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Abstract: Endoscopic submucosal dissection (ESD) is a minimally invasive alternative to esophagectomy for early 
esophageal squamous cell carcinoma (EESCC). The aim of this study was to compare the efficacy and safety of 
ESD and esophagectomy in EESCC with different depth of invasion. The data of EESCC patients who received 
ESD or esophagectomy between Jan 2011 to Dec 2018 at our center were retrospectively analyzed. Overall sur-
vival (OS), disease-specific survival (DSS), recurrence-free survival (RFS), and procedure-related variables were 
compared between ESD and esophagectomy patients. 222 EESCC patients underwent ESD, while 184 underwent 
esophagectomy. No significant differences were found between the two groups in OS (P=0.417), DSS (P=0.423), 
and RFS (P=0.726). Procedure duration, post-procedure hospital stay, and hospitalization cost were all lower in ESD 
patients. Oncologic outcomes were similar between the two groups in propensity score-matched analysis. The R0 
resection rate was comparable between ESD and esophagectomy groups in the T1a-M1/M2 and M3/SM1 EESCC 
subgroups; no significant differences were found in OS, DSS and RFS. In the SM2/SM3 EESCC subgroup, although 
the prognosis of the two treatment groups was similar, the R0 resection rate was significantly lower in ESD patients 
than in esophagectomy patients. Thus, we concluded ESD could be a first-line treatment for T1a-M1/M2 and M3/
SM1 EESCC as oncologic outcome is comparable to that achieved with esophagectomy with minimal invasion, lower 
cost and lower incidence of serious adverse events. However, in SM2/SM3 EESCC patients, esophagectomy may 
be preferable.
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Introduction

Esophageal cancer is among the top ten most 
commonly diagnosed cancers in the world [1].  
It carries a poor prognosis, with 5-year survival 
of only 15%-25% [2]. Esophageal squamous 
cell carcinoma (ESCC) is more aggressive and 
has poorer prognosis than esophageal adeno-
carcinoma [3, 4], but early detection and treat-
ment can markedly improve its prognosis; the 
5-year survival rate for early-stage ESCC (EE- 
SCC) patients is reported to be ~80% [5]. 
Although esophagectomy is still the standard 
treatment for ESCC, it is a technically demand-

ing, invasive operation with a high mortality ra- 
te (> 5%) [6], high hospitalization cost, and poor 
postoperative quality of life.

With recent advances in endoscopic techniqu- 
es, endoscopic submucosal dissection (ESD) 
has emerged as a feasible alternative to eso- 
phagectomy for treatment of EESCC. High en 
bloc resection rate and low local recurrence 
rate have been reported with ESD [7]. Opera- 
tion time and postoperative hospital stay are 
shorter with ESD than with esophagectomy; 
moreover, hospitalization cost, complication 
rate, and risk of treatment-related death are 
lower [8, 9]. However, outcomes of ESD may 
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depend upon the depth of EESCC infiltration, 
which influences the possibility of lymph node 
metastasis [10, 11]. According to the Japane- 
se Esophageal Society (JES) guidelines [12], 
esophageal ESD is absolutely indicated only 
when infiltration is limited to the epithelium or 
lamina propria, as lymph node metastasis is 
extremely rare in these cases. Lesions extend-
ing up to the muscularis mucosae (MM) or 
slightly infiltrating the submucosa (submuco- 
sal invasion < 200 μm; SM1) are also amen- 
able to ESD, although there is an elevated risk 
of lymph node metastasis. However, no data is 
available on the outcomes of ESD versus eso- 
phagectomy in patients with MM/SM1 lesions. 
The latest guidelines also do not specify whe- 
ther or not additional treatments should be 
administered after ESD in patients with pT1a-
MM ESCC who do not show vascular invasion 
on pathologic examination [13]. Furthermore, 
although esophagectomy is more likely to be 
recommended for patients with relatively deep 
submucosal invasion (submucosal invasion ≥ 
200 µm; SM2/SM3) and high risk of lymph 
node metastasis [13], recent studies indicate 
no difference in overall survival (OS) or risk of 
recurrence or metastasis in patients with T1a 
or T1b EESCC treated with ESD versus esopha-
gectomy [8, 14]. Therefore, for patients with 
EESCC, the choice between ESD or esophagec-
tomy can sometimes be difficult. 

Thus, we conducted this cohort study to better 
understand the benefits and risks of ESD com-
pared to esophagectomy under different depth 
of tumor invasion. 

Patients and methods

Patients

We reviewed the case records of all patients 
undergoing ESD and esophagectomy for eso- 
phageal lesions at Changhai Hospital, Shang- 
hai, China, between January 2011 and De- 
cember 2018. Patients diagnosed with EESCC 
[15, 16] in the post-procedural pathology re- 
port were included in this retrospective study. 
The exclusion criteria were 1) Tis premalignant 
lesions (high-grade intraepithelial neoplasia; 
HGIN); 2) Prior treatment for the present dis-
ease; 3) Evidence of lymph node involvement  
or distant metastasis on computed tomogra-
phy (CT) or pathology; or 4) Previous or concur-
rent history of other malignancies.

