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Summary

Purpose: To compare the clinical efficacy and safety of endo-
scopic submucosal dissection (ESD) and laparoscopy-assisted 
radical gastrectomy (LARG) in the treatment of early gastric 
carcinoma (EGC) with different risks of lymph node metastasis.

Methods: The clinical data of 194 EGC patients who under-
went ESD (ESD group, n=58) or LARG (LARG group, n=136) 
in our hospital from January 2014 to January 2016 were 
collected. The baseline data, pathological features of tumor, 
perioperative indexes and long- and short-term complications 
were compared between the two groups, the overall survival 
(OS) rate of patients was recorded through follow-up, and the 
tumor-free survival (TFS) rate was compared after ESD and 
LARG for EGC with different risks of lymph node metastasis.

Results: The general clinical features were comparable be-
tween the two groups of patients, and there was no perio-
perative death. The pathological features of the tumor had 
no statistically significant differences between the two groups 
(p>0.05). The operation time in ESD group (73.57±21.30 
min) was significantly shorter than that in LARG group 
(159.22±39.40 min) (p<0.001), and the time of first ambula-
tion after operation in ESD group (1.6±0.8 d) was also overtly 
shorter than that in LARG group (3.5±1.7 d) (p<0.001). Post-
operatively, no drainage tube was placed in the ESD group, 
while it was placed for 5.7±2.4 days on average in the LARG 
group. The time of first flatus after operation, time of first liq-

uid diet after operation, and total hospitalization time in the 
ESD group were significantly compared with the LARG group 
(p<0.001). The incidence rate of short-term complications af-
ter surgery was 10.3% and 7.4% in the two groups, (p=0.570), 
while long-term complications were 17.6% (9/51) and 20.9% 
(24/115) in the two groups (p=0.631). The in situ tumor recur-
rence by the end of follow-up was 3.92% (2/51) and 0.87% 
(1/115) in the two groups, while the ectopic recurrence rate 
was 5.89% (3/51) and 0.87% (1/115) (p=0.173, p=0.087). OS 
survival was 96.1% (49/51) and 97.4% (112/115) in the two 
groups (p=0.751). The postoperative TFS of EGC patients with 
a low risk of lymph node metastasis was 93.8% (30/32) and 
98.6% (70/71) in the two groups, again without significant 
difference (p=0.197). The postoperative TFS of EGC patients 
with a high risk of lymph node metastasis was 84.2% (16/19) 
and 97.7% (43/44) in the two groups, with statistically sig-
nificant difference (log-rank, p=0.034).

Conclusions: ESD is characterized by small trauma, rapid 
postoperative recovery, postoperative recurrence and survival 
comparable to those after surgical operation and high safety 
for EGC with a low risk of lymph node metastasis. LARG can 
reduce the postoperative recurrence rate of EGC in patients 
with high risk of lymph node metastasis.
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Introduction

 In early gastric carcinoma (EGC), the carci-
noma tissues are confined to the mucosa or sub-

mucosa, regardless of the presence or absence of 
lymph node metastasis. The detection rate of EGC 
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has increased year by year with the continuous de-
velopment of endoscopy and the gradual improve-
ment of people’s health consciousness [1-3]. It has 
increased from 18% to 70% in the past 3 decades 
in Japan, and also significantly improved in China, 
accounting for 10-15% of gastric carcinoma [4]. 
The traditional treatment means for EGC is the 
radical surgical resection, and the postoperative 
5-year survival rate can reach more than 90.0% 
[3], while the survival rate of EGC without lymph 
node metastasis can be as high as 94.2% [5]. In 
1994, the laparoscopy-assisted distal gastrectomy 
(LADG) was performed for the first time and re-
constructed the digestive tract using the Billroth 
I anastomosis, and then the safety and feasibility 
of LADG were gradually verified, so laparoscopic 
surgery has been applied more and more widely in 
the treatment of EGC [6,7]. In 2014, laparoscopy-
assisted radical gastrectomy (LARG) was listed as 
a conventional operation method for stage I gas-
tric carcinoma in the fourth edition of the Gastric 
Cancer Treatment Guideline. Endoscopic submu-
cosal dissection (ESD), an emerging endoscopic 
treatment technique, enables the local resection 
of lesions through the endoscope, which is charac-
terized by small trauma, quick recovery, low cost 
and few complications, and can retain the normal 
anatomical structure and physiological function 
of the diseased organs, so that the patients have a 
high quality of life after operation [8,9]. ESD has 
gradually become a preferred treatment method 
for EGC patients with a low risk of lymph node 
metastasis [10].
 In the present study, the clinical data of 194 
patients undergoing LARG or ESD in the General 
Surgery Department of our hospital from January 

2014 to January 2016 were retrospectively ana-
lyzed, and the clinical efficacy and safety of the two 
operation methods were compared.

