI 2.4%–9.4%) following ESD
in 23 studies (▶Table 2). Most studies did not stratify clinical
outcomes based on morphologic classification or histopatholo-
gic characteristics.

High-volume versus low-volume centers
Thirteen studies were from high-volume centers and comprised
3,187 patients while 20 studies were from low-volume centers.
The mean ages were 66.8 years and 66.7 years, respectively, in
high-volume and low-volume centers. The en bloc resection
rate was higher in high-volume centers (N =2,775) (91.7%,
95% CI 87.8%–94.4% vs. 80.6%, 95% CI 73.9%–85.9%) compared
to low-volume centers (N =774). R0 resection rate was also
higher in high-volume (N =2,408) (78.9%, 95% CI 69.6%–
86.0%) compared to low-volume centers (N =659) (72.6%, 95%
CI 66.2%–78.2%), but the difference was not significant statisti-
cally. The perforation rate was 5.1% in high-volume centers
(111 of 2,024) and 7.8% in low-volume centers (N =71 of 905);
however, the difference was not significant. (Supplementary
files). Eleven high-volume centers reported 27 surgeries for

▶Table 1 (Continuation)

First author Year

pub-

lished

Study design Country N Mean

age

Mean

tu-

mor

size

(cm)

Mean

proce-

dure

time

(min)

Tumor

morphology*
Histo-

pathology

(LGD, HGD,

CA†)

Urban 2018 Retrospective Czech
Republic

27 68 2.3 176 LST 27 1, 10, 11

Wagner 2018 Retrospective Austria 35 77 3.0 118 NA 21, 11, 3

*Paris classification and LST.
†Intramucosal adenocarcinoma and submucosal adenocarcinoma.
N, number of procedures; NA, data not available; LST, laterally spreading tumor.
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complications (1.0%), which was less than that observed in 15
low-volume centers (15 surgeries, 1.9%).

Studies before and after 2017

We identified 11 studies published before 2017 comprising 621
patients and 22 studies published in 2017 or after comprising
3,585 patients. Studies published in 2017 and after reported
higher pooled R0 resection rates (N =2,701 of 3,415, 78.9%,
95% CI 69.6%–86.0% vs. N =366 of 568, 72.6%, 95% CI 66.2%–
78.2) and en bloc resection rates (N =3,111 of 3,494, 89.9%,
95% CI 85.6%–93.0% vs. N =438 of 568, 76.9%, 95% CI 69.2%–
83.2%) compared with studies before 2017. The perforation
rate was observed in 121 cases in studies published in 2017
and after (5.0%, 95% CI 3.7–6.7%) compared to 61 cases in
studies before 2017 (7.9%, 95% CI 4.8%–12.9%); however, the
difference was not significant (Supplement Fig. 4). Surgery for
complications was 1.8% (N =9) in studies published before
2017 versus 1.1% (N =33) in studies published in 2017 and
after.

Test of heterogeneity

There was a high degree of heterogeneity among studies for R0
resection (P < 0.01, I2 = 92%), en bloc resection (P < 0.01, I2 =
88%), curative resection (P < 0.01, I2 = 73%), and surgery for in-

vasive cancer (p<.01, I2 = 95%). There was low heterogeneity for
perforation rate (P=0.27, I2 = 13%) and moderate heterogene-
ity for delayed bleeding (P =0.07, I2 = 30%) and overall bleeding
(P < 0.01, I2 = 49%) (▶Table 2).

Discussion
An increasing number of precancerous colorectal polyps and in-
tramucosal colorectal cancers are being detected with im-
proved colorectal cancer screening. Endoscopic resection of
these precancerous lesions provides an excellent opportunity
for cure without involving the morbidity associated with sur-
gery [12]. While EMR is a well-accepted modality for endo-
scopic resection of colorectal neoplasms in the West, it is asso-
ciated with a higher risk of recurrence that can range from 4% to
16%, with the risk being highest for large polyps resected piece-
meal [13, 14]. ESD provides an opportunity for en bloc resec-
tion and curative resection of larger (> 2 cm) colorectal polyps
and colorectal cancers confined to the mucosa that are at high-
er risk of submucosal invasion [8].

