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Abstract

Aim: The aim of this study was to investigate the long-term outcomes of endoscopic
submucosal dissection (ESD) for superficial esophageal squamous cancer.

Methods: A literature search was conducted using PubMed, ProQuest and Cochrane Library
databases. Primary outcomes were overall survival, disease-specific survival and recurrence-
free survival at 5 years. Secondary outcomes included adverse events, recurrence and
metastasis. Hazard ratios were calculated based on time to events for survival analysis, and
odds radios were used to compare discrete variables.

Results: A total of 3796 patients in 21 retrospective studies, including 5 comparative studies for ESD
and esophagectomy were enrolled. The invasion depth was 52.0% for M1-M2, 43.2% for M3-SM1
and 4.7% for SM2 or deeper. The 5-year survival rate was: overall survival 87.3%, disease-specific
survival 97.7%, and recurrence-free survival 85.1%, respectively. Pooled local recurrence of ESD
was 1.8% and metastasis was 3.3%. In terms of the comparison between ESD and esophagectomy,
there was no difference in the overall survival (86.4% versus 81.8%, hazard ratio=0.66, 95%
Cl=0.39-1.11) as well as disease-specific and recurrence-free survival. In addition, ESD was
associated with fewer adverse events (19.8 % versus 44.0%, odds ratio=0.3, 95% CI=0.23-0.39).
Conclusions: For superficial esophageal squamous cancer, ESD may be considered as the
primary treatment of for mucosal lesions, and additional treatment should be available for

submucosal invasive cancers.
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Introduction

Esophageal squamous cell cancer is a worldwide
health threat that accounts for up to 90% of annu-
ally diagnosed esophageal cancer.! Although the
prognosis is poor in advanced cancer, early detec-
tion and management may result in excellent out-
come.? Esophagectomy has traditionally been the
gold standard for superficial esophageal squa-
mous cell cancer (SESCC); however, it is associ-
ated with substantial morbidity and mortality.?*
For lesions with low risk of lymph node metasta-
sis, endoscopic resection may be curative. In such
cases, endoscopic submucosal dissection (ESD)
is the treatment of choice to since it may achieve

en-bloc resection in experienced hands, even for
large lesions.

Although ESD has been proven as a promising
technique in terms of complete resection and
safety,>? its long-term outcome in comparison to
esophagectomy is not well understood, especially
in lesions invading the muscularis mucosa and
superficial submucosa layer, where the risk of
lymph node metastasis is not negligible.

Recently, several groups from East Asia and
Europe reported satisfactory overall and disease-
specific survival of ESD up to 5years,!%2° and the
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latest studies suggested similar oncologic outcomes
compared to esophagectomy.?!-22 Therefore, it is
time to further explore the survival outcomes and
safety with the different treatment modality to
determine the optimal approach for the patients.
The aim of this study is to comprehensively eval-
uate the long-term outcome of SESCC treated by
ESD, and compared it with esophagectomy based
on the up-to-date evidence.

Methods

Study design and search strategy

This study is a systematic review and meta-analysis.
Two authors (JHY and CTL) independently
underwent meticulous literature searches of the
online database resources: PubMed, Cochrane
Library and ProQuest in January 2019. The search
queries and keywords were “esophageal endo-
scopic submucosal dissection” in all the databases,
and the detail is described within the Appendix.

After retrieving the search records and excluding
duplicated articles, manual reference review was
performed (JHY and TCW) to extract relevant stud-
ies. All identified records were reviewed via the title,
abstracts, and full-text article as necessary, for eligi-
bility. When there was a discrepancy, the two authors
would discuss with each other to reach a consensus.
With any unsolved issues, the corresponding author
(WLW) made the final judgement.

The inclusion criteria were cohort studies, includ-
ing patients received ESD for SESCC, with at least
one of the following outcomes was reported: (a)
overall survival, (b) disease-specific survival, and
(c) recurrence-free survival. The exclusion criteria
were: (a) lack of long-term outcome (defined as
follow-up period = 3years), (b) studies with fewer
than 20 cases of ESD, in order to ensure patients
were treated in centers with adequate expertise (c)
studies including mainly patients with adenocarci-
noma, (d) identical patient group with other eligi-
ble studies, and (e) radiation or chemotherapy was
performed preceding ESD.

