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Background: Endoscopic submucosal dissection (ESD) and endoscopic mucosal resection (EMR) are used
to remove esophagogastric junction (EGJ) neoplasm. This study aimed to compare feasibility, safety, and
effectiveness between ESD and EMR to help endoscopists choose treatment methods.

Methods: A total of 130 patients with EGJ neoplasm underwent endoscopic resection, including 52
patients with EMR and 78 patients with ESD. Cap-assisted EMR (EMRC) was performed with typical
sequences. Larger lesions required removal in multiple pieces (i.e., piecemeal EMR). The ESD procedures
were included that marking the periphery of the lesion, submucosa injected, circumferentially cutting and
submucosal dissection. Resection time, adverse events, en bloc resection rate, R0 resection rate and recurrence
rate were compared between the two groups.

Results: There were no significant differences in demographic characteristics or histopathological features
between the two groups. Resection time was longer in the ESD group than in the EMR group (64.4+33.9 vs.
22.128.0 minutes; P<0.01). Adverse events were more common in the ESD group than in the EMR group (16.7%
vs. 3.8%; P=0.03), including bleeding (7.7% wvs. 3.8%), perforation (5.1% wvs. 0%) and stenosis (5.1% vs. 0%).
The en bloc resection rate and RO resection rate were much higher in the ESD group than in the EMR group
(98.7% and 92.3% wvs. 23.1% and 23.1%, respectively; P<0.01). The 5-year overall survival rate and disease-free
survival rate were 100% vs. 92.0% and 100% wvs. 90.1% between the ESD and EMR groups, respectively (P=0.01
and P=0.01). The 5-year cancer-specific survival rate was 100% vs. 96.0% between the ESD and EMR groups
(P=0.08). The recurrence rate was lower in the ESD group than in the EMR group (0% vs. 9.6%; P=0.01).
Conclusions: ESD is an acceptable first-line endoscopic treatment for type II EGJ neoplasm, however,
it is time-consuming and has a higher rate of adverse events. Furthermore, EMR is a safe and alternative

technique, particularly when EMR could achieve en bloc resection.
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Introduction

Esophagogastric junction (EG]J) neoplasm is a kind of
gastrointestinal tumor, which located mainly at the distal
esophagus and/or cardia. Endoscopic resection for EG]J
neoplasm is difficult due to its narrow lumen and sharp
angle (1). Endoscopic resection for EGJ neoplasm is a
stomach-preserving technique and quality of life is better
comparing with gastrectomy (2-5). Endoscopic resection
technique includes endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection (ESD). The three
major steps of EMR are injection, suction and resection.
Variations of EMR include snare polypectomy, strip
biopsy, cap-assisted EMR (EMRC), and EMR with
ligation technique (EMRL). EMR is easy to perform and is
associated with lower adverse events. EMR methods usually
performed for the lesion less than 2 cm in diameter. Larger
lesions required removal in multiple pieces. However, the
main drawback of EMR is piece-meal resection which might
lead to reconstructed specimen and residual tumor. The
local recurrence or metachronous carcinoma rate after EMR
ranges from 6% to 23% (6-8). ESD is regarded as a more
difficult procedure to remove superficial gastrointestinal
lesions. ESD enables the resection of even large lesions in
a single piece. The main advantage of ESD is its excellent
en bloc resection rate, curative resection rate, and low risk of
local recurrence (8-10). However, ESD has a higher risk of
adverse event, such as perforation and bleeding.

Type II EGJ neoplasms, according to Siewert’s
classification (11), refer to the cases in which the epicenter
of the tumor is located within the area 1 ¢cm above and
2 cm below the EGJ. Type II EG] adenocarcinoma can be
divided into Barrett’s adenocarcinoma and gastric cancer.
The occurrence and treatment of EGJ neoplasm differ
between Western countries and East Asia. In Western
countries, EGJ neoplasm cases are mainly adenocarcinoma
in the long segment of the Barrett’s esophagus, and EMR
or EMR with radiofrequency ablation (RFA) is the main
endoscopic treatment (12,13). However, in East Asia, gastric
cancer which defined as type II EGJ adenocarcinoma, is
more common. Even Barrett’s adenocarcinoma often arises
from the short segment of the esophagus. In East Asia, ESD
is the main endoscopic treatment (13-16). To the best of
our knowledge, studies on endoscopic resection for type 11
EG]J neoplasm are limited. There is no study comparing
long-term outcomes between ESD and EMR just for type 11
EG] neoplasm (13,17). Furthermore, whether the expanded
criteria for endoscopic resection in early gastric cancer can
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be applied in type II EGJ neoplasm is still controversial.
We performed a retrospective study to compare ESD with
EMR based on feasibility, safety, and effectiveness for type
II EGJ neoplasm to help endoscopists choose treatment
methods and to determine the suitability of the expanded
criteria. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4265).

