
Abstract  

Gastric cancer is the fi fth most common cancer in the world, and about one million new cases develop globally each year. Early 
Gastric Cancer (EGC) is a stage that tumor invades gastric mucosa or submucosa with or without involvement of the lymph 
nodes (LN). Endoscopic resection techniques are endoscopic mucosal resection (EMR) and endoscopic submucosal dissection 
(ESD), latter of which is more popular now. Gastrectomy is the standard choice of treatment but, is highly invasive that requ-
ires longer stay at hospital, with higher costs and complication rates, especially at the anastomotic site. EMR was used more 
frequently before the development of ESD but, now give its popularity to ESD and EMR depends on the region and experience 
of the center. EMR is more convenient method for smaller lesions, associated with lower bleeding risk and shorter duration of 
operation compared to ESD. On the other hand, ESD has lower en-block resection rates and recurrence rates compared to EMR. 
In this review, we analyzed over than 10.000 patients’ oncologic outcomes including overall survival, disease free survival and 
recurrence rates.  In conclusion, many newly diagnosed gastric cancer patients are seeking micro-invasive treatment modalities 
around the World for their early stage cancers. Endoscopic submucosal resection and endoscopic mucosal resection are safe 
and convenient procedures and had comparable oncologic outcomes with surgery. Additionally, these techniques can easily be 
used in patients who are not surgical candidates.
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Introduction
Gastric cancer is the fi fth most common cancer in the world, and 

about one million new cases develop globally each year1. Early 

gastric cancer (EGC) is the stage in which the tumor invades the 

gastric mucosa or submucosa, with or without the involvement 

of the lymph nodes (LN). The probability of metastasis to the LN 

is known to be around 10%-15% in patients with EGC; this sta-

ge is one of the strongest prognostic factors for gastric cancer 

(GC)2. Surgery is the main treatment for EGC with lymph node 

metastasis, providing 5-year overall survival (OS) rates of more 

than 90%3. However, surgery necessitates a longer hospital stay, 

has operator- or center-dependent morbidity and mortality rates, 

and costs more than other treatment modalities. Pathologic re-

ports have shown that only a small percentage of EGC specimens 

present lymphovascular invasion4, hence the search for early de-

fi nitive treatment options. Endoscopic resection (ER) of gastric 

cancer can be done by either endoscopic submucosal dissection 

(ESD) or endoscopic mucosal resection (EMR). These methods 

might be good alternatives to surgery in selected populations. The 

advantages of ER methods are that they are minimally invasive and 

require a shorter hospital stay, with probably lower costs and ac-

ceptable improvement of quality of life5. Nevertheless, the lack of 

long-term follow-up results and comparative oncologic outcomes 

are the main concerns about ER methods. Therefore, the present 

review aimed to determine the oncologic outcomes of ER, such as 

OS, recurrence rate (RR), and disease-free survival (DFS), and to 

compare them with surgical results.

Endoscopic Resection: Endoscopic Submucosal Dissection and 
Endoscopic Mucosal Resection
The protocols for gastric cancer screening in the general popula-

tion, especially in Asia, have enabled the early diagnosis of gastric 

cancers and decreased the mortality rates. Additionally, the early 

diagnosis of GC has been enabled to endoscopic resection. The 

ESD technique has been particularly used in Japan and Korea, 

where intensive screening programs allow the early detection of 

EGC. In industrialized western countries, screening for GC has not 

yet gained ground. ESD is an exacting technique that involves cre-

ating a large submucosal cushion with multiple submucosal injecti-

ons and necessitates the use of many cautery knives to achieve an 

en bloc resection5,6. The bleeding and complication rates can be 

decreased with experience in this technique. In the EMR procedu-

re, mucosal areas with clear margins are marked circumferentially 

with electrocautery, and band ligation is carried out by removing 

the tissue as whole body or in piecemeal fashion8. Lesions smaller 

than 10-20mm have the highest rates of en bloc resection9. The 

advantages of EMR are that it is relatively safe, allows obtaining 

bigger samples than in biopsies, and provides more diagnostic 

information by the prediction of lymphatic and blood vessel inva-

sion10. Nevertheless, although ESD and EMR have become more 

practical, the requirement of experience, the higher recurrence 

rates, and the lack of evidence of long-term results are major is-

sues of debate.

