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Background: Endoscopic submucosal dissection (ESD) is the standard treatment for superficial esophageal
cancer. However, it has limitations in case of large superficial esophageal squamous cell neoplasms (SESCNs),
in which submucosal injection cannot attain satisfactory lifting effects. Thus, endoscopic submucosal tunnel
dissection (ESTD) was introduced as a new treatment for SESCNs presenting satisfying results. Many
studies have tried to verify the efficacy of ESTD, yet no meta-analysis has been published until now.
Methods: We scarched the databases of PubMed, Cochrane Library, Web of Science, SinoMed, Wanfang,
and CNKI dating up to February 1, 2019. Studies comparing the clinical outcomes of ESTD and ESD for
superficial esophageal cancers were enrolled. The Newcastle-Ottawa Quality Assessment Scale was used
to evaluate the quality of these studies. Eight articles were included that involved a total of 625 superficial
esophageal cancer patients.

Results: Our analysis revealed that ESTD is superior to ESD as it has higher en bloc resection rate, shorter
operation time, and lower recurrence rate 1 year after operation. The RO resection rate and postoperative
adverse event rate of ESTD group is comparable with ESD group.

Conclusions: Our study implicates that ESTD is a potentially superior treatment to ESD for superficial
esophageal cancer.
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Introduction

Esophageal cancer is the 7th most common cancers
worldwide with significant mortality. In 2018, it is reported
to be responsible for 1 in every 20 cancer deaths (1).
Endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) are both effective endoscopic

resection methods for limited esophageal cancer. Both
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methods can achieve similar cure rates as surgical resection
in specialized centers (2). Although ESD is superior to
EMR in terms of en bloc resection rate, RO en bloc resection
rate, and relapse (3), it still has limitations in case of large
superficial esophageal squamous cell neoplasms (SESCNss),
in which submucosal injection cannot attain satisfactory
lifting effects (4,5).

ESTD was first proposed in 2009 by Linghu et 4/. (6,7)
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who successtully achieved en bloc resection of an 8-cm-long
circumferential SESCN in a submucosal tunnel. Unlike the
conventional ESD procedure, incisions were created at the
anal and oral sides of the lesion after submucosal injection
in ESTD. In this way, the endoscopic physician can get
a better view of the submucosal layer. Two subsequent
lateral mucosal incisions were made to complete the ESD
procedure. ESTD has advantage in terms of better view of
the working field and shorter operation time (8).

Many studies have tried to verify the efficacy of ESTD;
however, no meta-analysis has been published until now.
Thus, this study aimed to analyze the efficacy of ESTD and
compare it with that of conventional ESD methods.

Methods

Our systematic review protocol has been registered in the
International Prospective Register of Systematic Reviews
(PROSPERO, www.crd.york.ac.uk/prospero/, registration
number: CRD42019129500).

Literature search

We searched the databases of PubMed, Cochrane Library,
Web of Science, SinoMed, Wanfang, and CNKI from their
inception up to February 1, 2019. The following search
terms were used: “endoscopic submucosal tunnel dissection”
or “ESTD?”, “esophageal cancer”, “esophageal lesion”, and
“esophageal dysplasia”. Both free terms and MeSH words
were included. Citation and references of retrieved studies
were also reviewed. Only articles published in English or

Chinese were included.

Study selection

Studies that met the following criteria were included:
(I) studies involving patients diagnosed with esophageal
carcinoma or precancerous lesions based on histology,
(II) studies conducted to compare ESTD and ESD for
esophageal carcinoma or precancerous lesions, and (III)
studies reporting clinical outcomes after ESTD or ESD,
including RO resection rate, en bloc resection rate, and
complications. The exclusion criteria were as follows: (I)
case reports or reviews, (II) ESTD or ESD performed in
pathological types other than esophageal carcinoma or
precancerous lesions, (III) studies not published in Chinese
or English language, and (IV) studies including fewer than
ten patients in each group.
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Data extraction and quality evaluation

Two reviewers independently screened the titles and
abstracts of articles. The following information was
extracted from the articles: authors, year of publication,
country or region, study design, number of patients,
and clinical outcomes data including operation time,
dissection speed, RO resection rate, en bloc resection rate,
postoperative complications, and duration of hospital stay.
The Newcastle-Ottawa Quality Assessment Scale (INOS)
was used to evaluate the quality of the enrolled studies, and
studies with NOS scores >6 points were considered high-
quality articles.