Methods
Patients

From October 2008 to February 2015, a total of 130
patients with early-stage type II EGJ neoplasm underwent
endoscopic resection by GW. The inclusion criteria were
as follows: (I) patients with Siewert type II EGJ neoplasm,
which refers to a tumor with an epicenter located within the
area 1 cm above and 2 cm below the EGJ (11); (I) patients
with adenocarcinoma or high-grade glandular intraepithelial
neoplasia (HGIN); and (III) patients who underwent
endoscopic resection, EMR or ESD. The exclusion
criteria were as follows: (I) patients with Siewert type I or
IIT EGJ neoplasm; (II) patients who underwent surgery
or combination therapy, such as endoscopic resection
with argon plasma coagulation (APC); (III) patients with
endoscopic ultrasound or computed tomography (CT)
showing a progressive tumor or suspicious metastasis; (IV)
patients with low-grade glandular intraepithelial neoplasia
(LGIN); and (V) patients with squamous cell carcinoma or
its precursor. From October 2008 to June 2013, 52 patients
with early-stage EGJ neoplasm were treated by EMR. GW
is experienced at endoscopic resection for early esophageal
and gastric cancer. He had performed 31 esophageal
ESD and 56 gastric ESD procedures before March 2013.
As EGJ has been regarded as a difficult location for
endoscopic treatment due to its narrow lumen and sharp
angle, he began to perform ESD for type II EGJ neoplasm
since 2013. With improvement in skills, from March
2013 to February 2015, 78 patients with early-stage EG]J
neoplasm were treated by ESD. The trial was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the Institutional
Review Board of National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical
College (No. 19/242-2026) and informed consent was taken
from all the patients.
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EMR and ESD techniques

As the EG]J is a difficult location for endoscopic treatment,
we performed EMRC. The EMR procedures were as
follows: the periphery of the lesion was marked with the
tip of a snare, approximately 2 mm away from the lesion;
diluted epinephrine (1:100,000) was injected into the
submucosa; the lesion was drawn into the cap by suction,
and the snare was closed snugly; the snared lesion was then
released from the cap and resected (18,19). Larger lesions
required removal in multiple pieces (i.e., piecemeal EMR).

The ESD procedures were as follows: the periphery
of the lesion was marked with a dual knife (KD-650L;
Olympus Optical Co., Ltd., Tokyo, Japan), at least
5 mm away from the lesion, except on the oral side, where
the marking was placed 1 cm from the squamocolumnar
junction (SCJ) or tumor border (20); diluted epinephrine
(1:100,000) was injected into the submucosa along the
presumed cutting line; the mucosa surrounding the lesion
was circumferentially cut with a dual knife (KD-650L)
or an I'T knife (KD-610L; Olympus Optical Co., Ltd.);
and submucosal dissection of the connective tissue of the
submucosa under the lesion was performed (21).

Histopathological evaluation

Specimens were flattened on a plate with thin needles
and fixed in 10% formalin for 24 hours. Then, the
specimens were cut into 2-mm sections and embedded
in paraffin. Five-micron sections were cut, mounted on
glass slides and stained with hematoxylin and eosin. All
slides were evaluated by two experienced gastrointestinal
pathologists. The Vienna classification of gastrointestinal
epithelial neoplasia was used for histopathologic
evaluation (22). Histopathological evaluation included
tumor size, differentiation type, depth of invasion, lateral
and vertical margins, and the presence of lymphatic and/or
vascular invasion. Submucosal invasion depth was measured
from the deepest muscularis mucosa to the deepest tumor
invasion in the submucosa (6). En bloc resection was defined
as the removal of the lesion, including all markings, in one
piece. Complete resection (RO resection) was defined as
en bloc resection with tumor-free lateral and vertical margins.
Curative resection was defined using the expanded criteria
for endoscopic resection for early gastric cancer as follows:
en bloc resection, tumor-free lateral and vertical margins, no
lymphatic or vascular invasion, and (I) tumor size >2 cm,
histologically of differentiated type, pTla, ulcerative
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findings (UL) (-); (II) tumor size <3 cm, histologically of
differentiated type, pTla, UL(+); (III) tumor size <2 cm,
histologically of undifferentiated type, pT1la, UL(-); or (IV)
tumor size <3 cm, histologically of differentiated type, pT1b
(sm1, <500 microns from the muscularis mucosae) (23-26).