Our study comprising over 4,000 patients undergoing ESD
for colorectal neoplasms is the largest and most comprehensive
meta-analysis on this topic in the Western world. While most of
the studies (29 studies) were from European countries, there

Study name Statistics for each study Event rate and 95 % CI
 Event Lower Upper   Relative Relative
 Rate limit limit Z-Value P-Value weight weight

Agapov 0.841 0.702 0.922 4.040 0.000 1.57
Azzolini 0.545 0.268 0.797 0.301 0.736 0.73
Baldaque-Silva 0.814 0.670 0.904 3.766 0.000 1.74
Brule 0.965 0.948 0.977 15.672 0.000 5.92
Emmanuel 0.923 0.812 0.971 4.775 0.000 0.98
Farhat 0.671 0.564 0.762 3.080 0.000 5.01
Ge 0.974 0.902 0.993 5.059 0.000 0.52
Gupta 0.731 0.622 0.817 3.912 0.000 4.09
Hurlstone 0.786 0.637 0.855 3.455 0.001 1.89
Iacopini 0.829 0.757 0.882 7.026 0.000 5.30
Jacques 0.880 0.826 0.917 8.974 0.000 5.40
Kimura 0.958 0.877 0.986 5.990 0.000 0.77
Maselli 0.860 0.791 0.909 7.349 0.000 4.36
Milano 0.826 0.618 0.933 2.832 0.005 0.88
Pagano 0.965 0.870 0.991 4.607 0.000 0.51
Pérez-Cuadrado-Robles 0.997 0.955 1.000 4.122 0.000 0.13
Probst 0.816 0.713 0.888 5.029 0.000 3.05
Rahmi 0.980 0.749 0.999 2.724 0.006 0.13
Ramos-Zabala 0.500 0.383 0.617 0.000 1.000 4.53
Ronnow 0.801 0.752 0.842 9.637 0.000 12.81
Rosa-Rizzotto_2018 0.688 0.544 0.802 2.535 0.011 2.75
Santos-Antunes_2018 0.886 0.813 0.933 6.958 0.000 3.07
Santos-Antunes_2021 0.959 0.912 0.982 7.574 0.000 1.53
Sauer 0.884 0.823 0.926 8.095 0.000 4.24
Spadaccini 0.879 0.827 0.917 9.307 0.000 5.86
Spychalski_2015 0.697 0.523 0.829 2.199 0.028 1.86
Spychalski_2021 0.880 0.852 0.904 15.876 0.000 16.90
Taskin 0.993 0.972 0.998 6.948 0.000 0.53
Thorlacius 0.724 0.538 0.856 2.323 0.020 1.55
Urban 0.778 0.586 0.897 2.706 0.007 1.24
Wagner 0.986 0.813 0.999 2.983 0.003 0.13
 0.846 0.833 0.859 33.039 0.000 

–1.00 –0.50 0.00
Favours A Favours B

0.50 1.00

▶ Fig. 2 Forest plot showing the individual study estimates and the pooled estimate for en bloc resection.
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was significant representation from North America (five studies
comprising over 300 patients), South America (one study from
Brazil), and Australia (one multinational study). We found that
ESD attained an en bloc resection rate of 84.6% and an R0 re-
section rate of 75.6%. Studies in the last 5 years since 2017
show a trend toward improvement in both R0 (79% vs. 66%)
and en bloc resection (90% vs. 77%) rates compared to those
published before 2017. R0 resection rates of 76% from our
study are comparable to 75% to 77% reported from Japanese
studies [5, 15]. Moreover, the most recent studies and studies
from high-volume centers in the West reported even better R0
resection rates of around 79%. The pooled curative resection
rate (2443 of 2979) was higher than the R0 resection rate
(3,067 of 4,010). This can be explained by the heterogeneity
and the fact that curative resection was not reported in eight
studies in which R0 resection was reported. The en bloc and
curative resection rates are still inferior to those seen in Asian
countries (> 90% and 87% to 89%, respectively). A large multi-
center prospective study from Japan demonstrated an en bloc
resection rate of 97%, curative resection rate of 90%, and only
0.5% of patients required surgery for AEs [16]. Ohata et al fol-
lowed patients for 5 years after ESD for colorectal neoplasms
and reported a 5-year disease-specific survival rate of 99.6%
and local recurrence was seen in 0.5% at 3 years, and 1.6% at 5
years. These results demonstrate excellent long-term out-

comes of colorectal ESD in Japan [17]. There is lack of long-
term data of ESD for colonic neoplasms from countries outside
Asia. Nonetheless, the recent trends for colorectal ESD in the
West are encouraging and probably represent an improvement
in expertise and training in colorectal ESD in the Western coun-
tries [4, 5, 18].

