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INTRODUCTION

Esophageal cancer is among the 10 most common can-
cers and is the seventh most common cause of can-
cer-related death in men worldwide [1,2]. Although the 
incidence of adenocarcinoma has been increasing in 
Western countries, the proportion of squamous cell 

carcinoma (SCC) is more than that of adenocarcino-
ma, and esophageal cancer is the tenth most common 
cause of cancer-related death in Korea [3]. Widespread 
endoscopic screening and the development of new en-
doscopic techniques have improved the detection rate 
of superficial esophageal neoplasms (SENs), including 
early esophageal cancer [4-6]. Surgical esophagectomy 
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Background/Aims: Endoscopic submucosal dissection (ESD) of a superficial 
esophageal neoplasm (SEN) is a technically difficult procedure. We investigated 
the clinical outcomes of ESD to determine its feasibility and effectiveness for the 
treatment of SEN.
Methods: Patients who underwent ESD for SEN between August 2005 and June 
2014 were eligible for this study. The clinical features of patients and tumors, 
histopathologic characteristics, adverse events, results of endoscopic resection, 
and survival were investigated.
Results: ESD was performed in 225 patients with 261 lesions, including 70 cas-
es (26.8%) of dysplasias and 191 cases (73.2%) of squamous cell carcinomas. The 
median age was 65 years (range, 44 to 86), and the male to female ratio was 21.5:1. 
Median tumor size was 37 mm (range, 5 to 85) and median procedure time was 
45 minutes (range, 9 to 160). En bloc resection was performed in 245 of 261 lesions 
(93.9%), with complete resection in 234 lesions (89.7%) and curative resection in 
201 lesions (77.0%). Adverse events occurred in 33 cases (12.6%), including bleed-
ing (1.5%), perforation (4.6%), and stricture (6.5%). During a median follow-up 
period of 35.0 months (interquartile range, 18 to 62), none of the patients showed 
local recurrence. The 5-year overall and disease-specific survival rates were 89.7% 
and 100%, respectively.
Conclusions: ESD is a feasible and effective procedure for the treatment of SEN 
based on our 10-year experience, which showed favorable outcomes. 
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with lymph node dissection is the treatment of choice 
for esophageal SCC [7-9]. However, esophagectomy is 
associated with high morbidity and mortality rates [8,9]; 
therefore, endoscopic resection (ER) was developed as an 
alternative procedure for the treatment of SENs because 
it is minimally invasive and maintains patients’ quality 
of life.

Originally, endoscopic mucosal resection (EMR) was 
the standard procedure and showed satisfactory results 
in the treatment of SENs [10-14]. However, the piecemeal 
resection (PR) during EMR, especially in the cases of 
large lesions, resulted in a high local recurrence rate of 
24% to 26% [11-19]. Endoscopic submucosal dissection 
(ESD) enables en bloc resection (EnR) of SENs regardless 
of size [15,20], and studies regarding the long-term out-
comes of ESD reported satisfactory results [21-25]. We 
previously reported the clinical outcomes of ER includ-
ing EMR and ESD for esophageal neoplasm and showed 
favorable outcomes [26]. In the present study, we inves-
tigated the clinical outcomes of ESD for the treatment 
of SENs by analyzing a large number of patients over a 
relatively long-term follow-up period.

METHODS

Patients
Patients who underwent ESD for the removal of SENs 
at Asan Medical Center between August 2005 and June 
2014 were eligible in this study. SENs included dyspla-
sia and superficial SCC confined to the mucosal layer. 
Patients who were previously diagnosed and treated 
with esophageal neoplasm or recurrent esophageal neo-
plasms were excluded. Pre-procedural diagnostic work-
up included white-light endoscopy (WLE), narrow band 
imaging (NBI), and Lugol chromoendoscopy (LCE). En-
doscopic ultrasound was performed to evaluate the ex-
act depth of invasion in patients with SCC. All patients 
with SCCs underwent computed tomography (CT) scans 
of the chest and upper abdomen, and positron emission 
tomography (PET)-CT scans to identify possible distant 
metastasis or lymph node metastasis.