Follow-up

Patients underwent endoscopy at 3, 6, 12 months and
annually thereafter. In addition, patients underwent chest
and abdominal CT annually. Patients who did not match
the curative criteria and had not undergone surgery
were advised to undergo endoscopy and CT scan every
6 months. Local recurrence was defined as a lesion with
adenocarcinoma or HGIN located at the scar and occurred
after the index endoscopic resection. Distant recurrence
was defined as lymph node metastasis and organ metastasis
that occurred after the index endoscopic resection during
follow-up (6).

Statistical analysis

The primary outcome of the study is comparing the
long-term outcome of ESD with that of EMR for type
II EGJ neoplasm. The secondary outcome of the study
is determining the suitability of the expanded criteria for
endoscopic resection for early gastric cancer. Follow-
up outcome data were collected in January 2020. We
supplemented missing data by making phone calls or
writing letters to the patients or the patients’ local hospital.
Two patients (3.8%) in the EMR group and 1 patient (1.4%)
in the ESD group were lost to follow-up. Statistical analysis
was performed with SAS statistical software, version 9.4
(SAS Institute Inc., Cary, NC, USA). Continuous variables
with a normal distribution were described by the mean
(=SD). For variables with a skewed distribution the median
(IQR) was used. Differences between treatment groups were
compared with Student’s z-test or the Mann-Whitney test
for continuous variables. Categorical data were compared
with the Chi-square test. All tests were two-tailed, and
P<0.05 was considered statistically significant.

Adverse events include perforation, postoperative
bleeding and postoperative stenosis. Adverse events rate was
compared with the Chi-square test between the EMR group
and ESD group. The efficacy outcome assessment include
procedure time, en bloc resection rate, RO resection rate
curative resection rate and long-term outcome. Procedure
time defined as the time between the delineation of the
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lesion periphery and the end of the endoscopic resection
procedure, including removal of specimens and treatment
of intraoperative bleeding and perforation. Procedure
time was described by the mean (£SD) and analyzed with
Student’s ¢-test. We perform the receiver operating curve
(ROC) analysis to identify the best tumor size cutoff for
the optimal en bloc resection rate in the EMR group. Long-
term outcome include the 5-year overall survival rate,
cancer-specific survival rate and disease-free survival rate.
We analyzed a subgroup long-term outcome with tumor
size under 2 cm between the EMR group and ESD group.
We also divided the EMR group into an en bloc group (12
patients) and a piece-meal group (40 patients) to analysis
long-term outcome. The log-rank test was used in the
Kaplan-Meier method. The overall survival, cancer-specific
survival and disease-free survival analyses were conducted
using Kaplan-Meier curves. The 5-year overall survival
rate, cancer-specific survival rate and disease-free survival
rate were calculated using the life table method. All tests
were two-tailed, and P<0.05 was considered statistically
significant.

Results
Demographic characteristics and histopathological features

From October 2008 to February 2015, a total of 130
patients with early-stage type II EGJ neoplasm underwent
endoscopic resection by GW. The demographic
characteristics and histopathological features of all patients
are summarized in Table 1. The EMR group consisted of
52 patients, aged 42 to 85 (mean 62.7£9.4) years, and the
ESD group consisted of 78 patients, aged 44 to 78 (mean
63.2+7.4) years. The EMR group comprised 43 men (83%)
and 9 women (17%), and the ESD group comprised 66
men (85%) and 12 women (15%). The median maximum
diameter of the lesion was 18 mm (IQR: 14-21) and
20 mm (IQR: 14-32) in the EMR group and ESD group,
respectively. There were no significant differences between
the two groups regarding age, sex, median maximum
diameter of the lesions, tumor morphology, histological

type or tumor depth (P>0.05).

Adverse events

Adverse events in the two groups are summarized in
Table 2. No perforation occurred in the EMR group, but
perforation occurred in 4 patients (5.1%) in the ESD group.
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All perforations were closed with endoclips. Postoperative
bleeding occurred in 2 patients (3.8%) treated by EMR
and in 6 patients (7.7%) treated by ESD. All bleeding
events were treated in the same endoscopic session using
coagulation forceps. No postoperative stenosis occurred in
the EMR group, but postoperative stenosis occurred in 4
patients (5.1%) in the ESD group. All cases of stenosis were
managed with balloon dilation. In conclusion, 2 patients
(3.8%) in the EMR group and 13 patients (16.7%) in the
ESD group experienced adverse events. One patient from
the ESD group experienced simultaneous perforation and
postoperative bleeding. There was a significant difference
between the two groups with respect to the overall rate
of adverse events (P=0.025). The mean of hospital stay
period was 6.5 (SD: £2.8) and 7.9 (SD: +1.8) days in the
EMR group and ESD group, respectively. There was a
significant difference between the two groups with respect
to the hospital stay period (P<0.01). In addition, no death
occurred during hospitalization period, which was due to
complications.