 

Early Gastric Cancer
Gastric carcinoma is the second most common cause of cancer-

related mortality, and nearly one million new cases develop yearly 

worldwide. Depending on the region, 15-57% of gastric cancers 

have been diagnosed in the early stage1. Although the gastric can-

cer distribution shows variation, Eastern Asia, European countries, 

and Latin America are emerging as regions of higher incidence, 

probably due to their strict screening programs11. These broadly 

enforced programs allow the detection of early stage gastric carci-

noma; thus, western countries have a 20% rate of EGC, whereas 

Japan and Korea in particular have detected over 50% of gastric 

carcinomas in the early stages12,13. One of the most common 

reasons for this higher detection rate is the implementation of 

screening programs. In addition, there are some disagreements 

between pathologists in the East and the West regarding the in-

terpretation of pathologic specimens. Western pathologists con-

sider lamina propria invasion in the diagnosis of cancer, whereas 

Eastern pathologists do not. In a study in which EMR specimens 

were reexamined by different pathologists, a concordance rate of 

only 31% was found between Eastern and Western pathologists14. 

There are several classifi cation systems for EGC; however, the-

se have mainly been used in East Asia15. Molecular classifi cation 

is a newer topic in EGC studies, and the emerging investigations 

include evidence about miRNAs and different genetic patterns of 

diffuse versus intestinal type GC16,17. 

Unfortunately, EGC does not have any specifi c symptoms, and 

only active screening programs and upper endoscopy can aid its 

early detection18. After the diagnosis of EGC, all patients should 

undergo Helicobacter pylori testing and, if the results are positi-

ve, the corresponding treatment19. Early gastric cancer is defi ned 

as all T1 lesions (gastric mucosal and submucosal) regardless of 
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nodal status and an overall incidence of nodal invasion lower than 

15% for all T1 stages4. Roviello et al., who investigated 652 EGC 

patients retrospectively, found lymph node metastases in 14.1% 

of cases and a signifi cant correlation between nodal metastasis 

and lesion diameter. Also, the submucosal lesions had a higher 

nodal metastasis rate than the mucosal lesions2. A Japanese study 

that evaluated 5,265 patients found that lesions smaller than 3 cm 

did not have nodal metastasis4. In the staging of EGC, endoscopic 

ultrasonography (EUS) provides the most accurate results for pre-

dicting the lesion depth. Additionally, mini-probe EUS has higher 

accuracy than radial EUS (80 vs 60 percent, respectively)20.

Treatment of Early Gastric Cancer
There are several treatment options for early gastric cancer, inc-

luding surgery, H. pylori eradication, ER, and adjuvant therapies. 

Gastrectomy is the standard therapy when there is lymph node 

invasion. In patients without lymph node invasion, ER is an option; 

however, this procedure requires the following specifi c criteria: 

lesions smaller than 2 cm without ulceration, high possibility of 

en bloc resection, T1 lesions, intestinal type tumor histology, and 

absence of lymphatic or venous invasion 5,21. There is no chance 

of curing GC without invasive treatment modalities, especially sur-

gery. The 5-year OS rate is still below 30% for all stages, and only 

10% of patients are in stage 1 at the time of diagnosis22,23.