Clinical characteristics, including patient-related, tu-
mor-related (the location and size of the lesions, and 
histologic diagnosis), and procedure-related (procedure 
time and adverse events) factors, were collected using 

medical records. In addition, the clinical outcomes of 
ER, including complete resection (CR) and curative re-
section (CuR) rates, local recurrence rates, the develop-
ment of synchronous or metachronous lesions, and the 
overall and disease-specific survival rates, were investi-
gated. Informed consent was obtained from all patients 
before ER, and the retrospective analysis was approved 
by the Institutional Review Board of Asan Medical Cen-
ter (2011-0793).

Endoscopic treatment
ESD was performed by five experienced endoscopists 
(J.H.Y., S.H.J., C.K.D., L.J.H., and K.D.H.) on patients 
placed under conscious sedation or general anesthesia 
using forward-viewing endoscopy (GIF-H260, Olympus, 
Tokyo, Japan). The tip of the endoscope was fitted with 
a transparent attachment (D-201-11814, Olympus) to ob-
tain a constant endoscopic view and to create tension 
on the connective tissue during submucosal dissection.

Before ER, an endoscopic examination was performed 
by WLE, NBI, and LCE through the direct instillation 
of 20 mL of 3% Lugol’s solution to evaluate the later-
al extent of tumors. Lesion borders were marked, and 
normal saline containing small amounts of 0.005% epi-
nephrine and indigo carmine was injected submucosal-
ly. A small incision was made with a hook knife (Olym-
pus), followed by a circumferential mucosal incision 
outside the markings. The submucosal connective tis-
sue immediately beneath the lesion was dissected from 
the muscularis propria with an insulated-tip (IT) knife 
(Olympus) or nano-IT knife (Olympus). Submucosal in-
jection was repeated as needed, and further dissection 
was performed to ensure a deep resection margin. He-
mostasis was performed during or after the dissection 
using hemostatic forceps (FD-410LR, Olympus).

Follow-up endoscopy was performed every 6 months 
during the first 2 years after ER and annually thereafter. 
When SCC was detected, patients underwent additional 
CT scans of the chest and abdomen. PET-CT scans were 
performed at 1, 3, and 5 years after ER.

Histopathologic evaluation
The resected specimens were fixed in formalin and se-
rially sectioned perpendicularly at 2 mm intervals. The 
size of the resected specimens and tumors, depth of 
invasion, presence of lymphovascular invasion (LVI) or 
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perineural invasion, histologic differentiation, and re-
section margins were evaluated. All sections were sub-
jected to detailed pathologic review according to the 
guidelines of Clinical and Pathological Studies in Car-
cinoma of the Esophagus [27,28]. Based on these guide-
lines, tumors were classified into five categories accord-
ing to the depth of invasion as follows: T0, dysplasia; m1, 
intraepithelial carcinoma; m3, tumor extremely close to 
or infiltrating the muscularis mucosa; and m2, tumors 
located between m1 and m3. Submucosal invasion (SMI) 
was defined as a tumor extending beyond the muscu-
laris mucosa, including Sm1. Sm1 was defined as a sub-
mucosally invaded tumor that extended up to 200 μm 
below the lower border of the muscularis mucosa [29].

DEFINITIONS

EnR was defined as the resection of a targeted lesion in 
one piece regardless of the depth of invasion and LVI. 
CR was defined as tumor-free lateral margins > 2 mm 
and tumor-free vertical margins > 0.5 mm on histolog-
ic examination. A multi-fragment section was regarded 
as CR when all fragments could be evaluated adequately 
after achieving perfect reconstruction. If the lateral mar-
gin of the lesion could not be evaluated histologically 
because of the effect of the electrosurgical current or 
mechanical damage, the resection was regarded as in-
complete.

CuR was defined as the absence of a poorly differenti-
ated component, LVI, perineural invasion, or SMI in an 
en bloc resected case. Non-CuR was defined as a tumor 
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 con-
firmed histologically. Synchronous lesions were defined 
as those detected in a different location within 1 year of 
the initial ER, and metachronous lesions were those de-
tected more than 1 year after ER.