Procedural outcomes and resection specimens

In the EMR group, a median of 3 (IQR: 2-4) resections
were required to remove the lesion. Twelve lesions were
resected en bloc by endoscopy, and the en bloc resection rate
was 23.1%. In the ESD group, 77 lesions were resected en
bloc by endoscopy, and the en bloc resection rate was 98.7%.
There was a statistically significant difference between
the two groups in the en bloc resection rate (P<0.01).
The average resection time was 22.1 (SD: +£8.0) minutes
in the EMR group and 64.4 (SD: +33.9) minutes in the
ESD group, indicating a statistically significant difference
between the two groups (P<0.01). A significant difference
was found between the two groups with respect to the
maximum diameter of the specimen, with values of 26.2 (SD:
+8.2) mm in the EMR group vs. 54.5 (SD: £15.1) mm in the
ESD group (P<0.01). Details of the histologic findings are
summarized in Tuble 1.

Treatment outcomes

In the EMR group, the rates of en bloc resection and RO
resection were both 23.1%. The ROC analysis suggested
that the tumor size for the optimal en bloc resection rate in
the EMR group was 15 mm, with an area under the curve
equal to 0.952 (sensitivity: 91.7%, specificity: 90%), as
shown in Figure 1. Ten cases showed margin positivity, deep
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Table 1 Demographic characteristics and histopathological features

Characteristics EMR ESD t,zor i* P value
Number 52 78
Mean patient age, years, mean + SD 62.7+9.4 63.2+7.4 -0.36 0.72
Sex, n [%] 0.09 0.77
Male 43 [83] 66 [85]
Female 9[17] 12[15]
Barrett’s esophagus, n [%] 1.15 0.28
Present 8 [15] 18 [23]
Absent 44 [85] 60 [77]
Median diameter of the lesion, mm, median [IQR] 18 [14-21] 20 [14-32] -1.71 0.08
Mean diameter of the specimen, mm, mean + SD 26.2+8.2 54.5+15.1 14.24 <0.01
Tumor morphology, n [%] 2.47 0.65
o-1 0 [0] 1[1]
0-lla 14 [27] 20 [26]
0-llb 18 [35] 20 [26]
0-llc 7[13] 13 [16]
0-lla + llc 13 [25] 24 [31]
Histological type, n [%] 0.17 0.92
HGIN 10 [19] 16 [21]
Well and moderate differentiation 40 [77] 58 [75]
Poor and no differentiation 2 [4] 4 [5]
Depth of tumor, n [%] 2.64 0.74
pT1a (m, mucosal) 43 [83] 57 [73]
pT1b (sm, submucosal) 9[17] 21 [27]
sm1 5[10] 13[17]
sm2 417 8[10]
Lymphovascular involvement, n [%] 0[0] 1[1] 1.00*
Ulceration, n [%] 0[0] 2 [3] 0.52*

*, Fisher’s exact test. EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; HGIN, high-grade glandular
intraepithelial neoplasia.

Table 2 Adverse events

Adverse events EMR ESD X P value
Total, n (%) 2(3.8) 13 (16.7) 5.02 0.03
Postoperative bleeding, n (%) 2 (3.8) 6 (7.7)

Perforation, n (%) 0(0.0) 4(5.1)

Stenosis, n (%) 0(0.0) 4(5.1)

In the ESD group, one patient experienced both perforation and postoperative bleeding. EMR, endoscopic mucosal resection; ESD,
endoscopic submucosal dissection.
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Figure 1 ROC and best tumor size cutoff. (A) ROC; (B) best tumor size cutoff of the ROC curve. The ROC analysis suggested that the

tumor size for the optimal en bloc resection rate in the EMR group was 15 mm, with an area under the curve equal to 0.952 (sensitivity:

91.7%, specificity: 90%). ROC, receiver operating curve; EMR, endoscopic mucosal resection.

submucosal invasion and poor differentiation. The vertical
margin of the specimen was positive in four patients, and
among them, two showed submucosal invasion deeper than
500 pm and one showed lateral margin positivity. Of the
four patients with positive vertical margins, two underwent
surgery, one underwent chemotherapy because of a surgical
history of distal gastrectomy and poor physical condition,
and one refused to undergo additional therapy because of
poor physical condition. The lateral margin of the specimen
indicated HGIN in three cases. Because the specimen was
reconstructed in the EMR group and the result might
have been inaccurate, all three patients in the EMR group
chose to undergo follow-up instead of further treatment.
In addition, two cases simply showed submucosal invasion
deeper than 500 pm, and one case was histopathologically
defined as having poor differentiation. These patients also
refused to undergo surgery and chose follow-up.