Surgery
Surgeons generally prefer gastrectomy as treatment for EGC, and 

different surgical methods have comparable results. Two meta-

analyses have shown that laparoscopy-assisted gastrectomy has 

similar results to open gastrectomy; however, these analyses 

included studies with no satisfactory prospective design24,25. In a 

Japanese trial with 305 patients who underwent pylorus-preser-

ving gastrectomy to treat EGC, with a median follow-up period of 

about 5 years, 7 patients died. The 5-year OS rate was 98%, the 

gastrectomy-related mortality and recurrence rates were 0%, and 

the accuracy of EUS for T1 stage was 95.7%26. A larger Japanese 

trial with 611 EGC patients who underwent the same procedure 

reported an accuracy rate of 94.3% for EGC and a lymph node 

invasion rate of 10%; 16.7% of patients had complications without 

mortality, and the 5-year OS rate was 96.3%27. 

Total gastrectomy is usually recommended for upper third stomach 

tumors, and subtotal gastrectomy for lower two-third tumors28. 

Most experienced centers also prefer laparoscopic surgery. La-

paroscopy-assisted distal gastrectomy (LADG) has been carried 

out by Japanese and Korean surgeons as a common treatment for 

EGC, with safe and long-term outcomes and a DFS rate of >98% in 

patients with stage 1 GC29. These retrospective data were obtained 

over a short follow-up period for early stage gastric cancer, with 

6 recurrences reported within 36 months of the median follow-up 

period. The postoperative complication rate was 12.7%, mostly 

related to anastomotic sites, whereas the intraoperative complica-

tion rate was 1.7%. More recently, a Korean group carried out a 

randomized trial that included 1,416 patients, in which LADG was 

compared with open distal gastrectomy (ODG)30. In that study, 

6 patients (0.9%) in the LADG group needed open surgery. The 

rates of complications, including wound complications, were signi-

fi cantly lower in the LADG group (13.0%) than in the ODG group 

(19.9%). Another Korean study compared open and laparosco-

pic total gastrectomy in 753 patients with EGC31. The patterns of 

the complications were different, with wound site complications 

being higher in the open group (502 patients), and anastomosis 

and intra-abdominal complications being higher in the laparos-

copy-assisted group (251 patients). There were 4 deaths related 

to the operation in the laparoscopy-assisted group, and one death 

in the open group. The median follow-up periods were 55 and 58 

months, respectively, in the open and the laparoscopy-assisted 

group, and there were no signifi cant differences in RR and OS bet-

ween the groups. The 5-year OS rates were 99.7% and 99% after 

open and laparoscopy-assisted gastrectomy, respectively.

 

EMR
In Eastern Asia, ER is widely used to treat GC because it enables 

to prevent stomach with a high quality of life. This procedure gai-

ned popularity before the development of ESD32. EMR is not app-

ropriate if lesions have invaded the submucosa; however, it is a 

practical and safe method when done by expert hands. In selected 

lesions, the operation time is shorter compared with ESD33. The 

perforation rates are acceptable, with lower intraoperative blee-

ding rates compared with ESD34. A meta-analysis found lower en 

bloc resection rates and higher RRs with EMR than with ESD35. 

Oka et al., in a study of 711 patients with 825 lesions treated with 

EMR, reported RRs of 2.9% and 4.4% after en bloc and pieceme-

al resection, respectively. The average follow-up period was 83 

months; however, the authors did not report the OS rates. In a 

second trial done in the same year, Oda et al. treated 411 EGC pa-
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tients with EMR, with a median follow-up of 3.2 years. They found 

a residual/recurrent tumor rate of 6.6%, a DFS rate of 92.5%, and 

an OS rate of 99.7%36. Another work treated 328 EGC patients 

with EMR and found an RR of 4%37; the OS and DFS rates were 

not reported. A fourth study included 103 patients treated with 

EMR; the R0 resection rate was 92% and the RR was 0% within 29 

months of follow-up; the OS rate was not reported38. 

