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Background/Aims: Endoscopic resection (ER) of super-
ficial esophageal neoplasm (SEN) is a technically difficult
procedure. We investigated the clinical outcomes of ER for
SEN to determine its feasibility and effectiveness. Methods:
Subjects who underwent ER for SEN at Asan Medical Center
between December 1996 and December 2010 were eligible.
The clinical features of patients and tumors, histopathologj-
cal characteristics, adverse events, ER results and survival
were investigated. Results: A total of 129 patients under-
went ER for 147 SENs. En bloc resection (EnR) was per-
formed in 118 lesions (80.3%). Complete resection (CR) was
accomplished in 128 lesions (86.5%), and curative resection
(CuR) was performed in 118 lesions (79.7%). The EnR, CR,
and CuR rates were significantly greater in the endoscopic
submucosal dissection group when compared to those in the
endoscopic resection group. Adverse events occurred in 22
patients (17.1%), including bleeding (n=2, 1.6%), perforation
(n=12, 9.3%), and stricture (n=8, 6.2%). Local tumor recur-
rence occurred in 2.0% of patients during a median follow-up
of 34.8 months. The 5-year overall and disease-specific sur-
vival rates were 94.0% and 97.5%, respectively. Conclusions:
ER is a feasible and effective method for the treatment of
SEN as indicated by favorable clinical outcomes. (Gut Liver
2015;9:470-477)
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INTRODUCTION

Esophageal cancer is the eighth most common cancer world-
wide."” In Korea, the detection rate of early-stage squamous cell

carcinoma (SCC) has increased with the widespread endoscopic
screening of asymptomatic individuals and increased endosco-
pist’s experience and awareness.”” In the past, esophagectomy
with Ilymph node dissection was the treatment of choice for SCC
and was often performed even in patients with esophageal high-
grade dysplasia (HGD).”® However, surgical resection is associ-
ated with significant mortality and morbidity regardless of the
experience of the surgeon.” Consequently, endoscopic treatment
of superficial esophageal neoplasm (SEN), including early-stage
SCC and HGD, has attracted interest as an alternative therapy.

Endoscopic resection (ER), including endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection (ESD),
is regarded as an effective, minimally invasive treatment for
SEN, and has been performed in many centers in several coun-
tries.'”" Studies have shown that in almost 50% of patients
treated by EMR, the procedure is performed by piecemeal resec-
tion, particularly when the lesion is >20 mm.""">"*"® Therefore,
EMR has been associated with high local recurrence rates of
24% to 26%.'"'°?" ESD enables en bloc resection (EnR) of tu-
mors regardless of size; however, it is a technically difficult and
time-consuming procedure that is associated with an increased
risk of complications. In the present study, we investigated the
clinical outcomes of ER in patients with SEN.

MATERIALS AND METHODS

1. Patients

Patients who underwent ER for SEN at Asan Medical Center
between December 1996 and December 2010 were eligible.
SEN included SCC confined to the mucosal layer and HGD,
and patients who were previously diagnosed with esophageal
neoplasm were excluded. Preprocedural diagnosis was made by
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white-light endoscopy and narrow band imaging and by Lugol
chromoendoscopy (LCE). Endoscopic ultrasound was performed
to evaluate the exact depth of invasion in patients with SCC.
Computed tomography (CT) scans of the chest and upper abdo-
men and positron emission tomography (PET)-CT scans were
performed in all patients with SEN to identify possible distant
metastasis or lymph node metastases.

Clinical characteristics, including patient-, tumor- (the
location and size of lesions, and histologic diagnosis), and
procedure-related (procedure time and adverse events) factors
were collected from medical records. In addition, the clinical
outcomes of ER, including complete resection (CR) and curative
resection (CuR) rates, local recurrence rates, the development
of synchronous or metachronous lesions, and the overall and
disease-specific survivals were investigated. Informed consent
was obtained from all patients before ER, and the retrospective
analysis was approved by the Institutional Review Board of
Asan Medical Center (2011-0793).

2. Endoscopic treatment

ER was performed by three experienced endoscopists (H.Y.J.,
H.J.S., and K.D.C.), with patients under conscious sedation or
general anesthesia. Resection was performed by EMR before
2004 and ESD after 2005. ER was performed with a forward-
viewing endoscope (GIF-H260; Olympus, Tokyo, Japan) and the

tip of the endoscope was fitted with a transparent attachment
(D-201-11814; Olympus) to obtain a constant endoscopic view
and to create tension on the connective tissue during submuco-
sal dissection.