Methods 

General data

 The clinical data of 194 EGC patients undergoing 
ESD (ESD group, n=58) or LARG (LARG group, n=136) 
from January 2014 to January 2016 were retrospectively 
analyzed, and it was pathologically confirmed that the 
tumor infiltration was confined to the mucosa or sub-
mucosa, regardless of the presence or absence of lymph 
node metastasis. 
 Inclusion criteria: 1) patients diagnosed with early 
primary gastric carcinoma (depth of tumor infiltration: 
pTis, pT1a and pT1b, with or without lymph node metas-
tasis) according to postoperative pathological findings; 
and 2) patients conforming to the absolute or relative 
indications for endoscopy of EGC (Japanese Gastric Can-
cer Treatment Guidelines 2010 [11]). 
 Exclusion criteria: 1) patients with a history of ma-
lignant tumors or complicated with malignant tumors 
in other systems found before operation; 2) patients 
who received definitive treatment, such as radiothera-
py, chemotherapy or immunotherapy; 3) patients with 
severe hepatic or renal insufficiency, or underlying dis-
eases such as circulatory system or blood system diseas-
es, failing to tolerate the operation; or 4) patients with 
contraindications for laparoscopic surgery. The general 
clinical data had no statistically significant differences 
between the two groups, such as age, gender, history of 
chronic gastric disease, family history of gastric carci-
noma and complications, and they were comparable (Ta-
ble 1). All patients enrolled adhered to the Declaration of 
Helsinki, and they were informed of the study and signed 
the informed consent. The two kinds of operations were 
performed by surgeons in the same medical group. This 
study was approved by the ethics committee of Xiang-

Parameters ESD group LARG group p value

n=58
n (%)

n=136
n (%)

Age, years, mean±SD 58.84±10.71 56.93±9.45 0.217

Gender 0.519

Male 34 (58.6) 87 (64.0)

Female 24 (41.4) 49 (36.0)

Chronic gastric disease 43 (74.1) 109 (80.1) 0.349

Family history of gastric cancer 9 (15.5) 18 (13.2) 0.657

Systemic disease 17 (29.3) 36 (26.5) 0.726

Hypertension 7 (12.1) 17 (12.5)

Diabetes mellitus 5 (8.6) 9 (6.6)

Coronary heart disease 4 (6.9) 7 (5.1)

Chronic bronchitis 1 (1.7) 2 (1.5)

Asthma 0 (0) 1 (0.7)
ESD: endoscopic submucosal dissection, LARG: laparoscopic assisted radical gastrectomy

Table 1. Baseline demographic and clinical characteristics of the studied patients
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yang No.1 People’s Hospital, Affiliated hospital of Hubei 
University of Medicine.