Complications included bleeding, perforation, and 
postoperative stricture. Procedure-related bleeding was 
defined as follows: (1) bleeding confirmed by routine 
second look endoscopy within 24 hours; (2) clinical evi-
dence of melena or hematemesis; or (3) massive bleeding 
such as that requiring transfusion after the level of he-

moglobin fell by 2 g/dL. Perforation was diagnosed en-
doscopically during the procedure when the mediastinal 
connective tissue could be visualized or radiographically 
as the presence of free air on chest radiography. Stric-
ture was defined as the inability to pass a standard 11 
mm diameter endoscope through the stricture.

Statistical analysis
The index date was defined as the date of the first ESD. 
Patients were followed up from the index date to death 
or the last follow-up date (August 12, 2014). Differences 
between two groups were determined using chi-square 
test. Kaplan-Meier analysis and the log-rank test were 
used to assess survival. All statistical analyses were per-
formed using SPSS version 18.0 (SPSS Inc., Chicago, IL, 
USA), and p < 0.05 was considered statistically signifi-
cant.

RESULTS

Clinicopathologic characteristics
During the study period, 225 patients underwent ESD 
for 261 lesions, including 70 dysplasias (26.8%) and 191 
SCCs (73.2%) (Table 1). The median age was 65 years 
(range, 44 to 86), and the male to female ratio was 21.5:1. 
Eleven lesions (4.2%) were located in the upper esopha-
gus, 156 (59.8%) in the middle esophagus, and 94 (36.0%) 
in the lower esophagus. Of the 191 SCCs, 172 (90.0%) 
were confined to the mucosal layer and 19 (10.0%) had 
invaded the submucosal layer. Among these, 11 lesions 
(4.2%) occupied more than three-fourths of the luminal 
circumference.

Endoscopic and oncologic outcomes of endoscopic 
submucosal dissection
Endoscopic outcomes were evaluated at 261 lesions. The 
median size of lesions was 18.8 mm (range, 2 to 75) and 
that of resected specimens was 37 mm (range, 5 to 85). 
The median procedure time was 45 minutes (range, 9 to 
160). EnR was achieved in 245 lesions (93.9%), CR in 234 
lesions (89.7%), and CuR in 201 lesions (77.0%) (Fig. 1).

Adverse events occurred in 33 cases (12.6%) includ-
ing bleeding (n = 4, 1.5%), perforation (n = 12, 4.6%), and 
stricture (n = 17, 6.5%). All patients with delayed bleed-
ing were treated endoscopically. Six patients diagnosed 
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as perforation during the endoscopic procedure were 
treated by clipping during the procedure, and three pa-
tients diagnosed by chest radiography performed after 
the procedure were placed under careful observation. 
All patients with perforation recovered uneventfully 
without the need for further intervention. Among the 
patients with stricture, seven complained of dysphagia. 
Of these, five were managed with endoscopic balloon 
dilatation (EBD) and two were left untreated because 
they refused treatment. In contrast to lesions involving 
less than three-fourths of the luminal circumference (n 
= 250), lesions involving more than three-fourths of the 
luminal circumference (n = 11) tended to be associated 
with a higher rate of stricture with a statistically signifi-
cant difference (4.8% vs. 45.5%, p < 0.001).

Of 60 patients with non-CuR, 22 patients underwent 
additional treatment (esophagectomy, n = 10; radia-
tion therapy, n = 5; concurrent chemoradiation, n = 4; 

Table 1. Characteristics of the patients with superficial 
esophageal neoplasms (n = 225)

Characteristic Value
Age, yr 65 (44–86)

Sex, mela:female 215:10

Smoking

Current smoker 90 (34.5)

Ex-smoker 129 (49.4)

Non-smoker 42 (16.1)

Alcohol 

Alcoholics 133 (51)

Ex-alcoholics 90 (34.5)

Non-alcoholics 38 (14.6)

Lesion characteristics (n = 261)

Location 

Upper esophagus 11 (4.2)

Middle esophagus 156 (59.8)

Lower esophagus 94 (36)

Histology

Dysplasia 70 (26.8)