Before ER, endoscopic examination was performed by LCE
through the direct instillation of 20 mL of 3% Lugol’s solution
to evaluate the lateral spread of tumors. The marking was per-
formed on the borders of the lesions, and normal saline contain-
ing small amounts of 0.005% epinephrine and indigo carmine
was then injected submucosally. A small incision was made
with a hook knife (Olympus) followed by a circumferential mu-
cosal incision outside the marking. The submucosal connective
tissue just beneath the lesion was dissected from the muscularis
propria with an insulated-tip knife (Olympus). Submucosal in-
jection was repeated as needed, and further dissection was per-
formed to ensure a deep resection margin (Fig. 1). Hemostasis
was performed during or after the dissection using hemostatic
forceps (FD-410LR; Olympus).

EMR was performed using the EMR-L or EMR-C method.
EMR-L denotes a suck-and-cut method with a ligation device
similar to that used in variceal ligation. The target lesion was
sucked into the cylinder and a rubber band was released to cre-
ate a pseudopolyp. Finally, a snare was placed, and the lesion
was excised using a cutting current (Fig. 2).”*” In the EMR-C
method, a specifically designed transparent plastic cap was at-

Fig. 1. Endoscopic submucosal dissection of an esophageal neoplasm. (A) A hyperemic, subtly nodular lesion in the midthoracic esophagus on
conventional white-light endoscopy. (B) Lugol chromoendoscopy demarcating the lesion. (C) Markings around the lesion. (D) An artificial ulcer
after submucosal dissection. (E) En bloc resected specimen examined by conventional white-light endoscopy. (F) Chromoendoscopic findings of a
resected specimen revealing a Lugol-void lesion.
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Fig. 2. Endoscopic mucosal resection of an esophageal neoplasm. (A) A hyperemic, coarse lesion in the mid thoracic esophagus on conventional
white-light endoscopy. (B) Lugol chromoendoscopy showing the lesion. (C) Markings made around the lesion. (D) Resection performed using a
snare after submucosal saline injection. (E) An artificial ulcer after endoscopic resection. (F) En bloc resected specimen.

tached to the end of the endoscope, and the lesion was sucked
into the cap and resected with a diathermy loop, which had
been loaded onto a specially designed groove on the edge of the
cap.”

Follow-up endoscopy with LCE was performed every 6
months during the first 2 years after the ER and annually there-
after. Patients found to have SCC were assessed by additional
CT scans of the chest and abdomen. PET-CT scans were per-

formed at 1, 3, and 5 years.
3. Histopathological evaluation

The resected specimens were fixed in formalin and serially
sectioned perpendicularly at 2 mm intervals. The size of the
resected specimens and tumors, depth of invasion, the presence
of lymphovascular invasion or perineural invasion, histologic
differentiation, and resection margins were evaluated. All sec-
tions were subjected to detailed pathological review according
to the guidelines of Clinical and Pathological Studies in Carci-
noma of the Esophagus.”®*® Based on these guidelines, tumors
were classified into three categories according to the depth of
invasion as follows: m1, intraepithelial carcinoma; m3, tumor
extremely close to or infiltrating the muscularis mucosa; and
m2, tumors located between m1 and m3. Sm1 was defined as a

submucosally invaded tumor that extended up to 200 pm below
the lower border of the muscularis mucosa.” TO was defined as
HGD.

4. Definitions

EnR was defined as resection of targeted lesions in one piece
regardless of the depth of invasion and lymphovascular inva-
sion. CR was defined as tumor-free lateral margins >2 mm and
tumor-free vertical margins >0.5 mm on histologic examina-
tion. A multi-fragment section was regarded as CR when all
fragments could be evaluated adequately after achieving perfect
reconstruction. If the lateral margin of the lesion could not be
evaluated histologically because of the effect of the electrosurgi-
cal current or mechanical damage, the resection was regarded
as incomplete.

CuR was defined as the absence of a poorly differentiated
component, lymphovascular invasion or perineural invasion,
and submucosal invasion <200 pm from the muscularis mucosa.
Non-CuR was defined as tumors that did not fulfill the above
criteria for CuR regardless of CR.