Operation methods

 ESD: The single-pore endoscope (GIF-Q260J, Olym-
pus) was used, and the operation process was as fol-
lows: The transparent cap (D-201-11804, Olympus) was 
mounted on the head of the endoscope. An annular 
marker was made at least 5 mm along the edge of the 
lesion using the Dual knife (KD-650L, Olympus), from 
which methylene blue (0.04 mg/mL) + adrenaline hy-
drochloride (0.002 mg/mL) + 500 mL of normal saline 
were submucosally injected using needle (25G, Boston) 
to fully separate the mucosa and submucosa from the 
inherent muscular layer. Then, an annular incision was 
made at least 5 mm along the edge of the marker using 
the Dual knife (KD-650L, Olympus) and peeled along the 
submucosa under the endoscope. The visible vessels on 
the wound were treated with the hot biopsy forceps (FD-
410LR, Olympus). Finally, the specimens were spread 
and fixed using pins and foam plates, immersed in 10% 
formaldehyde and sliced into thin sections in parallel 
with the edge of lesion at an interval of 2 mm.
 LARG: According to the site and size of tumor, 
distal subtotal gastrectomy, proximal subtotal gastrec-
tomy or total gastrectomy were performed. The range 
of lymph node dissection was based on the tumor size, 
depth of infiltration, pathological type and presence or 
absence of suspicious enlargement of lymph nodes. D2 
lymph node dissection is often adopted in our hospital. 
In distal subtotal gastrectomy, the 1st, 3rd, 4th, 5th, 6th, 
7th, 8th, 11p, 12a and 13th groups of lymph nodes were 
dissected. In proximal subtotal gastrectomy, the 1st, 2nd, 
3rd, 4th, 5th, 6th, 7th, 8th, 9th, 10th, 11th, 12th, 13th, 14th, 19th 
and 20th [12] groups of lymph nodes were dissected. The 
digestive tract was reconstructed using the Billroth I 
anastomosis, Billroth II anastomosis and Roux-en-Y 
gastrojejunostomy in distal gastrectomy, using the es-
ophagus-gastric remnant anastomosis in proximal gas-
trectomy, and using esophagus-jejunum anastomosis 
or Roux-en-Y esophagus-jejunum anastomosis in total
gastrectomy.

Pathological evaluation

 The resected specimens were fixed, sliced, examined 
by professional pathologists using standardized scheme, 
and evaluated according to the related provisions of the 
Japanese Gastric Cancer Association [13], including the 
circumferential margin and basal margin of lesion, histo-
logical type, grade of differentiation, depth of infiltration 
of cancer cells, and whether the vascular tumor, vascular 
invasion and nerve invasion were involved. Complete 
resection: The whole lesion is resected without inva-
sion of cancer cells at the horizontal and basilar parts. 
Incomplete resection: The lesion is resected piecemeal 
or there is invasion of cancer cells at the horizontal and 
basilar parts. Curative resection: The lesion is resected 
completely, and tumor diameter is ≤2 cm. Differenti-
ated carcinoma: The cancer cells infiltrate to the lamina 
propria or the mucosal muscle layer, and both horizon-
tal and vertical margins are negative, without vascular 
tumor.

Observation indexes

 Indexes of short-term efficacy: The operation time, 
time of first ambulation after operation, time of first 
flatus after operation, time of first liquid diet after op-
eration and hospitalization time after operation in both 
groups were recorded. After first flatus and withdrawal 
of gastric tube, the patients began to have a little water 
first, and then liquid diet, semifluid diet and digestible 
solid diet. When the patients had a diet normally and def-
ecated normally, and the blood indexes were all normal, 
they could be discharged from hospital. First ambulation 
after operation refers to walking for at least 5 m under 
help or independently.
 Indexes of long-term efficacy: The in situ recurrence 
rate of tumor, ectopic tumor recurrence rate, incidence 
of long-term complications and survival after operation 
were compared between the two groups. In situ recur-
rence of tumor: New lesions are found within 12 months 
after endoscopic treatment, namely the secondary le-
sions that had existed but missed when endoscopic treat-
ment is performed and been found within 12 months 
after operation. Ectopic recurrence of tumor: New le-
sions are found beyond 12 months after treatment, and 
most lesions are near the primary lesion, with the same 
histopathological type. EGC with a low risk of lymph 
node metastasis: Tumor diameter ≤2 cm, the infiltration 
is confined to the mucosal layer, and it is differentiated 
carcinoma. EGC with a high risk of lymph node metasta-
sis: Tumor diameter >2 cm, the infiltration reaches sub-
mucosa, and it is poorly differentiated adenocarcinoma 
or signet-ring cell carcinoma. 
 The patients were followed up for the first time 
at 3 months after ESD to confirm the surgical wound 
healing. Then, they were examined by endoscope and 
abdominal CT examination once every 6 months to de-
termine whether there was lymph node metastasis or 
recurrence in any form. Within 2 years after LARG, the 
patients were examined by endoscope and abdominal CT 
examination once every 6 months, or once every other 
year within 2-5 years after operation. All of the patients 
were followed up until January 2019.