In the ESD group, the rates of en bloc resection, RO
resection and curative resection were 98.7%, 92.3% and
75.6%, respectively. Nineteen patients were considered
to have undergone noncurative resection. The vertical
margin of the specimen was positive in five patients: three
of them also showed submucosal invasion deeper than
500 pm, one of them had poor differentiation, and one
of them showed lymphovascular involvement. Of the five

© Annals of Translational Medicine. All rights reserved.

patients with positive vertical margins, three underwent
surgery and two refused to undergo surgery. The lateral
margin of one case indicated HGIN. The pathological
result of this patient indicated intramucosal cancer, and he
did not undergo further treatment because of the burning
effect and lack of risk of lymph node metastasis (27). In
addition, five cases showed submucosal invasion deeper
than 500 pm, three cases were histopathologically defined
as the undifferentiated type, and five cases showed a tumor
size larger than 30 mm with minute submucosal invasion.
These patients also refused to undergo surgery and chose
follow-up.

Follow-up outcomes

The follow-up outcomes of the two groups are summarized
in Table 3. The 5-year overall survival rate and disease-
free survival rate were significantly different between the
ESD and EMR groups, with values of 100% vs. 92.0% and
100% wvs. 90.1%, respectively (P=0.01 and P=0.01). The
S-year cancer-specific survival rate was 100% vs. 96.0% in
the ESD and EMR groups (P=0.08). The median follow-
up time in the ESD group and EMR group was 67 (IQR:
63.8-70.0) and 87.5 (IQR: 80-94.5) months, respectively
(P<0.01). During the follow-up period, local recurrence
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Table 3 Long-term outcomes during follow-up
Outcomes EMR ESD X2 P value
Median follow-up time 79.5 (72.0-86.5) 59 (55.8-62.0) <0.01
Overall survival rate (%) 92.0 100.0 6.13 0.01
Cancer-specific survival rate (%) 96.0 100.0 3.18 0.08
Disease-free survival rate (%) 90.1 100.0 6.78 <0.01
Recurrence, n (%) 5(9.6) 0 (0.0) 9.47 0.01

Local recurrence 4(7.7) 0(0.0) 7.52 0.02

Distant recurrence 2(3.8) 0(0.0) 0.16*

*, Fisher’s exact test. EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection.

Table 4 Clinicopathologic characteristics of patients with recurrence after EMR

Case  Size (mm)  Morphology Histology Depth Resection status Lateral margin  Vertical margin
1 11 0-lla HGIN NA Piecemeal - -)
2 16 0-llb Well-differentiated p-Tla Piecemeal ) -)
3 31 0-lla Well-differentiated p-T1b (700 pm) Piecemeal ) (+)
4 18 O-lla + llc Well-differentiated p-Tla Piecemeal (+) =)
5 24 O-lla + llc Moderately differentiated  p-T1b (1,050 pm) Piecemeal -) -)

EMR, endoscopic mucosal resection; HGIN, high-grade glandular intraepithelial neoplasia.

Table 5 Clinicopathologic characteristics of recurrent tumors after EMR

Case Time to local Time t‘_) distant Size (mm) Morphology Histology Additional Prognosis
recurrence (months) metastasis (months) treatment

1 8 NA 4 0-llb HGIN APC Alive

2 7 NA 7 0-lla pTia Surgery Died of other disease

3 NA 10 NA NA NA Chemotherapy Died of the disease

4 23 NA 12 O-lla pTia ESD Died of other disease

5 18 18 41 Ulcerating mass cT3 Chemotherapy Died of the disease

EMR, endoscopic mucosal resection; HGIN, high-grade glandular intraepithelial neoplasia; ESD, endoscopic submucosal dissection; APC,

argon plasma coagulation.

occurred in 4 (7.7%) patients, and distant recurrence was
observed in 2 (3.8%) patients in the EMR group. One
patient experienced both local and distant recurrence. The
primary tumor clinicopathologic characteristics of local
and distant recurrence after EMR are shown in Table 4.
The primary tumors in all five patients were treated by
the piecemeal method. Nevertheless, none of the patients
experienced local or distant recurrence in the ESD group.
Significant differences between the two groups were

© Annals of Translational Medicine. All rights reserved.

observed in terms of local and distant recurrence. The
clinicopathologic characteristics of locally and distally
recurrent tumors after EMR are shown in Table 5. All
patients who experienced local recurrence or distant
metastasis in the EMR group underwent additional therapy.
The recurring lesions of patients 1 and 4 were cured by
additional endoscopic treatment. Patient 2 underwent
additional surgical resection. However, patients 2 and 4
died of hypopharyngeal cancer and bladder carcinoma,
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Figure 2 The 5-year follow-up outcome. (A) Five-year overall survival Kaplan-Meier curve; (B) 5-year cancer-specific survival Kaplan-Meier

curve; (C) 5-year disease-free survival Kaplan-Meier curve. The 5-year overall survival rate and disease-free survival rate were higher in the
ESD group than in the EMR group for type II EG] neoplasm (100% vs. 92.0% and 100% vs. 90.1%, respectively; P=0.01 and P=0.01). The
5-year cancer-specific survival rate was higher in the ESD group than in the EMR group; nevertheless, there were no significant differences
between the two groups (100% vs. 96.0%, P=0.08). Although the follow-up time in the ESD group was shorter than that in the EMR group,

the follow-up outcomes were better in the ESD group than in the contemporaneous EMR group. ESD, endoscopic submucosal dissection;