Statistical analysis

Weighted mean differences (WMDs) were chosen for
operation time in this meta-analysis. Odds ratios (ORs)
were chosen for measuring dichotomous variables.
Statistical heterogeneity was assessed by applying Q’ tests
and the Higgins I’ statistics. A value of P<0.10 or I’>50%
indicated statistical significance. In case of statistically
insignificant heterogeneity, a fixed-effects model was
adopted. Otherwise, a random-effects model was applied.
For significant heterogeneity, sensitivity analysis or
subgroup analysis were performed to seek for source of
heterogeneity. A value of P<0.05 was considered significant.
All statistical analyses were performed using Stata software
14 (Stata Corp, College Station, TX, USA). Begg’s test was
performed for publication bias based on RO resection rate.

Results

A total of 224 articles were retrieved by literature search
(Figure 1), of which only eight articles were finally enrolled
after applying the selection criteria, including a total of
625 patients with superficial esophageal cancer. Every study
scored 6 or higher in the NOS. The baseline characteristics
and quality assessment of the studies are shown in

Tuble 1 (9-16).

RO resection

The RO resection rate was not significantly different
between superficial esophageal cancer patients who
underwent ESTD and those who underwent ESD (pooled
OR: 1.685, 95% CI: 0.881 to 3.222, P=0.115) (Figure 2). A
small heterogeneity was detected (I’=0.0%, P=0.700), and a
fixed-effects model was used.
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Literature search
Period: through February, 1* 2019
Database: Pubmed, Cochrane
Library, Web of Science, Sinomed,
Wanfang,CNKI
Language: English and Chinese
Design: retrospective and
prospective

Y

224 studies were
identified from databases

\ 4
216 studies after
duplicates removed

189 studies were excluded
by titles and abstract

Y

27 studies were
retrieved for eligibility

Full-text articles excluded,

1 reviews

11 lack of data

3 Endoscopic submucosal
v multi tunnel resections were
performed

1 case report

1 porcine model

2 unable to obtain full-text

\ 4

8 studies included
in the meta analysis

Figure 1 Flow chart of study enrollment.

En bloc resection

Regarding the en bloc resection rate, six studies reported
related data. Three of them achieved 100% en bloc resection
rate in both ESTD and ESD groups, so they were excluded
in this comparison (17). The results revealed significantly
higher en bloc resection rate in the ESTD group than in the
ESD group (pooled OR: 4.183, 95% CI: 1.220 to 14.338,
P=0.023) (Figure 3). No obvious heterogeneity was found
(’=0.0%, P=0.674).

Postoperative adverse events rate

The postoperative adverse event rate was significantly
lower in the ESTD group than in the ESD group (pooled
OR: 0.824, 95% CI: 0.321 to 2.117, P=0.001) (Figure 4).
Significant heterogeneity was detected (I’=72.2%, P=0.001),
and a random-effects model was used. Subsequently,
sensitivity analysis was performed, which showed that the
studies by Zhang et 4l. (15) in 2015 might have caused the
heterogeneity. After excluding these studies, the results
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Table 1 Baseline characteristics and quality assessment

Patients
number

N 2,
Lesion area (mm’)

Gender (M/F)

Age, years

NOS

Country Let)s/:;);s

Enroliment
period (year)

Study
design

Research

ESD

ESTD

ESTD ESD

ESD

ESTD

ESTD ESD

6

6.87 (4.61-11.00)

33/5 54/23  9.42 (6.21-13.24)