Data extraction and assessment of outcome

and validity

The following data were independently extracted
by JHY and JCC: name of first author, year of
publication, country of origin, number and char-
acteristics of patients, study design and treatment

modality, as well as the primary and secondary
outcomes.

Primary outcomes of this study were the overall
survival, disease-specific survival and recurrence-
free survival in patients treated by ESD. The sec-
ondary outcomes were

(a) adverse events, (b) RO resection, (c) recur-
rence and metastasis, and (d) procedure

time and hospital stay. In addition, we also com-
pared these outcomes with those received
esophagectomy via analysis of the comparative
cohort studies. All data were extracted as origi-
nally stated or following appropriate calculations.
When the necessary data were unavailable in a
study, we would try to contact the corresponding
author to request additional information.

In terms of the depth of invasion of the lesions,
the following classification was used: M1 (con-
fined to the intraepithelium), M2 (confined to the
lamina propria), M3 (confined to the muscularis
mucosa), SM1 (submucosal invasion <200 um),
and SM2 and 3 (submucosal invasion =200 um),??
and T stage by the 8th edition of the American
Joint Committee on Cancer.2*

Statistical analysis

In this study, odds ratios (ORs) were used gener-
ally for discrete variables, and hazard ratios (HRs)
were used for time-events variables, with the cor-
responding 95% confidence interval (CI) used to
compare the outcomes between ESD and
esophagectomy. The only exception was that the
OR was used for the comparison of survival
between mucosal and submucosal lesions,
because the HR was not available in all studies.
For comparison of baseline characteristics, stand-
ardized mean difference was used for calculation
of statistical significance.

All the meta-analyses were performed by
Comprehensive Meta-Analysis version 3.3.070
(Biostat, Englewood, NJ, USA, 2014). The pooled
effect size was considered statistically significant if
(a) p<<0.05, or (b) the range of 95% CI spares 1 for
OR and HR. The P statistic, which indicated the
percentage of total variation and inconsistency across
studies caused by heterogeneity rather than chance,
was used to assess heterogeneity across studies.
Presence of significant statistical heterogeneity was
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Figure 1.

defined as p<<0.1 by a chi-square test or I2>50%.
In this study, a fixed-effects model was used for
meta-analysis, except for the presence of significant
heterogeneity when a random-effects model was
used.?

Risk of bias assessment

For all the eligible studies, we used a Newcastle—
Ottawa score?¢ to assess the quality and risk of
bias by the other two authors (CWL and PJH).
Publication bias was evaluated by the funnel plot,
in which the natural logarithm of the effect esti-
mates was plotted against inverse standard error
for each study, and Egger’s test, in which p<<0.1
was considered to be positive.2” In this study, RO
resection rate was chosen as the variable to test
publication bias.

Results

Search results and studies included

After the search process and excluding the dupli-
cates, there were 3081 relevant records left for
further analysis. Subsequent review showed that
129 articles met the inclusion criteria and 21 arti-
cles were finally eligible for this study.5-8:10-22,28-31
The most common reasons that studies were
excluded were lack of long-term outcomes

1: outcomes for ESD unavailable

Preferred reporting items for systematic reviews and meta-analyses flow chart.

(67.5%) and low case numbers (18.5%). These
articles consisted of 19 fully published papers and
2 academic abstracts. The review process is illus-
trated by a flow chart of Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA)32 (Figure 1).

Baseline characteristics of included studies

and patients

Among the enrolled studies, 16 articles only
reported the outcomes of ESD and the other 5 were
cohort studies that compared the outcomes of ESD
and esophagectomy. Most of the eligible studies
came from East Asia and there were only two con-
ducted in Western countries (Germany and
France).!3:18 The baseline characteristics of all stud-
ies are summarized in Table 1 and Supplemental
Table 1. A total of 3796 patients (86.0% men) with
4076 lesions were included in these studies with the
weighted-average age of 68.2years.