Squamous cell carcinoma 191 (73.2)

Lesion size, mm 18.8 (2–75)

Resected specimen size, mm 37 (5–85)

Procedure time, min 45 (9–160)

Histologic depth of invasion 

T0 70 (26.8)

m1 86 (33)

m2 67 (25.6)

m3 19 (7.3)

Sm 19 (7.3)

Circumference, % 

< 50 198 (75.9)

50–75 52 (19.9)

> 75 11 (4.2)

En bloc resection 245 (93.9)

Complete resection 234 (89.7)

Curative resection 201 (77.0)

Complication 33 (12.6)

Bleeding 4 (1.5)

Perforation 12 (4.6)
Stricture 17 (6.5)

Values are presented as median (range) or number (%).
T0, dysplasia; m1, intraepithelial carcinoma; m2, tumors 
located between m1 and m3; m3, tumor extremely close to or 
infiltrating the muscularis mucosa; Sm, submucosal inva-
sion.

261 SENs in 225 patients for endoscopic outcome

201 SENs on 181 patients for oncologic outcome

60 Exclusions
19 IR 
16 SMI 
11 PR 
  3 LVI 
  3 IR + SMI 
  4 IR + PR 
  1 IR + LVI 
  1 SMI + LVI 
  1 PR + LVI 
  1 Additional treatment other than ER 

0 LR

1 OP 4 APC 1 EMR 9 ESD 11 ESD

15 SR 11 MR

Figure 1. Clinical course of patients with curative resec-
tion. Among the study population, curative resection was 
achieved in 201 cases of superficial esophageal neoplasm 
after endoscopic submucosal dissection. The remaining 60 
cases were classified into non-curative resection after his-
topathological evaluation because of incomplete resection, 
submucosal invasion (SMI), lymphovascular invasion (LVI), 
or piecemeal resection (PR). Oncologic outcome was evalu-
ated for 201 superficial esophageal neoplasms (SENs) in 181 
patients. IR, incomplete resection; ER, endoscopic resection; 
LR, local recurrence; SR, synchronous recurrence; MR, 
metachronous recurrence; OP, operation; APC, argon plas-
ma coagulation; EMR, endoscopic mucosal resection; ESD, 
endoscopic submucosal dissection.
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additional ESD, n = 2; and chemotherapy, n = 1). The 
remaining 38 patients were placed under observation 
without additional treatment because of their old age 
or patients’ refusal. Among patients with non-CuR, syn-
chronous recurrence was detected in two patients (3.3%) 
and metachronous recurrence was detected in seven pa-
tients (11.7%) during the follow-up period. Of these, a to-
tal of seven patients died; one patient died of esophageal 
cancer-related death, and six patients died of unrelated 
cause, such as lung cancer (n = 2), stomach cancer (n = 
1), liver cirrhosis (n = 1), pancreas cancer (n = 1), and old 
age (n = 1).

Of the 234 completely resected lesions, 33 were de-
fined as non-CuR because of SMI, LVI, or PR. Among 
16 patients with SMI in CR, 12 underwent additional 
treatment (esophagectomy in five, radiation or chemo-
radiation in six, and chemotherapy in one), and three of 
these patients died of disease progression, lung cancer, 
and sepsis. Four patients were followed without addi-
tional treatment because of patient refusal or old age, 
and showed no recurrence or death. One patient with 
SMI and LVI underwent esophagectomy and showed no 
recurrence or death. Among four patients with LVI, two 
underwent additional treatment (one with esophagec-
tomy and one with radiation), and all of these patients 

were still alive at the time of the study. One of two pa-
tients who refused additional treatment died of old 
age. Eleven piecemeal resected patients were followed 
without any treatment, and two of these patients died of 
liver cirrhosis and pancreatic cancer. One patient with 
PR with LVI underwent esophagectomy and showed no 
recurrence or death (Fig. 2).