During the study period, a total of 830 ESD  
procedures for esophageal lesions were per-
formed in consecutive patients; the diagnos- 
es included esophagitis (n=32), low-grade in- 
traepithelial neoplasia (n=147), HGIN (n=376), 
and EESCC (n=275). From among the 275 
patients with EESCC, 53 patients were exclud-
ed (20 because they had received prior radio-
therapy, ESD, or surgery; and 33 because they 
had history of previous or concurrent other 
malignancy. Meanwhile, during the same peri-
od, 1067 patients underwent esophagectomy 
for ESCC; of these, 213 patients had T1N0 
ESCC on postsurgery pathology. From among 
these 213 patients, 29 patients were exclud- 
ed (14 because they had received prior radio-
therapy, ESD, or surgery; and 15 because of 
history of previous or concurrent other malig-
nancy. Thus, finally, this study included 222 
patients in the ESD group and 184 patients in 
the esophagectomy group (Figure 1).

Patients’ clinical data (age, sex, comorbidities, 
family history of esophageal cancer), tumor 
characteristics (size, location, depth of inva-
sion, histology, presence of lymphovascular 
invasion [LVI], resection margin status), proce-
dure-related variables (operation time, dura- 
tion of hospital stay, cost, complications), and 
follow-up findings (recurrence, mortality) were 
collected from hospital records for retrospec-
tive analysis.

This study was approved by the Ethics Com- 
mittee of the Changhai Hospital, Shanghai, 
China. Written informed consent was obtained 
from all patients before surgery. 

Procedures

Endoscopic evaluation was with narrow-band 
imaging (NBI)/blue light laser (BLI), magnifying 
endoscopy (ME), and chromoendoscopy with 
the Lugol dye spray method. All patients recei- 
ved white light inspection and NBI/BLI + ME 
imaging; the Lugol dye spray method was ado- 
pted when margins were unclear. Biopsy and 
pathological evaluation were performed for all 
patients [16]. CT of the chest and/or positron 
emission tomography-CT (PET-CT) were used to 
identify distant lymph node metastases.

ESD procedure and equipment

ESD was performed under general anesthesia 
and endotracheal intubation. The patient was 
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positioned in the left lateral decubitus position. 
Marking dots were made with a dual knife/
hybrid knife around the lesion, and a solution  
of glycerin fructose with indigo carmine was 
injected into the submucosal layer to lift the 
lesion. Finally, after pre-cutting of the mucosal 
and submucosal layers around the lesion and 
dissection of the submucosa, the lesion was 
removed en bloc.

Equipment used included carbon dioxide insuf-
flator (UCR; Olympus), forward-viewing endo-
scope (GIFQ260J; Olympus), and electrogene-
rator (VIO 200D; ERBE). Accessories included 
transparent distal cap attachment (D-201-
11804; Olympus), injection needle (NM-200L- 
0423; Olympus), dual knife (KD-650L; Olym- 
pus), insulation-tipped 2 knife (KD-611L; Oly- 
mpus) or hybrid knife (ERBE Elektromedizin, 
Tübingen, Germany), and coagulating forceps 
(FD-410LR; Olympus). 

Esophagectomy

Esophagectomy was performed in the stand- 
ard manner; the procedure has been describ- 
ed previously [17]. Thoracoscopic esophagec-
tomy was performed for 92 patients and open 
esophagectomy for 92 patients.

Histopathology assessment

Sections of excised tissue were routinely sta- 
ined with hematoxylin and eosin. Immunohis- 
tochemical analysis with CD31, CD34, and D2- 

40 was performed to seek evidence of angio-
lymphatic infiltrations and lymphatic invasions. 
Tumor size, differentiation, depth of invasion, 
presence/absence of LVI, and resection mar- 
gin status were evaluated. Depth of invasion 
was classified as M1 (confined to the intraepi-
thelium), M2 (confined to the lamina propria), 
M3 (confined to the muscularis mucosa), SM1 
(submucosal invasion < 200 µm), or SM2/SM3 
(submucosal invasion ≥ 200 µm) [18]. R0 re- 
section was defined as horizontal and vertical 
margins free from both cancerous and precan-
cerous tissues (HGIN), and without evidence of 
LVI. Pathological assessment was performed 
independently by two pathologists JZ and YC;  
a third pathologist reviewed the results in case 
of disagreements.

Follow-up

Patients were followed up biannually for the 
first 3 years and then annually for the next  
2 years. Clinical interview, blood tests, and 
endoscopy were performed during at each fol-
low-up; CT were performed every 6 months. 
Loss to follow-up was defined as follow-up <  
6 months with unknown prognosis. Adjuvant 
therapy (i.e., additional surgical treatment, 
radiotherapy and/or chemotherapy) [19, 20] 
was considered for all patients with positive 
margins, ESD patients with SM2/SM3 lesions 
or LVI, and patients with poorly differentiated 
lesions; however, the final decision depended 
on the patient’s physical condition, expected 

Figure 1. Study flowchart.
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life expectancy, and the patient’s own prefer- 
ence.

Outcome assessment

The primary outcome was overall survival (OS). 
Secondary outcomes included disease-spe- 
cific survival (DSS), recurrence-free survival 
(RFS), and procedure-related variables (opera-
tion time, hospital stay, treatment cost, and 
complications). OS was measured from the 
date of ESD or esophagectomy until death  
from any cause; DSS was measured from the 
date of ESD or esophagectomy until death 
resulting from ESCC; and RFS was measured 
from the date of ESD or esophagectomy until 
the first recurrence or metastasis. Metachro- 
nous lesion was defined as a new lesion at a 
previously uninvolved site, occurring > 1 year 
after treatment. Bleeding was defined by the 
need for transfusion or hemostatic procedure. 
Stricture was defined by the presence of dys-
phagia requiring intervention. Complications 
were graded according to the Clavien-Dindo 
classification system [21].