EMR, endoscopic mucosal resection; EGJ, esophagogastric junction.

respectively. Patients 3 and 5 underwent chemotherapy but
still died of the disease at 14 and 30 months after EMR.
The primary tumors of two patients with distant recurrence
showed submucosal invasion deeper than 500 pm. In the
ESD group, one patient with lateral margin HGIN was not
offered further endoscopic intervention, and two patients
with vertical margin-positive disease refused salvage surgery.
Nonetheless, no local or distant recurrence was found
during the follow-up period. The 5-year overall survival
Kaplan-Meier curve, cancer-specific survival Kaplan-Meier
curve and disease-free survival Kaplan-Meier curve of two
groups are summarized in Figure 2.

We analyzed a subgroup with tumor size under 2 cm
between the EMR group and ESD group (33 patients and
42 patients, respectively). During the follow-up period,
local recurrence occurred in 3 (9.1%) patients, and none

© Annals of Translational Medicine. All rights reserved.

of patients experienced distant recurrence in the EMR
group. None of the patients experienced local or distant
recurrence in the ESD group. The recurrence rate was
lower in the ESD group than in the EMR group (0% uvs.
9.1%, respectively; P=0.02). The 5-year overall survival
Kaplan-Meier curve, cancer-specific survival Kaplan-Meier
curve and disease-free survival Kaplan-Meier curve of these
groups are summarized in Figure 3.

We also divided the EMR group into an en bloc group
(12 patients) and a piece-meal group (40 patients). During
the follow-up period, local recurrence occurred in 4 (7.7%)
patients, and distant recurrence was observed in 2 (3.8%)
patients in the piecemeal group. One patient experienced
both local and distant recurrence. Nevertheless, none of
the patients experienced local or distant recurrence in the
en bloc group. The recurrence rate and local recurrence

Ann Transl Med 2021;9(4):322 | http://dx.doi.org/10.21037/atm-20-4265
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Figure 3 The 5-year follow-up outcome between the ESD than the EMR group with tumor size under 2 cm. (A) Five-year overall survival

Kaplan-Meier curve; (B) 5-year cancer-specific survival Kaplan-Meier curve; (C) 5-year disease-free survival Kaplan-Meier curve. The

5-year overall survival rate and disease-free survival rate was higher in the ESD than in the EMR group with tumor size under 2 cm (100%

vs. 93.6%, and 100% vs. 90.5%, respectively; P=0.12 and P=0.07). The 5-year cancer-specific survival rate was same in the ESD than in the

EMR group with tumor size under 2 cm (100% vs. 100%; P=1.00). Although there was no statistically significant difference between two

groups, the follow-up outcomes of 5-year overall survival rate and disease-free survival rate were better in the ESD than in the EMR group

with tumor size under 2 cm. ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection.

rate was lower in the en bloc group than in the piecemeal
group (0% vs. 12.5%, 0% vs. 10%, respectively; P=0.10 and
P=0.14). The 5-year overall survival Kaplan-Meier curve,
cancer-specific survival Kaplan-Meier curve and disease-
free survival Kaplan-Meier curve of these groups are
summarized in Figure 4.

Discussion

To the best of our knowledge, this is the first retrospective
study comparing ESD with EMR just for type II EG]
neoplasm. We included 130 patients with early-stage type
IT EGJ neoplasm who underwent endoscopic resection.
We divided these patients into two groups according to
the procedure: the EMR group and the ESD group. There
were no significant differences between the two groups in
terms of age, sex, median maximum diameter of the lesions,

© Annals of Translational Medicine. All rights reserved.

tumor morphology, or histological type.