Oncologic outcomes were evaluated at 201 lesions that 
were resected curatively. Of the 201 lesions with CuR, 
recurrence occurred in 26 patients (12.9%), including 15 
with synchronous lesions and 11 with metachronous le-
sions, at a median follow-up of 36 months (interquartile 
range, 18 to 61). The median duration from ER to re-
currence was 15.9 months (range, 3 to 69). Synchronous 
lesions were treated by surgery (n = 1), argon plasma co-
agulation (n = 4), EMR (n = 1), and ESD (n = 9). All patients 
with metachronous lesions were treated with ESD, and 
none of them showed local recurrence (Fig. 1).

During the follow-up period (median, 35 months; in-
terquartile range, 18 to 62), the 5-year overall survival 
rate was 89.7% in a patients who underwent ESD. When 
survival was analyzed according to the depth of inva-
sion (T0, m1, m2 vs. m3 vs. SMI), the 5-year cumulative 
survival rates were 91.7%, 80.2%, and 79.1%, respective-
ly (log-rank, p = 0.061). A total of 20 patients died, but 

Non-CuR with CR

4 LVI

1 OP

1 RT

2 Obs

16 SMI

3 CCRT

5 OP

3 RT

4 Obs

1 CTx

1 SMI + LVI

1 OP

1 Death: lung cancer

1 Death: sepsis

2 Rec: ESD

1 Death: progression

11 PR

11 Obs

2 Death: 
liver cirrhosis,

pancreatic cancer

1 Rec: ESD

1 Death: old age

1 PR + LVI

1 OP

2 Rec: ESD

Figure 2. Long-term outcomes of patients with complete but non-curative resection (non-CuR) of superficial esophageal neo-
plasm. Among six patients who did not undergo additional treatment because of old age or patients’ refusal, none showed re-
currence, and only one patient died of an unrelated cause during the follow-up period. CR, complete resection; SMI, submuco-
sal invasion; LVI, lymphovascular invasion; PR, piecemeal resection; CCRT, chemoradiation; OP, operation; Obs, observation; 
Rec, recurrence; ESD, endoscopic submucosal dissection; RT, radiotherapy; CTx, chemotherapy.
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only one patient died of an esophageal cancer-related 
cause. When the 5-year disease-specific survival rate 
was evaluated in a patient with CuR, 14 patients died of 
a non-esophageal cancer-related cause, and the 5-year 
disease-specific survival rate was 100% (Fig. 3).

DISCUSSION

In the present study, we investigated the long-term clin-
ical outcomes of ESD for SENs. The overall EnR, CR, and 
CuR rates were 93.9%, 89.7%, and 77.0%, respectively. 
Adverse events occurred in 33 patients (12.6%), including 
bleeding (1.5%), perforation (4.6%), and stricture (6.5%). 
The local tumor recurrence rate was 0% during a me-
dian follow-up period of 35 months. The 5-year overall 
and disease-specific survival rates were 89.7% and 100%, 
respectively. To the best of our knowledge, this is the 
largest study in Korea to evaluate the clinical outcomes 
of ESD of SENs with long-term follow-up data.

The Japanese Esophageal Society guidelines indicate 
that ER is recommended in patients with SENs limited 
to the intraepithelial (m1) and lamina propria layer (m2) 
without vascular invasion or lymph node metastasis [30]. 
In cases showing tumor invasion to the muscularis mu-
cosa (m3) or the submucosa < 200 μm from the muscu-
laris mucosa (sm1), ER should be decided based on the 
risk of lymph node metastasis because the incidence of 
lymph node metastasis is known to be associated with 
the depth of invasion [23,31]. There have been efforts to 

expand the indications for ESD, based on reported fa-
vorable outcomes of ER for m3 or sm1 tumors [11,32,33]. 
One study recommended ER when the SEN had a size 
less than 25 mm, a lamina propria invasion width of less 
than 2,500 μm, and no evidence of lymphatic invasion 
[33]. The other study suggested that patients with m3 tu-
mors should be carefully observed without additional 
treatment after ER, especially when the invasion width 
of the lower muscularis mucosa was less than 3,000 μm 
[26]. Although these studies analyzed a relatively small 
number of patients, most patients did not show lymph 
node or distant metastasis. In our study, none of the pa-
tients showed local recurrence, including m3 and sm1 
tumors, which is consistent with the results of previous 
studies. These findings indicate that in elderly patients 
with comorbidities and minute submucosal invasive 
cancer, ER can be the most effective alternative to sur-
gery. In addition, given that most patients with SEN 
are diagnosed when in old age, the decision to perform 
additional treatment after non-CuR should be taken 
carefully, depending on the patient’s comorbidity and 
medical fitness.