Statistics

 SPSS 22.0 software (IBM, Armonk, NY, USA) was 
used for statistical analyses. The measurement data were 
expressed as mean±standard deviation (χ±s), and t-test 
was performed for the comparison between two groups. 
The enumeration data were expressed as percents, and 
χ2 test was performed for the comparison between two 
groups. Kaplan-Meier curves were plotted for survival 
analysis, and log-rank test was used for comparisons. 
P<0.05 suggested that the difference was statistically 
significant.

Results

Comparisons of tumor’s pathological features 

 In ESD and LARG group, the tumor was mainly 
located at the 1/3 of the lower stomach [39 cases 
(67.2%) vs. 95 cases (69.9%), p=0.275]. The endoscopic
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classification was mainly type II (flat type) [52 cas-
es (89.7%) vs. 106 cases (78.0%), p=0.096]. Moderate 
and poor differentiation dominated in the histologi-
cal type [moderate differentiation: 27 cases (46.6%) 
vs. 61 cases (44.9%); poor differentiation: 24 cases 
(41.4%) vs. 50 cases (36.8%), p=0.539]. In the two 
groups, the mean tumor diameter was 2.36±1.31 
cm and 2.54±1.59 cm (p=0.193), and the tumor in-
filtration was mainly confined to the mucosa [39 
cases (67.2%) vs. 98 cases (72.1%), p=0.500]. There 
were 3 cases (5.2%) and 9 cases (6.6%) of vascular 
invasion in the two groups (p=0.702), and stage I 
tumor dominated [56 cases (96.6%) vs. 132 cases 
(97.1%), p=0.852]. Moreover, both complete resec-
tion rate and curative resection rate in LARG group 
were significantly higher than those in ESD group 
(p=0.007, p<0.001) (Table 2).

Comparisons of perioperative indexes

 The operation time in ESD group (73.57±21.30 
min) was significantly shorter than that in LARG 
group (159.22±39.40 min) (p<0.001), and the time 
of first ambulation after operation in ESD group 

(1.6±0.8 d) was also significantly shorter than that 
in LARG group (3.5±1.7 days) (p<0.001). After op-
eration, no drainage tube was placed in ESD group, 
while it was placed for 5.7±2.4 days on average 
in LARG group (90.4%; 123/136). The time of first 
flatus after operation, time of first liquid diet after 
operation and total hospitalization time in ESD 
group were significantly shorter than those in 
LARG group (p<0.05). The incidence rate of short-
term complications after operation was 10.3% and 
7.4% in the two groups, showing no statistically 
significant difference (p=0.570) (Table 3).

Comparisons of long-term efficacy indexes

 Fifty one and 115 patients in both groups 
completed the follow-up, and were followed-up for 
43.6±8.1 months and 45.2±9.7 months on average, 
respectively. The incidence rate of long-term com-
plications was 17.6% (9/51) and 20.9% (24/115) in 
the two groups, showing no statistically significant 
difference (p=0.631). In the two groups, there was 1 
case and 4 cases of emaciation, 0 case and 2 cases 
of diarrhea, 2 cases and 4 cases of upper abdominal 

Parameters ESD group LARG group p value

n=58
n (%)

n=136
n (%)

Tumor location 0.275

Upper 1/3 stomach 4 (6.9) 17 (12.5)

Middle 1/3 stomach 15 (25.9) 24 (17.6)

Lower 1/3 stomach 39 (67.2) 95 (69.9)

Tumor diameter (cm), mean±SD 2.36±1.31 2.54±1.59 0.193

Endoscopic classification 0.096

I 5 (8.6) 17 (12.5)

II 52 (89.7) 106 (78.0)

III 1 (1.7) 13 (9.5)

Differentiation grade 0.539

High 7 (12.1) 25 (18.4)

Moderate 27 (46.6) 61 (44.9)

Low 24 (41.4) 50 (36.8)

Invasive depth 0.500

Mucous layer 39 (67.2) 98 (72.1)

Submucous layer 19 (32.8) 38 (27.9)

Vascular invasion 3 (5.2) 9 (6.6) 0.702

Pathological stage 0.852

I 56 (96.6) 132 (97.1)

II 2 (3.4) 4 (2.9)

Complete resection rate 94.8% (55/58) 100% 0.007

Curative resection rate 63.8% (37/58) 100% 0.001
ESD: endoscopic submucosal dissection, LARG: laparoscopic assisted radical gastrectomy