The ESD group showed a longer resection time and
a higher rate of adverse events than did the EMR group.
In our opinion, the increased resection time and rate of
adverse events reflect the higher technical complexity of
ESD. The major drawback of ESD is the long procedure
time, particularly in difficult locations, such as the EG] (13).
In addition, the difference in the size of the resected
specimen may have led to a longer resection time and
higher rates of adverse events in the ESD group. Although
ESD resulted in a higher rate of adverse events, all adverse
events were managed by endoscopy. No serious adverse
events that required surgical treatment or blood transfusion
were encountered. On the other hand, compared with ESD,
EMR is a minimally invasive and easy-to-learn procedure.
Thus, EMR might be suitable for older patients or patients
with poor physical condition who cannot endure a long
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survival rate, cancer-specific survival rate and disease-free survival rate was higher in the en bloc group than in the piece-meal group (100%
vs. 89.5%, 100% vs. 94.8%, and 100% vs. 87.1%, respectively; P=0.25, P=0.42 and P=0.20). Although there was no statistically significant

difference between two groups, the follow-up outcomes were better in the en bloc group than in the piece-meal group. EMR, endoscopic

mucosal resection.

procedure time.

The ESD group showed a much higher en bloc resection
rate and RO resection rate than the EMR group (98.7%
and 92.3% wvs. 23.1% and 23.1%, respectively; P<0.05).
In contrast with EMR, ESD enables the resection
of even large lesions in a single piece (28). Although
the EGJ has been regarded as a difficult location for
endoscopic treatment, several studies have reported en
bloc resection rates of 90-100% for ESD in EGJ cancer
(6,8,24,29). Although we performed EMR with cap, the
en bloc resection rate was still low in the treatment of EG]J
dysplasia. The major drawback of EMR is the lower en bloc
resection rate than ESD. The en bloc resection rate in our
study (23.1%) was even lower than that in cases of early
gastric cancer treated with EMR (40.9-72.2%) (30). One
reason is that type II EGJ neoplasm might extend beyond
the cardia, including the angle of His (20). The difficult
location may lead to an obviously lower en bloc resection

© Annals of Translational Medicine. All rights reserved.

rate. On the other hand, the median diameter of the
lesion was 18 mm in the EMR group. Larger lesions often
require piecemeal resection. In East Asia, the pathologic
types of EGJ adenocarcinoma are different from those of
Western countries, as most of Chinese EGJ neoplasms are
cardiac adenocarcinoma. Even Barrett’s adenocarcinoma
often arises from the short-segment Barrett’s esophagus
(12,13,16). For such type II EGJ neoplasms with difficult
locations, our study is the first to demonstrate that EMR
may be likely to achieve en bloc resection, when the tumor
size is smaller than 15 mm.

Differences in the size of the resected specimen are
related to the delineation of the lesion periphery. The
marked border in EMR is approximately 2 mm away from
the lesion, but in ESD, it is at least 5 mm away from the
lesion, which leads to a difference in the size of the resected
specimen. According to histopathologic evaluation after
EMR, we found that EGJ neoplasm might invade the lower

Ann Transl Med 2021;9(4):322 | http://dx.doi.org/10.21037/atm-20-4265
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esophagus, even if the lower esophagus mucosa looks normal
by endoscopy. The histopathologic results of one patient in
the EMR group who underwent additional surgery because
of vertical margin positivity showed adenocarcinoma
invading underneath the normal esophageal squamous
epithelium and the lack of residual tumor at the previous
endoscopic resection site. With piecemeal resection
and reconstructed specimens, the results of the lateral
margin might be inaccurate. EGJ adenocarcinoma might
invade the mucosal stroma under the normal esophageal
squamous epithelium, which defined as subsquamous
carcinoma extension (14,15,20). If subsquamous carcinoma
extension is not visible by endoscopy, the periphery of the
oral side cannot be accurately determined (20). White-
light endoscopy, magnifying endoscopy with narrow-band
imaging (NBI) and dye spraying with acetic acid or indigo-
carmine are used to assess the periphery of the oral side.
These studies also indicated several endoscopic signs of
subsquamous carcinoma extension, such as slight elevation,
a change in mucosal color, the formation of small holes and
annular vessels (20,31,32). Conversely, since most cases of
subsquamous carcinoma extension are reported to be less
than 1 cm in size, oral safety margins placed 1 cm from
the SCJ or endoscopic signs of subsquamous carcinoma
extension are useful in ESD for EGJ adenocarcinoma
(17,20). In the ESD group, there was no case with a positive
horizontal margin on the oral side, indicating that oral
margins placed 1 cm from the SCJ or endoscopic signs of
subsquamous carcinoma extension are safe.