The major adverse events associated with ESD are 
bleeding, perforation, and stricture. In the present study, 
perforation occurred in 12 patients (4.6%), which is com-
parable to that of previous studies [16,22,34], and were 
managed successfully with endoscopic management. 
Post-ESD stricture is a major concern because it is as-
sociated with impaired quality of life. The possibility 
of stricture is known to be increased when the circum-

Figure 3. The results of survival analysis. (A) The 5-year disease-specific survival rates in curative resection patients and (B) the 
5-year cumulative survival rates.
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ference of the lesion exceeds three-fourths of the total 
circumference of the esophagus [30,35-37]. In addition, 
longitudinal mucosal defects longer than 30 mm are a 
significant risk factor for the development of esophageal 
stricture [22]. In the present study, stricture was detect-
ed in 17 cases (6.5%) and the risk of stricture was higher 
in patients with lesions involving more than 3/4 of the 
luminal circumference. Post-ESD stricture can be suc-
cessfully managed with EBD [33]. Local injection or oral 
administration of steroids was recently reported as an 
effective strategy for preventing post-ESD stricture [38-
43]. Among patients with symptoms, five patients were 
successfully managed with EBD performed in a median 
of 1.6 sessions (range, 1 to 3). One patient underwent a 
single session of intralesional steroid injection that was 
performed immediately after near-circumferential ESD 
to prevent post-ESD stricture and showed a favorable 
outcome without structure or dysphagia [43].

In our study, the overall recurrence rate was 13.0%, 
including 15 synchronous and 11 metachronous SENs 
during a median follow-up period of 37.1 months. Most 
recurrences occurred within 16 months (range, 3 to 69) of 
the initial ER. In addition, previous studies have shown 
that most local recurrences occur within 1 year after 
initial ER and might develop after 2 to 3 years [17,19]. 
Although there is no established guideline for the fol-
low-up schedule after ER, endoscopic surveillance 
during the first 2 years after ER is essential for the early 
detection of local recurrence as well as synchronous or 
metachronous SENs.

The present study had several limitations. First, the 
retrospective study design may have caused a potential 
bias in the analysis. Second, the study was performed 
at a single center, which may have resulted in selection 
bias and referral bias. Third, the patients were selected 
for ESD according to the clinical judgment of physicians 
at the time of treatment, which involved consideration 
of patients’ needs. Fourth, clinical outcomes may have 
been influenced by the endoscopists’ experience be-
cause ESD is an operator-dependent procedure. How-
ever, our study provides consolidative data showing fa-
vorable long-term outcomes of ESD for a large number 
of cases of SEN over a 10-year period at one of the major 
referral centers in Korea.

In conclusion, the long-term follow-up data present-
ed in this study indicates that ESD is a feasible and effec-

tive procedure for the treatment of SENs and all patients 
treated by ESD should be maintained on a scheduled 
surveillance program. Tailored management after ESD 
could result in acceptable oncologic outcomes for pa-
tients with SENs, and a scheduled surveillance program 
should be pursued after ESD for the early detection of 
recurrence.

KEY MESSAGE

1. Endoscopic submucosal dissection is a safe and 
effective curative therapy for superficial esopha-
geal neoplasms, based on 10-year’s experience.
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tive procedure for the treatment of SENs and all patients 
treated by ESD should be maintained on a scheduled 
surveillance program. Tailored management after ESD 
could result in acceptable oncologic outcomes for pa-
tients with SENs, and a scheduled surveillance program 
should be pursued after ESD for the early detection of 
recurrence.

KEY MESSAGE

1. Endoscopic submucosal dissection is a safe and 
effective curative therapy for superficial esopha-
geal neoplasms, based on 10-year’s experience.
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