Local recurrence was defined as an iodine-unstained area that
was detected at the site of resection and confirmed histologi-
cally. Synchronous lesions were defined as those detected in a
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Table 1. Patient Characteristics in the Endoscopic Mucosal Resection and Endoscopic Submucosal Dissection Groups

Characteristic Total (n=147) EMR group (n=39) ESD group (n=108) p-value
Gender, male:female 124:5 30:0 94:5
Age, yr 67 (45-86) 66 (45-84) 67 (49-86) 0.415
Smoking 0.667
Current smoker 52 (40.3) 16 (53.3) 36 (36.7)
Ex-smoker 52 (40.3) 9 (30) 43 (43.9)
Nonsmoker 25 (19.4) 5(16.7) 20 (20.4)
Alcohol 0.542
Alcoholics 72 (55.8) 20 (66.7) 52 (53.0)
Ex-alcoholics 32 (24.8) 4(13.3) 28 (28.6)
Nonalcoholics 25 (19.4) 6 (20.0) 19 (19.4)
Location 0.290
Upper esophagus 4(2.7) 2 (5.1) 2(1.9)
Middle esophagus 92 (62.6) 22 (56.4) 70 (64.8)
Lower esophagus 51 (34.7) 15 (38.5) 36 (33.3)
Lesion size, mm 15 (2-60) 11 (2-40) 15 (2-60) 0.017
Circumference, % 0.372
<50 113 (76.9) 32 (82.0) 81 (75)
50-75 26 (17.7) 4(10.3) 22 (20.4)
>75 8 (5.4) 3(7.7) 5 (4.6)
Histology 0.640
Dysplasia 30 (20.4) 10 (25.6) 20 (18.5)
Squamous cell carcinoma 117 (79.6) 29 (74.4) 88 (81.5)

Data are presented as number (%) or median (range).

EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection.

different location within 1 year of the initial ER, and metachro-
nous lesions were those detected more than 1 year after ER.

Complications included bleeding, perforation, and postopera-
tive stricture. Procedure- related bleeding was defined as (1)
bleeding confirmed by routine, second-look endoscopy within
24 hours; (2) clinical evidence of melena or hematemesis;
or (3) massive bleeding such as that requiring transfusion or
bleeding in which the level of hemoglobin fell 2 g/dL after the
procedures. Perforation was diagnosed endoscopically during
the procedure when the mediastinal connective tissue could be
visualized, or radiographically as the presence of free air on
chest radiography. Stricture was defined as the inability to pass
a standard 11-mm diameter endoscope through the stricture.

5. Statistical analysis

Differences among clinical characteristics were determined
using Student t-test or chi-square test, as appropriate. When the
sample size was small, the Mann-Whitney U-test or Fisher exact
test was used. Kaplan-Meier analysis and the log-rank test were
used to assess survival. All statistical analyses were performed
using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA), and a p-
value <0.05 was considered statistically significant.

RESULTS
1. Clinicopathologic characteristics

During the study period, 129 subjects underwent ER for 147
lesions, including 30 HGD and 117 SCC (Table 1). The median
age was 67 years (range, 45 to 86 years) and the male-to-female
ratio was 24.8:1. The median size of tumors resected by EMR
and ESD was 11 mm (range, 2 to 40 mm) and 15 mm (range,
2 to 60 mm), respectively. Of the 117 SCCs, 104 (88.9%) were
confined to the mucosal layer, and 13 (11.1%) invaded the sub-
mucosal layer. Four lesions (2.7%) were located in the upper
esophagus, 92 (62.6%) in the middle esophagus, and 51 (34.7%)
in the lower esophagus. Among these, 34 lesions (23.1%) occu-
pied more than one half of the luminal circumference.

2. Clinical and oncologic outcomes of ER

EMR and ESD were performed in 108 (73.5%) and 39 (26.5%)
lesions, respectively (Table 2). The median size of resected speci-
mens was significantly larger in the ESD group than in the EMR
group (35 mm vs 26 mm, p<0.001). The median procedure time
was 37 minutes (range, 4 to 120 minutes), and the procedure
time was longer in the ESD group.
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Table 2. Comparison between Endoscopic Mucosal Resection and Endoscopic Submucosal Dissection for Superficial Esophageal Neoplasm