The 5-year overall survival rate and disease-free
survival rate were higher in the ESD group than in the
EMR group for type II EGJ neoplasm (100% vs. 92.0%
and 100% vs. 90.1%, respectively; P<0.05). The 5-year
cancer-specific survival rate was higher in the ESD group
than in the EMR group; nevertheless, there were no
significant differences between the two groups (100% vs.
96.0%, P>0.05). During the follow-up period, the ESD
group showed significantly lower rates of local and distant
recurrence than the EMR group. Complete resection
reduces the residual recurrence rate during follow-up (30).
EMR methods usually performed for the lesion less than
2 cm in diameter. We analyzed a subgroup with tumor
size under 2 cm between the EMR group and ESD group
(33 patients and 42 patients, respectively). There was no
statistically significant difference between two groups in the
aspect of 5-year overall survival rate, 5-year cancer-specific
survival rate and disease-free survival rate. But the follow-
up outcomes of 5-year overall survival rate and disease-free
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survival rate were better in the ESD than in the EMR group
with tumor size under 2 cm, which were shown in Figure 3.
However, EMR often involves fragmentation of the lesion,
which makes the histologic evaluation difficult (8), and
piecemeal EMR may cause minor remnants of neoplastic
tissue to be retained (28). In 2006, Ono ez 4l. reported that
local recurrence was observed more often with piecemeal
EMR than with en bloc resection for the treatment of early
gastric cancer (8,33). In our study, we observed similar
outcomes: the local recurrence rate was lower in the en bloc
group than in the piecemeal group (0% vs. 10%; P>0.05).
Although there was no statistically significant difference
between two groups, the follow-up outcomes were better in
the en bloc group than in the piece-meal group, which were
shown in Figure 4. Therefore, treatment of EGJ neoplasm
by EMR is recommended for the lesion, which less than
2 cm in diameter and could be removed en bloc. In contrast,
treatment of EGJ neoplasm by ESD resulted in high en bloc
resection rates (6,8,10,23), making histologic evaluation
more accurate, especially for the lateral margin. In the
ESD group, one patient with lateral margin positivity and
two patients with vertical margin positivity did not receive
additional treatment, but no local or distant recurrence
was found during the follow-up period. In these three
patients, the only noncurative factor was the positive
resection margin based on the expanded ESD criteria. The
patient with lateral margin positivity showed the presence
of HGIN at the positive margin, with a length of 2 mm.
Furthermore, the length of the positive vertical margin in
the two patients was less than 0.5 mm. The reason for the
absence of recurrence in these three patients might be the
burning effect and lack of risk of lymph node metastasis.
Several studies have reported residual tumors in only 15.4-
65% of patients with lateral margin positivity in the surgical
specimen (34-38). In the case of noncurative resection in
patients with only one positive lateral resection margin,
additional endoscopic treatment or observation could be an
alternative strategy (39). Although two patients with vertical
margin positivity did not show recurrence, additional
surgery should be encouraged.

Type II EGJ adenocarcinoma can be divided into
Barrett’s adenocarcinoma and gastric cancer. However,
whether EGJ neoplasm can be treated as an esophageal
cancer or as a gastric cancer is controversial (23). The main
argument is that minute submucosal invasion is defined
as an invasion of 200 or 500 pm. An overview of surgical
series reporting the risk of lymph node metastasis in gastric
and EGJ tumors has shown that the risk of lymph node
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metastasis in minimal submucosal invasion (sm1 or <500 pm
from the muscularis mucosa) was low (0-14%), but that for
deeper submucosal invasion was high, ranging from 21%
to 46% (8,40,41). Two patients with distant recurrence in
the EMR group showed submucosal invasion deeper than
500 pm. In conclusion, piecemeal EMR and submucosal
invasion deeper than 500 pm may have led to worse long-
term prognosis in the EMR group than in the ESD group.
From the previous study and our present results, curative
resection, which is defined according to the expanded
criteria for endoscopic resection for early gastric cancer,
may be applicable.

Our study has several limitations. First, this was a
retrospective study and a single institution. Second, the
follow-up time was different between the two groups.
Because ESD for type II EGJ neoplasm is an emerging
technique since 2013 at our hospital while EMR is a
relatively mature technique, the follow-up time for the
EMR group was longer than that for the ESD group.
Third, some patients undergoing noncurative resection
chose follow-up, although surgery is standard care for such
patients. Nevertheless, most patients with noncurative
resection fulfilled the complete resection criteria, and there
was no evidence of metastasis. After surgical consultation,
these patients chose to undergo follow-up.

In conclusion, with higher en bloc resection and RO
resection rates and better long-term outcome during follow-
up, ESD is an acceptable first-line endoscopic treatment
for type II EGJ neoplasm. However, ESD is more time-
consuming and has a higher rate of adverse events, which
requires highly skilled endoscopists. Furthermore, EMR
is a minimally invasive and easy-to-learn procedure for
removing EGJ neoplasm, which requires low technique
skill and might be suitable for older patients or patients
with poor physical condition who cannot endure a long
procedure time. EMR has similar long-term outcome to
that of ESD, when EMR could achieve en bloc resection.
Thus, EMR might be more suitable for the tumor size is
smaller than 15 mm. In addition, the expanded criteria
for endoscopic resection for early gastric cancer, may be

applicable for type II EGJ neoplasm.
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