Statistical analysis

Statistical analysis was performed with PASW 
Statistics for Windows, version 23.0 (SPSS  
Inc., Chicago, IL, USA). Categorical data was 
presented as number of cases and percent- 
age. Continuous data was presented as mean 
± standard deviation or median with interquar-
tile range (IQR). Statistical differences betw- 
een groups were assessed by using χ2 test, 
Fisher’s exact test for categorical data; and 
comparisons of continuous variables were per-
formed using the Student’s t test or Mann-
Whitney U test. To reduce selection bias, we 
performed a propensity score-matched analy-
sis between the ESD and esophagectomy 
groups. The propensity scores were estimated 
from a logistic regression model by variables, 
including age, gender, diameter of lesion, dep- 
th of invasion, histology of tumors, and LVI, 
which could potentially affect the outcome of 
treatment. Using these propensity scores, 
patients in the ESD group were matched in a 
one-to-one ratio with patients in the esopha-
gectomy group. Survival curves of all follow-up 
patients were calculated using the Kaplan-
Meier method, and P values were evaluated by 
the log-rank test for censored survival data. 
The Cox proportional hazard regression model 

was used for univariate and multivariate ana- 
lysis. Variables significantly associated (at P < 
0.20) with survival in univariate analysis were 
included in the multivariate logistic regression 
model to identify the independent predictors  
of survival. A two-sided P value of < 0.05 was 
considered statically significant in all tests.

Results

Baseline characteristics and operational pa-
rameters

A total of 222 EESCC patients underwent ESD 
and 184 EESCC patients underwent esopha-
gectomy. Baseline characteristics and patho-
logical parameters were shown in Table 1. The 
two groups were comparable with respect to 
age, sex composition, prevalence of comor- 
bidities, and family history of esophageal can-
cer. The proportion of patients with multiple 
lesions, distribution of lesion location, and 
prevalence of LVI were comparable between 
the two groups. Median lesion diameter was 
significantly larger in the ESD group than in the 
esophagectomy group (4.0 cm vs. 2.0 cm, P < 
0.001). Poorly differentiated lesions were sig-
nificantly more common in the esophagectomy 
group than in the ESD group (11.4% vs. 5.0%, 
P=0.016). The distribution of tumor invasion 
depth was significantly different between the 
groups (P < 0.001): 110/222 (49.6%) lesions  
in the ESD group were M3/SM1 EESCC, while 
99/184 (53.8%) lesions in the esophagecto- 
my group were T1b-SM2/SM3 EESCC. Positive 
resection margin was significantly more com-
mon in the ESD group than in the esophagec-
tomy group (12.6% vs. 3.8%, P=0.002). The 
rate of R0 resection was significantly lower in 
the ESD group than in the esophagectomy 
group (85.1% vs. 93.5%, P=0.008).

The ESD group had significantly shorter pro- 
cedure duration (median, 80 minutes vs. 260 
minutes, P < 0.001), shorter post-procedure 
hospital stay (median, 3 days vs. 10 days, P < 
0.001), and lower hospital cost (median, 
$3389.6 vs. $11181.5, P < 0.001) than the 
esophagectomy group. Stricture and pulmo-
nary complications were the most frequent 
adverse events in the ESD and esophagecto- 
my groups, respectively. Clavien-Dindo grade 
IIIa complications were more frequent in the 
ESD group than in the esophagectomy group 
(26.6% vs. 11.4%), while grade IIIb or more 
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Table 1. Characteristics of demographic, pathological parameters, treatment and outcome before and after propensity score matched cohort
Overall Propensity score matching