Variable Total (n=147) EMR group (n=39) ESD group (n=108) p-value
Resected specimen size, mm 33 (5-70) 26 (5-65) 35 (15-70) <0.001
Procedure time, min 37 (4-120) 21 (4-63) 40 (13-120) <0.004
Depth of invasion 0.605
TO 30 (20.4) 10 (25.6) 20 (18.5)
ml 62 (42.2) 14 (35.9) 48 (44.5)
m2 31 (21.1) 7 (18.0) 24 (22.2)
m3 11 (7.5) 2 (5.1) 9(8.3)
sm 13 (8.8) 6(15.4) 7 (6.5)
En bloc resection 118 (80.3) 20 (51.3) 98 (90.7) <0.001
Complete resection 128 (86.5) 28 (71.8) 99 (91.7) 0.001
Curative resection 118 (79.7) 25 (64.1) 92 (85.3) 0.011
Resection margin of specimen
Positive lateral margin 17 (11.5) 10 (25.6) 7 (6.4) 0.001
Positive vertical margin 1(0.7) 0 1(0.9) 1.000
Positive lymphovascular invasion 4(2.7) 0 4 (3.6) 0.573
Complication 22 (17.1) 3 (10.0) 18 (18.2) 0.282
Bleeding 2 (1.6) 0 2 (2.0) 1.000
Perforation 12 (9.3) 0 12 (12.1) 0.066
Stricture 8 (6.2) 3 (10.0) 5(5.1) 0.424
Data are presented as number (%) or median (range).
EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection.
Table 3. Demographic Features of Patients Having Recurrence after Curative Resection
Patient  ER method pepth' of Lesion size, No. 9f Type of Duration, Depth of Additional
invasion mm resection recurrence mo recurrence treatment
1 EMR TO 16 PR Synch 9 m2 oP
2 EMR ml 40 PR Synch 10.2 TO EMR
3 ESD ml 15 ER Synch 7.7 ml ESD
4 ESD ml 27 ER Synch 3 To EMR
5 ESD m2 10 ER Synch 7.2 pm OP
6 EMR m2 22 PR Metach 89.5 - CTx
7 ESD ml 27 PR Metach 18.7 m1l ESD
8 ESD ml 13 ER Metach 13.2 ml ESD
9 ESD m2 29 ER Metach 19.1 TO ESD

ER, en bloc resection; EMR, endoscopic mucosal resection; PR, piecemeal resection; Synch, synchronous lesion; OP, operation; ESD, endoscopic

submucosal dissection; Metach, metachronous lesion; CTx, chemotherapy.

EnR was achieved in 118 of 147 lesions (80.3%), with CR
achieved in 128 lesions (86.5%) and CuR in 118 lesions (79.7%).
EnR, CR, and CuR rates were higher in the ESD group than in
the EMR group. Of the 118 lesions with CuR, recurrence oc-
curred in nine patients, including five synchronous lesions
and four metachronous lesions, at a median follow-up of 34.8
months (range, 8 to 138 months) (Table 3). The median dura-
tion from ER to recurrence was 10.2 months (range, 3 to 89.5
months), and ER for synchronous or metachronous lesions was
feasible in six of nine patients (66.7%). None of the patients

showed local recurrence.

Among 30 patients with non-CuR, 10 showed invasion of
the submucosal layer, 18 had a positive resection margin, and
four had lymphovascular invasion. Of these, local recurrence
occurred in three patients. Nodal or distant metastasis was not
observed in any of these patients during the follow-up period.

Adverse events occurred in 22 patients (17.1%) and included
bleeding (n=2, 1.6%), perforation (n=12, 9.3%), and stricture
(n=8, 6.29). All patients with delayed bleeding were treated en-
doscopically. Perforation accompanied by mediastinal emphy-
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Fig. 3. Kaplan-Meier analysis. (A) Overall cumulative survival rates after curative resection. (B) Overall cumulative disease-free survival rates after

curative resection.

ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection.

sema was detected in 12 patients, and all cases occurred in the
ESD group. Five patients were diagnosed endoscopically dur-
ing the procedure, and seven patients were diagnosed by chest
radiography performed after the procedure. All patients with
perforation recovered uneventfully without any additional in-
tervention. Among the patients with stricture, four complained
of dysphagia and were managed with an average of 5.5 sessions
of endoscopic balloon dilatation.

During the follow-up period, seven patients had died; one
died of esophageal cancer-related causes, and six died of un-
related causes. The 5-year overall and disease-specific survival
rates were 94.0% and 97.5%, respectively (Fig. 3).