Except for 488 lesions that underwent endoscopic
mucosal resection and were excluded from analy-
sis, 3039 lesions were treated by ESD and 549
lesions received esophagectomy. The median size
of lesions ranged 13-45mm with ESD and 16—
42mm with esophagectomy (p=0.163). Among
lesions that underwent ESD, 36.5% exceeded
50% of circumference, and 8.6% of lesions had
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more than 75% circumferential involvement. In
addition, these lesions were mostly located at the
middle esophagus (61.1%), followed by lower
(29.0%) and upper (9.9%) parts. While there
were only a few documented cases having lesions
at cervical esophagus, the study by Lizuka ez al.1°
reported cervical lesions in one-tenth of patients
and made the comparison of outcomes wversus the
noncervical lesions.

In terms of the lesion invasion depth and histol-
ogy, there was 52.0% for M1-M2, 43.2% for
M3-SM1 and 4.7% for SM2 or deeper, and only
a minority (0.36%) of lesions were poorly differ-
entiated carcinoma. On the other hand, the data
from three studies showed up to 35.6% of cases
had discrepancy in invasion depth between clini-
cal and pathological stage (p=0.002), and most
of them were wupstaging after pathological
evaluation.!1:30,31

Pathological status, immediate postoperative
outcomes, and adverse events

The mean en-bloc and RO resection rate for
ESD were 97.1% and 92.0% among all studies;
however, the latter became as low as 78% for
lesions invading the submucosal layer.11:3!
Curative resection, which had a diverse defini-
tion regarding the required invasion depth,
ranged 76-99% for studies used M1-M3 as the
required invasion depth,%81415 and 73-90.5%
when SMI1 invasion was included.”10:12:18 In
contrast, the curative resection rate was as low
as 19.1% by Takeuchi et al.3! because they
intentionally included patients with submucosal
invasive cancer; and 45.7% by Probst er al. as
only resected lesions confined at M1-M2 were
considered curative.

In terms of the adverse events, the most com-
monly reported with ESD were perforation/medi-
astinal emphysema (3.4%), bleeding (2.0%), and
stricture formation (9.4%).5-6:8:10,12-22,28-31 \While
they were exclusively managed by conservative
treatment, repeated dilatation was often required
for the latter. Moreover, the incidence and ses-
sions of endoscopic balloon dilatation signifi-
cantly increased with cervical lesions or lesions
exceeded 75% of circumference. For post-proce-
dure esophageal stricture, the median sessions of
balloon dilatation typically ranged from 2 to
8-times, and more procedures were necessary for
cervical lesions.!°

Survival analysis, local recurrence and

metastasis of ESD

The survival, recurrence and lymph node metastasis
rates are summarized in Table 2. Pooled overall survival
rates for ESD was 90.5% at 3 years®7:10-13,19:21,22,28,30
and 87.3% at 5 years [95% CI=83.5-91.1%;
Figure 2(a)].6-7-10,12-14,19-22,28,30,31 Djsease-specific
survival was 98.7 at 3 years!3-15:17:19,21,22,28 gnd
97.7% at 5 years [95% CI=95.9-99.5%;
Figure Z(b)]'5—7,10,12,14,16—19,21,22,28,30 In addition,
the 5-year overall survival for ESD was signifi-
cantly better for M1-M2 lesions compared with
deeper invasions [93.5% versus 85.1%, OR=0.27,
95% CI=0.15-0.49; Figure 2(c)]. Patients with
curative resection by ESD had excellent 5-year
disease-specific survival (97.5%!2 and 100%'4) in
two studies, whereas noncurative resection was
found to have worse outcome by Tsujii ez al.8
(3-year overall survival 85.9% versus 91.6%,
»=0.03).

With regard to recurrence, the pooled 5-year
recurrence-free survival was 85.1% [95%
CI=73.7-96.4%, Figure 2(d)] among available
studies.>8:10:11,18,20,21,31 "The overall local recur-
rence, metachronous recurrence and nodal/distal
metastasis rate of ESD among all included studies
were 1.8%, 8.5%, and 3.3% respectively. Of note,
Lizuka er al.l® reported similar complete resec-
tion, recurrence rate and overall survival for cervi-
cal and noncervical lesions, albeit the former had
higher rate of postoperative stricture (20% versus
6.6%, p<<0.001).