In our meta-analysis, the en bloc resection rate for ESD was
significantly higher in studies involving centers that performed
≥ 40 ESDs annually compared to centers that performed < 40
ESDs annually (92% vs. 81%), while the R0 resection rate was
slightly higher in centers performing more ESDs (79% vs. 73%).
There was a trend toward a lower risk of colorectal perforation
in studies from high-volume centers compared to low-volume
centers (5% vs. 7%). Better effectiveness and safety of ESD in
high-volume centers are expected and underscore the steep
learning curve of colorectal ESD. ESD training in Japan is based
on traditional apprenticeship and is learned from an experi-
enced mentor over a few years. Unfortunately, this approach is
not feasible in the United States and many other Western na-
tions due to lack of enough mentors and time to acquire the
skills. A common path to train endoscopists in performing ESD
in the West, where exposure to gastric ESD is limited, involves
attending ESD courses and seminars, observing experts at a
high-volume center followed by practice in animal models,
and finally performing ESD in selected human cases in which

Study name Statistics for each study Event rate and 95 % CI
 Event Lower Upper   Relative Relative
 Rate limit limit Z-Value P-Value weight weight

Agapov 0.841 0.702 0.922 4.040 0.000 0.96
Azzolini 0.545 0.268 0.797 0.301 0.736 0.44
Baldaque-Silva 0.744 0.595 0.852 3.055 0.002 1.33
Brule 0.852 0.823 0.877 16.010 0.000 13.61
Farhat 0.624 0.516 0.720 2.254 0.024 3.25
Ge 0.935 0.853 0.973 5.767 0.000 0.76
Gupta 0.794 0.682 0.874 4.501 0.000 1.81
Hurlstone 0.738 0.586 0.849 2.92 0.003 1.32
Iacopini 0.714 0.634 0.783 4.898 0.000 4.65
Jacques 0.729 0.662 0.787 8.099 0.000 6.18
Kimura 0.972 0.894 0.993 4.937 0.000 0.32
Maselli 0.809 0.734 0.866 6.614 0.000 3.43
Milano 0.348 0.184 0.557 –1.436 0.151 0.85
Pagano 0.737 0.608 0.835 3.423 0.001 1.80
Pérez-Cuadrado-Robles 0.889 0.832 0.928 8.546 0.000 2.75
Probst 0.697 0.586 0.790 2.343 0.001 2.61
Rahmi 0.533 0.389 0.672 0.447 0.655 1.82
Ramos-Zabala 0.750 0.644 0.833 4.255 0.000 2.44
Ronnow 0.688 0.633 0.738 6.347 0.000 10.53
Rosa-Rizzotto_2018 0.727 0.553 0.852 2.509 0.012 1.07
Santos-Antunes_2018 0.817 0.736 0.878 6.210 0.000 2.80
Santos-Antunes_2021 0.823 0.753 0.877 7.114 0.000 3.49
Sauer 0.626 0.547 0.698 –4.098 0.002 5.91
Spadaccini 0.348 0.286 0.415 –4.308 0.000 7.65
Spychalski_2015 0.636 0.463 0.781 1.546 0.122 1.24
Spychalski_2021 0.864 0.834 0.889 15.527 0.000 11.54
Taskin 0.907 0.867 0.936 11.048 0.000 3.84
Thorlacius 0.680 0.503 0.830 1.989 0.047 1.01
Wagner 0.886 0.732 0.956 3.854 0.000 0.58
 0.756 0.741 0.770 27.966 0.000 

–1.00 –0.50 0.00 0.50 1.00

▶ Fig. 3 Forest plot showing the individual study estimates and the pooled estimate for R0 resection.
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the indications are clear and the risks are lower [19, 20]. Fur-
thermore, the benchmark for en bloc, R0 and curative resec-
tions, and AEs are not well established for the Western coun-
tries.

Colorectal perforation was observed in just over 5% of ESD,
and 4% of patients had clinically significant bleeding. Our ob-
served perforation rate is comparable to earlier studies from Ja-

pan and other Asian countries (approximately 5%) [5, 18, 19,
20]. However, more recent studies from Asia report even lower
perforation rates (< 3%) and rarely require surgery [21]. Fewer
than 2% of patients required surgery for ESD-related AEs in our
analysis; however, this was significantly higher compared to
studies from Asia in which patients rarely (< 1%) undergo sur-
gery for perforation [15, 18]. Surgery for colorectal perforation

Study name Statistics for each study Event rate and 95 % CI
 Event Lower Upper   
 Rate limit limit Z-Value P-Value 

Agapov 0.955 0.836 0.989 4.207 0.000
Azzolini 0.909 0.561 0.987 2.195 0.028
Brule 0.810 0.778 0.838 14.645 0.000
Ge 0.935 0.853 0.973 5.767 0.000
Gupta 0.910 0.824 0.957 5.848 0.000
Hurlstone 0.810 0.663 0.902 3.682 0.000
Iacopini 0.779 0.702 0.840 6.177 0.000
Jacques 0.693 0.624 0.754 5.196 0.000
Kimura 0.972 0.894 0.993 4.937 0.000
Pagano 0.702 0.572 0.806 2.955 0.003
Pérez-Cuadrado-Robles 0.889 0.832 0.928 8.546 0.000
Probst 0.829 0.727 0.898 5.181 0.000
Rahmi 0.800 0.658 0.893 3.720 0.000
Ramos-Zabala 0.738 0.631 0.822 4.065 0.000
Santos-Antunes_2018 0.748 0.661 0.819 5.062 0.000
Santos-Antunes_2021 0.782 0.708 0.842 6.400 0.000
Spychalski_2021 0.835 0.803 0.863 14.763 0.000
Taskin 0.867 0.822 0.902 10.639 0.000
Thorlacius 0.759 0.573 0.880 2.639 0.008
Urban 0.667 0.473 0.817 1.698 0.090
Wagner 0.886 0.732 0.956 3.854 0.000
 0.819 0.786 0.849 13.880 0.000 

–1.00 –0.50 0.00 0.50 1.00

▶ Fig. 4 Forest plot showing the individual study estimates and the pooled estimate for curative resection.