Superficial 38 77 58.7 59.1

China

2013-2015

Retrospective

Huang, 2017 (9)

15.37+9.05 12.95+6.32

61.67 60.59 33/19 71/27

98

China Superficial 52

Retrospective  2011-2016

Zhang, 2018 (10)

17/19

Superficial 38 36 64.2  58.1 25/13

China

Prospective 2013-2015

Chen, 2016 (11)

10.26+3.24 7.64+1.68

28/12 20/18

58.62 58.12

38

China Superficial 40

Prospective 2013-2017

Jing, 2018 (12)

7.19+4.12

10.33+2.56

12/3

11/4

58.53 59.73

15

China Superficial 15

2012-2014

Prospective

Liang, 2015 (13)

5.82+4.29

11/15 52/13 9.01+4.68

62.62 60.32

65

26

Superficial

2009-2018 China

Retrospective

Xie, 2018 (14)

10/9

11/8

67.12 67.05

19

19

Large

China

Prospective 2012-2013

Zhang, 2015 (15)

superficial

13/11

13/12

25 58.93 57.48

Large

China

2015-2017

Retrospective

Fan, 2018 (16)

superficial

NOS, The Newcastle-Ottawa Quality Assessment Scale; ESTD, endoscopic submucosal tunnel dissection; ESD, endoscopic submucosal dissection.

937
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Study %
ID OR (95% ClI) Weight
Huang, 2017 , > 5.84 (0.31, 108.45) 4.14
Zhang, 2018 —h—l 0.84 (0.32, 2.18) 60.65
Chen, 2016 : -~ 3.25(0.13, 82.49) 3.12
Jing, 2018 ——E—‘— 3.56 (0.67, 18.89) 10.98
Liang, 2015 E : 2.15(0.17, 26.67) 5.80
Xie, 2018 IIE 1.46 (0.06, 37.03) 4.39
Fan, 2018 ——.H— 2.30(0.38, 13.91) 10.92
Overall (I-squared =0.0%, P=0.700) <<E> 1.68 (0.88, 3.22) 100.00
1 I T
0.00922 1 108

Figure 2 Comparison of RO resection rate for ESTD vs. ESD in superficial esophageal neoplastic lesions. ESTD, endoscopic submucosal

tunnel dissection; ESD, endoscopic submucosal dissection.

Study %

D OR (95% Cl) Weight
Huang, 2017 E 1.51 (0.06, 37.94) 19.40
Zhang, 2018 ——-:— 3.74 (0.81,17.23) 67.92
Chen, 2016 10.66 (0.55, 205.50)  12.69
Jing, 2018 i (Excluded) 0.00
Liang, 2015 i (Excluded) 0.00
Xie, 2018 : (Excluded) 0.00
Overall (I-squared=0.0%, P=0.674) <> 4.18 (1.22, 14.34) 100.00

|
T * T

0.00487 1

206

Figure 3 Comparison of en bloc resection rate for ESTD vs. ESD in superficial esophageal neoplastic lesions. ESTD, endoscopic submucosal

tunnel dissection; ESD, endoscopic submucosal dissection.

revealed a significantly lower heterogeneity (I'=44.7%,
P=0.595); however, no difference was shown between the
two groups at this time (pooled OR: 1.197, 95% CI: 0.617
to 2.321, P=0.093).

Operation time

In the comparison of operation time, the ESTD group
showed a significantly shorter operation time than the ESD
group (pooled WMD: -16.250, 95% CI: -25.186 to -7.313,
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Study %