ESD (N=222) Esophagectomy (N=184) P-value ESD (N=84) Esophagectomy (N=84) P-value
Age (years), mean ± SD 67.8±8.3 66.8±7.1 0.182 67.6±7.7 66.2±6.8 0.206
Male 157 (70.7) 125 (67.9) 0.544 59 (70.2) 59 (70.2) 1.000
Comorbidities, n (%)
    Diabetes 21 (9.5) 18 (9.8) 0.912 9 (10.7) 5 (6.0) 0.264
    Hypertension 57 (25.7) 48 (26.1) 0.925 24 (28.6) 19 (22.6) 0.377
    Coronary artery disease 4 (1.8) 2 (1.1) 0.856 1 (1.2) 2 (2.4) 1.000
    COPD 8 (3.6) 2 (1.1) 0.191 2 (2.4) 1 (1.2) 1.000
    Cerebrovascular disease 3 (1.4) 2 (1.1) 1.000 1 (1.2) 2 (2.4) 1.000
    Liver cirrhosis 3 (1.4) 3 (1.6) 1.000 1 (1.2) 1 (1.2) 1.000
    Others 10 (4.5) 6 (3.3) 0.521 4 (4.8) 2 (1.2) 0.678
Family history, n (%) 16 (7.2) 6 (3.2) 0.080 2 (1.4) 3 (3.6) 1.000
Multiple lesions*, n (%) 9 (4.1) 8 (4.3) 0.901 8 (9.5) 4 (4.8) 0.231
Metachronous lesions, n (%) 5 (2.3) 0 NA 1 (1.2) 0 NA
Lesion location, n (%) 0.756 0.060
    Upper 30 (13.5) 21 (11.4) 12 (14.3) 8 (9.5)
    Middle 102 (45.9) 90 (48.9) 46 (54.8) 35 (41.7)
    Lower 90 (40.5) 73 (39.7) 26 (31.0) 41 (48.8)
Lesion diameter (cm)# 4.0 (3.0-5.0) 2.0 (1.2-2.5) < 0.001 2.9 (1.7-3.9) 2.5 (2.0-3.5) 0.444
Histology, n (%) 0.016 0.733
    Well-Moderately differentiated 211 (95.0) 163 (88.6) 78 (92.9) 77 (91.7)
    Poorly differentiated 11 (5.0) 21 (11.4) 6 (7.1) 7 (68.3)
Depth of invasion, n (%) < 0.001 0.359
    M1/M2 42 (18.9) 33 (17.9) 13 (15.5) 17 (20.2)
    M3/SM1 110 (49.6) 52 (28.3) 40 (47.6) 31 (36.9)
    SM2/3 70 (31.5) 99 (53.8) 31 (36.9) 36 (42.9)
LVI, n (%) 9 (4.1) 7 (3.8) 0.898 3 (3.6) 3 (3.6) 1.000
Resection margin positive, n (%) 28 (12.6) 7 (3.8) 0.002 9 (10.7) 4 (4.8) 0.149
R0 resection, n (%) 189 (85.1) 172 (93.5) 0.008 73 (86.9) 78 (92.9) 0.201
Procedure duration (min)# 80 (55-119) 260 (225-305) < 0.001 65 (50-109) 259 (225-300) < 0.001
Post-procedure hospital stays# 3 (3-5) 10 (9-12) < 0.001 3 (2-4) 10 (9-11) < 0.001
Hospital cost ($)# 3389.6 (2972.1-3943.2) 11181.5 (9769.2-12319.0) < 0.001 3385.0 (2895.3-3790.7) 109.58.4 (9816.0-12077.9) < 0.001
Complications, n (%)
    Bleeding 1 (0.5) 10 (5.4) NA 0 (0.0) 3 (3.6) NA
    Perforation 3 (1.4) - NA 0 (0.0) - NA
    Pulmonary complication 12 (5.4) 34 (18.5) NA 1 (1.2) 15 (17.9) NA
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    Stricture 58 (26.1) 8 (4.3) NA 14 (16.7) 3 (3.6) NA
    Anastomotic leakage - 7 (3.8) NA - 2 (2.4) NA
    Vascular Thromboembolism - 1 (0.5) NA - 0 (0.0) NA
    Wound dehiscence 6 (3.3) NA - 3 (3.6) NA
    RLND - 1 (0.5) NA - 0 (0.0) NA
    Ileus - 1 (0.5) NA - 1 (1.2) NA
    Chylothorax - 2 (1.1) NA - 1 (1.2) NA
Clavien-Dindo classifcation, n (%) 0.724 0.287
    Non/Grade I 158 (71.2) 128 (69.6) 69 (82.1) 62 (73.8)
    Grade II 5 (2.3) 25 (13.6) 1 (1.2) 12 (14.3)
    Grade IIIa 59 (26.6) 21 (11.4) 14 (16.7) 6 (7.1)
    Grade IIIb or more 0 (0.0) 10 (5.4) 0 4 (4.8)
Additional therapy, n (%)
    Repeat endoscopy/surgery 27 (12.2) 2 (1.1) < 0.001 11 (13.1) 1 (1.2) 0.003
    Radiochemotherapy 33 (14.9) 28 (15.2) 0.921 17 (20.2) 18 (21.4) 0.849
Follow-up duration, months# 37 (19-60) 37 (19-65) 0.551 55 (18-66) 44 (21-67) 0.438
Follow-up cases, n (%) 204 (91.9) 176 (95.7) 0.123 77 (91.7) 81 (96.4) 0.328
All-cause mortality, n (%) 24 (10.8) 26 (14.1) 0.311 9 (10.7) 14 (16.7) 0.262
Disease-specific mortality, n (%) 22 (9.9) 24 (13.0) 0.321 8 (9.5) 14 (16.7) 0.170
Recurrence/metastasis, n (%) 28 (12.6) 26 (14.1) 0.654 12 (14.3) 15 (17.9) 0.529
*ALL are high grade intraepithelial neoplasia; #Median (interquartile range); ESD, endoscopic submucosal dissection; M1, confined to the intraepithelium; M2, confined to the lamina propria; M3, confined to 
the muscularis mucosa; SM1, submucosal invasion < 200 µm); SM2/3, submucosal invasion ≥ 200 µm; LVI, lymphovascular invasion; RLND, recurrent laryneal nerve damage.
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severe complications were more frequent in 
the esophagectomy group (5.4% vs. 0%). Addi- 
tional therapy (repeat endoscopy or surgery) 
was more often required in the ESD group th- 
an in the esophagectomy group (12.2% vs. 
1.1%, P < 0.001).

Comparison of outcomes between ESD and 
esophagectomy

Mean follow-up duration was comparable in  
the two groups (P=0.551). At the end of fol- 
low-up, no significant differences were found 
between the ESD and esophagectomy groups 
in all-cause mortality rate (10.8% vs. 14.1%, 
P=0.311), disease-specific mortality (9.9% vs. 
13.0%, P=0.321), and recurrence and/or me- 
tastasis rate (12.6% vs. 14.1%, P=0.654). The 
survival rate was similar in the two groups at  
all time points, the 5-year OS for EESCC was 
about 81% in both groups (Supplementary 
Table 1). Kaplan-Meier analysis showed no sig-
nificant differences in OS (P=0.417), DSS (P= 
0.423), and RFS (P=0.726) between the two 
groups (Figure 2).