Watanabe et al. carried out 245 EMR procedures in 229 patients; 

they did not observe any mortality related to gastric cancer within 

a median 38-month follow-up period33. In this study, 63% of lesi-

ons were diagnosed as adenocarcinoma, whereas the remaining 

37% were diagnosed as adenoma; however, the oncologic outco-

mes were not reported. In a more recent work, Tanabe et al. trea-

ted 359 lesions with EMR and found an RR of 4.2% over a median 

follow-up period of 73 months39. The median time to recurrence 

was 14 months, and the 3- and 5-year DFS rates were 98.2% and 

96.6%, respectively. The authors did not observe any mortality 

related to gastric cancer in the EMR patients. Choi et al. compa-

red surgery with EMR in 379 and 172 patients, respectively40. The 

complete resection rate was 71.2% in the EMR group and 87.7% 

in the surgery group. The patients who underwent EMR had more 

comorbidities and were older than those in the surgery group; the 

follow-up period was more than 80 months. The 5- and 10-year 

OS rates were, respectively, 93.6% and 81.9% in the EMR group 

and 94.2% and 84.5% in the surgery group, with no signifi cant 

differences; the RRs were 1.2% and 1.1%, respectively. Etoh et al. 

compared EMR and gastrectomy in 93 elderly patients41.  Surgery 

was done in 44 patients, and EMR in 49 patients. No signifi cant 

differences were found in the 3- and 5-year OS rates between 

the surgery and the EMR group (73.5% vs 82.5% and 55.0% vs. 

62.5%, respectively).

 

EMR versus ESD
Min et al. compared the results of EMR and ESD in 103 and 243 

patients, respectively. The en bloc resection rate was signifi cantly 

higher in the ESD than in the EMR group; however, the R0 resec-

tion and complication rates were similar. In this study, the patients 

who underwent R0 resection in both groups did not have local 

recurrence39. Oka et al. compared EMR with ESD in 711 and 185 

patients, respectively. The en bloc and R0 resection rates were 

signifi cantly higher in the ESD than in the EMR group regardless 

of the lesion size; however, the complication rates were the oppo-

site. The overall local RR was 3.1%, and all local recurrences could 

have been treated with EMR[34]. Another large trial included 714 

EGC cases in 655 patients; 411 and 303 lesions were treated with 

EMR and ESD, respectively. The curative resection rate was sig-

nifi cantly higher for ESD than for EMR. The 3-year residual-free 

survival rate was signifi cantly higher in the ESD than in the EMR 

group (97.6% vs 92.5%, respectively), whereas the 3-year OS rate 

was similar between the two groups (98.5% vs 99.7%, respecti-

vely)37. In another study, 71 patients were treated with EMR, and 

106 patients with ESD; the en bloc and R0 resection rates were 

signifi cantly lower in the EMR than in the ESD group (54% vs 94% 

and 37.5% vs 92.6%, respectively). The median follow-up peri-

ods were 54 months and 34 months for EMR and ESD patients, 

respectively. The 5-year OS rates (82.5% vs 100%, respectively) 

and the recurrence-free rates (74% vs 100%, respectively) were 

signifi cantly lower in the EMR than in the ESD group42. A more 

recent study included 780 EGC lesions, 359 of which were treated 

with EMR, and the remaining 421 with ESD. The median follow-up 

period was longer than 5 years in both groups; the local RR was 

signifi cantly higher in the EMR than in the ESD group (2.9% vs 

0%, respectively), and the recurrence-free survival at the 5th year 

was signifi cantly lower (97% vs 100%, respectively). The 5-year 

OS rates were higher than 99% in both groups, with no signifi cant 

difference39.

ESD
In a study of 167 patients diagnosed with EGC who had been 

treated with ESD, with a median follow-up period of 45 months, 

only 2 cases (1.2%) had local recurrence, which was treated with 

repeat ESD. The 5-year OS was 90.7%, and no signifi cant diffe-

rence was found between ESD and surgery43. In a similar report, 

74 patients were treated with ESD, and 40 patients with surgery44. 