Table 2. Comparison of tumor pathological characteristics of the studied patients
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fullness, 3 cases of alkaline reflux gastritis, 3 cases 
and 6 cases of reflux esophagitis, 0 case and 1 case 
of anastomositis, 0 case and 1 case of dumping syn-
drome, and 0 case and 2 cases of adhesive intestinal 
obstruction. The in situ tumor recurrence rate was 
3.92% (2/51) and 0.87% (1/115) in the two groups, 
while the ectopic recurrence rate was 5.89% (3/51) 
and 0.87% (1/115), displaying no statistically sig-
nificant differences (p=0.173, p=0.087) (Figure 1).

Survival

 By the end of follow-up, 2 patients had died in 
ESD group (1 death from cerebral hemorrhage at 
22 months, and 1 death from hepatic metastasis at 
39 months), and 3 patients had died in LARG group 
(1 death from myocardial infarction at 29 months, 
1 death from cerebral infarction at 37 months, and 
1 death from tumor recurrence at 44 months). The 
OS rate was 96.1% (49/51) and 97.4% (112/115) in 
the two groups, showing no statistically significant 
difference (p=0.751). The postoperative TFS rate of 
EGC patients with low risk of lymph node metas-
tasis was 93.8% (30/32) and 98.6% (70/71) in the 
two groups, again without statistically significant 

Parameters ESD group LAR group p value

n=58
n (%)

n=136
n (%)

Operation time (min)* 73.57±21.30 159.22±39.40 0.001

First time out of bed (day)* 1.6±0.8 3.5±1.7 0.001

First flatus time (day)* 2.4±3.1 3.9±2.8 0.001

Postoperative catheter drainage time (day)* 0 5.7±2.4 0.001

First fluid intake time (day)* 3.6±1.6 5.4±2.3 0.001

In-hospital stay (day)* 9.7±4.1 11.3±5.3 0.042

Short-term complications§ 6 (10.3) 10 (7.4) 0.570

Incision infection 0 (0) 1 (0.7)

Hemorrhage 3 (5.2) 1 (0.7)

Perforation 2 (3.4) 0 (0)

Anastomotic fistula 0 (0) 2 (1.5)

Adhesive intestinal obstruction 0 (0) 4 (2.9)

Blood transfusion 1 (1.7) 2 (0.7)
ESD: endoscopic submucosal dissection, LARG: laparoscopic assisted radical gastrectomy, *mean±SD, §n (%)

Table 3. Comparison of perioperative parameters of patients in the two groups

Figure 1. The incidence rate of long-term complications 
of patients in ESD group and LARG group. The overall in-
cidence rate of long-term complications were 17.6% and 
20.9% in ESD group and LARG group, respectively. The 
difference between incidence rate of the two groups had no 
statistical significance (p=0.631).

Figure 2. Kaplan-Meier survival curves of patients in ESD 
group and LARG group. The overall survival rate of patients 
in ESD group had no significantly difference compared with 
that of LARG group (p=0.751).
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difference (p=0.197). Besides, the postoperative TFS 
of EGC patients with high risk of lymph node me-
tastasis was 84.2% (16/19) and 97.7% (43/44) in the 
two groups, and the difference was statistically sig-
nificant test (log-rank p=0.034). The Kaplan-Meier 
survival curves are shown in Figures 2 and 3.

Discussion

 With the continuous improvement of imaging 
techniques, the diagnostic rate of EGC is constantly 
increasing, accounting for 10-15% of gastric car-
cinoma in China. The prognosis of EGC is signifi-
cantly superior to that of advanced gastric carci-
noma, and the postoperative 5-year OS is as high 
as 90%. Therefore, the treatment of EGC needs to 
not only guarantee the long-term survival but also 
retain the physiological function of the gastroin-
testinal tract as far as possible based on the radical 
operation, so as to improve the quality of life of pa-
tients after operation [14]. Currently, the operation 
methods of EGC include endoscopic treatment and 
surgical treatment. Compared with LARG, ESD can 
retain the complete gastrointestinal functions and 
has few postoperative complications, but lymph 
node dissection cannot be performed in ESD due to 
risk of postoperative ectopic recurrence. Moreover, 
its therapeutic indications remain controversial in 
China, and there are few comparative studies on 
both methods [15].
 In the present study, ESD had a short operation 
time, small trauma, shortened time of ambulation 
and rapid recovery of gastrointestinal function, con-
sistent with literature reports [16,17]. Before ESD, 
however, the size of lesion, depth of infiltration and 
lymph node metastasis need to be accurately evalu-