Propensity score-matched analysis

In propensity score-matched analysis with 84 
patients from each treatment group, the ESD 
group still had significantly shorter procedure 
time, shorter hospital stay, and lower hospi- 
tal cost. The rate of positive resection margin 
and R0 resection were comparable between 
the two groups after matching. Oncologic out-
comes (all-cause mortality, disease-specific 
mortality, and recurrence/metastasis rate) we- 
re similar in the two groups, but repeated en- 
doscopy/surgery was significantly more com-
mon in the ESD group (13.1% vs. 1.2%, P= 
0.003; Table 1).

Subgroup analysis based on the depth of tu-
mor invasion

Next, subgroup analysis was performed to bet-
ter understand the benefits and risks of ESD 
compared to esophagectomy basing on the 
depth of tumor invasion. For all subgroups, 
lesion diameter was larger in the ESD group 
than in the esophagectomy group, but all  
other patient characteristics and pathologi- 
cal parameters were comparable between the 
two groups (Table 2). For the T1a-M1/M2 and 
M3/SM1 ESCC, possibility of R0 resection and 

use of additional therapy were similar between 
the ESD and esophagectomy groups (Table 2). 
However, for SM2/SM3 ESCC, the rates of  
positive resection margin, non-R0 resection, 
additional endoscopy/surgery treatment, and 
radiochemotherapy were significantly higher in 
the ESD group (Table 2). For all subgroups,  
ESD patients had shorter procedure duration, 
shorter post-procedure hospital stay, lower 
hospital costs, and lower incidence of severe 
complications (Table 2). Notably, for all sub-
groups, no significant differences were detect-
ed in oncologic outcomes between the ESD 
and esophagectomy groups (Table 2). In addi-
tion, Kaplan-Meier survival analysis revealed 
no significant differences in OS, DSS and RFS 
in T1a-M1/M2, M3/SM1, and SM2/SM3 sub-
groups between ESD and esophagectomy tr- 
eatment (Figures 3-5).

Cox regression analysis

On univariate analysis using the Cox propor-
tional hazards model, treatment method was 
not significantly associated with all-cause mor-
tality (ESD vs. esophagectomy, HR=0.795, 95% 
CI: 0.456-1.385, P=0.418). However, depth of 
invasion (SM2/SM3 vs. M1-3/SM1, HR=2.086, 
95% CI: 1.184-3.677, P=0.011) and LVI (LVI  
vs. non-LVI, HR=3.268, 95% CI: 1.391-7.678, 
P=0.007) were both associated with all-cause 
mortality. In multivariate analysis, the inde- 
pendent predictors of poor prognosis included 
depth of invasion (SM2/SM3 vs. M1-3/SM1, 
HR=2.060, 95% CI: 1.160-3.659, P=0.014) 
and LVI (LVI vs. non-LVI, HR=2.706, 95% CI: 
1.141-6.420, P=0.024; Table 3).

Sensitivity analysis

Sensitivity analysis was performed to examine 
the extent of bias introduced by loss to follow-
up. Patients loss of follow-up were not signifi-
cantly different in terms of demographic char-
acteristics, pathology findings, and treatment 
parameters; thus, loss of follow-up did not  
have significant impact on outcome analysis 
(Supplementary Table 2).

Additional treatments for non-R0 resected 
patients

Post-procedure pathological analysis showed 
that 45 patients had non-R0 resection; 43 of 
these patients completed follow-up (31 in the 
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Figure 2. Kaplan-Meier survival curves for endoscopic resection and esophagectomy groups. A: Overall survival. B: Disease-specific survival. C: Recurrence-free 
survival. Green line ESD group, Blue line esophagectomy group.
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Table 2. Patient demographics, cancer characteristics, pathology and outcomes under different depth of tumor invasion
M1/M2 M3/SM1 SM2/3

ESD (N=38) Esophagectomy 
(N=31) P-value ESD (N=100) Esophagectomy 

(N=48) P-value ESD (N=66) Esophagectomy 
(N=97) P-value

Age (years), mean ± SD 67.5±7.3 68.2±6.3 0.701 67.7±9.3 66.0±7.4 0.234 68.3±7.4 66.6±7.2 0.136

Male, n (%) 29 (76.3) 21 (67.7) 0.428 67 (67.0) 32 (66.7) 0.968 47 (71.2) 66 (68.0) 0.667

Comorbidities, n (%) 12 (31.6) 11 (35.5) 0.732 39 (39.0) 13 (27.1) 0.155 31 (47.0) 45 (46.4) 0.942

Family history, n (%) 3 (7.9) 1 (3.2) 0.758 7 (7.0) 1 (2.1) 0.395 4 (6.1) 4 (4.1) 0.847

Lesion location, n (%) 0.814 0.669 0.693

    Upper 1 (2.6) 1 (3.2) 17 (17.0) 7 (14.6) 8 (12.1) 10 (10.3)

    Middle 22 (57.9) 16 (51.6) 43 (43.0) 18 (37.5) 31 (47.0) 52 (53.6)