ID OR (95% ClI) Weight
i

Huang, 2017 T 0.64 (0.19, 2.13) 14.45

Zhang, 2018 I—‘— 1.96 (0.82, 4.68) 16.29

Chen, 2016 —7"— 1.12 (0.45, 2.78) 16.06

Jing, 2018 —’—i' 0.20 (0.04, 1.00) 12.13

Liang, 2015 —"—‘— 2.00 (0.38, 10.51) 11.93

Xie, 2018 : —&— 4.92 (1.08, 22.37) 12.71

Zhang, 2015 s ' 0.00 (0.00, 0.10) 6.41

Fan, 2018 —%"— 0.96 (0.12, 7.40) 10.01

Overall (I-squared =72.2%, P=0.001) <> 0.82(0.32,2.12) 100.00
i

NOTE: weights are from random effects analysis%

I 1

0.00024 1

4,203

Figure 4 Comparison of post-operation adverse events rate for ESTD vs. ESD in superficial esophageal neoplastic lesions. ESTD,

endoscopic submucosal tunnel dissection; ESD, endoscopic submucosal dissection.

Study

Huang, 2017

%

WMD (95%Cl) Weight

—7.00 (-8.98, -5.02) 21.58

Zhang, 2018

Chen, 2016 —

Jing, 2018
Liang, 2015

Fan, 2018

Overall (I-squared=91.3%, P=0.00Q®

|

NOTE: weights are from random effectsianalysis

0.82 (-24.02, 25.66) 8.12

-32.00 (-41.22, -22.78) 17.71
—20.00 (-24.05, —15.95) 20.88
-21.00 (-33.48, -8.52) 15.30
-10.67 (-21.65, 0.31)  16.41

-16.25 (-25.19, -7.31) 100.00

-41.2 0

41.2

Figure 5 Comparison of operation time for ESTD wvs. ESD in superficial esophageal neoplastic lesions. ESTD, endoscopic submucosal

tunnel dissection; ESD, endoscopic submucosal dissection.

P=0.000) (Figure 5). Because of the significant heterogeneity
(I’=91.3%, P=0.000), we used a random-effects model
to perform the analysis. Subsequent subgroup analysis
according to the study design revealed a shorter operation
time in both prospective (pooled WMD: -7.067, 95% CI:

-9.014 to -5.121, P=0.000) studies and retrospective studies
(pooled WMD: -23.912, 95% CI: -31.772 to -16.053,
P=0.000) (Figure 6). However, the heterogeneity was much
lower in the prospective subgroup (I’=0.0%, P=0.668) than
in the retrospective group (I’=63.5%, P=0.065).
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Study

1
Huang, 2017

%

Zhang, 2018
Fan, 2018
Subtotal (I-squared =0.0%, P=0.668)

2

Chen, 2016 —_—

Jing, 2018 —_—
Liang, 2015 —_—

Subtotal (I-squared =63.5%, P:0.065<>
Overall (--squared =91.3%, P=0.000) <<_: >

NOTE: weights are from random effects analysis

WMD (95% Cl) Weight
~7.00 (-8.98, -5.02) 21.58
0.82 (-24.02,25.66)  8.12
~10.67 (-21.65, 0.31) 16.41
~7.07 (-9.01, -5.12)  46.11

-32.00 (-41.22, -22.78) 17.71
—-20.00 (—24.05, -15.95) 20.88
-21.00 (-33.48, -8.52) 15.30

-23.91 (-31.77, -16.05) 53.89

-16.25 (-25.19, -7.31) 100.00

T
-41.2

0

T
41.2

Figure 6 Subgroup analysis of retrospective studies and prospective studies. (A) Retrospective studies subgroup; (B) prospective studies

subgroup.

Recurrence rate

In this comparison, the ESTD group had a significantly
lower recurrence rate 1 year after operation than then ESD
group (pooled OR: 0.211, 95% CI: 0.052 to 0.865, P=0.031)
(Figure 7). No significant heterogeneity was detected
(I’=0.0%, P=0.858), and a fixed-effects model was applied.

Publication bias

Begg’s test was performed for publication bias based on RO
resection rate. No publication bias was observed in these
analyses (Figure 8, P=0.064).