ated, and the indications should be determined, so 
auxiliary examinations such as narrow band imag-
ing, magnifying endoscopy, ultrasonic endoscopy 
and CT should be performed before operation, try-
ing to effectively reduce ESD beyond the scope of 
indications. It was found that the complete resec-
tion and curative resection rate in ESD group were 
lower than those in LARG group. According to for-
eign studies, the complete resection and curative 
resection rate of ESD were 84-94.7% and 75.0-95%, 
respectively [18,19]. In this study, ESD group had 
a complete resection rate of 94.8% and a curative 
resection rate of 63.8%, significantly lower than 
the LARG group. The possible reason is that the 
number of ESD cases enrolled was smaller, leading 
to data deviation from previous reports. Besides, 
the incidence of complications after ESD was 1.3-
25.3% in a study [20]. In this study, there were 3 
cases of postoperative hemorrhage and 2 cases of 
perforation (8.6%) in ESD group. The hemostasis 
was successful in bleeding patients, without opera-
tion performed in other departments. The perfora-
tion patients were strictly fasted before ESD, the 
perforation was small and the resulting signs of 
peritonitis were mild, conforming to the indica-
tions for conservative treatment, so the intraop-
erative clamping using metal clips, postoperative 
fasting, gastrointestinal decompression, acid sup-
pression, anti-inflammation and fluid infusion were 
performed, after which they were cured and dis-
charged. Also, short-term complications occurred 
in 10 cases (7.4%) in LARG group, lower than that 
in a previous report (24.5-32.5%) [16]. The possi-
ble reason is that with the constant development 
and maturity of laparoscopic operation techniques 
in recent years, the operation time and resulting 

Figure 3. Kaplan-Meier survival curves of patients in ESD group and LARG group. (A): For early gastric cancer with 
low lymph node metastasis risk, the tumor-free survival rate of patients in ESD group had no significantly difference 
compared with that of LARG group (p=0.197). (B): For early gastric cancer with high risk of lymph node metastasis, the 
tumor-free survival rate of patients in ESD group was significantly lower compared with that of LARG group (p=0.034).
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trauma are obviously reduced, thereby lowering 
the incidence rate of complications. In this study, 
the incidence rate of long-term complications had 
no statistically significant difference between the 
two groups, and the safety of the two kinds of op-
erations was somewhat similar.
 The postoperative recurrence and survival time 
are important indexes for evaluating the efficacy of 
an operation. In this study, it was found that the 
OS was 96.1% (49/51) and 97.4% (112/115) in the 
two groups, and the difference was not statistically 
significant (p=0.751). After the effects of confound-
ing factors were excluded, the recurrence rate of 
patients with different risks of lymph node metas-
tasis was further analyzed. The results showed that 
the postoperative TFS of EGC patients with a low 
risk of lymph node metastasis had no statistically 
significant difference (p=0.197), but the postopera-
tive TFS rate of EGC patients with a high risk of 
lymph node metastasis had a statistically signifi-
cant difference between the two groups (p=0.034), 
significantly higher in LARG group than that in 
ESD group, indicating that LARG can significantly 
reduce the postoperative tumor recurrence in EGC 
with high risk of lymph node metastasis.

 There are some limitations in the present 
study. First, this was a single-center retrospective 
study, there was a lack of randomized controlled 
trials, and the number of cases enrolled was small, 
especially in the ESD group. Second, no question-
naire survey and comparative analysis were con-
ducted on the quality of life of patients during 
follow-up. Therefore, the conclusions made in this 
study remain to be further confirmed by multi-
center large-sample prospective randomized stud-
ies in the future.

Conclusions

 ESD is characterized by small trauma, rapid 
postoperative recovery, postoperative recurrence 
and survival comparable to those after surgical 
operation and high safety for EGC with a low risk 
of lymph node metastasis. LARG can reduce the 
postoperative recurrence rate of EGC with a high 
risk of lymph node metastasis.
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