▶Table 2 Clinical outcomes.

Clinical outcomes (no. of studies) No. of outcomes (%)* 95% confidence interval Q-value (P value) I2 statistics

R0 resection (29) 3,067 (75.6%) 74.1%–77.0% 361 (<.01) 92.25

En bloc resection (31) 3,549 (84.6%) 83.3%–85.9% 244.6 (<.01) 87.74

Curative resection (21) 2,443 (81.9%) 78.6%–84.9% 74.17 (<.01) 73.03

Surgery for invasive Cancer† (23) 260 (4.8%) 2.4%–9.4% 419.5 (<.01) 94.75

Adverse events

Perforation (25) 182 (5.5%) 4.2%–7.0% 33.14 (.27) 12.50

Bleeding (26) 111 (4.1%) 3.0%–5.5% 45.08 (<.01) 48.98

Delayed bleeding (26) 66 (3.4%) 2.5%–4.7% 35.89 (.07) 30.34

Surgery for complication (30) 42 (1.8%) 1.3%–2.4% 53.11 (<.01) 54.81

*After ESD.
†Pooled estimate using random effects model.
ESD, endoscopic submucosal dissection.
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was performed less commonly in high-volume centers (~1%)
and for ESDs performed more recently (2017 and after). This
trend in lower rate of surgery for perforations in recent studies
is comparable to that seen in Asia and probably indicates a
technological improvement in conservative management of
AEs during ESD. Furthermore, proficiency in endoscopic closure
techniques can avoid the need for surgery. Small perforations <
2 cm detected during ESD can be managed with clips while lar-
ger defects require endoscopic suturing. However, some of
these require surgery [22]. ESD volume is an essential determi-
nant of perforation, and this was replicated in our pooled anal-
ysis.

Limitations and strengths

Our study has some notable limitations. Most of the studies (30
of 33) in our meta-analysis were retrospective with potential
selection bias. The moderate to high degree of heterogeneity
between studies can be explained by the differences in study
design, patient population, location and size of lesion, and pa-
thology. However, lack of stratification based on type of lesion,
size and site of lesion, and indications in most of the included
studies limits our ability to investigate the likely sources of het-
erogeneity. In addition, variable endoscopist experience with
the ESD technique and associated learning curve probably con-
tributed to the heterogeneity. In many studies the findings
were not stratified by the experience of operators with colorec-
tal ESD or prior expertise with ESD in other luminal disorders.
Furthermore, there was heterogeneity in selection of lesions
by location (colonic or rectal), size, and morphology. Most of
our included studies had lesion size > 2 cm. However, the mor-
phology of lesions and histopathology of the colorectal neo-
plasms varied among the studies. In some studies, no informa-
tion was provided about the indication for ESD and the mor-
phology of the lesions.

Despite the limitations, our study has notable strengths.
This is the only meta-analysis focusing on the effectiveness
and safety of colorectal ESD in the West in recent years. Includ-
ing 33 studies comprising over 4,000 patients from 17 coun-
tries ensures the generalizability of our findings in the practice
area of focus (Western countries). We stratified the studies by
year of publication and by the volume of colorectal ESD per-
formed at each center to assess the effectiveness and safety of
ESD in managing colorectal neoplasms. This allowed us to in-
vestigate the trends in the success of colorectal ESD in recent
years compared to the past and the improvement in outcomes
based on ESD volume.

Conclusions
ESD provides the best non-surgical curative management of
noninvasive colorectal cancers. ESD has proven to be a promis-
ing technique for managing early colorectal neoplasms in many
Asian countries for over a decade, establishing the acceptability
and applicability of the technique. We observed a steady in-
crease in the use of ESD and improvement in the effectiveness
and safety of ESD in the management of colorectal neoplasms
in Europe and the United States. These results are encouraging;

however, incorporation of dedicated ESD training as part of ad-
vanced therapeutic endoscopy fellowship and applying ESD to
manage other luminal neoplasms, such as gastric and esopha-
geal cancers confined to the mucosa, is needed to enhance the
experience and, hence, the success of colorectal ESD in the
West.
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