    Lower 15 (39.5) 14 (45.2) 40 (40.0) 23 (47.9) 27 (40.9) 35 (36.1)

Lesion diameter (cm)# 3.0 (3.0-4.3) 1.2 (0.9-2.5) < 0.001 4.0 (2.9-5.0) 2.0 (1.5-3.2) < 0.001 4.0 (3.5-5.0) 2.0 (1.5-2.5) < 0.001

Histology, n (%) 0.857 0.532 0.094

    Well-Moderately differentiated 37 (97.4) 29 (93.5) 94 (94.0) 43 (89.6) 62 (93.9) 83 (85.6)

    Poorly differentiated 1 (2.6) 2 (6.5) 6 (6.0) 5 (10.4) 4 (6.1) 14 (14.4)

LVI, n (%) 0 (0.0) 1 (3.2) 0.449 5 (5.0) 1 (2.1) 0.691 4 (6.1) 5 (5.2) 1.000

Resection margin positive, n (%) 0 (0.0) 0 (0.0) NA 3 (3.0) 2 (4.2) 1.000 22 (33.3) 5 (5.2) < 0.001

R0 resection, n (%) 38 (100.0) 30 (96.8) 0.449 93 (93.0) 46 (95.8) 0.758 43 (65.2) 88 (90.7) < 0.001

Procedure duration (min)# 98 (54-136) 245 (202-300) < 0.001 75 (56-110) 270 (226-308) < 0.001 85 (56-125) 260 (230-313) < 0.001

Post-procedure hospital stays# 3 (3-4) 10 (9-14) < 0.001 4 (3-5) 10 (9-12) < 0.001 4 (3-5) 10 (9-11) < 0.001

Hospital cost ($)# 3172.0  
(2909.6-3978.3)

10680.6  
(100101.8-12646.3)

< 0.001 3419.0  
(3037.6-3931.9)

10905.0  
(9785.3-11696.9)

< 0.001 3536.5  
(2983.7-4007.8)

11512.7  
(9776.0-12531.8)

< 0.001

Clavien-Dindo classifcation, n (%) 0.151 0.866 0.524

    Non/Grade I 31 (81.6) 20 (64.5) 68 (68.0) 31 (64.6) 46 (69.7) 73 (73.2)

    Grade II 1 (2.6) 5 (16.1) 0 (0.0) 8 (16.7) 3 (4.5) 11 (11.3)

    Grade IIIa 6 (15.8) 5 (16.1) 32 (32.0) 4 (8.3) 17 (25.8) 11 (11.3)

    Grade IIIb or more 0 (0.0) 1 (3.2) 0 (0.0) 5 (10.4) 0 (0.0) 4 (4.1)

Additional therapy, n (%)

    Repeat endoscopy/surgery 2 (5.3) 1 (3.2) 1.000 8 (8.0) 0 (0.0) 0.104 15 (22.7) 1 (1.0) < 0.001

    Radiochemotherapy 2 (5.3) 3 (9.7) 0.813 7 (7.0) 6 (12.5) 0.426 23 (34.8) 18 (18.6) 0.019

Follow-up duration, months# 23 (18-51) 42 (18-73) 0.142 50 (24-68) 40 (22-70) 0.639 39 (23-56) 38 (21-61) 0.896

All-cause mortality, n (%) 3 (7.9) 3 (9.7) 1.000 7 (7.0) 7 (14.6) 0.240 14 (21.2) 16 (16.5) 0.446

Disease-specific mortality, n (%) 2 (5.3) 3 (9.7) 0.813 6 (6.0) 7 (14.6) 0.157 14 (21.2) 14 (14.4) 0.260

Recurrence/metastasis, n (%) 2 (5.3) 3 (9.7) 0.813 9 (9.0) 7 (14.6) 0.306 17 (25.8) 16 (16.5) 0.149
#Median (interquartile range). ESD, endoscopic submucosal dissection; RLND, recurrent laryneal nerve damage; LVI, lymphovascular invasion.
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Figure 3. Kaplan-Meier survival curves for endoscopic resection and esophagectomy groups in T1a-M1/M2 ESCC. A: Overall survival. B: Disease-specific survival. 
C: Recurrence-free survival. Green line ESD group, Blue line esophagectomy group.
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Figure 4. Kaplan-Meier survival curves for endoscopic resection and esophagectomy groups in M3/SM1 ESCC. A: Overall survival. B: Disease-specific survival. C: 
Recurrence-free survival. Green line ESD group, Blue line esophagectomy group.



Outcomes of ESD versus esophagectomy for EESCC

2988 Am J Cancer Res 2020;10(9):2977-2992

Figure 5. Kaplan-Meier survival curves for endoscopic resection and esophagectomy groups in SM2/3 ESCC. A: Overall survival. B: Disease-specific survival. C: 
Recurrence-free survival. Green line ESD group, Blue line esophagectomy group.
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ESD group and 12 in the esophagectomy gr- 
oup). Among the 31 non-R0 resection patients 
in the ESD group, 13 received additional sur-
gery and 21 received additional radiochemo-
therapy. Among the 13 patients who received 
additional surgery, postoperative pathologic 
examination showed no residual tumor tissue 
or lymph node metastasis in 10 patients, low-
grade intraepithelial neoplasia in 1 patient, 
T1bN0 ESCC in 1 patient, and T1bN1 ESCC in  
1 patient. In the esophagectomy group, all 12 
patients with non-R0 resection received radio- 
chemotherapy.