For patients who were considered noncurative
after ESD, 57.8% received additional ther-
apy.811,13-18,20,21,31 Except for the study by Min
et al., where proportions of specific treatment
were not reported, 22.5% of these patients
received esophagectomy and 32.6% had radiation
or chemotherapy. In terms of the efficacy of addi-
tional therapy, Ikeda ez al.!! demonstrated better
3-year recurrence-free survival with additional
treatment oversus observation for noncurative
resection (88% wersus 64%, p=0.04). However,
overall or recurrence-free survival was found to be
similar among patients with additional surgery or
chemoradiation therapy.11-3!

Comparison of the outcomes between ESD and
esophagectomy

Among the five comparative studies for ESD and
surgery, 638 underwent ESD and 546 had
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(a)

Study name Statistics for each study Rate and 95% CI
Lower Upper Relative
Rate limit limit weight
Takahashi, 2010 0.840 0.765 0.915 - 719
Toyonaga, 2013 0.762 0.697 0.827 . 7.69
Joo, 2014 0.840 0.685 0.995 - 3.77
Nakagawa, 2014 0.759 0.706 0.812 . 8.30
Kim, 2015 0.940 0.855 1.025 . 6.62
Tsuijii, 2015 0.873 0.826 0.920 . 8.63
Park HC, 2016 0.897 0.842 0.952 . 8.20
Nagami, 2017 0.920 0.828 1.012 B 6.27
Yuan, 2018 0.971 0.867 1.075 % 5.71
Furue, 2018 0.870 0.817 0.923 . 8.33
Min, 2018 0.939 0.861 1.017 . 7.03
Qi, 2018 0.962 0.894 1.030 . 7.52
Takeuchi, 2018 0.917 0.819 1.015 [ ] 598
Zhang, 2019 0.794 0.750 0.838 . 8.78
0.873 0.835 0.911 ¢
Study name Statistics for each study Rate and 95% CI
Lower Upper Relative
Rate limit limit weight
Ono, 2009 1.000 0.904 1.096 == 3.71
Takahashi, 2010 1.000 0.919 1.081 L 512
Toyonaga, 2013 1.000 0.925 1.075 L ] 6.09
Joo, 2014 1.000 0.831 1.169 == 1.19
Nakagawa, 2014 1.000 0.939 1.061 | | 9.00
Kim, 2015 0.975 0.888 1.062 L 4.48
Park HC, 2016 1.000 0.942 1.058 [ ] 9.93
Lizuka, 2017 0.989 0.946 1.032 . 18.73
Nagami, 2017 1.000 0.904 1.096 == 3.66
Yuan, 2018 0.957 0.854 1.060 Ll 3.18
Burger, 2018 0.962 0.858 1.066 i 3.12
Furue, 2018 1.000 0.943 1.057 [ ] 10.59
Min, 2018 1.000 0.920 1.080 L 5.29
Zhang, 2019 0.892 0.846 0.938 . 15.92
0.977 0.959 0.995 i
(c)
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit weight
Toyonaga, 2013 0.303 0.091 1.004 — 23.45
Park, 2016 0.361 0.109 1.197 —— 23.43
Nagami, 2017 0.276 0.051 1.496 —] 11.83
Furue, 2018 0.765 0.151 3.880 —_—— 12.79
Min, 2018 0.020 0.003 0.151 —i— 8.22
Zhang, 2019 0.275 0.076 0.999 — — 20.29
0.275 0.154 0.492 ‘

Favors m12 Favors m3+

Figure 2. (Continued)
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(d)
Study name Statistics for each study
Lower Upper
Rate limit limit
Takahashi, 2010 0.991 0.910 1.072
Nakagawa, 2014 0.571 0.525 0.617
Ikeda, 2015 0.790 0.671 0.909
Tsujii, 2015 0.820 0.775 0.865
Burger, 2018 0.952 0.848 1.056
Min, 2018 0.928 0.851 1.005
Qi, 2018 0.907 0.841 0.973
Takeuchi, 2018 0.858 0.763 0.953
0.851 0.737 0.964