Discussion

"To our knowledge, this is the first meta-analysis comparing
ESTD and ESD in treating superficial esophageal cancers,
demonstrating the efficacy and safety of ESTD and
revealing ESTD as a potentially superior treatment to ESD.
RO resection, defined as lateral and vertical margins
free of carcinoma (18), is a vital parameter closely related
to further treatment and recurrence. It should always be
considered an important judgment standard when evaluated
a new treatment. In our study, The RO resection rate of

© Journal of Gastrointestinal Oncology. All rights reserved.

ESTD group is comparable with ESD group. En bloc
resection is always one of the principles in tumor surgery,
and a high en bloc resection rate is one of the reasons why
ESD takes the place of EMR and become the primary
treatment of early esophageal cancers (19).

Postoperative adverse events may prolong the hospital
stay and increase the financial burden of patients and
most importantly lower their quality of life. In our study,
postoperative adverse events rate was comparable between
ESTD group and ESD group. This result is in accordance
with former studies about complications (4,8,9,20-22). The
ESTD group enjoyed significantly shorter operation time.
Arantes er al. believe that standardized ESTD has made
esophageal ESD straightforward and less difficult, especially
for Western endoscopists (23).

Recurrence was defined as: after surgery of superficial
esophageal cancer, the cancer was detected in the follow-
up and was confirmed by histopathological method. The
mode of recurrence was classified into three patterns:
local recurrence was defined as anastomotic recurrence;
regional recurrence was defined as that occurring either in
the mediastinum or upper abdomen at the site of previous
esophageal resection and nodal clearance or in the cervical
area where no lymphadenectomy had been performed;
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Study %

ID OR (95% CI) Weight
Chen, 2016 - E 0.18 (0.01, 3.86) 24.58
Jing, 2018 ; 1 0.31 (0.01, 7.81) 14.74
Liang, 2015 E 0.46 (0.04, 5.75) 18.11
Zhang, 2015 E 0.09 (0.00, 1.77) 42.57
Overall (I-squared =0.0%, P=0.858) <> 0.21 (0.05, 0.87) 100.00

T
0.00441

1

227

Figure 7 Comparison of recurrence rate for ESTD vs. ESD in superficial esophageal neoplastic lesions. ESTD, endoscopic submucosal

tunnel dissection; ESD, endoscopic submucosal dissection.

Begg’s funnel plot with pseudo 95% confidence limits
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Figure 8 Funnel plot for publication bias of RO resection rate
between ESTD and ESD for superficial esophageal cancer. ESTD,
endoscopic submucosal tunnel dissection; ESD, endoscopic

submucosal dissection.

and distant recurrence was defined as hematogenous if it
developed within a solid organ or within the peritoneal
cavity (24). A significantly lower recurrence rate at 1 year
was detected in our analysis, which is in accordance with
its superior en bloc resection rate. Although our results
are satisfying, most studies only included patients with
1-year follow-up. Long-term outcomes still require further
randomized controlled trials.

This meta-analysis has several limitations. First, only
eight studies were included in the analysis, and all of them

© Journal of Gastrointestinal Oncology. All rights reserved.

were conducted in China. Considering the difference in
diagnosis standard, incidence, and treatment guideline,
large-scale randomized controlled trials or high-quality
comparative studies are required for more reliable and
universal data. Second, there was significant clinical
heterogeneity in the comparison of operation time and
postoperative adverse event rate. The heterogeneity of
operation time may be caused by the retrospective nature of
several included studies since the I’ decreased significantly
after subgroup analysis of retrospective and prospective
studies. Various factors including different procedures,
equipment, and proficiency levels of physicians can lead to
heterogeneity in the rates of postoperative adverse events.

In conclusion, our meta-analysis demonstrates that
ESTD is an effective treatment with low recurrence rate for
superficial esophageal cancers compared with ESD in terms
of en bloc rate, operation time, recurrence rate 1 year after
operation with comparable RO resection rate, postoperative
adverse event rate. Further large-scale prospective
randomized controlled trials with long-term follow-up,
especially in Western countries, are required to confirm
our data.
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