Discussion

ESD has gradually become accepted as an al- 
ternative treatment of early ESCC beside eso- 
phagectomy. This study aimed to examine the 
efficacy and safety of the two procedures in 
comparable clinical circumstances. Our study 
showed no difference in OS, DSS, or RFS be- 
tween patients receiving ESD versus those 
receiving esophagectomy. Although previous 
studies from Zhongshan Hospital in Shanghai 
[8] and Samsung Medical Center in Korea [14] 
reported similar results, the authors did not 
perform stratified analysis to evaluate wheth- 
er outcomes varied with depth of tumor inva-

proportion of patients with R0 resection, LVI, 
additional therapy, as well as oncologic out-
comes were comparable between ESD and 
esophagectomy group in the T1a-M1/M2 and 
M3/SM1 ESCC subgroups. Survival outcomes 
were not significantly different between the  
two treatment groups for the T1a-M1/M2 and 
M3/SM1 ESCC subgroups. However, for SM2/
SM3 patients, the R0 resection rate was signi- 
ficantly lower in the ESD group. Patients with 
SM2/SM3 invasion or positive resection mar-
gin were treated with additional esophagecto-
my or radiotherapy depending on their physical 
condition or personal choice. Actually, among 
all 23 patients receiving additional esophagec-
tomy, 13 received esophagectomy for non-R0 
resection, 5 received esophagectomy as the 
pathological results after ESD revealed poorly 
differentiated ESCC; other 5 patients received 
esophagectomy because of uncertainty regar- 
ding the effectiveness of the previous ESD. 
Only three patients in the ESD group had resid-
ual tumor on postoperative pathology; one of 
them also had lymph node metastasis. The  
reason for negative postoperative pathology 
findings in the majority of patients may be the 
damage caused to residual tumor tissue dur- 
ing ESD procedure. Furthermore, recent rese- 
arch has demonstrated that additional surgi- 

Table 3. Cox regression of impact of covariates on all-cause mortality

Parameters
Univariate analysis

Hazard ratio (95% CI) P-value
Treatment (ESD vs. Esophagectomy) 0.795 (0.456-1.385) 0.418
Gender (Male vs. Female) 1.100 (0.600-2.014) 0.758
Age, year (> 60 vs. ≤ 60) 1.154 (0.519-2.568) 0.725
Comorbidities (Yes vs. No) 0.939 (0.530-1.662) 0.828
Lesion size (cm) 1.131 (0.993-1.287) 0.063
Histology (Poorly vs. Well-Moderately) 1.500 (0.595-3.781) 0.390
Depth of cancer invasion (SM2/3 vs. M1-3/SM1) 2.086 (1.184-3.677) 0.011
LVI (Yes vs. No) 3.268 (1.391-7.678) 0.007
Complications (Yes vs. No) 1.527 (0.863-2.705) 0.146

Parameters
Multivariate analysis

Hazard ratio (95% CI) P-value
Lesion size (cm) 1.124 (0.981-1.289) 0.093
Depth of cancer invasion (SM2/3 vs. M1-3/SM1) 2.060 (1.160-3.659) 0.014
LVI (Yes vs. No) 2.706 (1.141-6.420) 0.024
Complications (Yes vs. No) 1.423 (0.795-2.545) 0.235
ESD, endoscopic submucosal dissection; M1, confined to the intraepithelium; M2, con-
fined to the lamina propria; M3, confined to the muscularis mucosa; SM1, submucosal 
invasion < 200 µm); SM2/3, submucosal invasion ≥ 200 µm; LVI, lymphovascular inva-
sion; CI, confidence interval.

sion. Lymph node meta- 
stasis rate and progno-
sis differ between pati- 
ents with slight infiltra-
tion of submucosa and 
those with deeper sub-
mucosal invasion [22]. 
The JES classification 
also distinguishes SM1 
from SM2/SM3 [23]. It 
should also be noted 
that submucosal micro-
invasions are difficult to 
evaluate with preopera-
tive assessment me- 
thods such as endo-
scopic ultrasonography 
[24]. Thus, T1b cancer 
needs to be separate- 
ly analyzed. In our stu- 
dy, patients in each gro- 
up were separated into 
subgroups according to 
the depth of tumor inva-
sion. We found that the 
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cal resection after ESD is safe and effective 
compared with primary resection [25, 26]. Th- 
us, OS, DSS, and RFS did not differ even in 
patients with deeper submucosal EESCC.

ESD has obvious advantages over esophagec-
tomy in some procedure-related parameters.  
In the present study, procedure time and post-
procedure hospital stay were shorter, and hos-
pitalization cost was lower, in ESD patients th- 
an in esophagectomy patients. ESD was also 
found to be safer. No patient undergoing ESD  
in the present study suffered any severe adver- 
se event; only one patient had delayed hemor-
rhage and three had esophageal perforations, 
and were successfully managed endoscopical-
ly. Esophageal stricture was the most frequent 
complication in ESD patients, and there were 
19 circumferential lesions in ESD group in pres-
ent study (data not shown). Typically, however, 
esophageal stricture does not cause perma-
nent disability. Oral glucocorticoid treatment, 
endoscopic esophageal dilation, and prophy-
lactic stenting has been proven effective for 
management of post-ESD stricture [27]. Re- 
cently, new methods such as tissue-engineer- 
ed cell sheets have been reported for post- 
ESD esophageal stricture [28]. Although eso- 
phagectomy is reported to be associated with 
high rates of perioperative morbidity and mor-
tality [29], there was no patient die of surgery  
in the present study; our results are similar to 
that from other experienced centers [30, 31]. 
However, grade IIIb or more severe complica-
tions were more frequent in the esophagecto-
my group than in the ESD group (5.4% vs. 0%)  
in the present study. Previous studies have 
reported complications such as post esopha-
gectomy reflux, dysphagia, and dysphonia, whi- 
ch could all affect long-term quality of life [32].