Rate and 95% CI

Relative
weight

12.52
13.08
11.66
13.10
12.03
12.60
12.79
12.23

u
|
N
)
|
H
4

Figure 2. Pooled survival of endoscopic submucosal dissection. (a) Pooled 5-year overall survival rate of ESD
among the included studies Heterogeneity: 12 = 77.1%, 72 = 0.004, p < 0.001. (bJPooled 5-year disease specific
survival rate of ESD among the included studies Heterogeneity: 12 = 22.8%, 12 =0, p = 0.208. (c) Pooled odds
ratio of 5-year overall survival of ESD in M1-M2 lesions compared to m3 and deeper lesions Heterogeneity:
12 =39.0%, 72 = 0.346, p = 0.14. (d) Pooled 5-year recurrence free survival rate of ESD among the included

studies Heterogeneity: 12 = 95.2%, 72 = 0.025, p < 0.001.

primary esophagectomy. The esophagectomy
procedure varied among studies that Takeuchi
et al3! performed mostly minimally invasive
three-field lymphadenectomy (85%) for their
patients. Min ez al.?! primarily used an Ivor—Lewis
or McKeown operation with limited lymphad-
enectomy and Zhang er al. underwent both mini-
mally invasive (62%) and open surgery (38%)32?

The baseline characteristics, stage and comorbidi-
ties were similar in patients with ESD and esophagec-
tomy (Table 3 and Supplemental Table 2), though
the surgery group had more middle-lower esoph-
ageal lesions and large circumferential lesions.
Moreover, esophagectomy was associated with a
higher RO resection rate (97.0% versus 89.8%,
$<<0.001). The median procedure time for ESD
was <90min in most studies®81214-16,19,22,28
except for the study by Probst er al, which
reported the median as 152min.1? On the other
hand, the procedure time (median 49 wversus
240 mins, p<0.001) and hospital stay (median 3
versus 11 days, p<<0.001) was significantly shorter
in ESD than esophagectomy.?2

Compared with esophagectomy, ESD had sig-
nificantly lower overall (19.8% wversus 44.0%,
OR=0.29, 95% CI=0.19-0.43, Supplemental
Table 3) and early adverse events. In addition,

Min er al. also reported 2! more late adverse
events for esophagectomy. However, the difference
was not significant for severe adverse events,
defined as Clavien—-Dindo grade III-1V,33 when
heterogeneity was taken into consideration
(12.5% for ESD wersus 20.5% for esophagec-
tomy, p=0.256). In addition, patients treated
with esophagectomy had different patterns of
adverse events, as they tended to suffer from
pulmonary complications (8.0%) such as pneu-
monia and respiratory compromise, and fistula/
leakage (13.3%).21:22,31 In this review, periop-
erative death was rare in both treatment modal-
ities (0.1% wersus 1.0%, p=0.076).21,22,30,31

With regards to survival (Supplemental Table 4), the
meta-analysis showed similar 5-year overall survival
for all lesions that underwent ESD wversus esophagec-
tomy (86.4% wversus 81.8%, HR=0.66, 95%
CI=0.39-1.11), as well as lesions with submucosal
invasion (HR=1.24, 95% CI=0.71-2.14,
Supplemental Figure 1). Likewise, disease-specific
survival (97.5% wversus 94.1%, HR=0.57, 95%
CI=0.22-1.47)21:22 and recurrence-free survival
(HR=1.52, 95% CI=0.74-3.09)213! were not sig-
nificantly different between the ESD and esophagec-
tomy groups. However, metachronous recurrence
rate was higher with ESD at 5 years (9.7% versus 0%,
$»=0.004) as reported by Min et al.?!
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Table 3. Baseline characteristics of patients underwent endoscopic submucosal dissection and primary surgery for superficial

esophageal squamous cell cancer.