The three-year OS rates were 94.6% and 89.7%, respectively, and 

no signifi cant difference was reported. In a large study, Zhou et 

al. treated 1687 EGC patients with ESD; a 3-year OS rate of over 

99% was obtained, which was similar to that in the surgery group 

consisting of 124 patients45. Another study compared ESD with 

surgery in 76 and 149 patients, respectively46. The total RR was fo-

und to be signifi cantly higher in the ESD that in the surgery group 

(14% vs 0.7%, respectively) over a median follow-up period of 42 

months. Tanabe et al. compared EMR with ESD in a study of 421 

patients who underwent ESD; these patients were found to have 

signifi cantly higher DFS rates than those treated with EMR (100 
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vs 97%, respectively)39. Kim et al. treated 142 patients with ESD 

and 71 patients with surgery; the local RRs were nonsignifi cantly 

higher for ESD compared with surgery (4.7% vs 0%, respectively). 

The OS rates of the ESD and surgery groups were 93.4±3.2 and 

85.8±5.5 months, respectively, and the DFS rates were 89.7±3.6 

and 90.4±3.5 months, with no signifi cant differences; the 5-year 

OS rates were higher than 95% in both groups47. A small study 

with 96 patients who were treated with ESD and 56 patients who 

underwent surgery, with a median follow-up period of 71 months 

in the ESD group, found that the OS rates did not differ signifi -

cantly between the two groups. However, this study was published 

only as an abstract presentation48. In another abstract, published 

by Kim et al. in 2015, 106 patients were treated with surgery, and 

41 patients with ESD. The 5-year OS rate was 100% in both gro-

ups, whereas the DFS was higher in the surgery than in the ESD 

group (97.6% vs 87.6%, respectively)49. Kang et al. treated 60 EGC 

patients with ESD. They found an R0 resection rate of 94.4% and 

an RR of 0% within a 13-month median follow-up period; the OS 

rates were not reported50. Another study included 101 patients 

treated with ESD; the R0 resection rate was found to be 82.5%, 

the 5-year OS rate was 97.7%, and the overall mortality was 3.9% 

within a 40-month median follow-up period51. In a more recent 

study, 569 non-curative ESD patients were divided into two gro-

ups: the fi rst group (356 patients) was treated with additional gast-

rectomy, and the second group (212 patients) underwent basic 

follow-up52. Based on the general characteristics of the patients, 

those who underwent surgery had a higher rate of local invasion, 

whereas those who underwent basic follow-up had higher comor-

bidity. Lymph node metastasis was observed in 18 (5.3%) patients 

in the surgery group. A positive vertical margin with submucosal 

and lymphovascular invasion was found to be signifi cantly asso-

ciated with LN metastasis. During the median 70-month follow-

up, LN and/or distant metastases were observed in 4.2% of the 

observation arm. The 5-year DFS rate was 98.8 in the surgery 

group and 96.8% in the observation arm; the 5-year OS rate was 

signifi cantly higher in the former than in the latter group (94.7% 

and 83.8%, respectively).