In the present study, impactive factors of all-
cause mortality in all patients was evaluated, 
the therapeutic method (ESD vs. esophagecto-
my) was not associated with all-cause mor- 
tality. However, deeper submucosal invasion 
(SM2/SM3 vs. M1-3/SM1) and LVI (LVI vs. non-
LVI) were independently associated with all-
cause mortality of EESCC. These results are 
consistent with a recent report [33].

Patients with history of other cancers were ex- 
cluded in our study to reduce the influence on 
results. Furthermore, we performed subgroup 
analysis after separating patients according to 
depth of tumor invasion (M1/2, M3/SM1, and 

SM2/SM3); this grouping is consistent with  
the current classification of lesions after pre- 
operative diagnostic evaluation. Thus, the con-
clusions of the present study can be useful for 
decision making in the clinic. 

However, the present study also has some  
limitations. First, selection bias is inevitable in 
the a single-center retrospective study; we at- 
tempted to minimize this by performing pro- 
pensity score-matched analysis. Second, the 
size of cohort and the number of outcome 
events were small. Thus, a large study with  
longer follow-up is warranted in the future. 
Third, the effect of cancer morphology (flat/
elevated/depressed) and long-term quality of 
life after treatment were not analyzed. Fourth, 
depth of tumor invasion was based on patho-
logic examination after treatment in present 
study. However, there is a discrepancy betw- 
een preoperative diagnosis and postoperative 
pathological results [23, 24], and the diagnos-
tic accuracy of tumor invasion depth by using 
endoscopic ultrasonography is also poor [24, 
34]. How to improve the accuracy of preopera-
tive diagnosis is another subject and needs fur-
ther study.

In conclusion, ESD is a minimally invasive pro-
cedure, with significantly lower hospital cost 
and lower risk of severe adverse events than 
esophagectomy. R0 resection rate and onco-
logic outcomes appear to be comparable with 
ESD and esophagectomy in T1a-M1/M2 and 
M3/SM1 ESCC, so ESD should be considered  
a first-line treatment. In SM2/SM3 ESCC, how-
ever, the R0 resection rate is significantly low- 
er with ESD than with esophagectomy, thus 
esophagectomy should be preferred for SM2/
SM3 ESCC. 
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Supplementary Table 1. Survival estimates

Time
Number of Remaining cases, Survival (95% CI)

ESD (N=204) Esophagectomy (N=176)
12 months 193, 0.995 (0.985-1.005) 172, 0.983 (0.964-1.002)
24 months 140, 0.946 (0.912-0.980) 121, 0.934 (0.894-0.974)
36 months 112, 0.908 (0.862-0.954) 94, 0.900 (0.849-0.951)
48 months 86, 0.876 (0.821-0.930) 76, 0.821 (0.751-0.891)
60 months 55, 0.818 (0.747-0.889) 51, 0.808 (0.735-0.881)
ESD, endoscopic submucosal dissection.

Supplementary Table 2. Sensitivity analysis
Follow-up over 6 months or death before 6 months Yes (N=380) No (N=26) P-value
Age (years), mean ± SD 67.3±7.8 66.9±7.9 0.774
Male 262 (68.9) 20 (76.9) 0.393
Comorbidities, n (%) 151 (39.7) 7 (26.9) 0.195
Family history, n (%) 20 (5.3) 2 (7.7) 0.935
Treatment, n (%) 0.123
    ESD 204 (53.7) 18 (69.2)
    Esophagectomy 176 (46.3) 8 (30.8)
Complications, n (%) 113 (29.7) 7 (26.9) 0.761
Lesion location, n (%) 0.122
    Upper 44 (11.6) 7 (26.9)
    Middle 182 (47.9) 10 (38.5)
    Lower 154 (40.5) 9 (34.6)
Lesion diameter (cm), median (IQR) 3.0 (1.5-4.0) 3.0 (2.0-4.5) 0.572
Histology, n (%) 0.244
    Well-Moderately differentiated 348 (91.6) 26 (100)
    Poorly differentiated 32 (8.4) 0
Depth of invasion, n (%) 0.120
    M1/M2 69 (18.2) 6 (23.1)
    M3/SM1 148 (38.9) 14 (53.8)
    SM2/3 163 (42.9) 6 (23.1)
LVI, n (%) 16 (4.2) 0 (0.0) 0.585
Resection margin positive, n (%) 32 (8.4) 3 (11.5) 0.852
R0 resection, n (%) 338 (88.9) 23 (88.5) 1.000
ESD, endoscopic submucosal dissection; M1, confined to the intraepithelium; M2, confined to the lamina propria; M3, confined 
to the muscularis mucosa; SM1, submucosal invasion < 200 µm); SM2/3, submucosal invasion ≥ 200 µm; LVI, lymphovascu-
lar invasion.