Reference ESD Surgery p-value
Case number Min et al.,”" Zhang et al.,?? Yamauchi et al.? Baisi et al.,3° 638 546
Takeuchi et al.3
Age (median) Min et al.,”' Zhang et al.,?? Baisi et al.,*0 Takeuchi et al.3! 64.1 62.6 0.136
Sex (male %) Min et al.,2! Zhang et al.,?2 Baisi et al.,3 Takeuchi et al.3! 82.5 78.7 0.069
Lesion size (median, mm) Min et al.,?! Zhang et al.,?? Baisi et al.,*® Takeuchi et al.%' 17-45 16-52 0.163
Location Min et al.,?' Zhang et al.,?2 Baisi et al.,?0 Takeuchi et al.% 0.842
Upper 74 42 0.043*
Middle 332 264 0.332
Lower 176 189 0.687
Invasion depth Min et al.,?' Zhang et al.,?2 Baisi et al.,30 Takeuchi et al.3 0.057t
T1a (mucosa) 425 207
T1b (submucosal) 159 288
Lesions > 3/4 circumference (%) Baisi et al.,3 Takeuchi et al.3 21.8 445 <0.001*
Lymphovascular invasion (%] Min et al.,”' Zhang et al.,?? Baisi et al.,®0 Takeuchi et al.3! 7.7 15.3 0.132f
Poorly differentiated (%) Min et al.,?' Baisi et al.,3° 2.1 2.3 0.678
RO resection (%) Zhang et al.,?? Baisi et al.,3° Takeuchi et al.3! 89.8 97.0 <0.001*
Recurrence and metastasis (%) Zhang et al.,”2 Baisi et al.,*® Takeuchi et al.3' 9.4 12.2 0.6467
Metachronous recurrence (%) Min et al.,?! Baisi et al.,3° 7.4 0 0.028*
Procedure time (min, median) Zhang et al.?? 53 240 <0.001*
Hospital stay (days) Zhang et al.,?2 Baisi et al.3 4.3 12.2 0.02*

*p < 0.05.
frandom-effects model owing to significant heterogeneity.
ESD, endoscopic submucosal dissection.

Sensitivity analysis and risk of bias assessment

Sensitivity analysis by excluding one study at each
time34 for all the meta-analyses of this study overall
survival showed robustness of the pooled effect
estimates. Howevery, given the high statistical het-
erogeneity in the meta-analysis of 5-year overall
survival and recurrence-free survival, we tried to
analyze both outcomes by studies without deep
submucosal invasive lesions (SM2 or deeper).
However, there was still significant heterogeneity
in both overall and recurrence-free survival
(I?=84.8% and 54.9%, respectively) without deep
invasions. By contrast, the result was more

consistent for overall survival for studies including
deep lesions (I2=0). Publication bias, evaluated by
RO resection rate, was not evident based on the
funnel plot (Figure 3) and Egger’s test (p=0.13).
The assessment for risk of bias was recorded in
Supplemental Table 5. Most studies in this review
were qualified based on the evaluation.

Discussion

In theory, esophagectomy may have the best
chance of cure for SESCC given the potential risk
of lymph node metastasis. However, considerable
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Figure 3. Funnel plot of RO resection rate among included studies.

morbidity is still noted despite the recent improve-
ment in perioperative mortality, and the long-term
life quality is usually impaired after esophagec-
tomy.3%-3¢ Thus, endoscopic treatment may be pre-
ferred for lesions with low rate of nodal metastasis.
The current guideline recommends that endo-
scopic treatment is most suitable for SESCC con-
fined to M1 and M2, and it may be considered for
M3 lesions.?” Although ESD has been reported to
be highly effective for SESCC,5-810-15:28 jtg Jong-
term outcomes and comparison to esophagectomy
were reported by a few retrospective studies until
recently.2122:29-31 Since a randomized trial is not
realistic, the systematic review and meta-analysis is
important to provide further evidence in terms of
the risks and benefits as well as to guide future
treatment decisions.

Our study demonstrated that ESD had excellent
long-term outcomes and safety profile as the treat-
ment of SESCC, and the prognosis was encourag-
ing not only in Eastern Asia but also in Western
countries. Furthermore, in the subgroup of com-
parative studies, ESD showed similar efficacy to
esophagectomy with much lower perioperative
adverse events. These results suggest that ESD
may be the treatment of choice for SESCC with
available expertise, especially for elderly and frail
patients since it has minimal invasiveness and

complications including stricture are frequently
treatable with endoscopy. However, it should be
noted that ESD alone is not adequate for deep sub-
mucosal invasive lesions, and up to one third of
patients were found to have upgraded T stage by
histology despite meticulous preoperative evalua-
tion. This finding, however, highlights the impor-
tance of en-bloc resection and careful subsequent
pathologic examination. For patients with noncu-
rative resection by ESD, timely additional treat-
ment like chemoradiation therapy or salvage
esophagectomy is necessary to improve the
outcomes.