DISCUSSION

In the present study, we investigated the clinical outcomes
of ER in 147 SENs. The overall EnR, CR, and CuR rates were
80.3%, 86.5%, and 79.7%, respectively. EnR, CR, and CuR rates
were significantly higher in the ESD group than those in the
EMR group. Adverse events occurred in 21 patients, including

bleeding (1.6%), perforation (9.3%), and stricture (6.2%). The lo-
cal tumor recurrence rate was 2.0% during a median follow-up
period of 34.8 months. The 5-year overall and disease-specific
survival rates were 94.0% and 97.5%, respectively. To the best
of our knowledge, this is the first study to evaluate the clini-
cal outcomes of ER in a large number of SENs with long-term
follow-up data.

ER is accepted as the standard treatment for gastric neoplasm,
and its feasibility and effectiveness have been demonstrated in
recent studies.”” Although ER has been performed in patients
with SEN, few studies have assessed its feasibility and effec-
tiveness for the treatment of SENs, and the long-term clinical
outcomes remain uncertain.'®'®*"*° In the present study, we
evaluated the outcomes of ER, including EnR, CR, and CuR, and
showed that ER is an effective method for the treatment of SENs
with acceptable adverse events. In addition, we showed that
despite a longer procedure time associated with the ESD pro-
cedure, ESD showed advantages over EMR by enabling EnR of
larger lesions. Regarding the incidence of complications, more
adverse events occurred in the ESD group; however, all patients
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recovered uneventfully, and there was no statistically significant
difference between the ESD and EMR groups.

In the postoperative management of patients with SEN,
esophageal stricture is an important problem because it is as-
sociated with impaired quality of life. The possibility of stricture
increases when the circumference of the lesion exceeds three-

16,31,32
In

fourths of the total circumference of the esophagus.
addition, longitudinal mucosal defects longer than 30 mm have
been reported as a significant risk factor for the development of
esophageal stricture.” In the present study, the incidence of stric-
ture was 6.29%, which is lower than that reported previously.”**
Esophageal stricture occurred in three cases in the EMR group
and five cases in the ESD group. The average diameter of resect-
ed specimens was 54.6 mm in the ESD group and 26.0 mm in
the EMR group; however, the difference did not reach statistical
significance.

Assessment of long-term outcomes showed 5-year overall
and disease-specific survival rates of 94.0% and 97.5%, re-
spectively. During a median follow-up period of 34.8 months,
the overall recurrence rate was 11.6% (six synchronous, eight
metachronous, and three local recurrence), and most recurrences
occurred within 2 years of the initial ER. Therefore, endoscopic
surveillance for the first 2 years after ER is essential for the
early detection of recurrence. In the present study, of 17 cases
of recurrence, 11 (64.7%) were treated with repeated ER and re-
mained disease-free.

According to the guidelines of the Japanese Esophageal So-
ciety for the diagnosis and treatment of esophageal SCC, ER
is recommended in patients with SEN limited to high-grade
intraepithelial neoplasia, including m1 and m2 without vascu-
lar invasion or lymph node metastasis.” Tumors invading the
muscularis mucosa (m3) or submucosa (sm1) are associated
with a higher risk of lymph node metastasis and ER should be
considered when no further risk factors such as a poorly differ-
entiated component or lymphovascular invasion are present.””**
However, even in cases of invasion into the muscularis mucosa,
if the lower lamina muscularis mucosae (LMM) invasion width
is <3.0 mm and there is no evidence of lymphovascular inva-
sion, the patient can be carefully observed without additional
treatment.” In addition, in tumors with minute submucosal
invasion, the choice of ER or surgical resection should be made
after balancing the risk of recurrence against the operative risk,
especially in elderly patients with comorbidities. In the pres-
ent study, all 11 cases with m3 showed CR without recurrence
during the follow-up period. Two of 10 cases with submucosal
invasion were observed without additional intervention because
of the patients’ refusal. At the time of the study, these patients
were alive without recurrence, and the lower LMM invasion
width was 0.4 and 2.4 mm, respectively.

This study had several limitations. First, it was a retrospective
study conducted in a single center, which could have led to se-
lection bias in the decision to undergo ER versus surgical treat-

ment. Secondly, as EMR was performed before 2004 and ESD
has been performed since 2005, the median follow-up period
of the ESD group was relatively shorter than that of the EMR
group.

In conclusion, ER for SENs is a feasible and effective proce-
dure, as indicated by favorable clinical outcomes. Although ESD
is technically difficult and more time-consuming than EMR,
ESD has advantages regarding EnR, CR, and CuR, which may
lead to longer-term recurrence-free survival.
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