Elderly and/or comorbid patients: Park et al. reported on their ex-

perience with 518 elderly EGC patients, 318 of whom were tre-

ated with ESD, and the remaining 218 with surgery53. The mean 

age of the study population was 74.5. The follow-up period was 

shorter than in previous studies; nevertheless, signifi cantly higher 

RRs and more metachronous lesions were found in the ESD group 

compared with the surgery group. The 3-year cancer-free survi-

val was signifi cantly longer in the surgery than in the ESD group 

(100% vs 80%, respectively). In contrast, the 5-year OS did not 

differ signifi cantly between the two groups (97.4% for ESD and 

96.1% for surgery). Three additional trials investigated the ESD 

effi cacy in elderly patients. The fi rst trial, which included 440 pati-

ents older than 80 years, found complication rates similar to those 

in younger patients, including bleeding and perforation rates of 

3.2% and 2.8%, respectively. Additional surgery was carried out in 

11.5% of ESD patients due to non-curative resection. The median 

follow-up period was 41 months, during which no tumor recurren-

ce was observed. The 5-year OS rates were 80.3% in the group 

that underwent curative ESD, 100% in the group that had surgery 

after non-curative ESD, and 66.7% in the group without surgical 

follow-up after non-curative ESD; only the last group was found to 

have a signifi cantly lower OS54. In the second trial, 69 EGC pati-

ents were treated with ESD, and a 5-year OS rate of 60% was ob-

tained; however, the patients also had liver cirrhosis concomitant 

to EGC55. The third study included 144 patients who had chronic 

kidney disease along with EGC; they were treated with ESD. In 19 

of 144 patients who were undergoing hemodialysis, the en bloc 

resection rate was 95.8%; during the 26 months of follow-up, the 

3-year OS rate was 92.5%56.  

The data from Western countries are very limited. Najmeh et al. 

carried out a study in the Western world, in which 37 patients 

diagnosed with EGC were treated with laparoscopic gastrectomy, 

and 30 patients with the same diagnosis were treated with ESD57. 

The LN positivity was 48.6% in the surgery group; the R0 resec-

tion rate was 89.2% for surgery compared with 86.7% for ESD, 

with no signifi cant difference between the groups. The OS and 

DFS rates at 4 years were 90.3% versus 100% and 82.6% versus 

84.6% for the surgery and the ESD group, respectively, with no 

signifi cant differences. 

ER versus Surgery 

In a more recent study, Kim et al. compared surgery with ER in 

457 patients; however, only 18 of the patients underwent EMR, 

whereas 147 patients were treated with ESD, and 292 patients had 

surgery58. In the ER group, the en bloc resection rate was 78%, 

and the 5-year OS rate was 97.5%, with 0% mortality. Another 

study compared the long-term results of surgery and ER in 375 
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patients59. The median follow-up period was about 75 months, and 

86 of 261 patients were treated with EMR. The comparison of the 

EMR and ESD results showed higher en bloc and R0 resection ra-

tes for ESD; however, there were no signifi cant differences in OS 

and DFS between the groups. The 5-year OS, DFS, and RFS rates 

in the ER and surgery groups were 95.7% versus 93.6%, 90.7% 

versus 92.8%, and 94.8% versus 99.1%, respectively, with no sig-

nifi cant differences between the groups. The mortality rates were 

0.3% in the surgery group and 0% in the ER group; the 5-year 

OS rates did not differ signifi cantly (97% vs 97.5%, respectively) 

between groups. The gastric cancer RR was signifi cantly higher in 

the ER than in the surgery group (4.7% vs 0.3%, respectively)49. In 

a small study, Yamashina et al., who compared ER with surgery in 

patients with gastric cancer who had remnant stomach after gast-

rectomy, found that the 5-year OS rates did not differ signifi cantly 

between the ER and the surgery group (81.8% vs 75%, respecti-

vely)60. A more recent meta-analysis included 1466 patients, of 

whom 848 underwent surgery, and 618 had ER61. The 5-year OS 

rates were found to be similar between the two groups. According 

to this meta-analysis, ER required a shorter hospital stay and dec-

reased the postoperative morbidity but had more bleeding comp-

lications. Additionally, ESD showed higher en bloc and complete 

resection rates compared with EMR. 

Prospective data: Almost all of the data were obtained from ret-

rospective studies on EGC treatment modalities. In a prospective 

study started in 2012, cT1a (intramucosal) undifferentiated early 

gastric carcinoma smaller than 2 cm and without ulceration was 

treated. The said study intended to include 325 patients, with 

5-year OS rates as the primary outcome62; however, the results 

are yet to be published. Prospective studies on ER, especially inc-

luding oncologic outcomes, thus seem to be needed urgently. 
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