Although there were only five studies directly
compared ESD and esophagectomy in this
review, they still provide some insights in clinical
practice. The overall survival was similar despite
lower RO resection rate with ESD, which may be
explained by several reasons. Firstly, the excel-
lent en-bloc resection rate of ESD allows accu-
rate evaluation of the invasion depth, hence
timely additional treatment can be advised for
high risk lesions. Secondly, the effectiveness of
the additional therapies such as chemoradiation
therapy and salvage esophagectomy may enhance
local control and reduce nodal metastasis.?8:3°
Thirdly, it might need more time for esophagec-
tomy to translate the theoretical lower
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recurrence/metastasis rate into survival benefit,
after offsetting the potential life-threatening
morbidity.22

Moreover, the adverse events, procedural time
and hospital stay were also significantly lower
with ESD than with esophagectomy. The compli-
cation rate of esophagectomy has been reported
as high at 20-40% even among the modern
series,»*0-42 which is also similar to the current
study. The complications of ESD and esophagec-
tomy differs not only in frequency but also sever-
ity. For instance, some complications of
esophagectomy, such as fistula and anastomotic
leakage may be life-threatening and difficult to
treat. By contrast, perioperative complication of
ESD, such as perforation and delayed bleeding
are rare in high volume centers, and they can be
readily treated by endoscopic treatment. Recently,
minimally invasive surgery has been introduced
to reduce the postoperative complications, but
the learning curve was steep and over 100 proce-
dures may be necessary before being qualified,*
which was even more difficult to be competent
than the training of ESD. The two Western stud-
ies in our review suggested 30 cases of experience
may be sufficient for a satisfactory outcome for
esophageal ESD.13:18

Stricture is another complication shared by
esophagectomy and ESD. Although the studies
in our review did not focus on stricture forma-
tion after esophagectomy, the prevalence was
as high as 9-23% and it was not always associ-
ated with an ischemic conduit.#4%4> On the
other hand, stricture of ESD is more frequent
in cervical esophagus or lesions more than 75%
circumference, and most of them can be pre-
vented by various therapies.46-4% Although
endoscopic balloon dilatation has been proved
to be effective in both post-esophagectomy and
post-ESD stricture, it is unclear whether the
outcome become different with the two etiolo-
gies. We believe that future observational stud-
ies may clarify this issue.

To our knowledge, this is the first systemic review
and meta-analysis to evaluate the long-term out-
comes of ESD for SESCC. The strength comes
from a comprehensive literature review and data
collection, as well as the meta-analysis of long-
term survival based on the up-to-date studies.
However, there were still some limitations. First,
these studies were all retrospective, and there

might be some selection bias. For example, the
lymph node metastasis (3.3%) was lower than
expected, given nearly half of the lesions had inva-
sion to muscularis mucosa or deeper, though the
finding may be partly explained by the effect of
additional treatment. Secondly, the relatively low
numbers of the comparative studies make it diffi-
cult to conclude whether ESD is a better modality
than esophagectomy for SESCC. Thirdly, though
our analysis demonstrated the survival rate of sub-
mucosal invasive lesions was not significantly dif-
ferent for both modalities, the data were only
derived from two cohort studies.?!-22 Nevertheless,
the two studies were large cohort with propensity
score matching, and all the studies were published
within the last 3 years. Hence, the results probably
reflect the outcomes of SESCC with the current
practice of ESD and esophagectomy. Fourthly,
the heterogeneity in overall/recurrence-free sur-
vival was quite high despite our sensitivity analysis
based on the depth of included lesions. This may
probably reflect the various inclusion criteria and
difference in the subsequent additional therapies.
Further studies for the comparison of ESD and
esophagectomy, and the relative efficacy of each
additional therapy, are required to improve the
treatment of SESCC.

In summary, our study showed excellent long-
term outcomes and safety of ESD for SESCC.
Moreover, ESD had similar survival outcomes of
mucosal lesions to those of esophagectomy and
fewer adverse events. Therefore, ESD may be
considered as the primary treatment of choice for
mucosal lesions, and additional treatment should
be available for submucosal invasive cancers.
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